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1.0 INTRODUCTION TO THE 60009/ 10 

CORE 

1.1 co C ON 

A core tube was schedul n 
from rth Ray Crater ns. 

would have given another " 
ison with the 64001 /64002 en 

third Extravehicular Act i two 
hours, this was not possib , and in the 
Lunar Module/Apollo Lunar Surface area 
(LM/ALSEP) was chosen ins 
60009/6001 0, and th·ose of the two 
cores, 60001 through 60007 (the 
60013/6001 4, form a r e 1 
approximately 50 meter s es. is 
illustrated in Figure 1 .1 . 

gure 1. l. 

ree 

vicini LM, 
includ 60009/60010 
(from Vaniman et al., 
1 6) . 
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Figure 1.2 shows the general appearance of the Cayley Plains, including the area where 
the 60009/60010 core and several penetrometer tests were taken. (AS16-114-18464,65) 



The general appearance of the Cayley Plains is seen in 
Figure 1.2. The location of the 60009/60010 core and 
associated penetrometer test locations are shown. According 
to astronauts' descriptions, this area was not as rocky on 
the surface (although there were more rake samples) as where 
the 60013/60014 core was collected. There were numerous 
meter-sized craters. Core 60009/60010 was collected on the 
rim of a 0. 6 meter crater, shown in Figure 1.3. Although 
the crater is subdued, there is the possibility that some of 
the stratigraphy in the core is from the cratering event. 
According to the astronauts' transcripts, the core went 
about 18 centimeters into the regolith with little 
difficulty. Then, it required so many hammer blows to drive 
it completelv in. that J. Young, who collected the sample, 

Figure 1.3 shows the 60009/60010 core in place. The slight depression 
to the left of the core tube is a 0.6 meter subdued crater. 

(AS16-ll5-18557) 

3 



was not sure he was going to be successful (Bailey and 
Ulrich, 1975). 

1.2 PENETROMETER TESTS 

An intriguing observation connected with the collection 
of the 60009/60010 core is the apparent correlation with 
several penetrometer results. SRP tests (self-recording 
penetrometer) nearby indicated a resistant layer in the 
regolith about 20 centimeters beneath the surface, 
corresponding to the depth at which the core tube could no 
longer be pushed into the soil; one test indicated a rocky 
layer at about 50 centimeters (Mitchell et al., 1972). The 
latter corresponds to a rocky layer observecr-in the opened 
core, and was apparently the cause of Young's difficulty in 
collecting the sample. After the core tube and the soil 
column were examined (Figure 1 .4), it became evident that 
Young had cut a large rock fragment into pieces during his 
hammering on the core tube: some of the rock was sampled; 
the rest remains at the Apollo 16 site. 

1.3 CONDITION OF THE CORE UPON RETURN TO THE EARTH 

The core was placed in Apollo Lunar Sample Return 
Container (ALSRC) H2 by the astronauts for the trip home. 
This was vacuum-sealed on the lunar surface, so that the 
core would not be exposed to the spacecraft environment 
during the return trip to Earth. Both core tube sections 
were measured to be at 80 µm pressure upon examination in 
the Lunar Receiving Laboratory (LRL). 

1.4 X-RADIOGRAPHY 

Both core tubes appeared to be filled with lunar soil 
in the x-radiographs taken shortly after their return to the 
LRL. Units of coarser and finer components, as well as 
numerous rock fragments could be discerned. Previous 
catalogs (Duke and Nagle, 1974; Duke and Nagle, 1976) and 
the Apollo 16 Preliminary Science Report have described and 
discussed the results. The x-radiographs were primarily an 
aid for extrusion and dissection planning. Because the core 
has since been opened and studied, these early results are 
not repeated here. These x-radiographs are available 
through the Curator's office. 

1.5 MAGNETICS EXPERIMENT 

An additional experiment was conducted on the unopened 
60010 core tube by D. Strangway and G.W. Pearce. It 

4 
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surface 

Figure 1.4 The core tube on the right was scratched inside and outside 
to approximately 16 cm from the bottom. This corresponds 
to one large and numerous small rocks at the 42 cm depth 
point. On the left, the 60009 soil column is shown before 
the third dissection pass. (S-75-26667, S-75-30840) 
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consisted of isolating the core from the Earth' s magnetic 
field in a mu-metal container from the 16th of August to the 
4th of September in 1973. This was to enable measurement of 
the remanent lunar magnetism. The core was found to be 
highly magnetic, as surface soils usually are (G.W. Pearce, 
personal communication) . The core tube was x-radiographed 
after the magnetics experiment to confirm that the 
additional handling had not caused any internal disruption, 
and then placed back into storage in the Curatorial Facility 
until processing in 1975. 
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2.0 REMOVAL OF THE SAMPLES FROM 

THE CORE TUBE 

2.1 EXTRUSION OF SOIL COLUMN 

The processing of the 60009/60010 core was delayed 
until 1975 because procedures and equipment had to be 
developed that would minimize disturbance to the soil 
column. The equipment used for extruding large diameter 
cores is shown in Figure 2. 1. 

Each section was dissected in two stages, and the lower 
section, 60009 was dissected first. For stage one, the core 
was oriented vertically in the same direction as during 
collection on the lunar surface. A series of 1 mm thick 
soil discs were then removed from the top five millimeters 
(see Figure 2. 2). The purpose in doing this for 60009 was 
to test the procedure before dissecting the top part of the 
60010 soil column, which was contiguous with the lunar 
surface. 

The second phase involved slowly extruding the soil 
column into a special cylindrical receptacle made out of a 
series of removable aluminum side plates and a top silica
glass plate (Figures 2. 1, 2. 2). The core extruder seen in 
Figure 2. 1 gently pushed the soil column into the 
receptacle, and after the fused silica cover was taken off, 
successive longitudinal soil layers were then removed or 
"dissected" (Figure 2. 2). The soil columns were extruded 
with the same direction of motion as the initial entry of 
material (i.e. , out the top of the core tube section). 
Although the relative positions of particles and 
stratigraphy appeared to be preserved during extrusion, some 
compaction did occur. The extruded length of the soil 
column was about 3 cm less for each section than the length 
indicated by the x-radiographs (Duke and Nagle, 1974). 
Additional compaction and/or extension may have occurred 
during collection on the Moon and subsequent handling before 
the samples were returned to the LRL. 

A photograph of the freshly extruded 60009 soil column 
is shown in Figure 2. 3 (left view). The surface appeared 
nearly uniform from the smearing that resulted from pushing 
the soil column from the core tube into the dissection 
cylinder. The smeared surface was also contaminated 
chemically from being adjacent to the inner wall of the core 
tube. Therefore, the smeared exterior, to about a 
millimeter depth, was scraped off with clean tools revealing 
the stratigraphy of the soil column, Figure 2. 3 (right 
view). From observations of this surface, the initial 
dissection plan for the soil column was prepared. 

7 



FIG,L.)RE 2.1. Too l s used during 
core e>, t r u ion s

IN WHICH DIREClb�� IS PUSHED 

OF CORE 



Vertica position of the 60009 
and 60010 core segments during 
removal of the soil disks from 
the top 5 mm. 

Aluminum 

3. The quartz top plate is 
removed for dissection. 
The amount of material 
removed during a dissection 
pass depends on how many 
side plates are removed for that poss. 

2. The remaining core 
segment is turned to 
a horizontal position 
and extruded into the 
cylindrical 

C: 
0 
...... 
u 
<V 
V> 

V> 
Ul 
0 .... 
u 

Removal of mples from Core bes 

Fi re 2.2. is sc tic drawings two s in which son 
umn was removed from core tube. 
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0 
cm 

0 '--

Figure 2.3. The 60009 soil column (left) immediately after extrusion 
shows little stratigraphy because of the smeared surface. 
Once the smeared material is removed to a depth of l to 
2 mm (right), layers and heterogeneities are obvious. 
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2.2 METHODS OF DISSECTION 

hod by which soil icles are r om 
it rests in inum receptac is 

core dissect Ab 80% of the soil 
in a series ee or four passes 
core. i a dissection pass a spatula 

is us to remove material from eve 5 mm ong the 1 h, 
i c ely across the expos width, and dipping into 

soil column approximately 1 cm ( e 2.4). This 
" is standard dissection i e What is 
amounts to a solid rec e soil about 5 mm by 
4 cm by 1 cm in siz�. As can be seen in Figure 2. 2 
sed di er of the soil c changes as the 

aluminum side ates are removed. The amount of material 
r in a s ard dissection varies, depending on 
t width and the number side ates removed. 

re dissection , t ocessor writes a 
dissection an detailing any devi om the standard 
dissection i erval and any speci es that may need to 
be t cause the 60009 core was t first 1 
di er core to be dissected, four s to 
c ters, a series of twelve s for 
track s ies as an aid in develop 
diss ion an. ndix 1 shows the 
samples removed r the track work and track 
data. 

c r "chemically-pure" dissection 
material removed from a standard dissection i is 
sieved thr a 1 mm screen creati two 
each inte : soil less-than-one m limeter 
greate one millimeter (Figure 2. 5). is 
not vi rous sieved (to prevent b 
particles), 1 r partic 
dust-cover e 2. The er 
materi d ided into 
greate 10 
di ers. 
groups 
greater-t dissection 
interval are During 
the chemic is e to 
keep chemi ntly 
the soil is 
dissection 
soil column. 
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Figure 2.4. The entire extrusion and dissection process is accomplished 
in a nitrogen cabinet, hence the work is done in gloves. In 
the picture above, the core extruder plate holds the soil 
column in place on the right. The soil from a dissection 
interval is placed in an aluminum dish with a spatula. Here, 
the first dissection pass has proceeded about 3 cm from the 
bottom of soil column 15007. (NASA photo# S80-43512) 
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ICM . ·. 

Figure 2.5. A one-millimeter sieve is used to separate individual 
particles from submillimeter "soil". (S-80-43506) 

Figure 2.6. The 2-4 mm particles have been separated by size (using 
a scale) and grouped according to appearance. Some are 
heavily dust-coated. These particles are sample 
60009,3105 from the 51 .3-51 .8 cm depth interval. 

(S-75-32796) 
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2.3 PEELS AND CONTINUOUS THIN SEC NS: SAMPLES THAT 

RETAIN THE RTICAL AND LATERAL RELATIONSHI 

e processi pro ure descr above, relates a 
soil or particles to a 0.5 cm i erval of depth in 
the soil c In si relati ips are destr by t 
sc ing o docum the ve ical 
horizont relatio ips for least a portion of the soil 
column, and continuous poli thin sections are e 
from the of soil in the dissection cylinder 
(ab 1 cm in diameter). ndix 2 describes t se 

res. 
The proc e for obtaini a involves c ing a 

lastic strip with c and then i it e down on 
e soil column. ter the cement penetrates core 

erial, the tic stri is remov and turned over to 
bri the adhering r, e "peel", on t On the 

, the soil layer is about 1 mm thi When t 
sets, t grains are h d in position but can be 

with relative ease for i 1v1 study. 
r the peel ses a soil sur e undis 
the sco i of t dissect ocess. Fine d ils o 
strati aph� are visible on both t el and core sur es 
(Fi re 2.7). e b ari on the right in 
Fi e 2.7 are where t encountered a soil rticle 
too or h to be the ; hence, the 
c soil c sur e after the pe 
had e peels om 60009/60010 core are a 

that core's st are 
thr the Cur r's ce. 

ning soil layer is entir enc ed 
when the epoxy dens, it rms one long 
For 6 and 60010 this ended t vertical 

!2.J2. 2 mm. Each tted butt 
e into c inuous tted 

continuous thin sections are made. 
es t relati ip of t 60009/60010 

continuous thin sections to the soil column. ix 3 
r to of the c inuous t n sections from 
6 0 under lighting conditions. The 

i bring out many of t subtle 
ric e which are not obvious in t 

of the dissection sur es. The c inuous thin 
ovide a pe record the r ith 

col t in the 60009/60010 core, and are 
for study t ough the ator's ice. 
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Figure2.7. Peel (left) and post-
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2.4 OTOGRAPHY OF THE SOIL COLUMNS DURING 

SAMPLE REMOVAL 

e lunar regoli is so heterogeneous, horizontally as 
well as vertically, t si ificant vi s can be 

erv from one dissection pass to 
dissection surface re esents less than a cm horizontal 
di rence in d i  cause the 6 
dissect in shal s than 6 re were 
five disse ion r the former, only four 
for e 1 ter. shows the sur es visib 
b re each dissect s was made for t 60009/60010 
soil co Pos tographs are inc ed because 
they so beautifully il trate the detail stratigraphy 
that is preserved in soil column. 
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3.0 SAMPLES FROM THE 60009/ 10 CORE 

3.1 STAN DARD SAMPLES 

The method by which a processor dissects a core has 
been described (Section 2.2). For each dissected column of 
soil that is sieved, there will be a minimum of two samples 
from every 0. 5 cm along the length of the soil column: the 
submillimeter soil fraction and the supramillimeter 
fraction. The "chemically pure" dissections are not sieved 
to keep contamination to a minimum, so there is only the one 
(bulk) sample from each interval of a chemically pure pass. 

The core samples are viewed primarily as soil samples, 
even though, like the surface soil samples, they contain a 
collection of lithic fragments. The standard soil samples 
from the 60009/60010 core are listed in Table 3. 1. This 
table contains the standard samples from both the four 
dissected soil columns from 60010 and the five dissected 
soil columns from 60009. The submillimeter material is 
included in this table, as well as the unsieved bulk soil 
samples. 

3.2 PARTICLES GREATER-THAN-ON E MILLIMETER 

After being sieved at the 1 mm level, supramillimeter 
particles were separated into 1 -2 mm, 2-4 mm, 4-10 mm, and 
greater-than-10 mm fractions to document grain size 
distributions above the one millimeter level. The particies 
were then physically recombined and are stored as one 
sample: the greater-than-one millimeter fraction. Table 
3,2 lists these samples for each 0. 5 millimeter interval. 
There are no such samples from the chemically-pure 
dissection passes. Any large fragments that may have been 
plucked from the soil during these passes are by definition, 
"special" samples. 

3.3 SPECIAL SAMPLES 

There are four categories of special samples. (1) 
Samples removed from a shorter or longer length than the 0.5 
cm dissection interval are special. This is done to 
preserve similar-appearing material as an entity that does 
not follow the arbitrary length of the standard dissection 
interval. (2) Because no sampling is done across any 
obvious boundaries, samples that are not homogeneous across 
the exposed diameter, or width, of the soil column are kept 
separate. Marbled units are a good example of this: half 
of a dissection interval may be light-colored, the other 
half, darker. Each half of the dissection interval is 
sampled separately and considered a special sample. These 
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special samples may or may not encompass a standard length 
dissection interval. (3) Any unusual-appearing soil or 
particles are special samples. (4) Any material removed 
under different conditions to fulfill the requirements of an 
analytical study are considered special. The samples 
removed under red light illumination for fluorescence 
studies are an example of this. 

The special samples are listed in Table 3.3. Special 
samples were collected from all dissected columns of soil, 
even the ones that were not subjected to sieving. Note that 
the intervals range in length and may even overlap for some 
special samples. 
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I n t e r v a l  
( c m )  

0 . 0- 0 . 5  
0 . 5- 1 .  0 
1 .  0- 1 .  5 
1 .  5 - 2 . 0  
2 . 0- 2 . 5 
2 . 5- 3 . 0 
3 . 0- 3 . 5 
3 - 5- 4 . 0  
4 . 0- 4 . 5  
4 . 5- 5 . 0 
5 . 0- 5 . 5  
5 . 5- 6 . 0 
6 . 0- 6 . 5  
6 . 5- 1 . 0  
1 . 0- 7 . 5  
7 . 5- 8 . 0  
8 . 0- 8 . 5  
8 . 5- 9 . 0  
9 . 0- 9 . 5 
9 . 5 - 1 0 . 0  

1 0 . 0- 1 0 . 5 
1 0 . 5- 1 1 . 0  
1 1 . 0 - 1 1 . 5  
1 1 . 5- 1 2 . 0  
1 2 . 0- 1 2 . 5  
1 2 . 5- 1 3 . 0  
1 3 . 0- 1 3 . 5  
1 3 . 5- 1 4 . 0  
1 4 .  0- 1 4 .  5 
1 4 . 5- 1 5 . 0  
1 5 . 0- 1 5 . 5 
1 5 . 5- 1 6 . 0  
1 6 . 0- 1 6 . 5  
1 6 . 5- 1 7 . 0  
1 7 . 0- 1 7 . 5  
1 7 . 5- 1 8 . 0  
1 8 . 0- 1 8 . 5  
1 8 . 5- 1 9 . 0  
1 9 . 0- 1 9 . 5  
1 9 . 5 -20 . 0  
2 0 . 0-20 . 5  
2 0 . 5-2 1 . 0  
2 1 . 0- 2 1 . 5  
2 1 . 5-22 . 0 
2 2 . 0 -22 . 5 
2 2 , 5 - 2 3 . 0  
2 3 . 0-2 3 . 5  
2 3 . 5 - 2 4 . 0  
2 4 . 0-24 . 5  
2 4 . 5-25 . 0  
2 5 . 5-25 . 5  
2 5 . 5-26 . 0  
2 6 . 0 -26 . 6  
2 6 . 6-27 . 3  

Tab l e 3 .1. S tandard S ampl es from Core 60009/10. 
( See Tab l e 3.3 for specia l  samp l es. ) 

FIRST COLUMN 
( 1 mm 

Sample Or i g i nal 
Numbe r  We igh t ( g )  

600 1 0 , -

SECOND COLUMN 
( u n s i e v ed ) 

Sample Or i ginal 
Number We igh t (g) 

600 1 0 , -

THIRD COLUMN F'OORTA COLUMN 
( 1 mm < 1 mm 

Sample Ori g i n al Sample Or i g i nal 
Number We igh t (g) Number We ight (g) 

60 0 1 0 , - 6 00 1 0 , -

< - --- --- - --- - -- ------ --------Se e  Ta b l e  3 - - - - - - - - - - - - - - --- ------- ---->  
1 7 6 
1 7 4  
1 7 2  
1 70 
1 6 8  
1 6 5  
1 6 2  
1 60 
1 58 
1 5 6  
1 5 4  
1 5 2  
1 50 
1 4 8 
1 45 
1 42 
1 39 
1 36 
1 3 4 
1 32 
1 30 
1 28 
1 2 6  
1 23 
1 2 1  
1 1 9  
1 1 6 
1 1 4 
1 1 2 
1 1 0 
1 08 
1 06 
1 0 4  
1 02 
1 00 
98  
96  
93  
9 1  
89  
87  
85  
8 1  
7 9  
7 6  
7 4  
7 2  
7 0  
68  
66  
6 4  
62  
60  

2 .  1 08 
1 .  9 8 3  
1 .  8 60  
2 . 0 96  
2 . 000  
1 .  1 96 
1 .  909  
1 . 9 4 6  
1 .  7 5 4  
1 .  9 25  
2 . 1 0 1  
2 . 858  
1 .  369  
2 . 302 
0 . 9 39  
0 . 8 6 4  
1 .  3 6 1  
0 . 6 6 4  
1 . 885  
1 .  863  
2 . 0 58  
2 . 4 5 1  
2 . 203  
2 . 1 95 
2 . 2 8 1  
2 . 070 
2 . 5 0 8  
2 . 4 4 2  
2 . 05 1  
2 . 652  
2 . 4 6 3  
1 . 989  
2 .  1 26 
2 . 50 1  
2 .  1 95 
2 . 27 4  
1 .  9 8 9  
2 . 1 94 
2 . 399  
2 . 4 3 2  
2 .  1 6 1  
2 . 298  
2 . 305 
2 .  1 99 
2 . 260 
2 . 27 6  
2 . 3 30 
2 . 399  
2 .  1 27 
2 . 4 8 1  
2 .  1 3 7 
3 . 004  
3 . 0 1 5  

1 06 6  
1 0 6 5  
1 0 6 4  
1 0 6 3  
1 0 6 1  
1 05 9  
1 0 58  
1 05 6  
1 055 
1 05 4  
1 0 5 3  
1 052  
1 0 5 1 
1 05 0  
1 0 48 
1 0 47 
1 0 4 6  
1 0 45 
1 04 3  
1 0 4 1  
1 0 3 9  
1 0 38  
1 0 37 
1 0 35 
1 0 34  
1 0 33 
1 0 32 
1 0 3 1  
1 0 30 
1 029  
1 027 
1 026 
1 0 25 
1 02 4  
1 022 
1 0 2 1  
1 0 1 9  
1 0 1 8  
1 0 1 6  
1 0 1 5  
1 0 1 4  
1 0 1 2  
1 0 1 1  
1 0 09  
1 00 8  
1 007 
1 006 
1 00 5  
1 00 4  
1 00 3  
1 002 
1 0 0 1  
1 000  

1 .  055  
1 .  3 89  
1 .  1 49 
1 .  1 92 
1 .  400  
1 .  300 
1 .  635  
1 .  1 1 6 
1 . 267  
1 .  020  
1 .  020 
1 .  6 6 4  
1 .  1 37 
0 . 972  
0 . 622  
1 . 30 8  
1 .  1 2 1  
1 .  250  
1 .  049  
1 .  0 3 9  
1 . 45 8  
1 .  3 30 
1 .  1 3 3 
0 . 759  
1 .  283  
1 . 3 1 4  
1 .  262  
1 .  1 5 1  
1 . 500  
1 .  302  
1 .  2 3 4  
1 .  5 32  
1 .  407  
1 .  066  
0 . 4 0 0  
0 . 5 1 5  
1 .  3 1 4  
1 . 3 06  
0 . 625  
1 .  4 1 2  
1 , 36 5  
0 . 895  
1 .  3 4 0  
1 . 4 5 8  
1 .  4 7 3  
1 .  7 8 1  
1 .  3 1 0  
1 .  5 05  
1 .  6 30  
1 .  4 97 
1 .  5 3 7  
1 .  5 1 1 
2 . 4 7 6  

2 1 05 
2 1 0 3  
2 1 0 1  
2099  
2097 
2095  
2093  
209 1  
2089 
2087 
2085  
2083  
208 1  
2079  
2077 
2075  
2073  
2070  
2069  
2067 
2065  
2063  
2 0 6 1  
2059  
2057 
2055 
205 3 
205 1 
2049  
2047  
2045  
204 3  
2 0 4 1  
2 0 39  
2037  
2035  
2 0 33 
20 3 1  
2 029 
2027 
2025 
2023  
2 0 2 1  
20 1 9  
2 0 1 7  
20 1 5  
20 1 3  
20 1 1  
2008  
2006  
2004  
2002 
2000 

1 .  5 3 7  
1 .  4 6 9  
1 .  3 4 3  
1 . 4 5 0  
1 .  3 1 1 
1 .  2 9 6  
1 .  4 1 0 
1 .  4 3 3  
1 .  3 6 3  
1 . 60 1  
1 .  4 22 
1 . 6 1 4  
1 .  5 1 3  
1 . 3 0 8  
1 . 622  
1 .  3 1 8  
1 . 4 1 5  
1 .  279  
0 . 9 9 8  
1 .  4 3 2  
1 . 30 8  
1 .  3 8 0  
1 .  6 1 4  
1 .  1 59 
1 . 299  
1 .  5 34  
1 895  
L 6 1 5  
1 .  5 32  
1 .  7 2 3  
1 .  5 80  
1 .  8 4 5  
1 . 3 4 2  
1 .  4 3 4  
1 .  4 6 3  
1 . 626  
1 .  7 4 3  
1 .  5 5 1  
1 .  2 7 4  
1 .  1 7 7 
1 .  3 4 5  
1 . 6 69  
1 .  527  
1 .  3 1 7  
1 . 3 60  
1 .  394  

. 9 9 1  
·, . 250  
1 .  1 1 1  
1 .  2 6 3  
1 .  7 1 2  
1 . 6 86  
1 .  8 05  

3 1 05 2 . 8 6 9  
3 1 0 3  2 . 7 4 7  
3 1 0 1  2 . 3 3 3  
3 099  2 . 0 87  
3097  1 . 87 8  
3095  2 . 6 6 0  
3 0 9 3  2 .  3 1 6  
3 0 9 1  2 .  2 7 6  
3 089  2 .  1 7 3  
3087  2 . 682  
3 085  2 . 7 1 7  
3083  2 . 4 5 5  
3 0 8 1  2 . 5 2 1  
3079  2 .  7 9 1  
3077  2 . 320  
3 075  2 . 992  
3073  2 . 266  
307 1 2 . 4 8 1  
3069  2 . 5 45  
3067  2 . 5 2 6  
3065  2 .  638  
3063  2 . 929  
3 0 6 1 2 .  6 1 1 
3 059  3 . 8 4 8  
3057  1 .  0 5 3  
3 0 5 5  2 . 6 9 5  
3 0 5 3  2 . 86 1  
305 1 2 . 7 90  

I 3 0 4 9  2 . 6 1 5  
3 0 47  2 . 6 37 
3 0 45  3 .  1 3 1  
3 0 4 3  2 . 6 8 6  
3 0 4 1 2 . 9 4 8  
3 0 39 2 .  7 7 7  
3 0 3 7  2 . 7 3 5  
3 0 3 5  2 . 9 7 8  
3 0 3 3  3 .  1 1 0 
3 0 3 1  2 .  627  
3029 2 . 3 4 4  
3027  2 . 7 0 6  
3 0 25 2 . 8 9 9  
3 0 2 3  2 . 6 7 6  
3 0 2 1  3 . 002  
30 1 9  2 . 260  
3 0 1 7  2 . 67 8  
3 0 1 4  1 .  5 3 9  
30 1 2  1 .  2 9 1  
3 0 1 0  1 .  229 
3008  2 .  727  
3006  3 . 292 
3004  2 . 3 4 7  
3 0 0 2  3 - 3 58  
3000  4 .  4 1 6  
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I n t e r v a l  
( cm )  

2 7 . 3-27 8 
2 7 . 8-2 8 . 3 
2 8 . 3-28 . 8  
2 8 . 8 - 2 9 . 3 
2 9 . 3-29 . 8  
2 9 . 8 - 30 . 3  
3 0 .  3 - 3 0 .  8 
3 0 . 8- 3 1 . 3  
3 1 .  3- 3 1 .  8 
3 1 . 8-32 . 3 
3 2 . 3 - 32 . 8  
3 2 . 8 - 33 . 3  
3 3 .  3 - 3 3 .  8 
3 3 , 8-3 4 , 3  
3 4 . 3 - 3 4 . 8  
3 4 . 8 - 35 . 3 
3 5 . 3-3 5 . 8  
35 . 8- 3 6 . 3 
3 6 . 3 - 3 6 . 8  
3 6 . 8 - 37 . 3  
37 . 3 -37 . 8  
3 7 . 8 - 3 8 . 3 
3 8 . 3 - 38 . 8  
3 8 . 8 - 3 9 . 3  
3 9 , 3 - 3 9 . 8  
3 9 . 8 - 40 . 3  
4 0 . 3-40 . 8  
4 0 . 8 -4 1 . 3  
4 1 .  3-4  1 .  8 
4 1 . 8-4 2 . 3 
4 2 . 3-4 2 . 8 
4 2 . 8 - 4 3 . 3  
4 2 . 8-4 3 . 3 
4 3 . 8-4 4 . 3  
4 4 . 3-4 4 . 8  
4 4 . 8-45 . 3 
4 5 . 3-45 . 8  
4 5 . 8-4 6 , 3  
4 6 . 3-4 6 . 8  
4 6 . 8 - 47 , 3 
4 7 . 3-47 . 8  
4 7 . 8-4 8 . 3  
4 8 . 3-48 . 8  
4 8 . 8-4 9 . 3  
4 9 .  3 - 4 9 .  8 
4 9 . 8-50 . 3 
5 0 . 3-50 . 8  
50 . 8- 5 1 . 3  
5 1 . 3 -5 1 . 8  
5 1 . 8-5 2 . 3 
5 2 , 3-52 . 8  
5 2 . 8-5 3 . 3  
5 3 . 3-5 3 . 8  
5 3 , 8-54 , 3 
5 4 . 3-54 . 8  
5 4 . 8 - 55 . 3 
5 5 .  3-55 . 8 
5 5 . 8- 56 . 3  
5 6 . 3-56 . 8  
5 6 . 8 - 57 . 3 
5 7 . 3-57 . 8  
57 . 8-58 . 3  
5 8 . 3 - 5 8 . 8 

Table 3 . 1 . S t andard Samp l es 
FIRST COLUMN SECOND COLUMN 

< 1 mm < 1 mm  
Sample Or i g i n al Sample Orig i nal 
Number We igh t (g) Number  We ight (g) 

60009 , - 60009 , -

from Core 60009/ 1 0  (con tinued ) .  
--rRIR o COLUMN 

< 1 mm 
Sample Ori ginal 
Number We igh t (g) 

60009 , -

FOURTH COLUMN 
( u n s i eved ) 

Sam p l e  Or i g i n al 
Number W e igh t (g) 

60009 , -

F!FITR COLUMN 
( u n s i eved ) 

Sample Or iginal 
Number W e ight (g )  

6 0009 , -

�------------------------------ - -------See Tab l e  3 - - - -------------- -------------------->  
4 0  0 . 7 1 9 
42  0 . 656  
45  0 . 8 5 9  
47  0 . 9 5 2  
4 9  0 . 8 1 3  
5 1  0 . 862  
53  0 . 9 5 0  

( See  Ta b l e  3 )  
6 1  0 . 4 6 4  
6 3  0 . 6 8 8  
65  0 . 906  
70  0 . 667  
72  0 . 6 3 1  
7 4  0 . 903  
77  0 . 685  
7 9  0 . 804  

( See  Ta b l e  3 )  

92  0 . 650  
( See  Ta b l e  3 )  " 
1 04 0 . 826  
( Se e  Ta b l e  3 )  

1 1 7 0 . 2 8 8  
1 1 9  0 . 4 6 7  
1 2 1  0 . 3 4 2  
1 23 0 . 3 6 6  
1 25 0 . 3 9 8  
1 27 0 .  4 1 1 
1 29 0 . 47 1  
1 3 1  0 . 4 0 5  
1 3 1  0 . 3 6 2  
1 35 0 . 3 1 9  
1 37 o .  1 67 
( See  Ta b l e  3 )  
1 7 0 0 . 4 7 5  
( Se e  Ta b l e  3 )  " 

1 79 0 . 702  
1 8 3 0 . 5 9 1  
1 86 0 . 8 4 1  
( Se e  Ta b l e  3 )  

206  0 . 4 3 6  
( See  Ta b l e  3 )  
2 1 2  0 . 806  
2 1 5  0 . 65 1  
2 1 7  0 . 485  
222  0 . 5 1 5  
226 o.  3 1 6  
( Se e  Ta b l e  3 )  " 
242  0 . 7 6 9  
244  1 .  1 9 4 
2 4 6  1 .  1 00 

1 000  
1 002  
1 00 4  
1 00 6  
1 00 8  
1 0 1 0  
1 0 1 2  
1 0 1 6  
1 0 1 9  
1 0 2 1  
1 024  
1 028  
1 03 0  
1 0 3 2  
1 0 35 
1 0 37  
1 0 3 9  
1 0 4 1  
1 04 4  
1 04 6  
1 04 8  
1 052  
1 054  
1 05 9  
1 06 3  
1 06 3  
1 065  
1 06 7  
1 06 9  
1 0 7 1  
1 07 4  
1 07 6  
1 07 8  
1 08 0  
1 08 2  
1 08 4  
1 08 6  

0 . 9 4 1  
0 . 874  
1 .  0 5 9  
1 .  1 76 
1 .  027 
0 . 94 8  
1 .  1 26 
0 . 909  
0 . 990  
0 . 9 6 8  
0 . 94 1  
0 . 94 6  
0 . 908  
1 .  l O 1 
0 . 922  
1 .  235  
1 .  320 
1 .  229  
0 . 99 1  
0 . 7 9 4  
1 . 5 5 6  
1 .  1 1 7 
0 . 7 9 6  
0 . 3 6 8  
1 .  1 22 
1 .  1 22 
1 .  229  
1 .  285  
0 . 80 1  
1 .  1 4 6  
0 . 8 8 3  
0 . 787  
1 .  8 1 8  
1 .  2 4 5  
0 . 6 7 8  
0 . 5 8 5  
o .  4 89 

( Se e  Ta b l e  3 )  

1-09 3  0 . 4 4 0  
1 09 5  o .  827 
1 09 7  1 .  0 5 7  
1 09 9  0 . 9 5 9  
( Se e  Ta b l e  3 )  
1 1 05 0 . 704  
1 1 07  0 . 92 1  
( Se e  Ta b l e  3 )  

" 

1 1 3 4  1 .  4 1 4  
1 1 36 1 . 6 62  
1 1 38  1 .  526  
1 1 40  1 .  3 1 1  
1 1 4 3  1 .  1 8 1  
( See  Ta b l e  3 )  " 
1 1 5 1  1 .  305  
1 1 5 3  1 .  5 1 6  
1 1 55  1 .  4 1 9  

2000 0 . 9 9 0  
200 1 1 .  3 2 9  
2 0 0 2  1 .  5 9 3  
2003  1 .  7 4 3  
2004  1 .  7 1 2  
2005 1 .  5 4 0  
2006  1 . 607  
2008 1 . 26 3  
2009 1 .  3 1 6  
2 0 1 0  1 . 6 4 5  
20 1 1  1 .  5 4 1  
20 1 2  1 , 90 4  
20 1 3  1 .  8 6 9  
20 1 4  1 .  5 1 5  
20 1 5  1 .  5 27 
20 1 6  1 .  1 3 4 
20 1 7  1 .  224  
20 1 9  1 .  3 6 5  
2020 1 .  5 8 8  
2 0 2 1  1 . 550  
2022  1 . 4 3 3  
2023  1 .  4 2 1  
2024  1 . 5 5 6  
2025 1 .  6 47 
2027 1 .  3 1 4  
202'/ 1 .  3 1 4  
2029 1 .  1 4 6  
2030  1 .  672  
2 0 3 1  1 .  009  
2 0 3 3  0 . 9 6 3  
2034  0 . 6 5 2  
2036  1 .  1 24 
2 0 37 1 .  5 5 2  
( Se e  Ta b l e  3 )  

( Se e  Ta b l e  3 )  

2042  o .  827  
2043  1 .  4 1 6  
2045  1 .  529  
2046  1 .  1 3 5 
2047  0 . 7 6 6  
2 0 4 8  0 . 990  
2049  0 . 77 3  
2050 0 .  9 1 7  
205 1 1 .  4 35 
2052  1 . 0 1 4  
2053  1 .  3 52  
2054  1 . 30 1  
2055  1 .  272  
5056  1 .  4 1 5  
2057 1 .  257  
2058 1 . 3 4 2  
2059 1 .  397 l'°'° 1 .  870  
206 1 1 . 3 27  
2062  1 .  384  
2063  1 . 4 08 
2064  1 .  555  
2065  1 . 40 2  
----

3000  
3002  
3005  
3007  
3009  
30 1 1  
30 1 5  
30 1 7  
30 1 9  
302 1 
3023  
3025  
3028  
3030  
3032  
3034  
3 0 3 6  
3 0 3 8  
304 1 
3044  
3046  
3 0 4 8  
3 0 5 0  
3052  
3056  
3056  
3058  
3060  
3062  
3065  
3067  
3070  
3072  
3074  
3076  
3078  
3080  
3082  
3085  
3087  
3089  
309 1  
3093  
3095  
3 0 9? 
3 1 00 
3 1 02 
3 1 04 
3 1 0 6 
3 1 09 
3 1 1 2  
3 1 1 4  
3 1 1 6  
3 1 1 8  
3 1 20 
3 1 22 
3 1 24 
3 1 26 
3029  
3 1 3 1 
3 1 3 3 
3 1 35 

2 . 9 9 0  4 0 0 0  1 .  27 1 
2 . 7 3 0  4 0 0 1  1 . 30 1  
2 .  3 1 0  4002  1 . 00 6  
2 . 9 0 9  4 0 0 3  1 , 3 3 3  
2 . 4 6 4  4004  0 . 8 1 3  
2 . 8 6 7  4 0 0 6  1 .  2 7 6  
1 . 26 3  4 007 1 .  4 2 6  
2 . 3 4 3  4 008  1 .  325  
2 . 690  4009  1 .  493  
2 . 624  4 0 1 0  1 .  355  
2 . 704  4 0 1 1  1 .  272 
2 . 7 6 7  4 0 1 2  1 .  025 
3 . 024  4 0 1 4  1 .  4 3 4  
2 . 820 40 1 5  1 .  4 7 4  
2 . 7 4 5  40 1 6  1 .  1 07 
2 . 6 6 7  40 1 7  1 .  5 4 1 
2 . 6 8 3  4 0 1 8  1 .  476  
2 . 062 i.! 0 1 9  1 . 7 0 1  
2 . 6 6 5  4 0 20 1 .  6 34 
3 . 047  4 0 2 1  1 , 0 34  
2 . 9 7 3  4 0 2 3  1 , 529  
2 .  7 7 9  4 0 2 4  1 .  2 9 0  
2 . 325  4026  1 . 227  
2 .  727  4 027 1 .  1 6 1  
2 . 4 5 3  4 029 1 .  4 30 
2 . 4 5 3  4029 1 .  4 3 0  
2 . 3 3 0  4 0 30 1 .  2 3 1  
2 . 5 5 6  4 0 3 1  1 . 42 8  
2 . 223  4 0 32 1 .  4 4 2  
2 . 4 1 3 4 0 3 3  1 .  0 8 8  
2 . 65 1  4 0 3 5  1 .  3 4 4  
3 . 2 4 5  4 0 36 1 .  529  
3 .  1 04 4037  1 .  080  
2 . 9 3 9  4 0 3 8  1 .  277  
2 . 94 8  4 0 39 1 .  5 7 1  
2 , 3 6 8  4 0 4 0  1 .  3 8 3  
1 .  4 6 3  404 1 1 .  697  
1 . 8 3 1  4042  1 . 8 3 4  
2 .  1 9 4 4 0 44 0 . 877  
2 .  6 1 1 4 0 4 5  1 .  1 0 4 
3 . 0 1 8 4 047 1 .  059 
2 . 592  4049  1 .  5 5 1  
3 . 08 9  4050  1 .  5 3 3  
1 .  9 4 9  4 0 5 1  1 .  375  
2 . 203  4052 1 .  7 8 8  
1 .  4 0 8  4 0 5 3  1 .  6 35 
1 .  47 1 4 0 5 4  1 .  4 0 4  
2 . 3 0 3  4 0 5 5  1 .  4 5 1  
1 . 3 5 3  4056  1 .  3 5 4  
1 . 3 96  4057  1 .  3 3 5  
3 .  279  4058  1 , 52 3  
3 , 40 1  4060  1 .  398  
3 . 2 7 6  4 0 6 1  1 .  2 9 5  
3 . 8 4 2  4062  1 .  285  
3 .  1 7 0  4 0 6 3  1 .  3 7 1  
3 , 5 5 6  4 0 6 4  1 .  3 0 9  
2 , 8 5 2  4065  1 .  7 34  
3 . 027 4066  1 .  4 9 6  
3 , 4 5 8  4 0 6 7  0 . 897  
3 , 307  4069  1 .  4 7 1  
3 . 073  4070  1 .  4 5 2  
2 . 8 6 6  4 0 7 1  1 .  4 7 3  
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TABLE 3 . 2 .  Greater than one m i l l imeter par t i c l es from Core 6 0009/ 6 00 1 0 .  
( See Tab l e  3 for spec i a l  samples . )  

FIRST CCJLUHN SECOND COLUMN THIRD COLUMN FOURTH COLUMN 
Interval  Sample  Or i g i n a l  Sample Or i g i n a l  Sample  Or i g i n a l  Sample Or i g i n a l  

( cm )  Number We ight ( g )  Number Weight ( g l Number We ight ( g )  Number Weight ( g )  

6 0 0 1 0 , - u n s l .,ved 6 00 1 0 , - 6 00 1 0 , -

0 . 0- 0 . 5  <-------------------- -- - ------See Table  3-------------- - -- -----------------> 
0 . 5- 1 . 0  1 7 7  0 .  1 46 2 1 06 0 . 057  3 1 06 . 0274  
, .  0- , .  5 1 7 5  o .  1 3 4 2 1 04 0 . 0 6 5  3 1 04 0 . 1 5 9  
1 .  5 - 2 . 0 1 7 3  o .  1 4 4  2 1 02 0 . 04 5  3 1 0 2  0 . 1 60 
2 . 0- 2 . 5  1 7 1  o .  1 24 2 1 00 0 . 04 6  3 1 02 0 . 083 
2 . 5- 3 . 0  1 69 0 . 298 2098 0 . 07 9  3098 o.  1 1 5 
3 . 0- 3 . 5  1 67 0 . 222 2096 0 . 04 8  3096  4 . 360  
3 . 5- 4 . 0  1 64 o .  1 9 1  2094  o .  1 06 3094  0 . 077  
4 . 0- 4 . 5  1 6 1 0 . 274  2092 0 . 026 3092 o.  1 6 2  
4 . 5- 5 . 0  1 59 0 . 972 2090 o. 1 30 3090 0 . 757  
5 . 0- 5 . 5  1 5 7  o .  1 95 2088 o .  1 0 4  3088 0 . 438  
5 . 5- 6 . 0  1 5 5  o .  1 8 4  2086 0 .  1 84 3086  o . 4 1 1 
6 . 0- 6 . 5  1 5 3  0 . 24 4  2084 o .  1 68 3084 0 . 393  
6 . 5- 1 . 0 1 5 1  0 . 23 1  2082 0 . 1 2 8  3082 0 . 5 1 7  
7 . 0- 7 . 5  1 4 9  0 . 1 60 2080 0 . 852 3080 o .  276  
7 . 5- 8 . o  1 47 0 . 232  2078  o .  1 20 3078 0 . 208 
8 . 0- 8 . 5  1 4 4  0 . 24 1  2076  0 . 07 4  3076 0 . 326 
8 . 5- 9 . 0  1 4 1  0 . 66 7  2074  o .  1 38 3074  0 . 24 1  
9 . 0- 9 . 5  1 38 1 .  290 2072 0.  1 0 6  3072 0 . 4 1 7  
9 . 5- 1 0 . 0  1 35 0 . 630  2070  o .  1 58 3070 o .  1 65 

1 0 . 0- 1 0 . 5 1 3 3  1 . 0 1 8  2068 0 . 695  3068  0 . 427  
1 0 . 5- 1 1 . 0  1 3 1  0 . 393  2066  0 . 324  3066  0 . 584  
1 1 .  0 - 1 1 .  5 1 29 0 . 4 6 4  2064  0 . 2 1 2  3064  o .  227 
1 1 . 5- 1 2 . 0  1 27 0 . 4 1 3  2062  0 . 3 3 3  3062 o . 1 8 1  
1 2 . 0- 1 2 . 5  1 24 0 . 3 5 4  2060 o.  1 4 3  3060  2 . 2 1 2  
1 2 . 5- 1 3 . 0  122  0 . 1 83 2058 o.  1 4 1  3058 0.  1 68 
1 3 . 0- 1 3 . 5  1 20 0 . 6 3 3  2056  0 . 29 3  3 0 5 6  0 . 395  
1 3 . 5- 1 4 . 0  1 1 7  0 . 402  2054  0 . 57 7  3054  0 . 670  
1 4 . 0- 1 4 . 5  1 1 5 0 . 406  2052 0 . 299 3052 0 . 438  
1 4 . 5- 1 5 . 0  1 1 3  o .  1 39 2050 0 . 220 3050 O .  353  
1 5 . 0- 1 5 . 5  1 1 1  0 . 292 2048 0 . 279 3040 0 . 246  
1 5 . 5- 1 6 . 0  1 09 0 . 47 1  2046  o .  1 4 5 

I 
3046  0 . 5 1 8  

1 6 . 0- 1 6 . 5  1 07 0 . 4 1 7  2044 0 . 3 6 0  3 0 4 4  0 . 4 4 5  
1 6 . 5- 1 7 . 0  1 05 0 . 57 4  2042  0 . 34 3  3 0 4 2  0 . 282 
1 7 .  0- 1 7 .  5 1 03 0 . 277  2040  0 . 220 3040 0 . 932  
1 7 . 5- 1 8 . 0  1 0 1  0 . 284 2038 o.  1 2 3  3038  0 . 255  
1 8 . 0- 1 8 . 5  99  0 . 5 1 8  2036  0 . 256  3036  0 . 209 
1 8 . 5- 1 9 . 0 97  0 . 376  2034  0 . 287 3034  0 . 4 22 
1 9 . 0- 1 9 . 5  94  0 . 265  3032 0 . 3 1 0  3032 0 . 27 1  
1 9 . 5-20 . 0  92 0 . 29 3  2030 0 . 558  3030  0 . 689  
2 0 . 0-20 . 5  90 o. 5 1 1 2028 0 . 286 3028 0 . 558  
20 . 5-2 1 . 0  88 0 . 584  2026  0 . 424  3026  0 . 46 3  
2 1 .  0 -2 1 . 5  8 6  0 . 253  2024 0 . 85 3  3024 0 . 9 1 3  
2 1 . 5-22 . 0  82 0 . 3 1 1 2022 0 . 480  3022 0 . 904 
2 2 . 0-22 . 5  80 0 . 280 2020 0 . 6 4 9  3020 0 . 26 9  
2 2 . 5-2 3 . 0  77  0 . 237  20 1 8  0 . 2 1 2 30 1 8  0 . 22 1  
2 3 . 0-23 . 5  75  0 . 394  20 1 6  o .  1 24 3 0 1 5  0 . 092 
2 3 . 5-24 . 0  7 3  0 . 388 20 1 4  0 . 06 6  30 1 3  0 . 225 
24 . 0-2 4 . 5  7 1  0 . 286  20 1 2  0 .  1 5 3  30 1 1  0 . 206 
2 4 . 5-25 . 0  6 9  0 . 402 2009 0.  1 6 1  3009 1 .  270 
25 . 0-25 . 5  6 7  0 . 6 6 5  2007 0 . 2 1 6  3007 0 . 5 1 0  
2 5 . 5-26 . 0  6 5  0 . 6 1 2  2005 0 . 44 9  3005 0 . 396  
26 . 0-26 . 6  6 3  0 . 522 2003 0 . 3 1 4  3003  0 . 600 
2 6 .  6 - 2 7 .  3 6 1  0 . 4 1 9  200 1 o .  1 1 0 3 0 0 1  1 .  4 1 5  
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TABLE 3 . 2 .  Greater  than one m i l l imeter par t i c l e s  from Core 60009/600 1 0  · 1 ( Se e  Tab l e  3 for spec ial  sampl es . )  
( co n t i nued ) 

F I RST COLUMN SECOND C OLUMN TH I R D  COLUMN  FOURTH  COLUMN F IFTH COLUMN 
l n terval  Sample Or i g i nal  Sample Or i g i n a l  Sample Or ig inal  Sampl e  Or i g i na l  Sample  Or i g i n a l  

( c m )  Number We i ght ( g )  Number We ight ( g )  Number We ight ( g )  Number Weight ( g )  Number We ight ( g ) 

60009 , - 60009 , - u n s i eved 60009 , - u n s i ev ed 

27 . 3-27 . 8 < - -------- - - - - ---------------------- ----See Tab le 3---------------------------------------------) 
27 . 8-28 . 3 4 1  0 .  078 1 00 1  0 . 068  300 1 0 . 5 8 8  
2 8 , 3-28 . 8  4 3  0 . 04 1  1 003  0 .  1 4 2  300 3 0 . 9 3 7  
2 8 . 8-29 . 3 46  0 . 0 3 9  1 005  o .  1 09  3006  0 .  4 6 0  
2 9 . 3-29 . 8  4 8  o .  1 3 6 1 007 0 . 076  3008 0 . 42 1  
2 9 . 8-30 , 3 50  0 .  1 7 3  1 009  0 .  1 5 1  3 0 1 0  0 . 220 
3 0 , 3 - 30 . 8  52 0 .  1 07 1 0 1 1 o .  1 7 9  30 1 2  0 . 4 4 4  
3 0 . 8- 3 1 . 3  5 4  0 .  1 65 1 0 1 3  0 .  1 7 0  30 1 6  0 .  1 24 
3 1 . J - 1 3 . 8  ( See Ta b l e  3 )  1 0 1 7  0 . 337  30 1 8  0 . 202  
3 1 . 8 -32 . 3  62 0 . 2 1 8  1 020 0 .  1 24 3020 0 . 24 4  
3 2 . 3 - 3 2 . 8 64 0 . 20 1  1 022 o .  1 54 3022 1 .  004 
32 , 8 - 3 3 , 3 69 0 . 092 1 025 0 .  1 55 3024 0 . 30 3  
3 3 , 3 -3 3 . 8  7 1  o .  1 55 1 029 0.  1 4 2  3026 o.  1 79 
3 3 , 8 - 34 , 3  7 3  0 . 1 0 1  1 0 3 1  0 . 256 3029 0 . 3 5 3  
3 4 , 3 - 3 4 . 8  

I 
75 0 .  1 69 1 033  0 .  1 78  303 1  0 . 27 3  

3 4 . 8 - 3� , 3  78  0 . 2 1 8  1 036 0 . 057 3033  1 .  095  
'1 5 , 3 - 35 . 8  80  0 .  1 2 1  1 0 38  0 .  1 08 3035  0 . 479  
35 , 8 - 3 6 - 3  ( See Tab l e  3 )  1 04 0  0 .  1 6 1  3037  0 . 50 1  
3 6 . 3 -3 6 . 8  " 1 0 4 2  0 .  1 4 6 3039  0 .  1 60 
3 6 . 8-37 - 3  " 1 0 4 5  0 . 072 30 42  0 .  1 7 9  
37 . 3-37 . 8  93  0 . 0 3 6  1 047  0 . 082 3045  0 . 3 3 2  
37 - 8-38 . 3  ( See Tab l e  3 )  1 04 9  0 . 09 1  3047  0 . 224 
3 8 . 3-38 . 8  " 1 05 3  0 . 1 7 3 3 0 49  0 . 293  
3 8 . 8-39 - 3  1 05 0 . 0 3 1  1 055 0 . 0 4 4  3 0 5 1  0 , 876 
3 9 - 3-39 . 8  ( See Tab l e  3 )  1 060  0 .  1 90 3053  1 .  1 00 
3 9 . 8 - 40 . 3  n 1 062 0 . 09 1  3055  0 , 379 
4 0 . 3-4 0 . 8 " 1 064  0 .  1 1 9 3057 0 , 308  
4 0 . 8-4 1 . 3  n 1 066  0 . 2 1 0  3059  0 . 354  
lj 1 .  3- 4 1 .  8 1 1 8 0 . 02 1  1 068  0 . 229  3059  0 . 270  
4 1 . 8 - 4 2 . 3 1 20 0 . 024 1 070  1 .  289  3036  0 . 3 3 0  
4 2 . 3 - 4 2 . 8 1 22 0 . 05 1  1 072  o .  1 3 6 3066  0 . 507 
4 2 . 8-4 3 . 3 1 2 4 0 . 395  1 075  0 . 2 1 6  3068  0 . 369  
4 3 . 3-4 3 . 8  1 26 0 .  1 3 8 1 077 o.  1 4 3  307 1 0 . 6 1 0  
4 3 . 8- 4 4 , 3  1 28 0 .  1 06 1 079  o .  1 05 3074  0 . 335  
4 4 , 3 - 4 4 . 8  1 3 0 0 . 202 1 08 1  0 . 2 1 4  3075 0.  2 1 1  
4 4 . 8- 45 , 3  1 32 0 . 0 1 4  1 083  0 . 01 0  3 077 0 . 358  
4 5 . 3-4 5 , 8  1 3 4 0 . 0 3 6  1 085  0 .  1 82 3079 0 . 6 4 3  
4 5 . 8-46 . 3  1 3 6 0 . 096  1 087 0 . 068  3 0 8 1  0 . 255 
4 6 . 3-4 6 . 8 1 38 0 . 096  ( See Tab l e  3 )  3083  0 . 309  
4 6 . 8-4 7 . 3 ( See Table  3 )  " 3086  0 . 469  
4 7 . 3-4 7 . 6  1 7 1  0 . 209  1 094  0 . 05 1  3088  0 . 296  
4 7 , 8 - 48 , 3  ( See Ta ble  3 )  1 096  0 . 288  3090 0 . 4 7 5  
4 8 , 3- 4 8 . 6  " 1 098  0 . 3 1 9  3092 0 .  735 
4 8 . 8 - 4 9 . 3 n 1 1 00  o .  1 2 3 3094  0 , 78 1 
4 9 , 3-4 9 . 8 1 82 0 . 07 3  1 1 02  0 . 24 7  3096  0 . 082 
4 9 . 8-50 , 3 1 85 0 . 06 1  1 1 06  o .  1 5 1  3098  0 . 5 1 6  
5 0 , 3-50  . .  6 1 87 0 , 25 1  1 1 08  0 . 282 3 1 0 1  0 . 635  
5 0 . 8-5 1 . 3  ( See Tab l e  3 )  ( See Tab l e  3 )  3 1 0 3  0 . 9 1 3  
5 1 . 3 -5 1 . 8  n n 3 1 03 0 .  9 1 3  
5 1 .  8 - 5 2 ,  3 " " 3 1 08  0 . 5 4 3  
5 2 , 3-52 , 8 " " 3 1 1 1  0 . 5 42  
5 2 , 8-5 3 . 8  208 0 . 299 " 3 1 1 3 0 . 5 45  
5 3 . 3 - 5 3 . 8  ( See  Tab l e  3 )  " 3 1 1 5 0 . 3 6 3  
5 3 . 8-54 , 3  2 1 4  0 .  1 99 1 1 35 0 .  1 09 3 1 1 7  0 . 298 
5 4 , 3-54 . 8  2 1 6  0 .  1 47 1 1 37 o .  1 77 3 1 1 9  0 . 24 1  
5 4 . 8-55 . 3  2 1 8  0 . 0 3 0  1 1 3 9  0 . 080  3 1 2 1  0 . 2 1 5  
5 5 . 3-55 . 8  225 0 . 1 27 1 1 4 1  o .  1 50 3 1 23 0 . 372 
5 5 . 8-5 6 . 3 230  0 . 0 3 3  1 1 4 4  o .  1 96 3 1 25 0 .  270  
5 6 . 3-56 . 8  ( See Table 3 )  ( See Table 3 )  3 1 27 0 . 328  
5 6 . 8-57 . 3  n " 3 1 30 0 . 484  
5 7 , 3-57 . 8  2 4 3  0 , 295  1 1 52  0 . 2 8 6  3 1 32 0 . 5 0 4  
5 7 . 8-58 , 3 245  0 .  1 0 2  1 1 5 4  o .  1 5 6  3 1 3 4  0 . 482  
5 t'. .  3-5 8 .  7 247 0 .  1 7 8  1 1 56 o.  1 7 9  3 1 36 0 .  1 1 7 

� 
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Ta b l e  3 . 3 .  L i s t ing o f  Spe c i a l  Samples  from Core  60009/600 1 0 .  
--------,-- ----------- ·----------- --� ·-·· --�--------- _ _ ________________ ......., 

I n t e r v a l  
( cm )  

0 .  0 - 0 .  1 
0 .  0- 0 .  1 
0 .  1 - o .  2 
0 . 2- 0 . 3  
0 . 3- 0 . 4  
0 . 4- 0 . 5  
0 . 5- 1 . 0
1 .  0 - 1 .  5 
1 .  5 - 2 .  0 
2 . 0- 2 . 5  
2 . 5- 3 . 0  
2 . 5- 3 . 5  
3 . 0-3 . 25 
3 . 5 
3 . 5-3 . 75 
4 . 0- 4 . 5  
4 . 3
4 . 5- 5 . 0  
5 . 0- 5 . 5  
5 . 5 - 6 . 0
6 . 0- 6 . 5
6 . 5 - 7 . 0
7 . 0- 7 , 5
7 . 5 -7 . 75 
7 . 5- 8 . 0
8 . 0- 8  . 25 
8 .  5 - 8  . 75 
8 . 9 - 9 - 2 
9 . 0- 9 . 25 
9 - 5- 1 0 . 0  
9 . 6- 9 . 8  

1 0 . 0- 1 0 . 5 
1 0 .  3- 1 0 .  7 
1 0 . 5- 1 1 . 0
1 1 . 0- 1 1 . 5
1 1 .  5- 1 2 .  0 
1 2 . 0- 1 2 . 5  
1 2 . 2- 1 2 . 5 
1 2 . 5- 1 3 . 0  
1 3 . 0- 1 3 . 5  
1 3 .  5 
1 3 . 5- 1 4 . 0  
1 4 . 0- 1 4 . 5  
1 4 . 5- 1 5 . 0  
1 5 . 0- 1 5 . 5  
1 5 . 5- 1 6 . 0  
1 5 . 7  
1 6 . 0- 1 6 . 5 
1 6 . 5- 1 7 . 0  
1 7 . 0- 1 7 . 5  
1 7 - 5- 1 8 . 0  
1 7 . 5- 1 8 . 1 
1 8 . 0- 1 8 . 5  
1 8 .  5 
1 8 . 5- 1 9 . 0  
1 8 . 5 - 1 9 . 7  
1 9 . 0- 1 9 . 5  
1 9 . 5-20 . 0
20 . 0-20 . 5  
20 . 5 -2 1 . 0
20 . 8-2 1 . 0
2 1 .  0 -2 1 .  5 
2 1 . 2-22 . 3  
2 1 . 5-22 . 0 
2 1 . 5-22 . 1 
2 1 . 7-22 . 3 
2 2 . 5-2 3 . 0  
2 3 . 0-23 . 5  
2 3 . 0-24 . 6
2 3 . 5-24 . 0
2 4 . 0-?4 . 5
24 >25 . 0 
<' 5 . 0-25 . 5
25 . 5-26 . 0  
2 6 . 0-26 . 5
2 6 . 5-27 . 0

F I RST COLUMN 
< 1 mm > 1 mm

# Wt . ( g )  I Wt . ( g )  

600 1 0 , - ---
4 . 88 3  , 6  1 . 8 8 
5 1 .  804  
1 1 . 4 1 0  , a  . 075  
9 1 . 8 5 6  , 1 0  . 1 55 

1 1  1 . 804  , 1 2  . 1 9 8  
<--------------------

1 6 6 0 . 979  

1 63 0 . 762  

1 4 6 1 . 1 85 

1 4 3  0 . 7 9 6  
1 4 0 0 . 84 3  

1 37 1 .  025  

1 25 0 . 020 

8 3  0 . 4 5 6  

84  0 . 094  

1 1 8 0 . 002  

95  1 . 1 3 1  

SECOND  COLUMN 
So i l  Par t i c l e s  

0 Wt . ( g )  I Wt . ( g )  

6 00 1 0 , -

TH I R D  COLUMN 
< 1 mm > 1 mm 

I Wt . ( g )  I Wt . ( g )  

600 1 0 , -

FOURTH COLUMN 
< 1mm > 1 mm 

# Wt . ( g )  I Wt . ( g )  

600 1 0 , -
--- -- +- --- ---·-�------- ------t 

F i r s t  5mm were d i s sected  a c r o s s  
en t ire  c ro s s  s e c t i o n  o f  the  c o r e  
1 mm at  a t ime . 

j 
No Samples  from th i s  i n terva l - ------------- - -------------- --------> 

1 0 4 9  1 1 58 

1 0 3 6  0 . 8 4 3  
1 036  0 . 8 4 3  

1 02 3  1 . 1 04 

1 0 1 7  0 . 9 3 2  

1 0 1 3  0 . 502  

1 062  0 . 00 3  

1 060 0 . 050 

1 057  0 . 005 

1 0 4 4  0 . 07 6  

1 04 2  0 . 0 1 5  

1 040  0 . 0 3 6  

·1 028  o . ,., 4 o

1 020 0 . 007 

1 0 1 0  0. 1 1 3 

30 1 6  1 1 . 6 4 

2 0 1 0  0 . 09 1  

�-----� -- - . .  - ----- �- - -
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I n t e r v a l  

2 7 .  0-27 . 3 
2 7 , 3-27 , 4 
27 . 4-27 . 6  
27 . 6-27 . 8 
2 1 .  3-27 . 8 
27 . 8-28 . 3  
2 8 . 3-28 . 8  
2 8 . 3-28 . 9  
2 8 . 8-29 . 3
2 8 . 9-29 . 3 
2 9 . 3-29 , 8  
2 9 . 8-30 , 3 
30 . 3-30 . 8  
3 0 , 3-30 . 9
30 . 8-3 1 . 3
30 . 8- 3 1 . 9
30 . 9-3 1 . 3
3 1 .  3-3 1 .  8 
3 1 .  3-3 1 . 9  
3 1 . 5- 3 1 . 8  
3 1 . 8- 32 . 3 
32 , 3-3 2 . 8  
32 . 6-3 3 . 1 
32 , 6-33 . 6
3 2 . 8-3 3 , 3  
32 . 8-33 , 8  
3 2 . 8-34 . 1 
3 3 .  0-34 . 1 
3 3 , 3-3 3 . 8  
3 3 - 8- 34 , 3  
34 . 2-3lj , 8  
3 lj , 3-34 , 8
3 4 . 3-34 , 6
3 4 . 8-35 . 3  
35 . 3-35 . 8  
35  , 3-36 . 4  
35 . 8-36 . 2  
35 . 8-36 , 3  
3 5 , 8-36 . 4
3 6 , 3-36 . 9
3 6 . 3-37 . 0  
3 6 , lj-37 . 0  
3 6 , 7-37 , 1 
36 . 8  
36 . 8-37 , 3  
36  . 8-37  , 4  
37 . 0-37 , 3  
3 7 . 0-38 . 5  
37 . 0-38 . 5  
37 . 7-38 . 2

F I R ST COLUMN 
< 1mm > 1 mm

I Wt . ( g )  I Wt . ( g )  

60009 , -

4 1 , 9 1 5  3 o .  1 56 
5 3 , 885 6 0 . 6 2 5  
7 3 , 890 8 0 . 427 

44 0 . 0 1 5  

55 0 . 588 56 0 . 04 1  

5 9 0 . 225 60 0 . 005 

66  0 . 034  

67 0.  1 4 0 
68 0 .  1 4 4 
68 0.  1 4 4  

7 6  0 . 045  

8 1  0 . 623  82 0 . 062 
83 0 . 5 1 9  84 0 . 072 

85 0 . 386 86 0 . 026 
87 0 . 5 6 11 88 0 . 0 1 6  

89 0 . 04 1

90 0 . 6 8 4  9 1  0 . 04 8  
94 o. 1 6 1  
95 0 . 490 

Table 3.  3 .  Li s t i n g o f  Spe c i a l  Sam p l e s  from Co r e  6 0009/600 1 0 .  
( co n t i n u ed ) 

SECOND COLUMN TH I R D  COLUMN FOURTH COLUMN F I FTH COLUMN 

I< 1mm > 1 mm So i 1 Pa r t i c l e s  < 1 mm > 1mm < 1 mm > 1 mm
I Wt . ( g )  II Wt . ( g ) I Wt . ( g )  I' Wt . ( g ) I Wt . ( g )  If Wt , ( g )  # Wt . ( g )  I Wt . ( g )  

60009 , - 60009 , - 60009 , - 60009 , -

3004 0 . 1 0 9  

3005 2 . 3 1 0  3006  0 . 460 

30 1 1 2 . 867 3 0 1 2  0 . 1144  
30 1 3  1 .  7 4 6  30 1 4  o .  1 9 8  

2007 0 . 548  
30 1 5  1 . 263  30 1 6  o .  1 24 

1 0 1 4  0 . 504  1 0 1 5  0 . 055 
1 0 1 8  0 . 095 

1 02 6  1 . 06 2  

1 027 0 . 3 1 8  3027 0 . 5 3 3  

1 0 34 0 . 038  

20 1 8  0 . 25 6  

1 0 39 1 .  320 1 040 0.  1 6 1  
1 04 3  0 .  1 08 

3040 0 . 685  

3043  0 .  1 60 

I 1 05 1  o .  1 64 

__I 

I\) 
-..J 



Tab l e  3 . 3 .  Listing of Specia l  Samples from Core 60009/6001 0. 
(cont i nued) 

3 7 - 9 - 38 , 3 9 6  0 . 655
1 

97 0 . 0 3 9  
3 8 .  1 1 050  0 . 0 1 5  
38 , 3- 3 8 . 6  98 o . 6 5 1  

I 
9 9  0 . 04 2  

3 8 . 3- 38 . 8 4 025 0 . 625 
3 8 . 6 - 38 . 8  1 00 o .  3 4 4  1 0 1  0 . 083 1 05 4  0 . 7 9 6  1 055  0 . 0 4 4  
3 8 . 8-39 - 3  1 08 0 . 20 4  1 056  0 . 1 30 
3 8 . 8-39 , 5  1 0 2  0 . 1 64 1 0 3 0 . 0 1 7  1 057 0 , 735  1 058 0 . 097 
3 9 - 3 - 39 , 9  1 06 1 .  2 1 6  1 07 o .  1 29 
3 9 . 5 - 40 . 3 4072  0 , 9 3 8  
3 9 , 7-4 0 . 3  1 4 1  0 . 299  1 4 2 0 . 0 4 2  
3 9 . 8-40 . 9 2028 0 . 476  
4 0 . 1 -4 1 . 0  1 09 0 .  1 70 1 1 0 0 . 239 
4 0 . 1 -4 1 . 0  1 1 2 0 . 4 3 7  1 1 1  0 . 0 1 0  
4 0 . 1 - 4 1 . 0  1 1 3 0 . 021 1 1 4 0 . 07 0  
4 0 . 3-4 0 . 8 1 4 3  0 . 505 1 4 4 0 . 505  
4 0 . 8-4 1 . 3  1 45 0 . 462  1 46 0 . 067  
4 0 . 9 -4 1 . 3  

J 1 1 6 
2035 5 . 0 4 3  

4 1 . 0-4 1 . 3  1 1 5 0 . 4 3 1  0 . 0 1 8  
4 1 .  3 - 4 1 .  8 1 47 0 . 424  

1
1 4 8  o .  1 62 

4 1 . 8-42 , 3  1 49 0 , 3 4 7  1 5 0  0 . 092  
4 1 . 9- 4 2 . 5 3064 0 . 57 1  
4 2 . 1 -4 3 .  1 1 07 3  0 , 74 4  
4 2 . 3-4 2 . 8  
4 2 , 3-4 3 , 6  2032 o . �74  
4 2 . 8- 4 3 , 3  1 5 3  0 . 4 3 4  1 5 4  0 . 04 1  
4 2 . 8- 4 3 , 8  3069 O .  1 06 
4 2 . 8-4 4 . 3  1 57 0 . 084 
4 3 . 3-4 4 . 8  1 55 0 . 656  1 56 0 . 07 4  
4 3 , 8-4 4 . 8  1 58 0 . 4 4 4  1 59 0 . 05 3 
4 3 . 8- 4 4 . 3  

I 4 4 . 3- 4 4 . 8  
4 4 . 3 - 45 . 3  2038 1 .  732  
4 4 . 8- 45 . 3  1 60 0 . 24 6  1 6 1  0 . 009  
4 5 , 3-4 5 . 8 1 62 o .  1 7 1  1 6 3  0 . 092  
4 5 . 3-46 . 3  2039  1 .  1 0 1  
4 5 . 8-4 6 . 3 1 64 0 . 232  1 65 0 . 022 
4 6 . 0 - % . 9 3084 1 .  3 3 6  
4 6 , 3-46 . 8  1 6 t 0 . 09 1  1 67 0 . 009  
46 .  3-46 . 9  1 088 0 . 762 1 089 0 . 077  2040 0 . 9 3 6  
4 6 . 3-4 6 . 9 1 090 0 . 2 1 7  
4 6 , 3-4 7 . 1 4 0 4 3  1 505  
4 6 . 8- 47 . 4  1 39 0 . 1 65 1 4 0  0 . 03 1  
46 . 8-4 7 , 4  1 68 0 . 34 1  1 69 0 . 02 3  
4 6 . 9-47 , 3 1 0 9 1  0 . 658 1 092 0 . 089  20 4 1  0 . 866  
4 7 , 3-4 7 . 8  
4 7 . 7-4 8 . 3 2044  0 . 554  
4 7 . 8-4 8 . 3  I 4048  1 9 4 6  
4 7 . 8-4 8 . 4  1 72 0 . 65 3  1 7 3  o .  1 35 
4 8 . 4-4 9 , 0  1 7 4 0 . 7 8 1  1 75 0 .  1 89 '  
4 9 . 0-4 9 , 3 1 76 0 . 858 1 78 0 . 2 1 2  
4 9 . 0  1 7 7  0 . 06 0  
4 9 .  1 -4 9 . 8  1 1 0 1  0 . 824 1 1 02 o . 247  
49 .  1 -5 1 .  6 3099  1 5 . 07 2  
4 9 , 3-4 9 . 8  1 80 0 . 064  
4 9 , 3-5 0 . 4 1 1 04  0 , 528  
4 9 . 4-50 . 0  1 8 1  0 . 222 
4 9 . 4 -4 9 . 8 1 1 0 3  0 . 326  
4 9 , 7-50 . 9 1 1 09  1 .  327  
4 9 . 8-5 0 . 3 1 84 0 . 050  
50 . 3-50 . 8 



5 0 . 8-5 1 . 3  
5 0 . 8-5 1 . 3  
5 1 .  3-5 1 . 8 
5 1 . 3-5 1 . 8  
5 1 . 8-5 2. 3 
5 1 . 8-52 .  3 
5 1 . 8-52 . 4  
52 . 3-52 . 8 
52 . 3-5 2. 8 
52 . 8-5 3 . 2 
52 . 8-5 3 . 3 
5 2 . 8-5 3 . 3  
5 3 . 3 -5 3 . 8  
5 3 . 3 -5 3 . 8 
5 3 . 8-5 4 . 3  
5 4 . 3 -5 4 . 8  
5 4 . 6-55 . 3  
5 4 . 8-55 . 3 
55 . 2-55 . 8  
5 5 . 3-55 . 8  
55 . 6  
5 5 . 8-56 . 3  
5 5 . 8-56 . 3  
55 . 8- 56 . 3 
5 6 . 0-56 . 6  
5 6 . 0-56 . 6  
5 6 . 2-56 . 6  
5 6 . 3 -5 6 . 6  
5 6 . 3-5 6 . 7 
5 6 . 3-56 . 7  
5 6 . 6-56 . 8  
5 6 . 7-57 . 3  
5 6 . 8-57 . 1 
57 . 1 -5 7 . 3  
57 . 3-57 . 8  
57 . 8-5 8 . 3  
5 8 . 3-58 . 8  

1 88 0 . 28 1  
1 90 0 . 440  
1 92 0 . 282 
1 94 0 . 498 
1 96 0 . 320 
1 98 0 . 457 

200 0 . 477 
202 0 . 340 
204 0 . 4 34  

207 0 . 055  
209 0 . 748 
2 1 0  0 . 209 
2 1 3  0 . 093 

220 0 . 505 
2 1 9  0 . 029 

224 0 . 2 1 0  

2 3 1  0 .  277 

234 0 . 20 1  
2 33  0 . 0 30 

232  0 . 397 

236  0 . 722 

238 0 . 2 1 4  
240 0 . 9 35  

Table 3 .  3 .  

1 89 0 . 025 1 1 1 0 
1 9 1 0 .  1 7 9  1 1 1 2 
1 93 0 . 060 1 1 1 4  
1 95 o .  1 02 1 1 1 6 
1 97 0 . 06 1  1 1 1 8 
1 99 0 . 2 1 0  

1 1 20 
20 1  0 . 0 4 2  1 1 22 
203 o .  1 0 4  1 1 24  
205 0 . 040  

1 1 26 
1 1 28 

2 1 1  o .  1 58 1 1 30  
1 1 32 

221 0 . 049  

1 1 42  

223  0 . 0 3 1  
227 0 . 0 1 6 1 1 4 5  
228 o.  1 0 1  
229 0 . 2 1 2  

2 3 3  0 . 0 30  
1 1 46  
1 1 47 

237 0 . 093  
1 1 4 9  

239  0 . 0 3 8  
24 1 0 . 05 3  

� 

Listing of Special Samples 
( continued ) 

from Core 60009/60010. 
·--

0 . 628 1 1 1 1  0 . 357 
0 . 302  1 1 1 3 0 . 037  
0 . 5 1 9  1 1 1 5 0 . 48 5  
0 . 4 1 5  1 1 1 7 0 . 047 
0 . 382  1 1 1 9 o .  1 4 2  3 1 06 1 .  3 5 3  3 1 08 0 . 54 3  

3 1 07 1 .  58 1 
0 . 6 1 2  1 1 2 1  0 . 073 
0 . 86 3  1 1 23  0 . 090 3 1 09 1 . 396  
0 . 62 1  1 1 25 o .  1 25 3 1 1 0  2 . 0 3 1  

0 . 673  1 1 27 o .  1 8 1  
0 . 589 1 1 29  o .  1 32 
1 .  200 1 1 30 o .  1 62 
0 . 392  1 1 3 3  0 . 0 1 6  

I 

0 . 370 I 
0 . 229  I I I I 

I I 
3 1 28 0 . 283  I 

0 . 260  
1 . 3 35  1 1 48  0 . 076 

1 . 1 0 9  1 1 50 0 . 094 

-

I\) 
co 



4 . 0  S T R AT I G R A P H I C  D E S C R IP T I O N S  B Y  

C O R E  P R O C E S S O R S  

4. 1 INTRODUCTION 

None of the opened Apollo cores were observed to be 
homogeneous over their entire length ; the 60009/6001 0 core 
contained many interesting changes from top to bottom. This 
vertical heterogeneity could reflect stratification produced 
by multiple events or complex single event deposits . Ex cept 
for the peels and encapsulated samples, about 3/4ths by 
volume of each core is removed by scooping, obliterating the 
intergrain relationships that the soil had when it was still 
a part of the lunar regolith . 

The visual observations of the core processors are an 
integral part of the characterization of the soil columns. 
Each processor has brought different perceptions, skills and 
biases to the effort . Some have made observations and 
collected data with little to no interpretive attempts, not 
even wanting to define units (or strata) . Others have been 
keenly interested in the interpretations of their 
observations, and have defined units on the basis of changes 
in color, grain size , and/or other features. J . S. Nagle was 
the processor of soil column 60009/6001 0. The following are 
based on his definitions, observations, and compilations . 

4.2  BASIS  FOR D I STINGUISHING UNITS 

In  general, visually-discernable zones in the 
60009/6001 0 core were characterized on the basis of (1) 
color, ( 2) texture, (3) fabric and structure, and (4) 
lithologies of the greater-than-one millimeter particles. 
Texture includes grain-size distribution, sorting, rounding, 
( of particles greater-than-one millimeter) , and packing. 
Fabric, a measure of grain alignment and distribution, is 
included when observed. Structure is considered, first i n  
terms of what may be artifacts of sampling or handling, and 
after that, in terms of sedimentary structures , such as 
massive units versus marbled units . An attempt is made to 
determine general lithologic categories of supramillimeter 
material based on binocular microscope observations of the 
often dust-covered, particles . Because only binocular 
microscopes are available to the core processors, 
lithologies c annot be ac curately determined in many cases . 
In  addition to this, lithologic descriptions themselves are 
sub j ective : what one processor may call an agglutinate, 
another processor may call a glass-coated soil brec cia. 
Ac cordingly, the nomenclature each processor used will be 
defined for each core (Figure 4.2) . 

A convention used by the processors is to treat the 
soil column as if it were a br8 c c ia. The homogeneous 

3 1  



appearing material within a visually-distinct unit is 
referred to as the " matrix ".  Any heterogeneities within the 
unit judged to be significantly different from the matrix 
are called " clasts".  These " clasts" may be individual 
lithic particles or simply light-colored soil clods with 
little or no internal cohesion in a darker matrix (or vice 
versa) . 

4.2 . 1 Color 
Color is determined by comparing bulk soil to color 

chips from a book of standard colors (Munsell, 1968) under 
consistent lighting conditions. Color standards are now 
being included in the color photography of the cores. This 
will allow much  more consistency and reliability in the 
color prints produced. Color is one of the most obvious 
visual criteria that can be used to distinguish 
stratigraphic units. 

4 . 2 . 2  Texture 
Texture includes grain size di 8tribution, sorting, 

modality , rounding and sphericity, and packing. 
Grain size distribution is the basic parameter used to 

characterize terrestrial sedimentary rocks and soils. It is 
derived by comparing amounts (usually weight percents) of 
material in different size fractions of the soil measured 
on a mm-scale geometric progression. Folk (1968 ) provides a 
review of the techniques and statistical parameters of grain 
size distributions. For all lunar surface soils , and for 
most of the cores, sieving has been done at the one 
millimeter interval to provide " fines" of less-than-one 
millimeter grain size, and particles greater-than-one 
millimeter ( for surface soils these are referred to as the 
" coarse fines",  although the terminology has been used for 
convenience rather than for accuracy) . The terms 
submillimeter material (or soil) and particles greater-than
one millimeter ( >1 mm) will be used in this catalog. 

The particles >1 mm from surface soils have been sieved 
at the 1 mm, 2 mm, 4 mm, and 10 mm intervals to provide 
grain size distributions. The greater-than-one millimeter 
particles have not been sieved for the core samples. 
Instead, the processor manually has separated these 
particles into the 1 to 2 mm, 2 to 4 mm, 4 to 10 mm and 
greater than 10 mm intervals by comparing the median 
particle diameter with a scale. The actual dimensions 
measured by estimating with a scale versus sieving are 
somewhat different. Also, measured grain size distributions 
will be different from mechanically sieved samples because 
friable clasts will be preserved and counted in the former, 
but not in the latter. 

The grain size d istributions for the greater-than-one 
millimetP. r particles from each depth interval in the 
60009/600 1 0 core ars presented in Table 4.1. The data from 
each dissection pass that was sieved has been combined. 
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FI GURE 4.1. Gra i n  s i ze 
dis tr i buti on s  based o n  
mea sured part i c l es 
greater than one  
mi l limeter. Thi s i ncludes 
da ta only from those  
dis sect ion  passes 
where the soil mater i a l 
wa s put through a one  
mi l limeter s e i ve. 

� > 1 0mm 

� 4-lOmm 

2 - 4mm 

� l - 2mm 

D < , mm 
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I nterval  ( 1mm 1 -2mm 2-4mm 4- 1 0mm > 1 0mm 

0 . 5- 1 .  0 6 . 6 1 4  0 . 254  o .  1 4 2 -0- -0-
1 .  0- 1 .  5 6 .  1 9 9 0 . 2 4 2  0 .  1 4 3 a.0- -0-
1 .  5- 2 . 0 5 . 5 4 6  0 . 2 1 3  0 .  1 1 4 -0- -0-
2 . 0- 2 . 5 5 . 6 3 3  0 . 205 0 . 0 4 4  -0- -0-
2 . 5- 3 , 5  1 1 . 3 1 0  0 . 46 1 0 .  3 1 7  -0- 4 , 3 45  
3 , 5- 4 . 0  6 . 37 3  0 . 265  0 .  1 3 6 -0- -0-
4 . 0- 5 . 0  1 0 . 9 45  0 . 4 9 9  0 .  34 !! 0 . 072  1 .  4 4 4  
5 . 0- 5 . 5  6 . 2 0 8  0 . 4 0 9  0 .  1 07 0 . 24 1  -0-
5 . 5- 6 . 0 6 . 300 0 . 457  0 . 297 -0- -0-
6 . 0- 6 . 5  6 . 927  0 . 4 60  0 . 277 0.  1 4 2 -0-
6 . 5- 7 .  5 1 1 .  6 3 8  0 .  627  0 . 6 1 0  1 .  2 1 0  -0-
7 . 5- 8 . 0  6 . 06 1  0 . 309  0 . 202  0 .  07 3 -0-
8 . 0- 8 . 5  5 . 9 3 9  0 . 3 1 7  0 .  3 1 1 0 . 09 1  -0-
8 . 5- 9 . 0  5 . 8 8 5  0 . 3 9 0  0 . 304  0 . 4 3 6  -0-
9 . 0- 9 . 5  5 . 3 1 8  0 . 400 0 , 375  0 . 605  0 . 4 7 3  
9 . 5- 1 0 . 0  5 . 4 3 0  0 . 425  0 . 2 1 8  0 , 3 4 0  -0-

1 0 . 0- 1 0 . 5 5 . 82 1  0 . 379  0 , 3 7 4  0 . 975  0 . 4 6 8  
1 0 . 5- 1 1 . 0  6 . 07 6  0 . 4 4 7  0 . 362 0 . 5 2 2  -0-
1 1 . 0- 1 1 . 5 6 . 7 6 0  0 . 4 1 0  0 . 380  o .  1 5 9  -0-
1 1 . 5- 1 2 . 0 6 .  4 1 0  0 . 3 3 1 0 . 079  0 . 559  -0-
1 2 . 0- 1 2 . 5  7 .  1 7 4  0 . 340  0 . 360  0 . 9 3 1  1 .  1 2 9  
1 2 . 5 - 1 3 . 0  4 . 6 1 3  0 . 3 1 2  0 .  1 9 2 -0- -0-
1 3 .  0- 1 3 .  5 6 . 252  0 . 497  0 . 4 4 8  0 . 4 3 8  -0-
1 3 . 5- 1 4 . 0  7 .  2 1 1 0 . 556  o . 1n 9  0 . 7 1 2  -0-
1 4 . 0- 1 4 . 5  6 .  8 1 1 0 . 562  0 . 378  0 . 269  -0-
1 4 . 5- 1 5 . 0  6 .  i 5 3  0 . 3 58  0 .  1 6 2 0 . 2 4 4  -0-
1 5 . 0- 1 5 . 5 6 . 627  0 . 380 0 . 4 6 3  0 . 097  -0-
1 5 . 5- 1 6 . 0  7 .  1 1 1  0 , 552  0 . 257  0 . 375  -0-
1 6 . 0- 1 6 . 5  6 . 4 8 1  0 . 4 3 3  0 . 350  0 . 478  -0-
1 6 . 5- 1 7 . 0  6 . 355  0 . 4 3 4 0 . 364  0 . 4 6 2  -0-
1 7 .  0- 1 7 .  5 6 . 6 8 1  0 . 4 4 6  0 . 267  0 . 7 4 8  -0-
1 7 . 5- 1 8 . 0  6 . 559  CJ .  4 0 9  0 . 284 -0- -0-
1 8 . 0- 1 8 . 5  6 . 823  0 . 4 37 0 . 380  0 . 22 1  -0-
1 8 . 5- 1 9 . 0  6 . 8 1 8  0 . 4 32  0 . 1 52 0 . 525 -0-
1 9 . 0- 1 9 . 5  6 , 5 39  0 . 360  0 .  1 4 9 0 . 303  -0-
1 9 . 5-20 . 0  6 . 024  0 , 378  0 . 3 4 3  0 . 8 1 2  -0-
20 . 0-2 0 . 5 6 .  1 90 0 . 3 8 4  0 . 579  0 . 5 1 7  -0-
20 . 5-2 1 . 0  6 . 325  0 , 5 1 8  0 . 377 0 . 656  -0-
2 1 .  0-2 1 .  5 8 . 86 4  0 . 6 9 6  0 . 567  2 . 4 4 1 -0-
2 1 . 5-22 . 0  6 .  1 9 5 0 . 4 87  0 .  1 9 5 0 . 9 4 9  -0-
2 2 . 0-22 . 5  3 , 503  0 .  1 7 1  0 .  1 6 4 0 . 607 -0-
2 2 . 5-24 . 0  1 6 . 0 4 7  1 .  020 0 . 903  0 . 327  1 1 . 6 40 
2 4 . 0-24 . 5  4 . 850  0 . 39 1 0 . 282  -0- - 0-
2 4 . 5-25 . 0  ti . 607  0 . 40 1  0 , 3 3 3  1 .  0 1 7  -0-
2 5 . 0-25 . 5  1 . 021  0 . 4 4 9  0 . 4 4 2  0 . 509  -0-
2 5 . 5-26 . 0  6 .  1 75 0 . 295 0 . 279  0 . 904  -0-
2 6 . 0-2 6 . 6  7 , 558  0 . 52 1  0 . 3 4 4  1 .  06 1 -0-
26 . 6-27 , 3 9 , 380  0 . 60 1  0 .  2 1 1 1 .  078 -0-

Tab l e  4 .  1 .  Gra i n  s i ze d i str ibut ions  for subsam p l e s  from the 6 0009/ 600 1 0  core . 
The we ights  a r e  g i ven  i n  g r ams . 
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2 7 , 8 - 2 8 . 3  4 . 659  0 . 326 0 . 07 9  0 . 342  -0-
28 . 3 - 28 . 8  4 . 260 0 . 26 1  0 . 075 0 . 07 1  0 . 73 1  
2 8 . 8 - 2 9 , 3  4 . 228 0 . 253  0 . 090  0 , 294 -0 -
2 9 . 3 - 2 9 . 8  5 , 037  0 . 299  0 . 224 0 .  1 07 -0-
2 9 . 8 - 3 0 , 3  4 . 30 4  0 . 283 0 . 302 -0- -0-
3 0 , 3 - 3 0 . 8  4 . 677 0 . 228 0 . 267 0 . 2 1 5  -0-
3 0 . 8 - 3 1 . 3  3 . 822 0 . 3 1 7  0 . 236 -0- -0-
3 1 . 3 - 3 2 , 3  1 .  3 1 7  0 . 063  0 . 0 4 3  -0- -0-
3 2 , 3 - 3 2 . 8  4 . 854  0 . 28 1  0 .  1 9 1  0 . 437  -0-
32 , 8 - 3 3 , 3  8 .  !124  0 , 378  0 . 4 0 3  0 . 4 30 0 . 767 
3 3 , 3 - 3 3 , 8  8 . 88 1  0 .  5 1 !1  0 .  4 1 7  0 . 328  1 .  996  
3 3 , 8 - 3 4 . 8  9 , 387 0 . !177 0 . 467  0 . 39 1  -0-
3 4 . 8 - 35 . 3  4 , 352 0 . 298 0 . 472 0 . 606 -0-
3 5 , 3 - 3 5 , 8  5 , 329 0 . 297 0 . 20 1  0 . 24 6  -0-
3 5 . 8 - 3 6 , 3  6 , 1 37 0 , 380  0 .  1 35 0 . 504  -0-
3 6 , 3 - 3 7 , 3  8 .  1 95 0 . 405  0 .  1 1 7 0 . 373  0 . 623 
3 7 . 3 - 3 8 . 3 4 .  4 9 1  0 . 2 1 8  0 .  1 8 3 0 . 054  0 . 406 
3 8 , 3 - 3 8 . 8  5 , 3 4 3  0 . 287 0 . 263 o .  1 30 -0-
3 8 . 8 - 3 9 , 3  4 . 230  0 .  1 58 0 , 385 0 . 5 5 3  -0-
3 9 , 3 - 4 0 . 3  8 . 526 0 . 572 0 . 3 4 4  0 .  4 4 6  0 . 536  
4 0 . 3 - 4 1 . 3  8 . 9 6 9  0 , 579 0 . 397  0 . 2 1 5  0 . 464  
4 1 . 3 - 4 2 , 3  8 , 39 1  O . 4 1 7  0 . 394  0 . 5 30 2 . 385 
4 2 , 3 - 4 3 . 3  8 . 625 0 . 6 4 5  0 . 660 0 . 6 4 8  2 . 8 4 3  
4 3 , 3 - 4 4 . 3  9 . 829 0 . 638  0 . 668 0 . 228 2 , 577 
4 4 . 3 - u p p e r  1 / 2 1 0 , 494  0 .  7 3 4  0 . 5 1 1 0 . 223 8 . 884  
4 7 . 3 lower  1 / 2 8 , 886 0 . 55 1  0 . 76 1  0 . 626 1 0 . 2 1 5  
4 7 , 3  u p p e r  portion  2 . 669  0 . 083  0 . 229 0 . 245 o .  1 29 

l 
u p p e r  portion  3 , 704  0 . 23 1  0 . 1 79 0 . 074  -0-
u p p e r  portion  5 . 683  0 . 3 1 5  0 . 3 1 9  0 . 6 4 1  - 0 -
mid  portion  5 . 845  0 . 426 0 . 345  1 .  9 3 4  -0 -
m i d  portion  5 . 305 0 . 546  0 . 392 0 . 386 1 .  327 

5 1 .  8 lower  portion  1 2 , 763  1 .  7 53  1 . 483 1 . 75 0  22 . 089 
5 1 . 8 - 5 2 . 8  2 . 894  0 .  1 4 9 0 .  1 1 9 0 . 256 -0-
5 2 . 8 - 5 3 , 3  3 , 970 0 . 267 0 .  1 52 0 . 30!1  -0-
5 3 , 3 - 5 3 , 8  4 . 60 1  0 . 259 0 . 289  -0- -0 -
5 3 . 8 - 5 4 , 3  4 . 690 0 . 285 0 .  1 4 9 -0- -0-
5 4 . 3 - 5 4 . 8  5 . 504  0 . 3 4 8  0 . 062 -0- - 0 -
5 4 . 8 - 5 5 . 3  4 . 696 0 . 245 0 . 054  -0 - -0-
5 5 , 3 - 5 5 . 8  5 . 382 0 . 304  0 , 396 0 . 2 1 0  -0-
5 5 . 8 - 5 6 . 8  1 0 . 674  0 . 479  0 . 527 0 . 6 1 3  0 . 533  
5 6 . 8 - 5 7 . 3  5 . 502  0 . 3 3 9  0 . 2 1 3  0 . 079 -0-
5 7 . 3- 5 7 . 8  5 , 3 8 1  0 . 3 3 9  0 . 476 0 . 3 1 1 -0-
57 , 8 - 5 8 , 3  5 , 783  0 , 3 4 0  0 . 2 1 5  0 . 2 1 9  -0-
5 8 , 3 - 5 8 . 8  5 , 385 0 . 228 0 . 260 -0- -0-

Table 4 . 1 . Gra i n size  d i s t r i but i ons  for subsamples  from the 60009/6001 0  core. 
The we i ghts  a re g i ven  i n  g rams. 

( cont i nued ) 
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Weights are in grams. The size intervals for which weights 
are given are: <1 mm, 1-2 mm, 2-4 mm, 4-10 mm and >10 mm. 
The total weight of the sieved soil from each interval, 
(excluding the unsieved samples and the encapsulated 
samples) can be determined by adding the weights in each 
size interval together. Figure 4 .1 is a graphical 
presentation of the changes in the grain size distri�ution 
of >1 mm material through the soil column. 

Sorting is derived from size distribution, and is a 
measure of the spread of grain sizes within a sample . A 
rough estimate of sorting can be gained during the initial 
processing of core material from how much material is in the 
greater-than-one millimeter fraction compared with the 
amount in the submillimeter fraction . 

Modality is determined by comparing mass distribution 
of the different size fractions, most easily by inspection 
of a histogram. One peak indicates a unimodal soil � but two 
or more indicate a bimodal or polymodal soil. Because tte 
entire soil must be sieved to determine if there is one 
mode, it is obviously not possible to state that a core soil 
sieved only at 1 mm is unimodal or not. 

Rounding and sphericit can be estimated by the method ) outlined in Pettij ohn (1957 . Clasts and particles are 
judged to be rounded, sharply angular, or subrounded to 
subangular. Rounded particles, as considered here, are 
particles which have all edges rounded, whereas angular 
particles have all edges sharply angular . Subrounded to 
subangular particles show some edges rounded or angular , or 
all or some edges slightly rounded . 

Packing is a measure of the abundance and degree of 
contact of the >1 mm fraction in the submillimeter matrix  of 
the soil column. Terminology follows Folk (1964), with 
material being predominantly fine-grained and sparsely 
packed ; or tightly packed, with framework configurations ,  
Sparsely-packed supramillimeter particles indicate the 
particles are separated by matrix . Tightly-packed me ans the 
matrix occurs interstitially to the coarser-grained 
framework (particles or clasts) . A form of pack ing commonly 
observed in the lunar regolith core samples, but seldom 
observed in terrestrial deposits, is a crenulate and 
interpenetrating contact between friable clasts and mat r i x .  

4.2 .3  Fabric and Structure 
In the case of lunar core samples, much fabric is 

caused by sampling disruption. For example, some soil 
columns were observed to have, with respect to the lunar 
surface, horizontally-aligned grains in the center of the 
soil column, but parallel alignments next to the side of the 
drive tube. Chaotic disarray also can be caused by 
samplin g, as in the case of the 60009/60010 core. Figure 
1 .4 shows dents on the bit and scratches on the outside of 
th o core tube. Dissection uncovered one large and numerous 
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smaller , freshly-broken rock fragment s  within the soil 
column. The scratches inside and out side the core tube 
extended up to the area of the rock fragments. The long 
axis of the large fragment ( 60009 , 2069) was parallel to the 
drive tube wall ; numerous splinters of the rock were found 
next to its fractured side. The boundary of the 
stratigraphic unit in which the broken rock fragment s  
occurred was 3 cm lower immediately ad j acent t o  the large 
rock , than on the other side of the soil column. J. Young 
noted the difficulty in driving the core into the ground at 
a depth roughly corresponding to the depth the rock was 
found in the soil column. All this evidence indicates the 
rock was broken and upended during sampling. This is  what 
apparently caused disruption of the fabric and s tructure in 
the lower portion of the 60009 soil column. 

Four types of fabric have been observed in lunar cores : 
( 1) horizontal or laminar ; ( 2) chaotic ; ( 3 )  swirled ; and ( 4 )  
mas sive. The first three are self-explanatory , but the 
fourth type of fabric refers to places where there are all 
equant grains and no elongate grains to show any kind of 
orientation trend. 

Structure has been exhibited primarily in the form of 
layering. I t  ·has been observed in nearly all lunar cores. 
Individual layers may be internally mas sive , graded , or 
contain heterogeneities , such as clasts. Marbled layers 
exist which consis t of irregular domains of light-colored 
soil or crushed , friable clasts which give a marble 
appearance to the unit. 

4 . 2 .4 L l tholo gles of  the Greater-Than-One Mll l lmeter Particles 
Because all rock fragment s  were measured , weighed and 

photographed , it is pos sible to retrieve specific particles 
and determine lithology , composition , and location in the 
soil column for nearly every particle greater-than-one 
millimeter. Figure 4 , 2  contains a list of the lithologies 
or particle types identified during the dissection of 
60009/60010. 

Glassy and lithified soils seem to reflect a spectrum 
of particle types ranging from pure dark glass ( Gl Cps) , 
through particles that contain glass and soil ( UGA) , to 
particles that appear to be only lithified soil ( SoBx ) .  
Their shapes range from spherical and /or vesicular droplet s ,  
to compact glass and soil masses , to very irregular glassy 
networks with attached soil and/or soil breccia. 
Petrographic s tudies are needed to thoroughly unders�an� tha 
nature of these particles. Because thin sections were not 
made during core dissection , these complex particles were 
classified based on observable surface properties : broken 
versus unbroken glas s ; and relative abundance and mode of 
occurrence of glass and soil . 

Fi gure 4 . 2  graphically presents the lithologic 
distributions through the soil column . 
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4.3  STRATIGRAPHIC  DESCRIPTION O F  T H E  CORE 

4 .3 . 1 Introduction 
The stratigraphy of the 60009/60010 soil column is 

summarized here. In general, it consists of a succession of 
light-colored marbled zones alternating with darker , massive 
units. Within some zones are complex features and textures. 
These units are graphically illustrated in Figures 4. 1 and 
4. 2, and are readily apparent in the photos in Figure 2 . 8. 
The marbled units appear to be composed of light-colored 
clasts in a darker matrix. Some light-colored clasts appear 
to grade into the darker matrix ; others have an irregular 
contact with the matrix. White or light-colored clast sizes 
range from the limit of the core tube diameter (4 
centimeters ) downward to the limit of vision (about 1/2 
millimeter ) .  Massive strata are always darker than the 
marbled layers, although even the former may contain light
colored clasts. Massive layers tend to have irregular or 
gradational-appearing lower boundaries, but distinct upper 
boundaries. 

4 . 3 . 2  Description of Visual  Stratigraphic Un i ts  
The top of the soil column extends from the lunar 

surface to 4.5 cru. It is dark, massive and contains a zone 
of black vesicular glass (shiny on  top, soil-coated on the 
bottom ) .  Most of the >1 mm particles are unfragmented. 
Only 6% by weigh� is greater than 1 mm , making the unit 
fine-grained . 

The next visual unit lies between 4. 5 and 7. 5 cm and is 
light-colored and marbled . Friable soil clasts make up 
approximately 30% of the unit. Soil clasts at the base of 
the unit are approximately 1 cm in diameter , but grade to 
smaller, approximately 2 mm in diameter at the top. The 
base of the unit is inclined upward, which translates to the 
lunar southeast (Figure 4. 3). Dark aphanitic breccias, 
white crystalline rock fragments and soil breccias are the 
common )1 mm fragments. 

A dark, but coarse-grained soil occupies the interval 
between 7. 5 and 12. 5 cm. As much as 50% of some dissection 
intervals in this unit consist of particles >1 mm. Most of 
the coarse particles consist of fused or lithified soil. 
These occur in a well-defined stratigraphic succession. At 
the top is a concentration of dark , vesicular glass that is 
dust-free on the upper side , but consists of dark , densely 
lithified soil breccia on the underside. This soil breccia 
contains mm-sized white clasts. The soil breccia is less 
strongly l ithified , contains smaller white clasts away from 
the glass coating. The weakly lithified soil breccia grades 
into cohesionless dark soil that contains approximately 5 mm 
very irregular , filamentous (not crenulate) patches of light 
soil. 

Between 12. 5 and 14-15 cm of 60010 is a light-colored 
unit with structure that varies from top to bottom. Larger 
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Figure 4.3 . Where lunar surface orientation of a 
core tube is known, compass directions 
of the soil column within the co re can 
be determined. Lunar surface photograph 
AS 16- 1 15-18557 s hows that the co re was 
taken with the numbers on 60009 facing 
southwest and the numbers on 6001 0 
no rtheast. Every core is extruded with 
the numbers facing upward. All 
dissections take a longitudinal p l anar 
slice of soil, approximately paral1 el 
to the numbet ·s wh ich can be seen on 
the outside of the core tube . In 
60010/09 , th is  plane lies in a 
northwest-southeast direction . 
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clasts oc cur at the top that are 5 mm across ;  t c s 
show chaotic  arrangement crenulate, i rfi ngering 
margins . t b ase t unit are l i  olored soil 
clas which  are mm-s iz and hori ly 
fr s compr i se approx 1 the Most are 
d iti c  brecc i as ,  soil brecc i as, wh ite rocks 

c -beari whi te crys  agments seen 
i n  next units . 

ational bound ary 1 s to t unit b en 
1 8  cm . relati vely d ark, mas s ive, f ine-

i soi l  w i th 1 0% > 1  mm . A wel ef i 
horizontal ri c i s  c s hown by at- i ng wh ite 
c lasts . The supram illimeter action contains d ark 
aphani t i c brecc i as,  soil brec c i as ,  c whi te rocks,  and 
whi te c talline fr s whi to contain  about 
1 /3 volume . 

olored ,  marb soil occurs  between 1 7 . 5  and 
2 2  c m ;  i packed  w i  5 mm-to cm-s ized irregular 
i nte ring c s of light soil in  a moderately d ark 

r though so il clasts are ve common, l ith i f i  
rock fr and u p  20% un it . 
These rock fr are omi soil brecc i as,  d a  

i t i c  brec c i as ,  chalky wh ite fragments, and wh i te 
tall ine r fragments w i th approx imate 1 /3 i c s . 
latter was not below thi s un it . i soil c s 

are much ter in t uppermost cm  thi s  un it  than in  
t rema i  er uni t . �t the r sur e the unit 
i s  a whi te r t lined i t p i t  
on upper sur e ( S  , Figure 4 . 4 , top ) . 
lower portion i s  trans itional w i th the next un it .  

Between 2 2  and 3 2  cm, whi ch spans t lower section 
600 1 0 and the top of 60009, i s  a d ark, mass ive, re i vely 
f ned uni t .  Al i t  ave s 1 > 1  mm, coarse 

ti cles occur i n  zones, n r , espec i al i n  600 1 0 .  
r some d i  i ncti ve, horizo ly-ly i , pan 

dusty, unfragmented aggregates w i thin  t unit, 
aphaniti c d ark brecc i a  agments, c wh ite rock s  and 
soil brecc i as are the most c ommon lithi c types . There i s  a 
sli decrease in  ave in s ize, from 2 2  to out 2 5  
cm, whi ch refl decrease i n  abund ance d aphaniti c 
f s and c ite r t 2 5  there 

i on ed es w i  
soil e 

cm i nte 
soi  , i s  a li  olored so wi a 
It contai ns 5 mm-to cm-s iz  , i rregular, i er ingering 

ts of l ight-colored soil i n  a moderat light r i x . 
though rel 1 c ar to up the bulk 

thi s  unit, the c and only 2 of 
the materi i n  the unit  was r i ned on the 1 mm s ieve .

i s  coarse action i s  s 1m1  to t of the unde ng 
units, c 1n1 d i t i c  brecc i as,  chalky wh ite 
ro , whi te or c crystal ( plagioc ) s ,  and 
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F i gure 4 . 4. Above : Arrow po ints to a rounded , light-co lored fragment 
with  an i mpac t  pi t on i ts upper surface. (S-76-23993 ) 

Below : The dashed l ine i ndica tes an irregular boundary 
based on color. T he arrow po ints to a glass-coa ted wh i te frag
ment wi th  spl intery plagi oclase po int i ng down. (S-75-24777) 

, 
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so il  br e c c i as. Features  at t he top of the un i t  are  
d i s t i n c t ive . Some wh i t e  c lasts with  rounded bot toms hav e 
flat tops that appear to be t runcat ed and coat ed wi th c l ear 
glass ( Fi gu r e  4 . 4 ,  bot tom ) . Plagioclase " spl i nt er s "  
penet rate  through t h e  rounded bot tom of one c last i nto the 
unde rly i ng soil , and there  is a f ine laye r of wh i t e  powder  
and wh i t e c rystal fragments ( plag ioclase ) sur roundi ng the  
flat t ened top of one  c last . Un fragme nted aggr egat es  w i t h 
ves i cular glass on top , soil  below , occur only at the top of 
the  un i t ; e lsewhe r e  in t he un i t  ves i cular glass i s  
f ragmented and random ly o r i ent ed . 

Be twe en 3 6  and 3 9  cm i s  a dark , r elat i vely mas s i ve so i l  
wi th very unusual fr i able c lasts . Th i s  un i t  contains 14� > 1  
mm . Most of t h e  coarse  par t i c l es  are  dark aphan i t i c  
b r ec c i as o r  chalky wh i t e  rocks , but the larger  rock 
fragments are hor i zontal ly r athe r t han r andomly al igned . 
The fr i able clasts  are among t he mos t dist i nct ive  obs erved . 
Th is  un i t  contains both wh i t e  so i l  clasts  and dark brown 
soi l clas t s . They are  both oval to subsph e r i cal and well
r ounded . The un i t  al so contains a few c l asts  of l ight
colored soi l  that are coat ed on al l s ides wi th dus t-f r e e , 
dark ves i cul ar glass . Although t hese  cl as ts  did  not sur v i v e  
handl ing ,  one i s  r econs tr uc ted i n  F i gure  4 , 5 ,  

F i gure 4 . 5  s hows a g l a s s -coated l i th i c  fr agment 
( s amp l e  n umber 60009 , 3043 ) ,  wh i c h  was  
so fra g i l e  that  i t  broke apart d u r i n g 
d i s sec t i on .  The g l a s s  appeared to  
comp l e te l y  encase  the l i gh ter co l ored 
i n ter i of l i th o l ogy , wh i ch was so 
frag i l e  that i t  broke i n to two p i eces  
a l s o .  ( S - 7 5 -32 258 } 
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A l ight-grey so i l  i s  b etwe en 3 9  and 44-47 c m .  The top 
of the un it is d istinct , but the b oundary is uneven . The 
basal c ontact of th is un it is fa i r ly flat and sharp, and 
marked by flattened wh ite c lasts . Part of the l owe r c ontact 
has been disturbed by the large r ock di scussed below . Th is 
l ight grey so i l  is  much c oarse r-grained than the unde rlying 
dark massive so i l; appr o x i mately 1/3 of its mass was 
r eta ined on the 1 mm s i eve . Two l i tholog i es dominate the 
c oarse fract i on :  mm-to cm-s i zed chalky wh ite c lasts and 
dark angular to spl inte ry  aphanit i c  b r e c c ia fragments . 
Th e r e  ar e unfragmented glass-c oated aggregates w i th glass
s i de up prefe r r ed o r i entations .  Cones of dark so i l  
penetrate downward into the top o f  th is l ight- c o l o r ed un i t .  
The coni cal depr ess i ons at the top o f  the unit are  
r eminiscent of the " raindrop patte rn 11 of impact pits seen on 
the pr esent-day lunar surfac e .  Th is un it was seve rely  
distorted dur ing sampl ing by  r o ck 6000 9, 2069, wh i ch was 
fragmented and upended . L i near el ongati on of fr iab l e  c lasts 
next to the r ock (see the 60009 photography pr i o r  to the 
f i rst disse ction in F i gure 2 . 8) and a thr e e  c enti meter  
d iff e r enc e in  the o ccur rence of  the base of  the unit ac r oss 
the diameter  of the so i l  c olumn are  attr ibuted to the 
disturbance when the r ock was b e ing fo r ced i nto and upwards 
i n  the dr ive tub e .  A sharp c ontact marks the next un it . 

Betwe en 44-47 and 4 7-4 9 cm is a dark , mass ive, 
r e latively f i ne grained so i l . 1 5% of thi s  dark so i l  was 
r eta ined on the 1 mm s i eve . Dark aphan it i c  b r e c c ias, chalky 
whi te r o cks, wh ite (plagi o c lase) c rystals, vesi cular glass 
and grey c rystal l i ne fragments are  pr esent . At the base of 
the un it is a c oncentrat i on of c ompact unfragmented glassy 
aggr egates that show glass on top, so i l  on the b ottom ;  
e lsewhe re  in  the un it, vesi cular glass i s  fragmented and 
randomly o r i ented . Th is un it may have b een disturbed by 
movement of r ock 6000 9, 2069 dur ing sampl ing; b oundar i es 
o c cur r ed at differ ent depths ac r oss the diamete r of the
c o r e .

Between 4 9  and 5 1  cm is a mode rately l ight- c o l o r ed 
so i l .  The contact with the ove rlying dark so i l  is  i r r egular 
and subho r i z ontal , but not distinct . Near the top of the 
un it are  many unfragmented glassy aggr egates that show dust
f r e e  vesi cul ar glass on top and so i l  on the b ottom . The re  
is  a var i ety of r ock fragments, but the fragments appear 
r ounded, and sparsely rathe r than dense ly packed .  In  c ommon 
w ith the next l owe r un it, parts of the matr i x  seem to be  
l ight-c o l o r ed with i r r egularly-shaped so i l  c lasts . The re  
are  gr ey dust-fr e e  c rystal l i ne r ock fragments, wh i ch are  
smal l e r  and mo re  r ounded than in  the next un it . Th is un it 
c ontains, in dec r easing o rde r of abundanc e, dark aphan it i c  
b r e c c ia fragments, so i l  b r e c c ias, chalky wh ite r ocks and 
plag i o c lase fragments . D isc r ete, fr iable and r ounded so i l  
c lasts range from 1-5 mm, and many have a thin wh ite 
c oat ing .  
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Between 50  and 54 cm is the unit with the coarsest
grain size in 6 0009/ 1 0 ,  and one of the coarsest units in any 
lunar core. The matrix is relatively light-colored, and 
appears to consist of very irregularly-shaped two
centimeter-diameter areas of light and dark soil. These 
areas appear to be equidimensional, but with interfingering, 
crenulate margins. The most distinc tive charac teristic of 
the interval is the concentration of rock fragments, which
make up over 75% of the mass of the unit, and are so 
abundant that they form a packed, framework texture. This 
unit can be described as a gravel deposit with interstitial 
soil. Most of the rock fragments readily shed dust, and are 
tough, grey, fine-grained crystal line rocks. White 
(plagioclase) crystals also occur and are up to one cm in 
diameter. 

The lightest colored unit in the soil column is from 
about 54 to about 5 6.8 cm. Light and dark soil patches 
interfinger giving a mottled appearance to the unit. I t  is
fine-grained with only 1 0% greater than 1 mm. The coarse
fragments are mainly chalky white rocks and white 
(plagioclase) crystals, with a few dark, aphan i tic 
fragments. The upper and lower boundaries appear 
transitional.  Very friable 1 t o  5 mm  white c lasts were 
observed prior to dissection. 

The succeeding 1 -2 cm ( 56-57 cm depth )  is a transition 
zone between t he dark soil at the base of the core and the 
very light soils of the overlying interval. Sedimentary 
structures in this transitional unit are unique and 
distinc tive. The interval consists almost entirely of 
light-and dark-colored, non-cohesive, but disc �&te cm-sized 
patches of soil with crenulate and interfingering margins. 
Approximately 35% of the interval is whitish, chalky to  
powdery material, 25% is dark soil, and the remaining 40% is 
a light-grey soil (matrix) . After sieving, 1 7% of the mass 
was retained on the 1 mm sieve. These coarse-8rained 
partic les consist mostly of tough (non-friable) dark 
aphanitic fragmental breccias and friable white rock 
fragments, with soil breccias and white (plagioclase ) 
fragments also present . The most distinc tive aspect of this 
unit is the structure. Prior to the first dissection, t he 
unit appeared to contain white and dark laminations, but 
during subsequent dissec tion passes, t he laminations 
appeared to thickened to t he North ( see Figure 4 . 3  for 
determination of compass direc tion) and merged with friable 
white c lasts that were flattened on the bottom. In  the last 
dissec tion pass, the light-colored clasts of this unit 
appeared surrounded by pods of dark soil continuous with the 
basal unit. 

The lowest soil, from 57 to 59 cm, is a general ly dark
colored and fine-grained unit . Only 1 0% is greater than 1 
mm. There are oriented unfragmented glassy fragments with
shiny vesicular glass tops over soil breccias
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5 . 0 L U N A R  S A M P L E  I N V E S T I G A T O R

S T U D I E S

5. 1 INTRODUC TION 

Studies of the lunar cores are unique in that the data 
can be related to a depth in the soil column , and therefore 
to a depth in the regolith. All investigators' analyses can 
be related to the depth interval from which the i r  samples 
came. This depth interval is reported here, whether the 
investigator used it o r  not (some researcher ' s  publish their 
results in g/cm 3 , for example ) .  

The 60009/600 1 0  soil column was dissected and ready for 
distribution to principal investigators and their teams by 
the mid dle of 1 976. (Studies al ready had been done in 
several characterization areas such as grain size 
distribution, petrography, FMR analysis and particle track 
distributions ) .  This section presents the available data 
and makes cor relations among the data sets. In some cases 
the " raw" data will be presented, in either the text o r  as 
appendices. This will only be done for some data sets . 
References for all analyses and studies to date will be 
given at the end of this catalog. For this core there are 
eight categories of data : (1 ) �rain size distribution, 
associated with petrography ; (2 ) FMR and �agnetic studies ; 
( 3 )  petro�raphy, associated with chemistry ; ( 4 )  chemical 
studies ; t 5 )  isotopic studies ; (6 ) nuclear fission particle 
tracks ; ( 7 )  physical properties ; and (8) miscellaneous . 

5.2  GRAIN S IZE D ISTRIBUTION 

The only reported grain size studies on samples that 
were sieved are those of McKay et al (1976, 1977). Half 
gram aliquots of submillimeter material were sieved into 8 
size fractions between 10 and 1 000 µm. The aliquots were 
from the maj or stratigraphic un its observed during 
dissection, and from both sides of maj o r  boundaries defined 
by the FMR profiles of Mor ris and Gose (1976) . Appendix 4 
presents the sieved size data and includes the parent and 
subsample numbers, depth intervals from which the samples 
came, and the weights in grams collected in each size 
fraction. It also includes the measured grain size data 
from 1 to 1 0  mm provided by the Curator' s Office . As 
reported in Section 4 . 2.2, the size fractions in the 1 to 10  
mm  range were determined by measur ing intermediate axes on 
individual grains . Measured and sieved data are comparable, 
but not in a quantitative sense . 

The standard grain size parameters determined by McKay 
� al (1976, 1977) are Mz, the graphic mean grain size 
and �1 , the graphic inclusive standard deviation. For a 
discussion of the derivation these parameters, see Folk 
(1968). 
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Figure 5.1 presents M z and � 1 , determ :ned both 
w ith and without the subcentimeter s ize data. The 
parameters are given in terms of phi ( �) .  Th is can be 
converted to mi llimeters by the relationship: mm = e - ¢ 1 n2

Histograms constructed from the cumulative curves are 
given in Figure 5.2. From these it is readily seen that 
b imodal distr ibutions occur at 20 to 20.5 cm and 53.3 to 
53.8 cm intervals. This is  typical for immature to 
submature so ils. Figure 5.3 (far right) presents a plot of 
M z (subcentimeter data included) versus depth. A slight 
systematic variation occurs with depth. Two soi ls nearest 
the top of the soi l  column are very fine-grained ; beneath 
them there is a trend towards incr easing grain s ize with 
depth . Two notable exceptions are the coarest-grained soil, 
near the bottom, and the finest-grained soil beneath it. 

Ali Quots of the same samples l isted in Figure 5.1 were 
magnetically separated using the method of Rhodes et al. 
(1975) . The we ight percents of the ma�netic fraction�is 
shown in Figure 5.4 from McKay et al. (1976, 1977) . The 
magnetic fract ion is at a minimum about 90 µm, and generally 
increases in the larger and smalle r  fractions. 

Agglutinates contain f ine-grained metal and, for the 
60009/60010 core samples studi ed, agglutinatic abundance 
parallels the magnetic fraction, although the former is not 
e Quivalent to the latter as can be seen in Figure 5.3. 
Agglutinates represent only a port ion of the total magnetic 
fraction. Lunar and meteoritic metal are also components of 
the magnetic fraction. Agglut inates and grain s ize 
d istr ibutions are matur ity ind ices and, in the case of this 
core, at least, so is  the magnet ic fraction. A matur ity 
index is a parameter which reflects the amount of residence 
t ime ( in at least a relative sense) that a soil has spent on 
the lunar surface .  Di scussions of the compos itions and 
interpretations of the magnetic and non-magnetic soil 
fr actions are given in Adams et al. ( 1 975) , Charette and 
Adams (1 975) , Rhodes et al. (197� 1976), Via  and Taylor 
( 1 976) , Hu and Taylor�1977 ) and McKay � al. (1 977) . 
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SUB CENTI METER DATA S UBMI L L I METE R DATA 
I NTERVAL ( cm )  Mz (4> ) cr r  (4> ) Mz ( ¢, )  cr r  ( ¢, )

0.5 - 1.0 3.53 2.31 3.80 2.1 6

3.5 - 4.0 3.67 2.30 3.94 2. l 0 

11 • 0 - 1 1. 5 3.31 2.80 3 . 92 2.37  

14 o 0  - 14.5 3 .06 2. 81 3.79 2.33  

20.0 - 20.5 3.26 3.34 4.54 2. 3LJ

24.5 - 2 5.0 3.23 2.60 3.70 2.32

28.8 - 2 9.3 3.26 2.84 3.90 2. 17

42.8 - 43.3 2.69  3.04 3.65 2.40

48.4 - 49.0 3. 16 3.36 4.24 2.26

53.3 - 53.8 2.52 3 .1 0  3.76 2.15

58.3 - 58.8 3.90 2.60 4.28 2.20 
--

Figure 5. 1. Gr ain s ize par ameter s :  M is the gr aphic mean gr a i n  s ize ;2 
a i s  the gr aphic inc lusive standard dev i at ion . These two1 
parameter s h ave been determined separ ate ly  for the submi l 
limeter size d ata and the subcentimeter size data ,  as 
indicated. The p ar ameter s are given in un i ts of ¢, and 
can be converted to mi l lin�ter s by the r elation ship : 
mm= e -¢ l n2.
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F i gure 5. 2. H i s tograms of 
gr ain s i ze d i s tr ibut i on 
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600 10 ( McKay et al . ,  
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et �. 1976). 

These h i stogr ams were 
con structed from 
cumulat i ve curves made 
from the data in 
F i gure 5. 1 .  

51 



F i gure 5 . 3  comp ares severa l d i ffere n t  data sets  and how 
they vary through the l e n gth of the  s o i l c o l umn . 
On the far r i gh t  i s  the  mean gr a i n  s i ze ( Mz ) 
represen ted by the c l osed c i rc l es ( • ) ;  to i t s 
l eft i s  the  percent  magn� L i c frac t i on from the 
90- 1 50 µm s i ze i nterv a l  represen ted by the 
crossed c i rc l es ( <81 ) ;  further l eft i s  the 
n umber percent of agg l u t i nates i n  the 2 50-500 µm 
s i z e frac t i on represen ted by the d otted c i rc l es ( () ) .  
These three data  sets  are b ased on an a l yses of 
s ubm i l l i meter a l l i q uots from the e l e ven i n terva l s  
i n  the core stud i ed a n d  reported by McKay et  a l . 
( 1 9 7 6 ,  1 9 7 7 ) .  Arrows at the r i ght i n d i cGt�s amp l e  
depth s .  

On the far l eft , the  stab l e  componen t of natura l 
remn ant  magnet i sm ( NRM ) , norma l i zed for var i a t i on s  
i n  i ron con te n t  ( F eO ) ,  i s  p l otted . These measurements 
were made on the two p l a s t i c -enca psu l ated sect i on s  
from the  60009/60010 core ( the amount of cros s 
sec t i on a l  mater i a l e ncap s u l ated i s  rou g h l y  l x l x 2 
cm ) .  Th i s  work was done by Banerjee et �- ( 1 97 7 ) . 
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Figure 5 . 4  presents the magnetic fraction in weight percent as determined 
by the method of Rhodes et a l .  ( 1 97 5 )  for the gr a i n  size fract ions 
of McK ay � �- ( 1 9 7 6 ,  1977;. 



5 . 3  MAGN ETIC STUDIES 

5 .3 . 1 Ferromagnetic R esonance 
Morris and Gose (1976) have measured values of 

I 0 
9/Fe0 , and Fe for virtually every 0.5 cm dissection 

interval of the core. The parameter I 5 /Fe0 i s  the 
fer·romagnetic resonance (FMR) maturity (i . e. ,  surface 
exposure) index (Morris , 1976 , 1 978) . I 5 is  the 
relative concentration of metallic iron produced by the 
exposure- induced reduction of FeO in  sili cate and oxide 
phases ; normalizati on of Is to FeO (Is/FeO) thus 
produces a parameter proportional to the length of surface 
exposure. Only i ron gra ins smaller than about 300 j 
contribute to Is. 

The stat ic magnetic techn ique measures saturation 
magnetization and the paramagnetic susceptiblity. In lunar 
samples the former is a measure of the magnetic mineral 
content. Only grains larger than 100 R in  d iameter are 
detected. The dominant magnetic phase in soils is Fe0

, but 
other minerals such as kamacite (about 7% N i )  contribute. 
According to Pearce et al. (1974) , a conservative estimate 
of the error in Fe 0 content i s  about 10% by this method. 
The paramagnetic suscepti b ility, on the other hand , is  
nearly exclusively from the Fe+ +  content , expressed by 
Gose and Morris (1 977) as FeO. Comparison of the ir values 
w ith chemically-determ ined FeO suggests an accuracy of about 
5% by the static magnetic techn ique. 

The results from both the static magnetic techni que and 
the FMR experiments are presented for 1 31 samples from the 
60009/60010 core in Fi gure 5 . 5  (Morris and Gose , 1976) . One 
feature of this profile is the decrease in Is/FeO from 
the lunar surface to a depth of about 12 , 5  cm. A s imilar 
decrease , although to different depths , is  observed in  the 
Apollo 15 and 17 deep drill cores and in  the 74001 /74002 
core. A discussion of the concept of a moon-wide " in s itu" 
reworking of the regolith i s  given by Morris (1 978) . 

Housley et al . (1976) analyzed ali quots from every half 
centimeter of""""'th�60009 core , using the FMR technique. 
(Morris' Is and Housley' s Fe 0 are essentially the same 
measurement) . There is general agreement between the 
results obtained by these groups (Fi gure 5.5) . The only 
d ifference between the set of sam les each group analyzed is ¥about a one centimeter lateral di  ference. Both 
investigator8 show the FMR data to be particularly sensitive 
in  reflecting stratigraphic units. Morris and Gose (1976) 
found all major breaks in the FeO and I 5/Fe0 values 
correspond to boundaries between the stratigraphic units 
observed during dissection. Not all stratigraphic units 
observed during dissection appear in the FMR data , however. 
The average values of FeO , I 0 

for the stratigraph
5 7Fe0 , Fe and log 

( Is/Fe 0
) ic  units of Duke and Nagle 

( 1974) are given in Figure 5.6 (from Morris and Gose , 1 976) . 
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Figure 5. 5 on the far r i g h t  s hows t he I s / Fe O  profile ba sed on 131 samp l e s  
ana l yzed by Morr i s  and Gose ( 1976 ) . T he un i ts in  w h i c h  the I s / FeO  
data  i s  pre sen ted are ar bi trary . On the l e ft i s  d a ta �or the 60009 
sec t i on on ly, from Hou s ley e t .Q]_ . , (1976 ) .  This  data i s  pre sen ted 
as equ i valen t Fe0 in we i g ht percen t ( wt . % ) , and i s  es sen t i al ly  the 
s ame mea suremen t a s  the I s/ Fe O . 
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F i gure 5. 6 presents t he average values of FeO, 
Is/ FeO , Feo , and log ( I s/ FeO ) for the
s trat i graph i c  un i ts of D u ke and Nagle 
( 1974 ). T h i s data is from Morris and 
Gose  ( 1976 ) . 

Unit 

60010 
7 
6 
.5 
4 
3 
2 
I 

fj()()()I) 
10 
9 
8 
7 
6 
.5 

4 

3 

2 
I 

Depth 
interval 

(cm) 

0-3.0 
3.0-7.0 
7.0-1 1 .5 

I I..S-14 . .5 
14 . .5-18.S 
18  . .5-23.0
23.0-27.8

27.8-30.8 
30.8-36.2 
36.2-39.8 
39.8-47.3 
47.3-48.2 
48.2-49.6 

49.6-S2.8 

FcO 
(wt.%) 

S.3 ± .6
S.S ± .6
S.6 ± .1
4.9 ± .4
S.3 ± .8
4.8 ± .9
4.6 ± .3

S.6 ± .S 
S.2 ± .6
4.2 :!: .3
3.7 :!: .7
S.0 ± .2
S.5 ± .4

{
4.2 ± .1

4.0 ± .7 

{
3.6 ± 1.2 

.52.8-.56.8 
1 .9 :!;  .2 

S6.8-S7 .8 3.7 ± 
.9 .51.8-S9.5 S.7 ± 
.I

1, /FcO 
. (ARD), 
< 250 µm 

86± I I  
7 1 ± I I  
70 ± I I  
62 :t: 16 
48 ± 3  
47 ± 8  
46 ± 6  

41 ± S  
4S ± 6  
S2 ± 6  
4 1  ± 9  
43 ± 0  
44 ± 2  
4 1  ± 6  

29 :t: 8  

39 ± 3  

26± 3  

41 ± S  
49 ± 2  

Fc0 

(wt.%)

0.57 ± .08 
0.5 1 ± . I S  
0.5 1 ± . 10 
0.52 ± . 15  
0.45 ± .07 
0.44 ± . 16 
0.38 ± .04 

O.S2 ± .19
o.so ± .lu
0.36 ± .03
0.4 1 ± .2S
0.44 ± .04
0.46 ± . 18
0.34 ± .04

O.SO ± .22

log (l, /Fe0
) 

2.91 ± .06 
2.90 ± . 1 1  
2.88 ± .06 
2.78 ± .08 
2.76 ± .07 
2.72 :!: . 14 
2.74 ± .OS 

2.72 :!: . 14 
2.67 ± .08 
2.78 :!: .07 
2.62 ± .2 1 
2.68 :!: .06 
2.74 ± . 1 1  
2.70 ± . 10 

2.37 ± .23 

0.3 1  ± .02 2.64 ± . 1 1  

0.30 ± .S6 2.5 1 ± .46 

0.30 :ic . l O  2.72 ± .01  
0.48 ± .04 2.76 ± .OS 
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5.3 .2  Natural Remenent Magnetism 
Another approach to magnetic studies of lunar cores i s  

reported in Banerj ee et al. (1977) . Th is group suggests 
that there is a reccrcr-oY-fluctuations in the stable 
component of natural remanent magnetization (NMR ) of soil 
versus depth in encapsulated core sections of 60009/60010. 
The encapsulated soil columns were first magnetically
cleaned by removing secondary magnetizations acquired during 
and after transport to the Earth. Each was then scanned 
passively for NRM fluctuations. The resolution of the NRM 
measurements is on the order  of 2 centimeters. The results 
are presented in Figure 5.3 (far left) , so they can be 
compared with the magnetic fraction of McKay et al. (1977 ) .  
The curves at ths to� and the bottom of the NR'M results are 
due to edge effects ( Banerjee et al. , 1977) . The 
magnetization fluctuations havebeen normalized to t he 
measured 1 5 values from Morris and Gose (1976 ) .  The 
remaining peaks and troughs are i nferred to r 8pr esen·� 
ambient lunar fiel d fluctuations L1 the last 1 -2 b 5. l l ior1 
years ( Banerj ee et al. , ·1 977) . 

5.4 PETROGRAPHY 

Petrographic stud ies have been performed mai nly by two 
groups using two diffe rent approaches The Stony Brook 
group studied continuous thin sections made from the 
encapsulated portion of the soil column. Their primary 
focus was the petrologic and chemical information related to 
the geologic provenance at the Apollo 16 site, and, to a 
lesser extent � regolith processes and in situ grain 
relationships . The maj or lithic components reported in 
Simon et al. (1 978) are (1 ) a few exotic fragments of mare 
basalts; 12 )  ailorthosites-norites-trocotolites (AN'( suite ) , 
poorly re�resented as lithic fragments ; ( 3 )  light matrix 
breccias ( LMB ' s) ,  chemically equivalent to the ANT suite ; 
( 4 )  feldspathic basalts , rare in this soil column ; ( 5 )  
pyroxene poikilitic rocks (PO IK' s) ; (6 ) recrystallized 
noritic breccias , chemically-equivalent to PO IK' s ;  and (7) a 
fused soil component including agglutinates and dark matrix 
breccias. Mineral fragments, primarily plagioclase , with 
fewer pyroxene and olivine fragments, and glass fragments 
were other components reported by Simon et al. ( 1978) . 
Photomicrographs of a PO IK rock, a troctolitic/feldspathic 
basalt, a feldspathic basalt, a cumulate-textured ANT rock , 
and two mare basalt fragments are shown in Figure 5. 7 (from 
Simon et al.,  1978 ) .  The tables with all their modal 
analyses are presented in Appendix 5. 

Vaniman et al. ( 1978 ) report electron microprobe 
analyses of glasses , minerals and lithic fragments greater 
than 0.02 mm in size. Figure 5.8  presents analyses of POIK 
pyroxenes and several individual pyroxene fragments from the 
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Figure 5.7. P hotomicrogra phs  from Vanima n et.al . ( 1 978 ) ,  of  
igneous roc ks in  60009/6001 0. 
( A )  Poi kilitic roc k  represe ntative of lithology contributing 
to the  two pyroxene clus ter (s ee POIK  roc k 2 1, Figure 5.8, 
for a nalysis ). Symbols : i = poikilitic ilmenite ; p = pyroxene ; 
f = feld s pa r. 
( B )  Troctolitic- feld s pat hic basalt  (s ee Basalt  66, Figure 5.9, 
for analysi s ). Symbols : f = blocky feld s par ; o = intergra nular 
olivi ne. 
( C ) Felds pathic  basalt  with  laths  of feld s par  and intergra nular 
pyroxene (s ee basalt 70, Figure  5.9, for analysi s ). 
( D ) Cumulate- textural two pyroxene ANT roc k. Symbols :  
o = orthopyroxene ; c = clinopyroxene ; f = feld s par. 
( E )  Ma re fragment simi l a r to Apol l o  1 7  olivine porphyri tic 
ilmenit e  basalts. 
( F ) Ma re fragment similar  to Apollo 12 ilmenite ba sal ts. 

( A ) ,  (B ) ,  and ( E )  were ta ken in  reflected ligh t ;  t he others  
in p l ane-polari zed light. 
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M ineral Fragments 
POIK Lithic 600!0  

2 3 4 

Si02 53.2 50.4 53 .2 5 1 .0 
A1 20 3 l .34 2.80 1 .73 2.7 1 
Ti02 

103 2. 1 3  0.92 2. 1 6  
FeO 1 6.4 8 .6 1 6 .5 8.5 

MnO 0. 1 9  0 . 1 7  0. 1 5  0.06 
MgO 25.4 1 6.0 25.7 1 6.5 
CaO 2.25 1 8 .9 2. 1 5  1 8 .8 
Cr203 

0.34 0.68 0 .33 0.68 

l: 1 00. 1 5  99.68 100.68 100.4 1 
Si 1 .936 1 .876 1 .926 1 .880 
AJIV 0.058 0. 1 23 0.074 0. 1 8  

l:, . , .  J .994 1 .999 2.000 ] .998 

AJVI 0.000 0.000 0.000 0.000 
Ti 0.028 0.060 0.025 0.060 
Fe 0.499 0.268 0.498 0.264 

Mn 0.006 0.005 0.004 0.002 
1 .376 0.886 1 .3 86 0.906 

Ca 0.087 0.753 0.083 0.742 
Cr 0.0 1 0  0.020 0.009 0.020 

:roc t .  2.006 1 .992 2.005 1 .994 

Lcat ions 4.000 3.99 1 4.005 3.992 
Wo 4.4 39.4 4 .2  38 .8  
En 69.9 46.3 70.3 47 .3 
Fs 25.7 1 4.3 25 .5  1 3 .9 

Basalt 70 Basalt 6 1  Troctolitic Basalt 66 

Si02 45 .4 46.4 43 .0 

Ti02 1 .07 0.20 0. 1 7  

Al203 26.5 27. 1 24.2 
FeO 5 .4 3.4 6.4 

MnO 0.06 0.05 0 06 
MgO 5.2 6 .2 1 2 .4 

CaO 1 6.0 1 5 .0 1 3 . 8  
Na20 0.35 0.65 0.36 

K20 om 0.20 0.03 

Cr203 
0. 1 3  0.08 0.20 

� JOO.I  99.3 1 00.6 

Mgt(Mg + Fe) 0.63 0.76 0.78 
Ca0/Al203 

0.60 0.55 0.57 

Qz 2 1 .7 27.3 6.8 
An 52 .4 52 .4 49.8 
OJ 20.7 1 9.9 4 1 .6 

Wo 5.2 0.4 1 .8 

F i g ure  5 . 8 Two- pyroxene  c l us te r : i c  fragmen t s  o f  
60009/600 1 0  a n d  i n  m i  from 60009/600 1 9  

V a n i man  - �· ·  1 9  78 ) 

n orm a 1 i to  6 oxyge n s .  l umns 2 :  Pyroxenes  
i th i c  t 2 1  ( 6001 0 , 602 5 ) ;  Co l umns 3 a n d  4 :  

fra  of l eve l , 600 1 0 ,  6 cm depth . 

F i  re  5 . 9  a l yses three > l . 5  mm me l t  rock 
by comb i mod a l  mi  a n a l  
e t �- . 1 978 ) .  

An a l yt i c a l  me t hod descr i a nd  p i k e ( 1 9 7 7 a ) ;  the r 

compone n t  n o rm i s  determ i  t he  me thod  of �J a l ker  et  a l . 
( l ) ' mod i f i  b y  T . L .  
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soil column. This data il lustrates the two-pyroxene  c luster 
(a high cal c i um and a low cal cium pyroxe ne) found in thi s  
core \ and the deep dri l l  c ore), and demonstrates that the 
source for the two-pyroxene  c luster is the PO IK ' s  (and 
RNB ' s) .  The compositions of three fel dspathic basalts (melt 
rock fragments ) are giv e n  in Figure 5 . 9: two are 
anorthos itic gabbros and one is troctol itic . Vaniman et al . 
( 1 978) propos e that thes e  basalts, along with mare basalt� 
may be the primary rock type i n  tl,e Apol lo 1 6  soils that 
contribute Fe-ri ch pyroxenes to the regol i th .  

Figure 5. 7D is a rare exampl e  of a noritic rock with 
cumulate texture that is probably an exampl e of the source 
of the large, unshocked plagioclase crystals characteristic 
of this core. The two pyroxenes i n  this norite correspond 
to the two-pyroxene-c luster found in this core. Figure  5. 1 0  
lists the compositions of a low-Ca and a h i gh-Ca pyroxene 
found about 43 cm beneath the surfac e in the soil column, 
associated with the distinctive feldspar component. 

Light matrix bre ccias are abundant to moderately
abundant from bottom to top in this core. They are not 
homogeneous as a group 1 but they are considered chemical ly
equival ent to the ANT suite bas ed on pyroxene compositions 
(Vaniman et al. , 1 978) . A major component of this soil  
column i s-----;\m:-type pl agioclase with compos itions betwe en 
An 9 6  and An 9 7  at al l l e v els . A coars e-grained layer of this 
plagioclase  oc curs at 52 to 57 cm in the core . The 
plagioclas e  in this zone  is homo�eneous, and LMB ' s  are 
associated with the plagioclase  (Vaniman et al . ,  1 978) . 

Only two mare basalt fragme nts were large e nough i n  the 
continuous thin s ections to permit an accurate petrographic 
des cription (Figure 5 . 7E and F). Figure 5 . 1 1  presents the 
modal data for the two fragments. One  is s imilar to Apol lo 
17 olivine porphyritic ilmenite basalts (Papike et al . ,  
1 974). This is also similar to one of two mare fragme nt 
types found by Delano (1975) at the Apollo 1 6  site . The 
other is a third type of mare basalt, emphasiz i ng the 
h eterogeneity of the mare basalt component at Apollo 1 6 . 

Van iman et al . ( 1 978 ) combine the core components, 
modal proportTons;- and chemistry to cal cul ate the major 
e l ement soil chemistry by a modal recombination technique 
(aggluti nates are ignored). Using the bulk  soil chem istries 
they obtain, they describe the change from the lower, 
coarse-grained anorthositic layer to the upper, more f i ne
grained and mafic layers as a modal exchange of PO IK ' s, 
pyroxen e , oliv i n e  and c lear glass for the coars e plagioc lase 
and ANT s uite components of the anorth0sitic  layer . This is  
graphical ly presented in  Figure 5. 1 2 . The grain size 
distribution for the 0 . 2  to 2 mm size range is shown on the 
far left and illustrates grain size distribution throughout 
the soil column. Th e next column presents the agglutinate 
abundanc es for the s ize interval 0 . 02 to 2 mm . The last two 
c o lumns present the single crystal plagioclase  and PO IK 
d istributions respe ctively for the 0 . 02 to 2 . 0  mm siz e 
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2 3 

Si02 533 49.9 36. i 
Al20, 0.55 2 .88 0. 1 4  
Ti02 0.46 2 .22 0.00 
FeO 220 8 .5  32.6 
MnO 0.3 1 0.09 0.33 
MgO 22.3 1 6. 1 30.9 
CaO 1 . 1 8  1 8 .7 0.24 
Cr ,03 0.07 0.77 0.00 
:z, 100. 1 7  99. 1 6  ! 00 .96 

Si 1 .979 1 .867 0.995 
AJ 'v 0.024 0. 1 28 0.004 
L, ,. , . 2.000 1 .995 0.999 
AJ"'  0.003 0.000 0.000 
Ti 0.0 1 3  0.062 0.000 
Fe 0.684 0.265 0.738 
Mn 0.0 1 0  0.003 0.007 
Mg 1 .237 0.899 1 2 50 
Ca 0.047 0 748 0.006 
Cr 0.002 0.023 0 000 
Lac t .  1 . 996 2 .000 2 00 1  
Leal ions 3.996 3.995 3.000 

Wo 2.4 39. 1 
En(Fo) 62.5 46.9 62.6 
Fs(Fa) 35. 1 14 .0 37.4 

Fragmen t  i; Fragment 8 

pyroxene 40.6 58.4 
plagioclase 25.9 26 . 7  
olivine 5.8 
ilmenite 16 .2  8 . 1 
glass 1 1 . 5  6 .7 
FeS 0. 1 

F igure 5 .  1 0  Columns 1 and 2 are low-C a and high-Ca  end 
members of pyroxenes norma l i zed to iix oxygens ; 
Column 3 is a representat i ve oliv ine (Fo 5 2 _ 6 3  
cluster ) norma lized to four oxygens. (60009 ,6024 
from Vaniman � �-, 1978) 

Figure 5. 11 Model data for mare basalt fragments. Fragment 
A is similar to Apol lo 17 ol ivine porphyritic 
i lmenite basalts. Fragment B is simi l ar to 
Apol l o  12 ilmenite basalts . From V animan et al . 
( 1978) . 
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Fi gure 5. 1 2. The pl ag i oc l ase  a nd POI K trends i l l u stra te that the p l a g i oc l a se  and ANT 
content decreases toward s the l u nar s urface ;  the PO I K ' s  and more maf i c  components do 
not. The a bundance of l a rge c l a s ts decreases  and fused s o i l components i ncrea s e  
toward s the s u rface ,  i nd i cati ng t h a t  the more mature s o i l s  are toward s t h e  top. 
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range. Decreasing grain size parallels increasing 
agglutinate content. This indicates the more mature soils 
are towards the top (a notable exception being the lowest 
interval in the soil column, repo r ted by McKay et al., 
1976) . The plagioclase content significantly decreases 
upward in the soil column ; the PO I K ' s  do not. 

The other maj or petrographic study was by McKay � et al. 
� (1 976, 1 977) who analyzed sieved size fractions of 

submillimeter soils from eleven selected intervals in the 
soil column. The primary focus of this work was regolith 
processes and relative importance of mixing versus in situ 
reworking. The maj or petrographic types of McKay e-=r-a� 
(1976, 1977) are : (1) agglutinates ; ( 2) poikiliticrocks ; 
(3) metamorphosed breccias, chemically equivalent to the 
recrystallized AN'( suite and LMB' s of Simon et al. (1978 ; 
(4) light matrix breccia which is polymict, unrecrystallized 
and consists of crushed plagioclase and associated mafic 
phases ; (5) crushed ANT suite fragments, similar to (4) 
above but. not polymict ; and (6) brown matrix breccias, 
equivalent to the " vitric matrix br e ccia" of Warner et al . � �  (1973 ) and Phinney et al. (1 976). A range in glass
components and mineralfra.gments, mainly plagioclase with 
lesser amounts of olivine and pyroxene, are the only other 
significant components. A complete listing of modal 
compositions by McKay et � al. (1 976, 1 977) are given in 

� Appendix 6. 
The agglutinate content parallels three other maturity 

indices: mean grain size (see Section 5.1 ), 1 /FeO (see 
Section 5.2) and the magnetic fraction , which for 

8

this core 
at least, is a maturity indicator. In the 60009 part of the 
soil column there are significant differences in maturity 
parameters, but none appear systematic : the unit with the 
highest abundance of plagioclase crystals is bracketed by 
samples containing the least ; agglut�nate abundances are 
just the opposite. The 60009 part of the soil column shows 
a large range in petrology, chemical composition and 
maturity. None of the samples are mature, and most are 
submature and immature according to the definitions based on 
agglutinate content (McKay et al. , 1 974) and FMR intensity 
(Morris, 1 976) . McKay et a-Y-:- Tf976, 1977 ) plotted various 
components against each�ther to see which were related, and 
to determine whether in situ reworking or mixing was the 
dominant process. Figur�1 3 shows the percent of 
metamorphosed breccias ( Vaniman et al., 1 978 : recrystallized 
ANT suite) pl otted against agglul"Inates for the 150-250 µm 
size fraction ; & good positive correlation is obvious. The 
least-squares fit line goes through the origin. This 
indicates that samples in this series without agglutinates 
should contain no metamorphosed breccias. McKay et al. 
(1 976) interpret this to m&an that a major component�f 
these soils is one that contains both metamorphosed breccias 
and agglutinates, and that this component is present in 
different intervals in variable proportions. 
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Figure 5 . 1 3. This figure s h ow s  the pronounced positive c orrelation 
between the metamorphosed breccia fragments and 
agglutinate c ontent for the 1 50 -250 µm size fraction 
from 60009 samplEs .  The line s h own is a least squares 
fit . C orrelation coefficient for these data is  0. 99. 
( From McKay et �- , 1 9 76 . )  

Figure 5 . 1 4 .  This figure s hows  the inverse correlation o� 
metamorphosed breccia fragments and single 
crysta l plagioclase for the 150-250  µm size 
fraction in 60009 samples . The least s quares 
line is  s h own . Correlation coefficient for 
these points is  0 . 98 .  ( From McKay et �-, 1 9 76. ) 
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F i gure 5. 15. The inverse correlation between agg lut i n ates 
and sin g l e  crysta l p l agioc l ase grains i s  
s hown here for 2 s i ze fractions. Corre l ation 
coeffic ient for the 90- 150 µm fract ion i s  0.98 
and for the 150-250 µm fr action is 0.94. 
( From McKay et �. ,  1976 . ) 

F i gure 5.16 .  The inverse cor relation between metamorphosed 
breccia and ol ivine crystal s  � n  the 150-250 µm 
size fr action is shown. This corr e l at ion wh i l e 
not part icu l arly s trong (cor re l �t i on coeff icient 
0 .79 )  impl ies th at o l i vine corre l ates pos i tive l y 
w ith single crystal p l agioc l ase. ( McKay et al. , - -1 976 ) 
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Figure 5. 1 4  shows a negative correlation between 
metamorphosed brec cia and single crystal plagioclase , for 
the 1 50-250 µm size fraction. Figure 5. 1 5 shows a negative 
correlation between agglutinate abundances and single
crystal plagioclase abundances for two size fractions. 
McKay et al. ( 1 976 ) interpret this to mean that the other 
maj or component of the 60009 soil column is the plagioclase
rich soil. Furthermore , the plagioclase-rich soil cannot 
simply be an immature version of the other soils because 
plagioclase crystals will not be turned into the metamorphic 
breccias and POIK' s by reworking processes. Figure 5. 1 6  
from McKay et al. ( 1 976 ) suggest to these investigators that 
the large olivine crystals , although not abundant , may be 
associated with the plagioclase-rich so il type. This is in 
agreement with the results of Simon � et al. � ( 1 978 ) and 
Vaniman et al. ( 1 978 ) .  

Correlations between soil components and maturity 
indices are also reported in McKay et al. ( 1 976 )  for the 
60009 portion of the soil column. Figures 5. 1 7  and 5. 1 8 
plot mean grain size Mz versus metamorphosed breccia and 
agglutinate content , respectively. The more mature soil 
component is the more mafic one ; the plagioclase-rich soils 
are very immature. Because it is not possible to make a 
mature soil rich in lithic fragments from an immature soil 
rich in plagioclase crystals , McKay et al. ( 1 976 )  conclude 
the following : the variations observed�an be explained by 
mixing of two end member soils. One is very immature and 
consists primarily of large single plagioclase crystals of 
plutonic affinity , ( the same conclusion reached by Vaniman 
et al. , 1 978 ) ,  possibly olivine , but few if any 
agglutinates , metamorphosed breccias , brown matrix breccias 
or POIK ' s. The other end member is of intermediate maturity 
with a moderate abundance of agglutinates along with a 
variety of lithic fra�ments of a more mafic composition. 

In  McKay et al. t 1 977 ) ,  the upper part of the soil 
column is described as the result of mixing of three end 
member soils and in situ reworking. All of the maturity 
indices including�rain size , I 5/Fe0 , magnetic data , and 
agglutinate content , point to systematic in situ reworking 
for the uppermost 1 2.5 centimeters of the�O�soil column. 
The maj or end member soils are shown in a triangular diagram 
in Figure 5 . 1 9. The three components are sin�le crystal 
plagioclase , PO IK , and metamorphosed brec cia t Simon et al. , 
1 978 : equivalent LMB/recrystallized AN� ) .  The soils�rom 
both the 60009 and 6001 0 sections are plotted. The lower 
triangle , Figure 5.20 , shows the same relationships , but for 
a d ifferent grain size fraction. 

It is beyond the scope of this catalog to devise a 
single petrologic classification scheme and then apply the 
two groups' results to it. One difficulty is the different 
size ranges for which each group present their modal 
analyses. For example , the magnetic fraction , of which an 
important soil component , agglutinates , is a major part , 
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Figure 5 . 17 show s th at for the 60009 s amples , the 
metamorphosed breccia component in the 
150-250 µm size fr action h as a positive 
corre l ation w i th mean gr ain size of the 
bu l k  soil. Corre l ation coefficient is 
0.87. ( McKay et �- , 1 976 )  

Figur e 5.18  shows for 60009 samples , the strong  correl ation 
between agglutin ates in the 90- 150 µm gr ain 
size fr action and mean gr a in size of the bu l k  
soi l . Samples con taining the highest agg lutin ates 
are the finest gr ained. Corre l ation coefficient 
for these data is O. 94. From McK ay � �- ( 1 976 ) 
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F i gure 5 . 1 9 Three of the major components  i n  60009/ 10 p l otted 
on a tr i angu l ar d i agram after norma l i z at i on to 
100 % .  The data  for the 2 50-500 µm s i ze fract i ons  
i nd i c ates two m i x i ng trends h a v i n g  respect i ve end  
members 457  to 3107 and 457  to  458 . The  60010 
s o i l s  l i e mos t l y  a l on g  the 4 5 7 -3107 l i ne and the 
60009 s o i l s  l i e mos t ly a l on g  the 457 -458 l i ne . 
( *  LMB/Recrys t a l l i zed ANT s u i te ) . From McKay et  -
a l . ( 1 97 6 ) . 

F i gure 5 . 20 .  A three compone n t  p l ot for the 1 50-250 µm s i z e 
fract i on of 60009/ 10  s amp l e s i l l u s tr at i ng  the 
s ame m i x i n g  trends shown i n  F i gure  5 . 1 9 .  From 
McKay et �. ( 197 6 ) . 
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shows a pronounced and systematic range in abundance 
depending on the size fraction studied ( McKay et al. , 1976 , 
1977) . For modal studies , not only d id each grouJ>use 
different size fractions , but the distr i butions were 
determined by different techniques : by measuring , in the 
case of Simon et al. (1 978) ; and by sieving for McKay et al. 
(1 976 , 1977) . --Y-n-"§'imon et al. (1978) , essentially the� � 
entire soil column was considered ; in McKay et al. (1976 , 
1977) polished grain mounts of sieved submilTTm�er soil 
from eleven selected intervals were studied . The soil 
column in Simon et al. (1978) was treated as a breccia for 
modal classification: matrix , less than 0 . 02 mm ; small 
clasts , 0. 02 to 0. 2 mm ; large clasts , 0 .2 to 2 .0 mm ; and 
extra large clasts (not included in percentages) , greater 
than 2 mm. Because of all these complicating differences , 
the modal percentages will not be compared in detail . 
Instead , both groups ' modal percentages are included in 
Appendices 5 and 6 .  

Significantly , the two groups ' results are in general 
agreement. The POIK melt-reek is a major contributor of 
lithic and mineral fragments in 60009/6 0010. PO IK , 
plagioclase , and LMB/ANT are the three most abundant l i thic 
components found by Simon et al. (1978) in the soil column . 
Their studies also showed tha-:r-glass (of anorthositic gabbro 
composition) , pyroxene and olivine are primary soil 
components , which contribute significantly to the total 
chemical variation in the soil column when a bulk soil 
composition is calculated from modal dat� . McKay et al. 
(1976 , 1977) distinguish two mixing trends involving the 
same three major components in the double drive tube. The 
lower soils can be described as mixtures of plagioclase 
fragments and a 4 : 1  ratio of PO IK : metamorphosed brec cia 
(ANT suite) . The upper soils are mixtures of the same 
plagioclase-fragment composition with an end-member of 1 : 1  
PO IK :  metamorphosed breccia. Both groups were in agreement 
concerning maturation effects , but McKay et al. (1976 , 
1977) presents more data related to in situ reworking 
processes. 

5 . 5  C H EMICAL COMPOSITION 

Chemical studies were performed by two groups , and both 
found essentially the same trends. Ali and Ehmann ( 1976 � 
1977) determined 27 major , minor and trace element 
abundances in twenty-seven submillimeter size fractions from 
60009 , and 28 elemental abundances in nine submillimeter 
samples from 60010 by instrumental neutron activation 
analysis. Blanchard et al. (1976) and Blanchard and Brannon 
(1 977) studied subsample�of McKay et al. (1976 , 1977 ) .  
Appendix 7 gives Ali and Ehmann ' s  (19"75; 1977) results. 
Their data provide the best vertically continuous suite of 
analyses. Appendix 8 presents the analytical results of 
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Blanchard et al. ( 1976) and Blanchard and Brannon (1977), 
which can be correlated with the grain size and petrographic 
studies of McKay et al. (1976, 1977). 

On the basis()f-a-a, Al, and ferromagnesian element 
abundances, five chemically-distin�uishable units occur in 
the 60009 part of the soil column t Ali and Ehmann, 1976). 
In sharp contrast to this, very little variation in bulk 
chemical composition was found in the 60010 part of the core 
(Ali and Ehmann, 1977) except in the siderophilic elements 
Fe, Co, and Ni , which are indicative of a meteoritic 
component. Figure 5.21 from Ali and Ehmann (1976, 1977 ) 
compares their chemical un its, CU, with the stratigraphic 
units, SU, of Duke and Nagle, ( 1976 ) .  For the 60009 
section, the chemical unit boundaries agree with the 
stratigraphic unit boundaries, although only five chemical 
units are defined compared with ten stratigraphic units. 
For the upper core, with little chemical variation, the 
chemical units selected were . in fact, influenced by the 
stratigraphic units, although boundary locations were not 
always the same. The compositional variations are briefly 
summarized here. Note that for the 60009 section, Ali and 
Ehmann ( 1976) have numbered their chemical units from the 
top down ; but from the bottom to the surface of the 60010 
section in their 1977 paper. 

Chemical unit (CU) 1 ,  from 27.8 to 38.8 cm at the � 
of the 60009 section, is characterized by low Ca and Al 
abundances increasing towards the base, and high 
ferromagnesian element abundances. CU 2, from 3 8.8 to 47.1 
cm, is richer in Ca and Al, poorer in ferromagnesian 
elements, and much more uniform. CU 3, from 47.1 to 53.0 cm 
is very similar to Unit 1 and may have been derived from the 
same source. CU 4, from 53 to 56.9 cm, has the highest Ca 
and Al abundances of all the CU units and the lowest 
ferromagnesian elements, which decrease in abundance towards 
the lower boundary. This unit has a positive Eu anomaly. 
CU 5, from 56.9 to 58.8 cm, has the lowest Ca and Al 
abundances and highest ferromagnesian abundances of al l the 
units. 

The basal unit of 60010 from 26.6 to 27.3 cm is the 
first CU unit in the upper half of the soil column (Ali and 
Ehmann, 1 977) . It is higher in Al and Ca ; mafic elements 
show a slight decrease, and sharp differences exist for Ce, 
Nd, V, Ta and Th, compared with the 60009 CU 1. This unit 
is chemically quite distinct from the top unit in 60009, 
even though the two were not distinguished during dissection 
(Duke and Nagle, 1976 ) .  CU 2, from 23 to 26.6 cm, has high 
Ca and Al abundances, mafic mineral elements exhibit the 
lowest abundances in the 60010 section, and so do the trace 
elements except for Co, Ni and Sc. CU 3 from 14.5 to 23 cm 
shows an increase in mafics and decrease in Al and Ca, 
compared with the underlying unit. CU 4, from 11.5 to 14.5 
cm, shows an increase in mafics (Mg, Fe, Ti, and Mn ) ,  in  Sc, 
Co , Ba, Nd, Eu, and Ni compared with adjacent units . It 

72  



C h emic a l  
U ni ts  

CJ) 
0 
0 .... 
0 

CJ) 
0 
0 
0 co 

7 

5 

3 

1 

2 

3 

4 

5 

7 

6 

5 

4 

3 �  
0 
0 
U) 

2 1'  

7 

1 

F i gure 5.21 compares the s trat i grap h ic 
u n i ts from Du ke and Nagle 
(1976 ) , wi th  c hem ical u n i t� 
from the  Ali a nd E hmann  
( 1 976 , 1 977 ) . 

S tra t ig raph ic 
Un i ts  

73 



Element Range for ccrc 600 !0 R:rngc for surface soils" 

0% 41 . 1-44.8 43. 3-47.2
Si 20.2-22.6 1 9.5-22.2
Al 14.2-I S.8 13 . .5-16.6
Ca 1 1 . 1- 12.9 
Mg 3.1 -3.9 
Fe 3.1-<>A 
Na 0 296--0.33 ! 
Ti 0.2f,9--0.486 
K 8.076--0.095 
Cr 0.066---0. 088 

Mn fl.054--0.069 

9.1-13.4
2.38-4.40
2.3�5.8

0.1 8-0.47
0.16--0.42
0.04--0.21
0.04--0. 10
0.03--0.06

Ni ppm 200. -10,600. 46.-740. 
Ba 100.-180. 57.-190. 
Co 22.7-!42 7.�S9.0
Cc 21 .-Jti. 8.8�1 .5
V 15.4-35.5 6.5�30.0
Nd I l .-20. 8.-23. 
La 9.8- 1 3.() 2.7�15.7 
Sc 6.%-9.54 4.7-12.0 
Sm 4.J...6.2 2. 1-7.7 
Th 0 . .5-3 2 
Hf l .�S.3 

Dy 2.2-10. l  
Yb 1.2�.95 
Eu 0.99--UI 
Tb 0.24-1 .30 
Lu 0.21--0.83 
Ta 

O.S-1 .'1
2.8-4. l
2.6-4.8

2.21-3.r
1.05-1.23
0.67-1 .44
0.48-0.64
0.37--0.70 0. 14--0.88

---�· -·· · -· -· 

shows little variation in Ca and Al. CU 5, from 4-5 to 1 1 .5 
cm , contains sl ightly higher abundances of Si, Ti , Cr, Mn, 
and Ni, and i n c lud es SU 5 and the lower portibn of SU 6 
(Duke and Nagle, 1 976 ) .  CU 6 extends from 3.0 to 4.5 cm. 
It corresponda to the upper SU 6. SU 6 cannot be  considered 
a singl e chemical un it because the differences are simply 
too great. Compared to CU 5, CU 6 has higher abundances of 
Ca, Al and Si and almost twice as much Fe. Except for Nd 
and Yb, all the trace el ements exhibit their highest 
abundances. CU  7 goes from the surface to 3 cm . Chemical ly 
it is typical of Apol lo surface soils, Figure 5.2 2 and 5 . 23. 
The other soil column sampl es are included in this table  as 
we l l, for comparison. 

Figure 5.24 graphical ly presents the composition 
profil es for diagnostic elements in the soil column. It is 

i . 
F i g u re 5 . 2 2 i s  a comp ar i s i on of the ' ranges  i n  chem i c a l  c ompos i t i o n s  

i n  the  600 10  core s amp l e s  w i th the  Apo l l o  1 6  s urf ace s o i l s  
a n d  i s  f rom A l i a n d  Ehma n n  ( 1 9 7 7 ) .  The d at a  under  " R a nge 
for s u r f ace s o i l s " i s fr om Wan  k e e t a 1 . ( 19  7 5 ) ; R o s e e t a 1 • 
( 1 9 7 5 ) ;  Tay l or e t  a l . ( 1 9 7 3 ) ; Boynton-et a 1 .  ( 19 7 5 , 19761; 
B an s a l  et  a l . (1972); W a s son  et  a l . ( 19751; Ja n ghorban i e t  
a l . ( 1 973);-and  Ehman n � �- \1974 ) .  
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Range for 
Range for surface 

core Unit 1 Unit 2 Unit 3 Unit 4 Unit .5 . soils• 

0(%) 42.1-4.5.4 43.7 43.9 44.8 4.5. 1  4.5.4 44. 1-4.5.3 
Si 19.7-22.S 2 1 .7 2 1 .4 21 .2 20.7 22.S 19.7-21.4 
AJ 14. 1-18.0 14.7 1.5.6 14.9 17.3 14. 1 13.S-16.6 
Ca 10. 1-14.3 1 1 .6 12.4 12 . .5 13.0 1 1 . l  10.8-1 3.4 
M,: 2.21-4.76 4.29 3.58 4. 19 2.38 4.53 2.38-3.97 
Fe 1 .33-4.18 3.61 2.95 3.38 1 .65 4 . 18  2.30-4.80 
Ti 0. 1 84-0.5 1 1  0.380 0.299 0.380 0.236 0.432 0. 1 6-0.42 
Na 0.27--0.32 0.30 0.30 0.30 0.29 0.)2 0. 1 8--0.47 
I( 0.026-0.122 0.095 0.055 0.094 0.035 0. 122 0.04--0.2 1 
Cr 0.018--0.093 0.077 0.048 0.074 0.026 0.093 0.04--0.10 
Mn 0.026-0.068 O.OS9 0.047 0.0.55 0.030 0.068 0.03--0.06 
Sc(ppm) 2 . .5-$.6 7.24 5.93 6.72 3.04 8.60 4.7-12.0 
Co 6.90-27.1  23.4 19.4 19.9 8.74 27. 1  1.40--S9.0 

Ba 46--196 1 33 156 IOI 60 124 S1-t90 

La 3.5-13.8 12.2 1 1 .3 10.8 4.8 13.8 2.70- 1.5.70 
c.e 6A--34.3 30.3 26.8 27.6 l i .3 40.2 8.80-41 .S 
Nd 3.8-30.7 22.7 12.8 2 1 .0 6.8 28.6 8-23 
Sm 1.3-5.S 4.5 4.0 4.2 1 .7 .5.5 2. 1-7.7 
Eu 0.80-1.28 t . 12 1 . 18 1 . 18 0.97 1 .24 0.99-1.Sl 
Th 0.22-1 .00 0.84 0.74 0.73 0.32 t .00 0.24-1 .30 
Yb 1 .26-4.27 3.75 3.34 3.21 1.59 4.27 l .20-4.95 
I.a 0.14--0.50 0.42 0.40 0.37 0. 16  0 . .50 0.2 1-0.83 
Hf 0.96-4.2 2.6.5 2.90 2.50 0.96 2.33 1 .0-S.3 
'l1i 0.46--2.40 t .72 1 .23 1 .46 0.60 2.40 0.5-3.2 
V 6.3-38.0 23.8 23.0 22.0 12.0 38.0 6 . .50-30.0 
a 23-500 191  247 101 204 32 I S-260 
Ta O. IS--0.74 0.6 1 0.50 0.46 0. 17 0.60 0. 14-0.88 

obvious that the upper unit of 60009 and lowermost unit of 
60010 are compositionally different, that the second and 
fifth analyses from the top of the soil column have high 
meteoritic components, and that the intermediate 60010 units 
(except for the meteoritic components)  are very similar . 
The effects of in situ reworking of the soil appear to 
dominate the effects of physical mixing in the 600 1 0 
section. Figure 5.2 5, from Ali and Ehmann (1977 ) ,  shows the 
composition profiles for Co and Ni, meteorite indicator 
elements in the soil column. I nterelement relationships as 
seen in these two figures show a strong inverse correlation 
of elements characteristic of mafic minerals (Fe, Sc ) and 
elements characteristic of an anorthositic component (Ca and 
Al ) . The strong positive correlation between Fe and Mn seen 
in core section 60009 (Ali and Ehmann, 1 976 ) is not so 

Figure 5. 23  is a comparison of e lemen tal abundances in the 60009 samples 
with Apo llo 1 6  surface soi ls  and is from A l i  and Ehmann ( 1 976) . 
Data in the co lumn 1 1 Range for surface soils 1 1  is from Wanke et 
al.  ( 1 975) ;  Rose et a l .  ( 1975) ; Tay l or et a 1 .  (1 973) : Boyn ton 
- -et a l . ( 1 9 75 ,  1 976;;and Bansal - -et a l . Tr972') . 
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F igure 5 . 24 .  Composition profiles for diagnost 1c elements in 
cores 60009/60010 . From Al i and Ehmann ( 19 7 7 ) .  
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evident in se ction 600 1 0 (Ali and Ehmann , 1 977) . Both 
sections show a strong negative correlation betwe en K and 
Al. 

Ali and Ehmann ( 1977) subsamples 242 ,  179 , 239 and 1 99 
( Figure 5.26) show Fe-Al trends that defi ne  a regression 
line  similar to the non-mare trend of Hubbard et al .. ( 1 973) . 
Subsamples 191 , 21 9 and 224 are depleted i n  Al�ith respect 
to Fe , and define a second trend ( mare glass-brown glass 
breccia-KREEP). These samples may contain a KREEP component 
similar to the one in the 60009 section ( Ali and Ehmann , 
1 976). However ,  Blanchard et al. ( 1 976) suggest the " KREEP"  
compone nt of A l i and Ehmann---"Is�uppli ed by the 
ferromagnesian component. 

Based on the ir chemical studies, Ali and Ehmann ( 1 977) 
suggest the 60009 section is a mechanical mixture of three 
e nd members : (1) anorthositic rocks which supply the Eu ; 
( 2) a maj or component (rich in aggluti nates) which supplies 
most of the ferromagnesian minerals ; (3) minor amounts of a 
KREEP-l i ke component which suppl i es the REE , except for Eu . 
However ,  the KREEP-l ike component is not abundant i n  the top 
section of the soil column ,  and Ali and Ehmann ( 1 977) fav or 
the suggestion of Blanchard et al . ( 1976 ) that REE a r e  
carri ed largely i n  the ferromagnesian component. The 
chemical data support in situ rework i ng as the dom i nant 

F i gure 5.26 .  Correlation of Fe and A l  in core 50010. The 
lines in the corre l ation p l ots are not 
mathematically fitted . From Ali and Ehmann 
( 1 9 77) , 
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Figure 5. 27. 2 6 Al and 2 2 Na in Apo l l o  16  dou b l e  dr ive tube 
60009-60010. From Fruchter et a l . ( 1977 ) .  

 Figure 5. 28. Comparison of ca lcu l ated and 
measured 2 2 Na and 2 6 Al concen tration 
gradients in the top portion of 
Apo l l o  16 drive tube 60010 . From 
Fruchter et a l .  (1977 ) . 
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process in the (upper 1 2.5 cm) 6001 0 section , and mixing as 
the dominant process in  the 60009 section. Overall the soil 
column is not like typical h ighlands surface soils , but is 
generally enriched in Al and Ca and depleted in elements 
characteristic of mafic minerals. 

5.6  COSM OGENIC RADIONUCLIDES:  

Radionuclides produced by solar and galacti G  cosmic 
rays are useful for study ing depositional h istor i es of lunar 

22soil columns. This section presents the analyses of Na 
(t 1 ;2 =2.6 y ears) , which reflects processes during the 
past 0-1 0 years ; 26Al (t 1 ; 2 = 0.73 my) , whi ch covers the t ime 
span over 0-3 my ; and 5 3Mn (t 1 ; 2 = 3.7 my) , which provides 
information through the past 1 0  my. 

22The Na analyses by Fruchter et al. (1 976 , 1 977) 
indicate that the soil column has not been s ignificantly 
disturbed (by loss of mater ial or mixing) during the 
collection and subsequent handling pr ior to analyses. The 
26Al analyses produce a profile or gradi ent (when plotted 
against depth in the soil column as g/cm 3) that suggests 
gardening in the upper 2 or 3 cm over a t ime span comparable 
to the half life of 26 Al. Figure 5.27  presents the ir 
tabulated analyses and Figure 5.28 is a graphical 
presentation of the ir data for these two isotopes . 

Nish i izumi et al. (1 979) have provided complementary 
analyses for thi�soil column by analyzi ng for 5 3 Mt1 in 
submillimeter soil ali quots of about 1 50 mg each. In the 

5upper centimeters of the regolith ,  3 Mn is produced by solar 
cosmic rays (SCR) . 5 3Mn is produced by the higher energy 
galactic cosmic rays (GCR) to depths of several meters. 
The ir results for 5 3 Mn are graphically presented in Figure 
5.29. Figure 5.30 correlates the ir samples with depth. The 
measured profile is higher in roughly the upper centimeters 
than theory would indicate it should be. The depth 

26integrated Al activity i s  also h igher. In addition ,  both 
the 26Al and 5 3 Mn profiles show a decrease (disturbance) in  
the upper few centimeters at about the same depths. 
N i sh i izumi et al. (1 979) suggest that this may have a 
stat isticalsignificance because other cores display s imilar 
trends ; there may be a correlation betwe en this surface 
decrease and the size and frequency of the cratering events 
which dominate present day regolith garden ing. This could 
also have been caused by a d isturbance that occurred dur ing 
cor e  collection. 

5 .  7 NOBLE GAS STUDIES 

Isotopic abundances of the nobl e gases have been 
d etermined in grain size separates of the same eleven soils 
stud i ed by McKay et al. (1 976 , 1 977) by Bogard and Hirsch 
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(1 97 6, i 977). Noble gas abundances also were determined in 
magnetic and plagioclase separates from several of these 
soils. In addition , as part of the preliminary examination, 
four samples from the top 4 mm of the 60010 section were 
analyzed for noble gas abundances and stud i ed by FMR 
techniques. The extensive result s are given in Appendix 9. 
( Except for the top 5-mm samples all the samples analyzed � by Bogard and Hirsch (1976, 1977 ) were split from the same 
samples studied by McKay et al. (1976, 1 977)). 

Noble gas isotopic analyses were made mas s 
spectrometrically by standard techniques (Bogard et al. , 
1 973) .  The results for the 600 1 0 samples are presented in 
Tables 1 - 3 in Appendix 9 ;  results for the 60009 and top 5 
mm samples from 60010 are presented in  Tables 5 - 7 in 
Appendix 9. Grain size data were subj ected to ordinate 

Figure 5. 29. 5 3 Mn data measured to date in Apoll o 16 lunar cores from 
Nishi i zum 1 2 t  a l .  ( 1 979). The theoretical curves were ca lculated 
usin g the Reedy-Arn o l d  model. The GCR curve was norma l i zed t o  
t he  data points in the 20- to  100 g/cm2 region as described i n  
Nishiizumi et �- ( 1979 ) .  
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Sample Number Dept h  (g/cm2 ) Dept h  from lunar surface (cm ) 

60010 ,  13 0.0-0 . 2  0.0-0 . l  
60010 , 20 0.2-0 . 3  0.1-0.2 
60010 , 27 0.3-0 . 5  0.5-0.7 
60010,34 0.5-0.7 0 . 3 -0.4 
60010 , 240 0.9-1.7 0. 5-1 . 0 
60010, 237 l.7-2.6 l . 0-l . 5 
60010, 234 2 . 6-3.5 1.5-2.0 
60010, 232 3.5-4.3 2.0-2.5 
60010 , 2 28 5 . 2- 6 . l  3.0-3.5 
60010 , 221 8.7-9.6 5.0-5.5 
60010, 212 16.5-17.4 9.5-10 . 0  
60010,197 2 9.5-30.4 17.0-17. 5  
60010 ,185 4 2.6-43.4 24.5-25 . 0 

60009 ,304 47.4-48.3 27. 4-27.6 
60009 , 445, 453 103.2-104 . l  58.3-58.8 

intercept analyses ( Eberhardt et al., 1 970 ; Pepin et al . ,  
1974 ) to  determine the surface-correlated componen-:r-(mainly 
solar wind- implanted ) and the volume-correlated component 

4 4 0( mainly cosmi c rar-produced, or He and Ar from 
rad ioact ive decay ) . The results of these ord inate- intercept 
analyses are l isted in Tables 4 and 8 respectively for the 
60010 and 60009 samples, in Append ix  9 .  

5 .  7 . 1  Surface-Correlated Noble Gases 
The isotopic composit ions of surface-correlated solar 

wind gases are similar to one another and s imilar throu�hout 
the length of the soil column. There is a trend for He/Ne 
and Ne/Ar ratios to increase with decreasing grain size . 
Th is correlat ion is probably due to the fac t that f iner 
grain sizes contain more mafics ( Blanchard et al . ,  1976 ) ,  

Figure 5.30. Subsamples with their ca lculated dept h  as  g/cm 2 

compared with t heir actual dept h  from the  lunar 
surface. Nis hiizumi et a l .  ( 1 979 ) 
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which are more retentive of the lighter noble gases than 
felsic minerals (Signer et al., 1976 ; Walton et al., 1973) . 
The noble gas concentratTon�vary widely for �given grain 
size from one depth to another, but the variation is always 
proportional to differences in so il maturity indices such as 
those measured by McKay et al. (1 976, 1 977). Figure 5.31 
shows two such correlations=- petrographic agglutinates 
(top) and the magnetic _ fraction ( bottom) separated by McKay 36et al. (1 976) versus Ar in two size fractions and 4 He in 
one�ize fraction respectively. 

When the 36Ar is plotted against I /Fe0, the 
relationship is stili l inear, but the trend 

5
does not go 

through the origin (Figure 5.32) for either the 60009 or 
60010 sahlples. Bogard and Hirsch (1 976) consider that the 
five 60009 soils they a�alyzed are composed of varying 
mixtures of a mature soil with an immature soil , and that 
the trend represents a mixing line rather than reworking, or 
soil evolution. The six 6001 0 samples plotted in Figure 
5.32 (open diamonds ) yield a trend that is quite different: 
although the lowest two 6001 0 soils (6001 0, 31 07 and , 1073) 
appear to be on the 60009-defined trend, the samples from 
the upper 1 2  centimeters lie off this trend. The upper four 
samples have increasing values of I 5

36/Fe0 and Ar going 
towards the lunar surface. The solid line in Figure 5.32 is 
interpreted by Bogard and Hirsch (1 977 ) as a trend produced 
by reworking afte r core deposition. 

Elemental ratios of the surface-correlated noble gases 
were determined for <20 µm magnetic separates of the 60009 
soils and some 600 1 0  samples. The Ne/Ar ratios, but not the 
He/Ne or Ar/Xe ratios, were found to be consistently higher 
than for the <20 µm bulk soils. The ratio of gas 
concentration in the magnetic to non-magnetic sub-20 µm 
fraction for each noble gas element was calculated, and 
although the calculated concentration ratios varied, there 
was no obvious correlation with maturity, the FeO content or 
plagioclase contents (Bogard and Hirsch, 1976) . This is 
surprising because higher noble gas concentrations have been 
found to be correlated directly to abundances of mafic 
minerals and magnetic agglutinates and anti-correlated to 
feldspar abundance (e.g., Charette and Adams, 197 5 ; Signer 
et al., 1 976) . Incomplete separation of the sub-20 µm 
magnetic component for some of these soils because of 
clumping ( McKay et al., 1 976), may be the reason for the 
lack of correlatio�(Bogard and Hirsch, 1976, 1977). 

The 4 0Ar/ 3 6Ar ratio varies from 0.83 to 2 .69 for the 
samples analyzed from the soil column. This range probably 
reflects differences in 4 0Ar implanted from the lunar 
atmosphere ( e.g., Yaniv and Heymann, 1 972 ; Bogard and 
Nyquist, 1 973) . Heymann (1 975) and Bogard and Hirsch (1975) 
report 4 0 Ar/ 36 Ar ratios of more than about 4 for very old 
soils (or soil components) that have not been reworked in a 
near-surface environment for any length of time in the 
rece nt past . According to these two groups, this may 
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Figure 5. 32 show s the two different relat i on ships be tween 3 5 Ar 
and l s / FeO for the 60009 and 60010 s oils analyzed by 
Bogard and Hirsch ( 1 976 , 1977) .  

F igure 5. 33 
Cosmogenic 3 He ( squar1::s ) 
3 8

and 
Ar ( triangles ) of 600 10-

60009 drive tube samp 1 e s  as a 
function of core depth . 
C osmogenic 2 1 Ne 'c ircles) an d 
the approx imate 1 Ne produc-
t ion ratio norma l ized to 
60009 ,457 (da::;hed l ine ) as a 
func t i on of depth. 
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reflect greater relative abundances of lunar atmosphere 4 0Ar 
earlier in lunar history. Because soils associated with the 
approximately 50 m.y. old North Ray Crater have 4 0Ar/ 3 6Ar of 
about 0.9 , Heymann et al. ( 1975 ) consider that the relative 
abundance of lunar atmosphere 4 0Ar is lower in the recent 
past. In addition , as a soil is reworked at the lunar 
surface , the 4 0Ar/ 3 6Ar is apparently lowered so that there 
are very few mature soils with ratios above about 1.5. 

5 .  7 . 2  Cosmogenic  or Volume-Correlated Noble Gases 
The volume-correlated noble gas components in lunar 

soils are produced primarily by cosmic ray irradiation 
although 4He and 4 0 Ar may be produced by radioactive decay. 
Cosmogenic 3He ( [ 3He ] c) is mainly produced from oxygen ; 
2 1Ne is produced in roughly equal amounts from Mg , Al , and 
Si ; over 90% [ 3 8 Ar ] c  is produced from Ca. Ba and La are 1the two maj or target elements of cosmogenic 2 6 Xe. Sr , Y ,  
and Zr are the major target elements of cosmogenic 8 ° Kr. 
Although abundances of these source elements are not known 
for these core samples , the measured 8 1°Kr 2 6 Xe varies by 
only a factor of about 2 even though the f 1 2 6Xe ] c  varies 
by a factor of about 11 , indicating that 8 °Kr ] c  and 
[ 1 2 6 Xe ] c  are strongly correlated. In general ,  the 
concentrations of the cosmogen ic gases 3He , 2 1 Ne , 3 8 Ar , and 
8 °Kr vary by a factor of about 2 to 3 and are strongly 
correlated ( Figure 5.33). Cosmogenic 3 He, 2 1 Ne , and 3 8 Ar 
data are plotted as a function of depth in Figure 5.33. The 
dotted l ine is the approximate shape of the 2 1 Ne production 
rate as a function of depth , after Reedy and Arnold (1972) 
and Wright et al. ( 1973 ) normalized to 60009 , 457 , the least 
mature 6000�soi l. The model line indicates where the data 
would fal l if the soil column had been deposited suddenly 
without a previous irradiation history , or with soil of al l 
equal amounts of pr·e-irradiation. It appears obvious from 
this that the s0ils received large and variable pre
irradiation before deposition in their present order. 

Figure 5.34 il lustrates by plotting cosmogenic 2 1Ne 
versus maturity index I
impl

5/Fe0 that , like the solar-wind
anted surface-correlated gases , the cosmogenic gases 

correlate with soi l  maturity. This contrasts sharply with 
typical Apollo 16 surface soils , which show no such 
correlation .  The correlation places a constraint on the 
predeposition irradiation conditions of the soils. Like 
McKay et al. ( 1976 , 1 977) and Blanchard et al. ( 1976) , 
Bogard�ncr-Hirsch (1976) favor a mixing of at least two 
different components to explain the interbedded 
stratigraphy. Bogard and Hirsch (1977 ) found an inverse 
correlation between the near-surface I 5/Fe0 data and 

1cosmogenic gases 3He/ 3 8Ar and 2 Ne/ 3 8 Ar and attributed the 
loss of 3 He and 2 1Ne to micrometeorite reworking at and near 
the lunar surface. 

A maximum time of deposition for most of the soil 
column is set by the exposure age of a plagioclase separate 
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F i gure  5 . 3 4 .  Re l at i on s h i p  of FMR data  and  cosmogen i c  2 1 Ne contents  
for 60009 s o i l s  ( s o l i d  c i rc l es ) ,  and severa l add i t i on a l  Apol l o  
1 6  s o i l s  ( s q u ares ) .  A l l I s /FeO d a ta  

2 1

are from Morr i s  ( 1 976 ) 
and McKay et a l . ( 1 9 7 6 ) . Co smogen i c  Ne data  are from th i s  
work , Bogara and H i rs ch ( 1 9 7 5 ) ,  Heymann et �. ( 1 975 ) ,  and 
H i n tenberger and Weber ( 1 97 3 ) . 

from 60009 , 457, wh i ch is from the coarse-grai ned , 
plag ioclase- r i ch  l ayer at 5 3  cm . The 3 6A r  exposure age 
determi ned by Bogard and Hi rsch ( 1 976 ) for the plag ioc lase 
is  1 25 m . y .  They conc lude , based on this and prev ious 
ev i dence , t hat t he core ( at least to the 5 3  cm depth ) was 
deposited by one event or sequence of c losely spaced events 
approx imately 1 25 m . y .  ago ; s ince then , t he core was 
gardened to a depth of about 1 2 . 5  cm.  Other i nvest igators 
i nterpret t he soil column as hav i ng been deposited in more 
disc rete layers , as w i l l  be seen i n  the next sec t ion on 
part i c le track studies . 
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5.8  NUCLEAR PARTICLE TRAC K STUDIES 

The r e  are essentially two main sources of ene rgetic 
nuclear particles that create tracks in rocks and minerals 
on the lunar surface : low energy iron particles from solar 
flares, which penetrate on the order of a few mil limeters 
and galactic cosmic ray iron-group particles, which 
penetrate up to about 20 centimeters. Grains with track 
densities greater or  equal to 10 9 cm- 2 have had 
significant exposure at the immediate lunar surface. Grains 
that have spent their entire history buried approximately 
cm or greater beneath the surface can acquire  only tracks 
from galactic cosmic  rays ; grains having track densities 
approximately 109 or less are in this class . A soil with 
most grains r egiste ring tr ack densities greater than 10 9 

cm- 2 is considered matur e ; a soil with most grains 
registering track densities less than 109 cm- 2 is 
considered immatur e ;  a more spr eadout or transitional 
distr ibution of track densities indicates a submatur e soil 
that has undergone reworking ( Bibring et al., 1 975) ; and 
finally, a bimodal distribution is interpr eted as a soil 
which has been mixed and contains both a matur e  and immatur e  
component (Blanford et al. , 1979 ) .  

If un-irradiateagrains are  introduced into a soil, 
which then remains undisturbed at some depth below the lunar 
surface, the new grains w i ll acquire tracks that follow the 
track production curve, o r  are r e lated to it. If it was 
directly related to the absolute track production profile, 
the maximum exposure age for the soil laye r could be 
determined (C rozaz et al. , 1970). Minimum density grains 
connected by a simple curve would yield a track production 
curve with depth , or a track production profile. According 
to Blanford (1979), the r elation to a Monte Car lo-produced 
production profile might yield a truer estimate of � in �� situ 
residence time. 

Track data have been collected from soil aliquots 
(C rozaz and Dust, 1977 ; Goswami et al., 1976 ; Blanford � et 
al., 1977) and from �ontinuous thic�sections of the 
encapsulated soil column (Blanford et al. , 1979). Appendix 
10 presants the raw data of C r ozaz and�ust (1977) as 
r eproduced by Stew Nagle. Each point simply r epr esents one 
[ feldspar ] grain with a particular track density (# of 
t ra0ks/cm 2 ) .  Included in this diagram is a list of all 
of th e sample numbers allocated for track studies. �the 
right of the raw data are two sets of track density 
histo�rams which compares the r esults of Blanford et al. 
(1977), l eft , with the r esults of C r ozaz and Dust -n-977), 
right. For this comparison, the C rozaz and Dust (1 977) 
petrographic microscope data in Appendix 10 has been 
multiplied by two to make them comparable to the SEM
collected data (Blanford et al., 1977). The samples studied 
by Blanford et al. ( 1 977)�r�the same as those studied by 
McKay � al. -i-1 976, 1977) and Bogard and Hirsch (1976, 
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1977) . The top three samples studied by Blanford et al . 
(1977) yield unimodal track density distribut.ions - -
characterized by high track densities (=mature soils), but 
all their remaining lower samples in the soil column yield 
bimodal distributions marked by a mode of high track 
densities and a mode with low track densities (=mixed 
soils) . The correspondence with track density 
frequency/histograms of Crozaz and Dust (1977) is only fair . 
Blanford et al.  (1979) attribute the differences to a bias 
against hi�h�rack dens ity grains in the data of Crozaz and 
Dust (1977) because the latter deliberately picked the clear 
or transparent plagioclase grains, thus avoiding brecciated 
( old, more irradiated) grains. (In addition, McKay et al . ,  
1976, 1977 deduces the mature component is more mafi�than 
the immature component) . Both groups of minimum density 
grain data are in good agreement (Figure 5 . 35) . Crozaz and 
Dust ( 1977) draw conclusions based on trends of the minimum 
track density grains, so the differences in high track 
density grain data are not reflected in their 
interpretations of core history . Goswami et al . (1976) only 
analyzed two "lithologies " in the 60009 soil column, but 
their results are in good agreement with Blanford -et -al . 
(1977) and Crozaz and Dust (1977) . 

Blanford et al. (1977) found such an excellent 
correlation between maturity index I 8/Fe0 and abundance 
of high track density grains that they consider the graph iil 
Figure 5 . 36 depicts the mixing line and degree of mixing 
between a mature and immature component . They also note 
that the track density distributions for the three highest 
60010 samples are essentially the same, and suggest that 
like agglutinates (Morris, 1976) the high density track 
grains saturate in mature soils before I 8/Fe0 does . 
Blanford et al . (1977) make an important point that for 
short-lived surfaces, I s/FeO may not be a sensitive 
enough indicator, where the minimum density track grain 
distributions may be . 

A very thorough track study, which provides excellent 
coverage through the entire soil column, is reported in 
Blanford et al . (1979), based on measurements made on thick 
continuou�sections . Samples were taken at 1 . 2  cm 
intervals, the exceptions being where large rocks 
interfered, or the data of Crozaz and Dust (1977) were 
either absent or particularly interesting . (It is imvortant 
to note that samples studied by Crozaz and Dust (1977 ) were 
from 2 . 5 cm across the diameter of the core from the 
encapsulated samples) . The sampling area was a 1 mm wide 
swath across the thick section . Of 30 grains counted at 
each location, 1/3 were in the middle, and 1/3 were on each 
side . Feldspar grains (monomineralic and polymineralic) in 
the 50-175 µm size range were randomly selected . 

Figure 5 . 35 summarizes the minimum density grain data 
resu ts of both Blanford et al . (1979), derived from their 
continuous thin section work-,-and the same data from Crozaz 
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Figure 5. 35. Depth in 60009/ 10  plotted against minimum density grains. 
Closed circles and triang les refer to measurements in 
plagioclase made by Cr ozaz  and Dust ( 1977) , and open 
circles are those ; -eported here. The curves represent 
the tr ack production prof i le of Blanford et al . ( 1975 ) 
for 2. 5 x 10 8 y near the top and 9 x 106 �near the 
bottom. Crozaz and Du�t ( 1 977 ) measurements have been 
increased by a factor of two so that their optica l 
measurements are normalized to our scanning electron 
micrograph measurements ( cf. Crozaz  � et � al. , 1971 ) , from 
B lanford et al .  ( 1979 ) . 

9 1  



10 30 0 

% z, 109 

( !1�·150 ,um )  

0 90 

and Dust ( 1 977), derived from so il aliquot studies. What is 
interesting about these two papers is that although the data 
are relatively comparable, the interpretations are at 
variance. The differences can be attributed to one of 
three causes: semantics, as is probably the case for the 
upper 1 2  centimeters : lack of equivalent samples, as, for 
instance, occurs around the large broken rock fragment at 
about 42 centimeters ; or quite simply different 
interpretations of the same data profi les, each with merit. 
A summary of the results, starting fr om the top, f o l l ows. 
At the top of the 600 1 0 soil column, sampl es studied by 
B lanford et al. ( 1 979 ) and Crozaz and Dust ( 1 977) displayed 
similar trends and show a high abundance of track-rich 
grains, a spread in modality and a high track minimum. The 
highest track density and track mi nimum occurs betwe en 2 and 

Figure 5 . 36 .  Normalized ferromagneti c resonance intensity in arbitrary 
un its  (McKay et al . ,  1 9 7 6 )  versus percent grains with 
partic le trackdens ities >10 9 cm- 2 both in the 90- 150 µm 
sieve fraction for samp les from drive tube 60009 , from 
B l anford et al . ( 1 9 7 7 ) .  Note that these are the same 
samp les from60009 as stud ied by McKay et al . ( 1 9 7 6 ,  
1 9 7 7 ) and Bogard and Hirsch ( 19 76 ,  1 9 7 7T:° � 
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3 cm. Both investigators correlate this with the 2 6Al data 
of Fruchter et al . ( 1977) showing substantial mixing (=a 
local "recenT"" small cratering event) at 2 to 3 cm. It also 
correlates with the 5 3 Mn evi�ence of Nishiizumi - -et al. 
( 1 979) . 

Blanford et al. ( 1979 ) interpret a "reworking zone" in 
the top 12-13 cm of the soiJ_ culumn, which by their 
definition would include many small increments and some 
larger, as well as some small excavations. (They do not see 
12 centimeters of continous accretion as probable) . Crozaz 
and Dust (1977) interpret the interval from 1 1 .5 cm up to 
have been accumulated in thin increments (accretion only). 
Between 1 2  and about 22 cm, the two groups obtained very 
similar results : a bimodal profile in which the minimum 
density inc �eases towards the surface: Blanford et al. 
( 1 979) see one track production profile ; Crozaz e�aI:" 
( 1 977) see two . (Rerneruter there is about a 2.5 cm lateral 
distance between thE two sets of samples) . Possible 
displacement of profiles may occur in the 22 to 27 cm 
interval as well ; rock sample 600 1 0, 30 i 6  ( approximately 3 cm 
in diameter) was removed during the third dissection pass. 
The evidence that there may have been some distortion 
because of it comes from the fact that Blanford et al. 
( 1 979) found a bimodal grading to a unimodal hig�track 
density grain maximum going from 22 to 24 cm ; the same 
profile was found by Crozaz and Dust ( 1 977) between 25 and 
27 cm. In the dark, fine-grained soil between 27 and 3 1  cm, 
track patterns discerned by the two groups were virtually 
identical : relatively invariant bimodal frequency histograms 
with one mode at 10 7 and another at >1 0 9 tracks/cm2 • 
Between 32 and 38 cm, track patterns are different probably 
largely because Crozaz and Dust (1977) have fewer data 
points than Blanford et al. (1979) . Track abundances from 
light-colored soil inclasts are similar to each other 
(Crozaz and Dust, 1 977 ) and comparable to the lower mode of 
the bimodal track frequencies of the bulk soil (Blanford et 
al., 1979) . At 38 cm, J ust above a distinctive light layer, 
the lower mode is virtually absent ( Blanford et al. 1 979) . ( Between 38 and 43 cm , data of Blanford et al.-"{"1'9r9 J and 
Crozaz and Dust (1 977) are not comparable because of the 
sampling disturbanc e  caused by rock 60009, 2069 discussed in 
Sect ion 4.2 , 3 . However, the data of Crozaz and Dust (1977) 
is comparable to the data of Goswami et al. ( 1 976) , and both 
s ample sets came from the same "tilted" white soil layer. 
I n  the lower (60009) part of the soil column, bimodal 
distr ibtuions predominate. Blanford et al. (1979 ) see 
strong evidence for one track productTon�rofile or buried � surface, between about 52 and 58 cm (Figure 5.35 ) . Crozaz 
and Dust ( 1977) see evidence for at least three buried 
surfaces or cycles of deposition in the lower soil column. 
These differences in i nterpretation are largely related to 
different coverage through the soil column. Blanford et 
al., (1979) presents an extremely thorough coverage: ifthe 
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data pointed to  a trend , an intermed iate le" (jl  woul d be 
studied to  c heck if that data would be c o 0sistent with t he 
trend. In some cases, it  is simply a matter 0f different 
interpreations . C rozaz and Dust ( 1977 ) interpr et inc reasing 
upward l ow density grain gradient tr ends as t r a ck pr oducti on 
pr ofiles (=buried surfaces ) . Blanfo rd  et al . ( 1 979 ) a rgue 
that it is not enough simply t o  have a trend , the curve the 
t rend defines should have the shape of a track pr oductio n 
p r o file and ther e  should be no spurious data points within 
the t rend . Figure 5 . 37 c ompares the results o f  Blanfo rd et 
al . ( 1 979 ) with the FMR data (Mo r ris and Gose, 1976 ) and 
noble gas data (Bogard and Hi rsch ,  1977 ) ,  each of which 
displ ay similar t rends . 

5 . 9  PHYSICAL PROPERTIES 

5 . 9 . 1 Secondary  E lectron E m i s s ion 
The secondary elect r on emission characteristi c s  o f  f o u r  

s oils fr om the l o wer  half of  the 6 0009/60010 soil c olumn 
we re measured by Gold et al . ( 1979 ) in an effo rt  t o  
under stand the effectsofult ra-violet photons and of  solar 
w i nd elect r o n  bombardment on the charge distribution a;1d 
el e ct r ostati c potential on the lunar sur face .  (Four sampl es 
f r om c o re 15005 were also studied ) .  P revious studies of  
Gold and Wil l iams ( 1973 ) had shown that under elect r on 
bombardment a homogeneous insulating powder moves because of 
differential charging of grains, a heter ogeneous powder does 
not, and there is a tendency fo r two different powders not 
to mix , r ather one flows over the other, retaining a sharp 
f r ont . In this wo rk, each soil sample was heated and 
outgassed in an Auger spectrometer befo re the measur ements 
we re made . The spectr ometer was operated in a nonstandard 
manne r in o rde r to bombard the sample with primary electr ons 
and t o  monito r the cur rent due to elastically backsc a�t e r ed 
electr ons as a function of the potential difference betvee,1 
the source and the gr ounded metal sur faces of the 
i nst rument . i'he " c r ossover voltage" ,  at which effectively 
all the incident elect r ons are backscattered by surface 
charging effects, was measured as a function of beam cur rent 
and of l ocat i on on the soil sampl e .  r:::1he "c r ossover voltg,ge" 
varied f r om po int t o  point on a sample, but the variation 
with beam cur rent was r oughly c onsistent among the points on 
any one sample .  The samples exhibited distinct, parallel 
trends in voltage as a function of beam cur rent . The 
investigato rs c oncluded that observed di fferences between 
soils was consistent with the hypothesis o f  soil laye ring 
influenced by elect r ostat i c  fo rces. However, the reason fo r 
the diffe rences among the soils , each o f  which is a mixture 
of  mineral ogies , is not well understood . 
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F igure  5 . 3  7 
Noble Gas Data 

FMR Data Particle Track Data (Bogard and Hirsch, 
(Morris and Gose, 1 976) (Blanford et al, 1 979) 1 977) 
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9.2 Thermolum nee 

e l ow t e t hermo inescence ( T L )  been 
measured on  es f r om a number soil columns inc 
two  600 1 0 ( et • , 1 ) . They 
large in nat ural s ,  even er 
n o rmaliz ion ,  because , when measured , t he TL pr r ties 
were t o  vary ly om one ividual grain t o  
ano t her . asurements were t n fine 
fractions ( ab 1 t o  1 0  µm) , whi ave over 
a much r number ins and e good 
repro  ibilities ( � 2% ) . r tunately , t he equilibrium T L  
values even fo r fin samples show 1 scat ter 
as a fun io n of ly rel ed t o  ical , 

/ o r  c variatio ns with d epth .  
ai ning a tempe e gradi 

ow coul d be calcul ed , was n 
et al . ,  1 ) because t he sc ter in 

data essential ly erates t he gradual vari ion wit h  
depth (except f o r  near t he sur e f r om t he at te ion 
t diur nal heat wave) . 

5 . 1 0  M ISCELLANEOUS 

T his sectio n includes several diverse stud ies t hat 
i ved es from 60009/600 1 0 . T he ob ectives of t hese 
s were n necessarily co ncer ned wi underst ing 
t he o ri n o r history of the soil column . 

5.  1 0. 1  Surface arbon 

Direct measur of sur cone rations r 
lunar soil breccias , includi t he 6 0009/ 6 00 1 0 
soil column , are repo r t  • ( 1 97 7 ,  1 ) .  
Carbon in lunar soil s been o solar wind 
i io n ,  i t vapo ri io n carbonaceous 
meteorites and sequent co ensation , and 
out si t he moon . Kn ge t sur e vs. 
dist ributions C 1 3 C / 1 2 C i s  t o  un derstand 
t sources sinks of C t o  ( as opposed t o  
bulk values) . Fil leux et al . ( 1  made direct 
measur s of surface c ratio ns by measuring 
t he pr o ns pr by t of 1 . 07 MeV d erons 
with 1 2 c .  The measured p r o  ene spect r um can be 
r ed t o t depth d ist r ion of C ,  with l owe r ene 
pr  ons associated wit h g reater depths . ir 1 paper 
presents the more r ined resu l ts because better 
background -cor rected spect ra and a more accurate ion 
of t he cts of surface r oughness on depth resolutio n . 
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Figure 5.38 is  a graphical summajy of the ir measured surfac e 
and volume C concentrations for the soil breccias (four) 
from 60010 and for the glass surface of the fragment from 
60009. �he latter contains similar surface C compared with 
the 60010 breccias (see also Figure 5. 39 ) ,  but its volume -· 
correlated C component is negligible. Filleux et al. (1978 ) 
suggest the limited range of surface C concentrations for a 
wide range of volume C may mean the former represents a 
steady state value , and if so that the time scale to achieve  
this is short compared wi th the time scale to form volume
correlated C. They also consider their surface C 
concentrations to be upper limits to the amount of d irectly-
implanted solar wind carbon, and that this is an importalit 
source of C in the lunar soil. 

5 . 1 0.2  Smal l  Part ic le Studies 

Gibbons and Horz (1976) report on the microchemistry or 
some ind ividual agglutinates from soil 60009, 458 . 

Kempa and Papike (1979) compare the chemistry and 
petrography of the ) 20 and <20 µm soil fractions from three 
intervals in  the core. 

Figure 5. 38 . The measured surface and vo lume concentr ations for carbon 
for each sample are compared . I t  is clear that there is 
n o  strong correlation between surface concentration and 
volume concentr ation for these samples . 

Warren and Wasson (1 980) report the chemistry of 4.3 g 
fragment 60010, 3096. 
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Surface C cunccn lral ion in 10"/cm' 
------------ F-dose in Volume C concnllntion 

Sample Before sputtering After sputlering 1 0"/cm' (ppm)(e) 

6(XX)9,2066 
60010, 1 040 
60010, 1042 
60010, 1044 
60010, 1 060  
70019, 17F 
70019, 1 7F3 
70019, 1 78 
10048,23A-2 
10048,23A-3 
10068,23A- 1 
10068,23A-2 
15059,28 
15299, 19 1A 
1 5299, 1 9 1 8  
791 35,59A 
79135,598 
653 15,7 
terr es tr. quartz 
terrestr. quartz 
terrestr. quartz 

3.7 ± ci.4(a) 
5.7 ± o . .s 
3.4 ± 0.3 
6.0 ± 0.5 
3 .8 ± 0.3 
15 ± 1 .3 
19 ± 1 .6 
19 ± 1 .6 

8.7 ± 0.9 
6.7 ± 0.7 
9.7 ± 1 .0 

I0.8 ± 1 .0 
4.2 ± 0.4(b) 
5.9 ± 0.5 
3.9 ± 0.4 
7.2 ± 0.6 
5.7 ± 0.5 
2.5 ± 0.6(d) 
1 .6 ± 0.2{c) 
1 .2 ± 0.2(c) 
3.0 ± 0.3(c) 

2.8 ± 0.3 
2 . 1  ± 0.3 
3.2 ± 0.3 
2.9 ± 0.5 

n.m. 
6.5 ± 0.5 

n.m. 
7.8 ± 0.7 
4.0 ± 0.4 
3 . 1 ± 0.4 
4.8 ± 0.4 
5.6 ± 0.5 
4.6 ± 0.4(b) 
4. 1 ± 0.4 
1 .5 ± 0.2 
3.7 ± 0.4 
2.7 ct: 0.3 

:50. 1 
:50.4 

:s0.5 
n.m. 

(a)glass surface; approiumately 50% dust covered. 
(b)glass surface of unpitted lunar bottom. 
(c)before handling: 0.6- 1 .0 x 10"/cm'. 
(d)in1erior surface of unexposed anonhosite. 

3.0 
5.5 
3.0 
4.0 

3.0 

].0 
• 1 .8 

2.5 
6.0 
2.5 
3.0 
2.8 
3.5 
3.2 
3.0 
1 .5 
3.0 
1 .0 

:5 10 
68 ± 22 
36 ct: 5 
50 ct: 1 4  
78  ::t 22 

1 76 :t 30 
165 ± 30 
1 58 ± 30,535(1) 
15 1  :t 2 1  
1 5.S :t 2S 
1 8 1  ± 28 
194 :t 16  

S IO 
30 ± 9 
42 ± 4 

105 ± 1 6  
149 ± 12  

S l2 
0 
0 
0 

(e)errors are standard deviation of aU m�asurements, both before and after spuucring. 
(f)after sputtering. 

5 . 1 0 . 3  Geological  Processes 
Heymann (1978) discusses the signif icance and possibl e  

sources of the light and dark soi ls at the Apollo 1 6  site. 
Nagle et al. · (1976 )  presents a stratigraphic thumbnail 

s ketch of the b0009/60010 soil column, and suggest that three 
large craters, Gator ( about 1 km diameter) , Palmetto (about 1 
km diameter) , and Spook (about . 5  km diameter \ which should 
have penetrated to bedr ock , lie approximately 1 crater 
diameter from the sampling site and could have contributed 
material to this soil column. Nagle ( 1 977) adds the Eden 
Valley craters as another source of material (Figure 5 , 40 ) . 
They are also the most degraded (=oldest) of the craters 
w i th i n  reach of the LM/ALSEP station. 

Nagle ( 1978) reports his observations of large ( > 1 mm) 
agglutinates from the dissection of the 60009/60010 soil 
column .  F i gure 5 . 41 summarizes his data. Th e agglutinate 
particles have glassy top sides and are soil-coated or have 
soi l  breccias underneath. Th e particles are considered 

F i gure 5 . 39 .  Meas ured s u rface and vo l ume c arbon concentrat i on s . 
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authi genic (formed in place ) if  t he glassy-side is  clean of 
adher i ng dus t  and was up (facing the d irection of the lunar 
surface). Zones of these authigenic agglut inates are 
interpreted to be buried surf aces by Nagle ( 1 978 ) ,  and these 
zones correspond in some instances , with the track studies 
and interpretations of Crozaz and Dust (1977). Ar guments 
against the above int erpretations are in the track data of 
Blanford et al. (1979), which does not r eflect all the same 
" buried surface" zones, and the FMR data of Mo r ris and Gose 
(1976), wh ich do not reflect evidence of numerous bur ied 
s urfaces either. Petrographic and track s tudies need to be 
performed on the coarse-grained agglut inates from the soil 
column to resolve these diffe rences  and understand the 
significance of these part icles. All of the invest i gato rs 
who had been allocated samples (dir ectly) from the 
60009/600 1 0  core to date are  li sted in Fi gure 5.42 . 
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Figure 5.40 is  after N agle ( 1 9 77 ) and shows cra ters which may h ave contr ibuted 
materia l to the LM/ALSEP  site. The dotted and d ashed lines around 
the var ious craters indicate the one crater diameter d istance , 
wh ich is a reasonab le  estimate for the extent of ejecta  from each 
respect i ve crater. At the bottom of the figure , these craters are 
l isted 1 n  i ncreasing age ,  b ased on their state of re l ative degra
dat i on and crater coun ts compared with crater counts in North R ay 
Crater (Nag l e ,  persona l  communication ) . 
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DISSlfflCII 1 DlSSCCTIOII J 

S-1• A991 . A9g l.  5-1• AorJ1 . 
l!IITUVlL No. No. Ol a'""t�r No. No. 

O.S-4.0 171-9 t'1cuhted on bash of tftttre co" 
I .Cl-0.5 176-7 I 1 .5 m ZIOS·6 z 
I .S-1 .0 174-5 z 1 - 2101-4 z 
Z.0-1.5 17z.3 z 1 •  2101-Z 0 
Z . S-Z.O 170-1 z , _  ,019-0 z 
l.0-Z.5 · 168-t ' Z.5 • Z097-I z 
).S-).0 165-7 z 1 .5 • 2095-6 z 
4.0-J.5 112-4 I 1 .5 .. ZCU-4 4 
&.5-4.0 160-1 ' 1 . s  .. 2091-Z 0 
5.0-4.5 158-t 1 1 •  2089-0 z 
S.5-5.0 156-7 5 l087-1 z 
1.0-5.5 154-S • 1.5 .. Zll85-6 ] 
1.5-6.0 152-J 5 1 .s .. ZIJ8J-4 4 
7 .0-6.5 150-1 z Z •  2081-Z z 
7.5-7 .0 148-t 1 , .. 2019·0 0 
1.0-7.5 145-7. 5 z.s - 2077-8 0 
I.S-8.0 142-4 4 z .. 2075-6 1 '·!-'·! U9-0 • Z-1 m 2011-4 5 

7-Z • 
t.S-1.0 Ill-I 10 1-1.S ca ZtJn-i 5 

t-Zll • 
10.0-t.S n•-• 12 2-1 m ZllH-0 J 

10-Zll m 
10.S-O.O 1n-> 10 . ..  2067-t I 
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F i gure 5. 41  presents the abundance and distributi on of ori ented agg l utinates 
� l  mm through the soi l  co lumn. The ca lcu l ated exposure time is  
based on an accumu l ation rate of 3.5%/my (Nag le, 1 9 7 8 ) .  
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APPE N D I X  1 .  Pre l im inary part ic le  tra c k  stud ies  pr ior  t o  t h e  

d i s s ect ion  o f  the  6 0 0 0 9 / 600 1 0  s o l l  c o l u m n  

Twelve small samples of about 10 mg each �ere removed 
for particle track stud i es prior to the dissection of each 
core section. The intent was to use the results as an aid 
for dissection and , if possible , to distinguish buried 
surfaces or depositional units . Figure A1 .1 shows the 
sample locations and presents the raw track data. 

The preliminary track counting and analysis was done by 
G. Crozaz , G. Blanford , and D. Morrison (unpublished work) . 
Feldspar grains were selected from each of the 1 0  mg 
samples . These were e tched , enlarging particle tracks and 
enabling easier and more accurate counting of the tracks. 
The number of tracks found on an individual grain was 
converted to tracks per square centimeter for tabulation . 
Track densities range from 10 4 to greater than 10 9/cm 2

• 
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APPENDIX 2. Pee l  a n d  cont i nuous t h i n  sect ion  samples 

Pe els 
ter dissect ion passes thr a core have been 

c e t ed , the soil column remaini  the inum 
receptacle is s i l i z ed  n two First, a thin layer 
of the so i l  column is  r rming what is  call a 
peel . e A 2 . 1  s t dissect ion 60009 so il 
c st ill in the ni trogen processi c inet. e core 
i s  moved to t open A c  all thi s 

methacrylat e es ive is spread onto a exi glass 
strip, e- to t 1 h and w i dth of the soil co . 
The met rylat e surface s then we t wi th a solvent (Krylon) 

pressed inst the relat i flat dissect ed sur e 
the soil r less than ve minut es. When l i ft ed, 
the e l  removes a 1 r of so il 1 or 2 mm thi  , wh ich is  
spr w i th Krylon o fix  part ic  i n  ace . 

The els are a permanent record of grain ori entat ions 
relat onsh i Indivi  grains 1 r can be  removed 
st udy by d i ssolv i t rylat e b w i th ac one. 

e A 2. 2 shows the first pe , 60009, on the left, 
to the so il column on the r ight . 

and Cont inuous Thin  S e  ions 
e pe rema1n1ng soil column 

i s  by e i ed under 
vacuum. In essence one v e  long t t ed t (PB ) i s  made 
of core sect ion . e epoxy used is Araldi t e  506-
Versami d 140 di  ed 1 : 1  w i th i ts solv ent, butyl idyl 
ether . 

Th e soil column and di ed epo 
vacuum r .  e c r is then and 
held vacuum ( out 4 mm ) for 
maxim i ze out ing of both the soi l  column A 
mechanical syst em allows the to be nt ly 
essent ially s t to whole length 

When t he mi  ure is  slowly on soil  
a vacuum c r, very l i  tle bubbling from 

and t icle dis acement occurs . After 
enc ion i s  complete,  t c r i s  slowly 
repressurized. 

e at ed so il column is  remov ed and cured 
5 C .  e column is e at ed a second t i me to 

re ar b from wh ich thin  sect ions can be 
e .  The epoxy used le in hot caust ic  so ions 
oye d  r part i cle stud i es .  F i gure . 3  s an 

encapsul so i l  column. Fi gures A2. 4 . 5  show the 
ways in wh ich t at ed so il columns, 60009 
6001 0 were ic  thre e long pot t  butts from each. 
One these long PB ' s  om each so il column was t cut 
i nto short er lengths om wh i poli sect ions 

s were e. 

1 1 9 



Figure A2.l. The 60009 soil column after f i ve dissection 
passes and before the first peel was taken . Two 
pee ls  were taken from this so i l  column . 
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Figure A2.2 shows the f i rst pee l (60009,6001) that was removed from the soi l 
co l umn . The soil column is o n  the right and some of the g lue has 
remained on its surface, appearing as b l a ck globs . This usually 
occurs when there � s  a fragment too large or too heavy to adhere 
to the plastic strip when it  is removed. ( Photo #S 75-33 765) 

Figure A 2.3 shows encapsulated soil c olumn 60009 divided 
i nto sections , 6004 and 6005 . 
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A P P E N D I X  3 .  C o nt i n u o u s  t h i n  s e c t io n s  

Th i s  is one set of continuous pol ished thin sections , 
minus 5 mm from the top of each section (60009 & 600 1 0 ) , 
photographed through a petrographic microscope unde r three 
different lighting conditions , which emphas i z e  di fferent 
features. Th e far l eft column was taken i n  pl ane -polariz ed 
transmitted light . T h e  middle column was taken with oblique 
l ight and the section itself over a white background .  Th is  
t ends to e nhance darker features in the  matrix of the soil 
column. Th e far right column was taken with oblique l ight 
and the section itself over a black background. � h i s  
enhances t h e  light er features in t h e  soil column . 

Both thin sections and photographs are available for 
study through the Curator ' s  Office. 

Th e  figures should be labelled A3. 1 and A 3 . 2, but they 
are i ncorrectly labelled A4. 1 and A 4. 2. 

1 24 



Depth from top 
of soil column 

Sample numbers (cm) 

0.5 

,6020· 

3.1 

,6029· 

5.5 

,6030· 

8.5 

,603 1 '  

1 1 .0 

,6032' 

1 3.0 

,6033· 

15.5 

,6034' 

1 8.5 

,6035 ' 

2 1 .5 

,6036· 

24.5 

,6037 ' 

27.3 

Figure A4.1  600 1 0  

Continuous Polished Thin Sections 



Depth from top 

of soi l  column 

S a m p l e  n u m b e r s  ( c m) 

27.3 

27.8 

, 6 0 3 1 

30.8 

, 6 0 3 2  

33.8 

, 6 0 3 3  

36.8 

, 6 0 3 4  

39.3 

, 6 0 3 5  

4 1 .3 

, 6 0 3 6  

44. 1 
:E .., :E C "' :, "' 

.., .., en "C "' .. ., " ,. ., .. "' � ., u � u 
:;;: u .. ., .. ., .. "' .0 ; " � ., " " .. .; " > ., :c " .. 
E :, 0 :, J :, .0 ., � � � C :E .; .; .. ::0 .0 
t=. "' > .0 > 

0 0 0 0 0 

Continued on next  page 

Fi gure A 4 . 2  60009 

Cont inuous Pol ished Thin Sections 



Grain 
S i ze 0 .  5 · l cm 

Frac t i or. ( 600 1 0 , 1 0 7 7 )  

4- l Omm 0 . U O 
2 -4mm 0 .  1 4 2  
l -2mm 0 . 3029  

1mm 6 . 6 1 4  
500-1 000\,i m 0 . 05 1 02  
250-500µ m 0 . 0 5 2 1 2  
1 50-250µm 0 . 04 7 9 5  
9 0 -l 50µ m 0 . 05 2 0 1  
7 5 -90µm 0 . 0 2 1 24 
45-7  5µm 0 . 054 1.3 
2 0-45µm 0 . 0850 1  
1 0 -2 0µm  0 . 0 6933  
< l Oµ m  0 . 0 3 5 6 7  

To t a l  0 . 4 6848 

3 . 5 -4 . 0 cm 1 1 - 1 1 .  5 cm 
( 600 1 0 , 1 0 76 ) ( 600 1 0 , 1 0 7 5 )  

0 . 00 0 .  1 5 9  
0 . 1 3 6 0 . 380  
0 .  296  0 . 45 3 7  
6 . 404 6 . 7 6 0  
0 . 04 3 3 6  0 . 05046  
0 . 0 5 3 2 8  0 . 0 5342  
0 . 05004 0 . 0 4 7 3 5  
0 . 0 5286  0 . 0 5 5 1 0  
0 02 1 3 1  0 . 0 1 90 8  
0 . 0 6 3 3 5  0 . 0 5 9 5 1  
0 . 09 1 6 9 0 .  0 7 74 1  
0 . 0 7 5 0 1  0 . 05 1 28 
0 . 04242  0 . 06 1 6 9  

0 . 4 9 3 3 2  0 . 4 7 5 3 0  

1 4- 1 4 . 5 cm 
( 600 1 0 , 1 0 74 )  

0 . 2 6 9  
0 . 3 7 8  
0 . 600  
6 .  8 1 1  
0 . 06402  
0 . 0 585 1 
0 . 04 7 50 
0 . 0 5 1 66 
0 . 0 1 7 7 5  
0 . 05 7 1 7  
0 .  0 9 2 2 6  
0 . 06 3 1 2 
0 . 05 3 3 1  

0 . 5 0530 

( l ) Re pre sent s  only  one l arge fragment-no t u sed  in c a l cu l a t ing M2 and 0 1 .  

20-20 . 5 cm 24 . 5 - 2 5 cm 
( 600  l O ,  3 1 0  7 )  ( 600 1 0 , 1 0 7 3 ) 

0 . 5 1 7  1 . 0 1 7 0 ) 
0 . 5 7 9  0 . 3 3 30  
0 . 3 84 0 . 45 6 7  
6 . 1 90 6 . 8 5 6 7  
0 . 03 3 1 8  0 . 05 749  
0 . 04405 0 . 0 5905  
0 . 04 1 28 0 . 04 5 5 7  
0 . 04 8 1 8 0 . 05 3 2 8  
0 . 0 1 8 3 1  0 . 0 1 85 3  
0 . 0 5 9 9 1  0 . 05463  
0 . 1 0 9 1 4  0 . 0 6 86 1 
0 . 0 7 6 3 3  0 . 0 5 600 
0 . 0 9 565 0 04545 

0 . 5 2603  0 . 4 586 1 

I"\) 

0) 

AP PE N D I X  4 . Gra in  s ize data 

TABLE AL . 1 .  GRAIN SIZE DATA FROM SELECTED INTERVALS IN 60010 

Th i s  t ab l e  shows the we igh t s  c o l lec ted  in e ach s ieve inte rva l for the anal yzed s amp l e s . Da t a  f rom 
1 to  1 0  mm we re  furni shed by  the Cur a t or ' s  O f f ic e  and we re de termined by  me asur ing intermed i a t e  axe s 
on ind ividual  grains  rather  than b y  s iev ing ( S .  Nag l e , pe r s .  c omm . ) Al l ,_,e igh t s  are  in grams . 
( 600 1 0  d a t a  from McKay e t  a l . 1 9 7 7 ; 60009  d a t a  f rom McKay e t  a l . 1 9 7 6 . ) 



This tabl e  shows the we ights col lected in each sieve interval f()" the analyzed san1 p les. Data from 1 
to 10 mm were furnished by the Curator ' s  Office and were determined by measur ing intermed i ate axes 
on individual gra ins rather than by s ieving ( S. Nagl e ,  pers. comm. ) All weights are in grams. 
(60010 data from McKay et al. 1 9 7 7 ; 60009 data from McKay et a l .  1 9 76. ) 

Grain 28. 8-29.3cm 42. 8-43. 3cr:1 48.4-49.0cm 53.3-53.Bcrn 53.3-58.8crn 
Size (60009, 454) (60009, 455) (60009, 456) (60009, 457 ) (60009 , 453 ) Fraction 

4 - l Omm 0. 294  0. 648 0.64 1 0 . 267 0.0 
2 - 4mm 0.090 0. 660 0.3 1 9  0 3 75 0.260 
l - 2mm 0. 253 0.645 0. 3 15  0 . 1 90 0.228 
1mm 4.228 8.625 5.683 3.205 5.385 

500- lOOOµm 0. 3 2 3 3  0. 02303 0.03073 0.03394 0.02858 
250-500µm 0. 05186 0. 0308 1 0.04465 0.04979  0. 04929 
1 50-250µm 0.04 186 0.023 15 0 . 04000 0. 04051 0.03820 
90- 150µm 0. 04558 0. 02264 0.0434 1  0.04346 0.04364 
75- 9011m 0.01600 0. 007 15 0. 0 1694 0.0 1493  0. 0 160 1 
45- 7511m 0. 059 14 0.02278 0. 04965 0.04870 0. C5298 
20 - 451-ir:: 0. 1 1644 0. 03 1 35 0.076 36 0.05706 0. 087 1 2  
l n-20µm 0.006 15 0.00058 0.03283 0.01042 0. 02894 
101m 0. 0 1 225 0.00096 0. 0339 1 0.01027 0.02 748 

Tota l 0. 45508 0 , 20196 0.49 165 0. 38158 0. 50153 

f\) 

co 

TABL E  A4.2. GRA I N  S I ZE  DATA FROM S E L E CTED I NTERVALS  I �  60009 



Strat igraEh i c  Un i t s :  2 3 4 5 6 7 

60010 , 6027 6026 6025 6024 6023 6022 6021 6020 6019 6018 
B = Bottom of sec t i on ;  T = Top of sec t i on B T B T B T B T B T B T B T B T B T B T 

L i th i c  Fragment s  
Mare Component  0 . 2  0 . 1  3 . 1  0 . 5  0 . 6  0 . 4  

H i g h l and Component 
Anor tho s i tes 1 .  2 0 . 4  0 . 4  0 . 7  2 . 0  1 .  9 1 .  3 0 . 4  1 . 5  0 . 6  0 . 9  1 . 2  0 . 4  2 . 5  0 . 5  0 . 2  0 . 9  0 . 6  
Nor i te(Troc to l i te 1 . 1  2 . 0  1 . 0 0 . 5  0 . 4  
LMB 2 . 0  1 . 8  6 . 6 1 . 4  1 . 2  2 . 8  0 . 3  0 . 9  2 . 0  0 . 1  '.) .  7 1 . 1  1 .  2 0 . 2  1 . 4 0 . 8  2 . 2  0 . 3  0 . 4  1 . 4  
Fe l d spath i c  B a sa l t  0 . 2  0 . 5  2 . 0  1 .  7 0 . 8  0 . 5  0 . 9  1 . 0  0 . 7  0 . 5  
RNB 1 . 0 0 . 4  2 . 3  1 . 6  0 . 4  0 . 4  0 . 5  0 . 3  0 . 8  
PO IK  1 . 0 9 . 8  3 . 2  3 . 1  4 . 3  3 . 0  3 . 9  7 . 2  5 . 7  3 . 7  3 . 7  4 . 0  3 . 0  7 . 4  5 . 7  3 . 0  0 . 9  2 . 7  5 . 8  2 . 6  

L arge Fu sed So i l  Component 
DMB 3 . 0  1 . 3  3 . 1  2 . 0  2 . 1  0 . 6  0 . 6  3 . 9  1 . 8  3 . 1  1 .  2 0 . 7  0 . 5  3 , 9  0 . 7  3 . 8  1 . 6  3 . 1  0 . 8  

C l a sts  Agg l ut i n ate 5 . 3  1 . 2  0 . 1  1 . 9 0 . 7  0 . 5  2 . 6  4 . 7  1 .  3 2 . 5  3 . 1  3 8 2 . 8  4 . 4  1 .  9 3 . 1  3 . 6  2 . 4  4 . 0  6 . 1  

0 . 2 -2 . 0  l1l1l M i nera l  Fragments  
Ol i v i ne /Pyroxene 0 . 4  0 . 3  0 . 5  0 . 5  
P l ag i oc l ase 3 . 4  8 . 5  7 . 4 5 . 5  0 . 5  2 . 1  4 . 7  3 . 4  1 . 9  1 . 9  2 . 4  2 . 5  2 . 9  2 . 9  4 . 6  -:, L' 

...! . •.) 1 . 0  O . J  2 . 0  l .  l 
Opaques 

G l a s s  Fragme n t s  
Or ange 
Ye l l ow 0 . 4  0 . 4  0 . 1  0 . 2  0 . 2  0 . 8  0 . 4  0 . 4  
Green 0 . 3  
Brown 
Gray 
C l ear 0 . 4  0 . 3  0 . 1  0 . 7  0 . 8  0 . 4  

M i sce l l aneou s 
Dev i tr i f i ed G l a ss  0 . 9  0 . 1  0 . 7 0 . 2  0 . 5  0 . 6  0 . 3  0 . 2  0 . 3  0 . 7  0 . 6  
Other 

APPEND I X  5 .  Modal  data based on continuous th in  sections 

TABL E  A5 . l .  MOOJl.L  DATA BAS E D  ON CONT I N UOUS  TH I N  SECT IONS  OF  60010  S O I L  COLUMN 

6001 0 LUNAR S URFACE 

w 
0 



Strat i g r a�h i c Un i t s :  2 3 4 5 6 7 

600 10 , 6027 6026 6025 6024 6023 6022 6021 6020 6019 6018 
B = Bottom of  sec t i on ;  T = Top of sec t i on B T B T B T B T B T B T B T B T B T B T 

L i t h i c  Fr agmen ts  
M are Component 0 . 1  

H i gh l and Component 
Anorthos i tes  1 . 4 1 . 6  0 . 9  1 . 8 0 . 6  2 . 1  0 . 8  0 . 7  0 . 8  1 . 8  1 . 0 1 .  7 1 . 0 0 . 7  0 . 1  0 . 6  0 . 7  0 . 4  0 . 7  1 .  5 
Nor i te /Trocto l i te 0 . 1  0 . 2  0 . 8  0 . 5  1 .  2 0 . 5  
LMB 0 . 7  1 .  2 0 . 9  1 .  7 0 . 2  0 . 4  0 . 2  0 . 2  0 . 1  0 . 2  0 . 2  0 . 7  0 . 3  0 . 4  0 . 7  
Fe l d spath i c  Basa l t  0 . 2  0 . 1  0 . 2  0 . 3  
RNB - - 0 . 5  0 . 2  0 . 1  0 . 1  
PO IK  2 . 7  2 . 4  3 . 6  2 . 4  4 . 5  3 . 4  0 . 9  1 . 6 1 .  6 4 . 5  2 . 1  2 . 0  3 . 1  1 . 5  2 . 9  3 . 6  3 . 3  2 . 6  5 . 5  3 . 4  

Fused So i l  Component 
0MB 2 . 8  3 . 2  2 . 5  4 . 5  2 . 8  3 . 7  3 . 3  3 . 9  5 . 5  3 . 7  2 . 0  4 . 5  4 . 2  3 . 2  4 . 2  3 . 2  5 .  !:l 6 . 2  4 6 3 . 6  

Sma l l Agg l ut i nate 3 . 7  4 . 5  2 . 4  3 . 1  1 .  9 2 . 2  3 . 2  3 . 2  2 . 5  4 . 7  3 . 9  5 . 6  8 . 6  7 . 0  4 . 3  8 . 1  5 . 7  8 . 0  7 . 3  8 . 2  

C l ast s M i nera l  Fr agments  
O l i v i ne/Pyroxene 0 . 4  0 . 8  1 . 1  1 . 0 0 . 8  1 . 5  0 . 5  0 . 7  1 .  2 0 . 8  1 . 5  0 . 5  1 . 1 0 . 6  0 . 5  0 . 5  0 . 7  1 . 0  0 . 9  1 . 0 

0 . 02-0 . 2  lll11 P l ag i oc 1 a se 1 7 . 4  1 5 . 0  1 3 . 7 1 4 . 3  1 0 . 5  1 0 . 7  1 0 . 7  1 0 . 6  14 . 5  8 . 4  8 . 2  7 . 5  !:l . 6  9 . 1  9 . 4  8 . 7  9 . 7  8 . 9  6 . 5  7 . 4  
Opaques 0 . 3  - - 0 . 1  0 . 2  0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  

G l a s s  Fragments  
Orange 0 . 1  0 . 2  
Ye l l ow 0 . 5  1 . 0 0 . 6  0 . 3  0 . 5  0 . 8  0 . 4  0 . 5  0 . 4  0 . 6  0 . 1  0 . 2  0 . 2  0 . 3  0 . 1  0 2 0 . 3  0 . 2  0 . 2  
Green 0 . 2  0 . 1 0 . 1  
Brown 0 . 1  
Gray 
C l ear 0 . 2  0 . 5  0 . 1  0 . 4  0 . 2  0 . 8  0 . 5  0 . 3  0 . 2  0 . 5  0 . 9  0 . 5  0 . 6  0 . 5  0 . 5  0 . 2  0 . 2  0 . 8  0 . 5  0 . 9  

M i sce l l aneous  
Dev i tr i f i ed G l a s s  0 . 2  0 . 1  0 . 2  0 . 4  0 . 2  0 . 2  0 . 1  0 . 9  0 . 1  0 . 1  0 . 5  0 . 4  0 . 6  
Other 0 3 

Tot a l s Large C l a s t s  1 7 . 4  25 . 0  22 . 1  2 1 . 3  1 4 . 3  1 4 . 4  1 6 . 3  20 . 8  1 5 . 4  14 . 3  1 9 . 3  1 3 . 6  1 3 . 1  1 9 . 0  20 . 1  1 3 . 3  1 3 . 0  9 . 8  16 . 4  1 2 . 0  
Sma 1 1  C l a s  ts  30 . 4  30 . 3  26 . 0  30 . 0  22 . 6  26 . 5  20 . 4  23 . 7  2 7 . 3  2 5 . 3  20 . 6  2 2 . 9  28 . 7  23 . 6  22 . 2  2 5 . 5  2 7 . 2  29 . 4  2 6 . 8  2 7 . 8  
Mat r i x  52 . 2  44 . 7  5 1 . 9  48 . 7  63 . 1  59 . 1  6 3 . 3  5 5 . 5  5 7 . 3  60 . 4  60 . 1  53 . 5  58 . 2  5 7 . 4  57 . 7  6 1 . 2  5 9 . 8  60 . 8  56 . 8  60 . 2  

from S imon et !!· ( 1978 ) 

TABL E  AS . 1 (Con tinued ) 

600 1 0  LUNAR SURFACE 

c.> 



 

 ,./ 
I .

...

60009 LUNAR SURFACE 

Strat igra�h i c  Un i ts :  1 [ 2 I 3 I 4 I 5 I 6 7 
1

8 

B =  Bottom of  PTS ; T = Top of  PTS 60009 , 6030 6029 6028 602 7 6026 6025 6024 6023 6022 
M = Mi dd l e  of PTS B M T B T B T B T B T B T B T B T 

L i th i c  Fragment s  
Mare Component  0 . 3  

H i gh l and Component 
Anortho s i te s  0 . 6  1 .  3 -- 0 . 7  0 . 7  4 . 8  1 . 5  1 . 8  0 . 5  0 . 8  1 . 0  1 . 0  0 . 9  0 . 3  0 . 2  
Nor i te /Troctol i te 1 . 6  - - 1 . 1  1 . 5  0 . 4  0 . 1 0 . 4  1 . 3  0 . 3  
LMB 4 . 4  0 . 8  9 . 8  4 . 5  4 . 3  3 . 2  0 . 3  2 . 2  3 . 8  0 . 6  8 . 4  1 . 1  3 . 4  1 . 2  5 . 4  
Fe l dspat h i c  Bas a l t 0 . 2  1 . 1  -- 1 . 5 0 . 3  0 . 5  0 . 5  3 . 1  1 . 4 1 . 2  0 . 7  2 . 5  0 . 8  
RNB 1 .  4 0 . 1  0 . 7  - - 2 . 1  0 . 3  0 . 7  0 . 9  0 . 4  2 . 3  0 . 6  4 . 7  0 . 3  1 . 3  
POIK  2 . 4  7 . 1  1 . 7  2 . 6  5 . 3  2 . 3  2 . 7  5 . 3  4 . 4  3 . 4  3 . 0  6 . 6  5 . 2  4 . 7  3 . 9  2 . 1  4 . 4  1 .  9 

Large Ftl sed So i l  Componen t  
DMB 0 . 8  0 . 9  5 . 3  0 . 2  0 . 9  1 .  7 5 . 1  1 . 6  0 . 7  4 . 3  5 . 6  1 . 6  0 . 6  1 . 8  1 . 0 0 . 5  0 . 6  

Cl a s t s, · 'Agg l ut i n ate 1 . 1  2 . 6  0 . 2  0 . 7  0 . 4  1 . 4 0 . 8  0 . 4  1 . 3  4 . 0  0 . 4  3 . 0  1 . 0 2 . 0  2 . 2  2 . 2  --
0 2 - 2 . 6  nm Mi ner a l  Fragment s  

O l i v i ne/Pyroxene 0 . 3  0 . 4  0 . 3  
P l ag i oc l ase 0 . 9  3 . 0  3 . 0  1 2 . 2  1 1 . 5  7 . 8 3 . 5  3 . 5  7 . 2  4 . 8  1 . 0  4 . 1  9 . 5  7 . 7  3 . 9  7 . 7  3 . 2  4 . 5  
Opaque,s - - - - - - - -

I G l a s s  Fr agments  
Orange 
Yel l ow 0 . 7  
Green 
Brown 
Gray 
C l e ar 0 . 2  1 . 1  0 . 1  1 . 0  

Mi sce l l aneous  
Dev i tr i f i ed G l ass  2 . 1  1 . 4 0 . 9  0 . 2  0 . 2  0 . 6  
Other 0 . 4  

9 j 10  

6021 6020 6019 
8 T B T B T 

0 . 7  0 . 7  

1 . 8  0 . 3  2 . 3  - - 0 . 7  1 .  6 
0 . 2  

3 . 2  0 . 5  7 . 7  3 . 1  7 . 3  1 . 3  -- 0 . 5  
0 . 3  4 . 4  - - 1 . 2  - -

2 . 8  2 2 5 . 0  7 . 5  5 . 3  7 . 0  

5 . 0  0 . 4  0 . 7  6 . 0  1 . 9 
9 . 0  1 . 3 1 . 4  0 . 6  0 . 9  2 . 8  

- - - - - -
3 . 4  5 . 6  2 . 6  3 . 0  4 . 2  3 . 4  

-- -- --

0 . 2  0 . 5  

1 . 3  0 . 3  1 .  3 

1 . 5  1 . 3  1 . 1  1 . 5  1 . 1  

TAB L E  AS . 2 .  MODAL DATA BASED ON CONT I NUOUS TH I �l S E CT I ONS OF 60009 S O I L  COLUMN 

r\J. 



 
 

60009 L UNAR SURFACE ·--· 

Strat igra�h i c  Un i t s : !
2 I 3 I 4 I 5 I 6 7 J 8 9 J 10  

B=  Bottom of PTS ;  T = Top of PTS 60009 ,  6030 6029 6028 6027 6026 6025 6024 6023 6022 6021 6020 6019 
M = Mi dd l e  o f  PTS 

Sma l l  

C l a s t s  

0 . 02 -0 . ? rml 

Tot a l s 

B M T B T B T B T B T 

L i th i c  Fragments 
r•iare Component 

H i gh l and Component 
Anortho s i te s  1 . 1  1 . 9  0 . 3  0 . 2  0 . 5  0 . 5  0 . 6  1 .  5 1 . 1  1 . 8  0 . 6  
Nor i te /Trocto l i te 0 . 3  0 . 2  0 . 9  1 . 0  0 . 4  0 . 3  0 . 3  0 . 2  0 . 2  0 . 4  1 .  4 1 . 0  
LMB 1 . 1  1 . 7  2 , 1  0 . 6  0 . 7  0 . 5  0 . 6  0 . 4  0 . 3  0 . 3  0 . 6  0 . 5  

- -
B T B T B T 

0 . 6  0 . 8  0 . 6  0 . 2  0 . 5  1 .  3 
0 . 6  0 . 4  0 . 7  0 . 3  0 . 6  
0 . 2  0 . 4  0 . 6  0 . 6  0 . 4  

B T 

1 . 0 1 .  5 
0 . 1  0 . 4  
0 . 3  0 . 2  

B T 

- -

B T 

- - - -

1 . 3  1 . 0 0 . 4  0 . 3  
0 . 4  0 . 3  0 . 1  - -
0 . 7  0 . 5  O . ti  0 . 5  

Fe l d spath i c  B a s a l t  0 . 4  0 . 3  0 . 1  - - 0 . 3  0 . 2  0 . 1  0 . 1  0 . 1  0 . 1 0 . 2  0 . 5  0 . 1  0 . 7  0 . 2  0 . 3  0 . 3  - - - -
RNB 
POIK 

Fused So i l Component 
0MB 
Agg l u t i na te  

M i nera l Fragments  
O l i v i ne/Pyroxene 
P l a g i oc l a se 
Opaques 

G l a s s  F ragments  
Or ange 
Ye l l ow 
Green 
Brown 
Gr ay 
C l e ar 

M i sc e l l aneous 
Dev i tr i f i ed G l ass  
Other 

L ar ge C l a s t s  
Sma l l  C l a s t s  
Matr i x  

0 . 4  0 , 7  0 . 3  - - 0 . 5  
1 . 2  1 . 5  0 . 6  1 . 2  1 . 3  

4 . 4  2 . 9  1 . 7  1 . 6 1 . 1  
5 . 9  2 . 0  0 . 6  1 . 7  1 . 5  

0 . 7  1 . 0  0 . 9  0 . 8  1 . 4 
8 . 7 8 . 3 19.. 8 23. 7 18.  5 
0 . 1  - - 0 . 1  

- - 0 . 1  
0 . 5  0 . 1  0 . 1  - - 0 . 2  

0 . 9  0 . 9  0 . 2  0 . 1  

0 . 7  0 . 1  0 . 4  0 . 3  --- - - - - - -- 0 . 1  

2 . 3  

1 .  3 
2 . 3  

1 . 0  
1 7 . 1 

0 . 1  

0 . 2  

0 . 1  0 . 3  0 . 4  1 . 0 0 . 2  
2 . 6  1 .  7 2 . 3  2 . 4  0 . 8  2 . 4  

2 . 8  2 . 5  2 . 5  3 . 0  2 . 4 2 . 9  
2 . 8  2 . 8  2 . 7  3 . 9  3 . 3  3 . 9  

0 . 8  1 .  6 0 . 9  0 . 9  1 . 1  1 .  3 
12 . 2  6 . 1  14. 7 9 . 1 7 . 9  7 .  7 
0 . 5  0 . 1  0 . 1  0 . 1  

0 . 4  
0 . 2  0 . 1  0 . 1  0 . 1  0 . 6  

0 . 2  0 . 1  0 . 5  
0 . 1  
1 . 0  0 2 0 . 5  0 . 7  1 . 6 0 . 4  

0 . 6  0 . 7  0 . 5  0 . 1  
0 . 1  

0 . 4  0 . 1  0 . 3  0 . 2  0 . 1  0 . 1  0 . 1  - - - -
1 . 8  1 .  7 2 .  7 2 . 3  3 . 1  3 . 1  1 .  3 1 .  3 1 . 4  1 . 9  3 . 8  3 . 7  

2 .  7 2 . 3  3 . 1  3 . 5  4 . 8  3 . 4  3 . 4  4 4 2 .  ii 2 .  5 1 . 3  1 . 6  
2 . 6  2 . 8  4 . 1  3 . 7  4 . 6  6 . 7  4 . 1  4 . 6  3 . 2  3 . 3  2 . 8  4 . 7  

0 . 9  1 . 1  1 . 2 1 .  0 1 . 6  1 . 1  1 . 6  0 . 9  0 . 8  0 . 3  - - 0 . 5  
1 3 . 7  1 5 . 6  1 0 . 5  14 . 0  1 3 . 3  1 2 . 1  1 2 . 4  1 0 . 8  9 . 5 1 0.  5 1 2.  9 14. 1 

0 . 1  0 . 1  -- -- 0 . 3  0 . 1  

- - -- --
0 . 1  0 . 1  0 . 9  0 . 2  0 . 5  0 . 3  0 . 1  0 . 3  0 . 5  0 . 7  

0 . 2  0 . 2  - - 0 . 1  0 . 1  

0 • L 0 . 4  0 . 5  0 . 2  0 . 1  0 . 6  0 . 9  0 . 9  1 . 0 0 . 4  0 . 6  G . 3  

0 . 1  0 . 2  0 . 7  0 . 6  0 . 6  0 . 1  0 . 3  

l 3 . 6  1 7 . 2  20 . 5  22 . 3  2 7 . 2  22 . 5  9 . 0  20 . 8  14 . 8  13 . 3  1 8 . 7 2 5 . 5  27 . 3  20 . 0  1 8 . 9  1 8 . 4  16 . 3  1 2 . 5  23 . 0  1 7 . 5  25 . 3  1 7 . 1  23 . 0  1 9 . 5  
2 6 . 4  3 1 . 9  2 7 . 8  30 . 3  26 . l  25 . 8  24 . 6  26 . 8  2 7 . 0  24 . 6  2 1 . 6  2 1 . 9  24 . 3  25 . 8  24 . 0  26 . 6  30 . l  30 . 8  26 . 2  25 . 6  2 1 . 8  2 1 . 5  23 . 7  26 . 1  
60 . 0 50 . 9  5 1 . 7  4 7 . 4  46 . 7  5 1 . 7  66 . 4  5 2 . 4  58 . 2  62 . 1  59 . 7  52 . 6  4 8 . 4  54 . 2  5 7 . 1  5 5 . 0  5 3 . 6  56 . 7  5 0 . S  56 . 9  5 2 . 9  6 1 . 4  48 . 3  54 . 4  

from S i mon e t  a l .  ( 1978 ) 

w
Gu

TABLE  A 5 . 2  ( Cont i nued ) 



6U01 0  Part i c l e  type s and re l at i ve amounts  from petrograph i c  an a l ys i s  of po l i shed gra i n  mounts  a l l v a l ue s  are  i n  percen t .  

Samp l e  
( Parent ) 

600 10 , 10 7 7  60010 , 1076 60010 , 10 7 5  60010 , 1074 600 10 , 3 1 0 7  60010 , 1073  
( 60010 , 1 7 6 )  ( 600 10 , 162 ) ( 60010 , 12 8 )  ( 60010 , 1 14 )  ( 60010 , 89 )  (600 1 0 , 6 8 )  

Depth  from top o f  core 0 . 5 - 1  cm 3 . 5 -4  cm 1 1 - 1 1 . 5  cm 1 4 - 1 4 . 5  cm 20-20 . 5  cm 24 . 5 -25  cm 

Gra i n  s i ze 250 - 150- 90- 250- 1 50- 90- 250- 1 50 - 90- 250 - 150- 90 - 250- 150- 90- 250- 150- 90 -
500µ m 250µm 1 50µm 500µm 250µm 1 50µm 500µm 250µm 1 50µm 500µm 250µm 1 50µm 500µm 250µm 1 50µm 500µm 250µm 150µm 

Agg l ut i n ates 31 . 1  34 . 0  88 . 6  

 P l u ton i c  met amorph i c  roc k s  
 P l uton i c  i gneous roc k s  

Crushed ANT-su i te 7 . 1  
L i ght matr i x  brecc i a  0 . 3  
Met amorpho sed brecc i a  1 0 . 6  
Po i k i l i t i c  rocks  1 8 . 6  
Suboph i t i c  me l t  roc k s  0 . 6  
O l i v i ne -porphyr i t i c  me l t  rock 0 . 6  
Mare b as a l t 
Brown mat r i x  brec c i a  1 0 . 6  
Fe l d spath i c  me l t  rock 1 . 1  
Mesostas i s - r i c h  me l t  roc k s  2 . 9  
Me l t  matr i x  brecc i a  
P l ag i oc l ase s i ng l e  c rys t a l  7 . 1  
Po l ycrys ta l l i ne p l ag i oc l ase 1 . 7  
Pyroxene c ryst al s 0 . 6  
Ol i v i ne crysta l s  
Opaque 
Ye l l ow-orange g l as s  0 . 3  
Co l or l e s s  g l ass  1 . 4  
Quench crysta l l i zed g l as s  5 . 7  

Tot a l  g r a i n s  counted 350 

3 3 3 . 0  
0 . 7  0 . 1  
6 . 9  5 . 4  

1 8 . 9  1 6 . 3  
2 . 0  0 . 7  

7 . 4 7 . 6  
0 . 6  
4 . 1  1 . 9 

1 1 . 4  1 3 . 1  
1 . 1  1 . 4  
0 .  7 1 . 4 
0 . 3  0 . 4  
0 . 6  
0 . 1  0 . 1  
1 . 4  4 . 4 
5 . 7  5 . 4  

700 700 

33 . 9  3 7 . 8  38 . 5  

0 . 4  

4 . 8  
0 . 9  
9 . 7  

19 . 9  
2 . 3  

9 . 7  
1 . 8 
1 . 6 
0 . 2  
8 . 6  
0 . 4  
0 . 2  

0 . 7  

0 . 9  
3 . 8  

442 

0 . 3  

4 . 3  3 . 7  
0 . 5  

8 . 0  6 . 5  
1 8 . 9  1 1 . 7  
1 . 5  0 . 5  

0 . 3  

8 . 3  1 1 . 2  
0 . 3  

2 . 3  3 . 7  

7 . 8  1 0 . 7  
0 . 8  1 . 2  

0 . 8  
0 . 3  
0 . 3  

0 . 3  1 . 3  
2 . 3  2 . 7  
6 . 3  5 . 7  

600 600 

26 . 8  28 . 8  26 . 4  

1 .  2 

4 . 7  
1 .  6 
7 . 1  

1 6 . 5  
1 . 8  
0 . 2  

1 8 . 5  
0 . 4  
4 . 5  
0 . 2  
8 . 1  
0 . 8  

0 . 4  

2 . 0  
5 . 3  

492 

4 . 7  3 . 8  
0 .  7 1 . 6  
9 . 2  5 . 6  

1 5 . 5  1 5 . 6  
0 . 8  0 . 2  

1 0 . 2  1 3 . 2  
1 . 2 0 . 4  
2 . 8 1 . 0  

1 3 . 0  18 . 2  
1 . 0  2 . 0  
1 . 3  1 . 8 
0 . 2  

0 . 7  0 . 4  
2 . 8  4 . 0  
7 . 0  5 . 6  

600 500 

10 . 8  2 i . 4  1 8 . 2  

0 . 4  0 . 1  

8 . 8  4 . 6  6 . 3  
1 . 8  2 . 8  1 . 2  
8 . 6  10 . 4  8 . 3 

19 . 6  14 . 3  1 4 . 7  
2 . 2  1 . 0 0 . 7  

0 . 2  0 . 2  
7 . 8  5 . 8  6 . 3  
1 . 8 1 . 6 0 . 2  
3 . 8  2 . 9  2 . 2  
0 . 4  

26 . 8  25 . 1  29 . 8  
1 . 0 1 . 4  2 . 2  
0 . 8  l . Y 4 . 2  
0 . 2  1 . 0 1 . 0  
0 . 2  0 . 3  
0 . 2  0 . 4  0 . 7  
0 . 4  1 . 2  2 . 5  
4 . 4  3 . 5  1 . 7  

500 700 600 

7 . 0  1 3 . 6  1 2 . 1  

1 . 0 

7 . 0  
1 .  7 

1 2 . 0  
34 . 6  

1 . 0 
0 . 7  

8 . 3  
1 .  7 
5 . 3  
0 . 6  
7 . 6  
2 . 3  
0 . 7  
0 . 3  
0 . 3  
0 . 7  
1 .  7 
5 . 7  

300 

7 . 4 5 . 6  
1 . 0 0 . 6  

10 . 4  10 . 6  
26 . 9  23 . 3  
1 . 7  1 . 4 
0 . 1  

8 . 0  7 . 9  
2 . 6  1 . 4 
3 . 6  2 . 7  

1 1 . 9  1 4 . 6  
2 . 0  2 . 9  
1 . 3  5 . 1  
0 . 3  0 . 6  
0 . 3  0 . 6  
1 . 6  0 . 4  
1 . 7  5 . 0  
5 . 6  5 . 9  

700 700 

1 7 . 6  22 . 4  14 . 2  

0 . 2  

6 . 5  
1 .  5 
7 . 0  

1 5 . 6  
2 . 2  
0 . 2  

8 . 1  
0 . 9  
3 . 5  

3 1 . 7 
0 . 2  
0 . 2  

1 . 1  
3 . 7  

540 

0 . 2  

3 . 8  4 . 5  
0 . 6  1 .  7 
6 . b  7 . 0  

14 . 9  1 2 . 5  
1 . 9 o .  7 

3 . 5  10 . 5  
0 . 6  0 . 3  
1 . 8 2 . 5  

35 . 8  3b . 7  
1 . 6  1 . 8  
0 . 6 0 . 8  

0 . 3  
o . s  

0 . 3  0 . 3  
0 . 6  1 .  7 
4 . 6  3 . 3  

625 600 

from McK ay et �l- ( 1 977) 

APPENDI X 6 .  Modal  d a t a  based on  s ieved s ize fract ions 

TAB L E  A6 . l .  MODAL DATA FROM S E L E CTE D I NTERVALS I �  600 1 0  BASE D  ON S I E V E D  S I Z E  FRACT I ONS  

�
�



60009 Pari:. c l e  types and ,-e l at i ,,e amounts  i n  three gia i n s i zes o f  the f i ne a n a l yzed s amp l es from 60009 . A l l v a l ues are percent .  

S amp l e  60009 , 454 
( Parent ) ( 60009 , 45 )  

Depth  from top o f  dr i ve tube 28 . 8  - 29 - 3 cm 

Gra i n  s i ze 250- 150- 90-

Agg l ut i n ates 

P l uton i c  metamorph i c  rock s  
P l uton i c  i gneous rocks 
Crus hed ANT - s u i te 

500 m 250 m 1 50 m 

9 . 5  1 7 . 0  19 . 2  

1 .  5 
0 . 5  
4 . 0  
3 . 5  

1 4 . 0  
14 . 5  
l _  5 

1 . 1  0 . 4  
0 , 9  
2 . 7  1 . 1  
1 . 4  0 . 8  
8 . 6  12 . 0  

1 2  6 13 . 2  
1 .  7 

L i g h t  mat r i x  brec c i a  
Met amorphosed brec c i a  
Po i k i l i t i c  rock s  
Suboph i t i c  me l t  roc k s  
O l i v i ne-porphyr i t i c  me l t  
Mare bas a l t 
Brown matr i x  brecc i a  

rock 1 . 0  
0 .  5 
8 . 5  
4 . 5  Me l t  matr i x  brecc i a  

Fe l d spat h i c  me l t  rock 
Me sost as i s -r i c h  me l t  roc k s  
" B l ack and wh i te "  brecc i a  

0 . 3  

9 . 4  7 . 1  
2 . 2  

P l ag i oc l ase s i n g l e  crys t a l s 
Po l ycrysta l l i ne p l ag i oc l ase 
Pyroxene crysta l s  
O l i v i ne crys t a l s 
Opaque 

Ye l l ow-orange g l a s s  
Co l o r l e s s  g l as s  
C l ear g l ass  fr agments  
Agg l ut i n i t i c  g l ass  
Maske l eyn i te 
Quench crys ta l l i zed g l ass  
Dev i tr i f i ed g l a ss  

To t a l  g r a i n s  counted 

1 . 0  
4 . 0  
1 . 0  

22 . 5  
0 . 5  
0 . 5  
1 . 0  

0 . 5  
0 . 5  
2 . 5  
2 . 5  

200 

1 .  7 3 . 4  
5 . 1  1 . 5  

26 . 2  
2 . 5  
0 . 3  
0 . 3  
1 1 

24 . 4  
2 . 1  
0 . 8  
3 . 0  
0 . 4  

0 . 5  1 . 5  
2 . 2  1 . 5  
1 . 9  

0 . 8  
0 . 3  
1 . 1  3 . 4  
0 . 8  3 . 0  

300 266 

60009 , 455  60009 , 456 60009 , 45 7  60009 , 458 
( 60009 , 1 2 3 )  ( 60009 , 1 74 )  ( 60009 , 209 ) ( 60009 , 24 6 )  

4 2 . 8  - 4 3 . 3 cm 48 . 4  - 4 9 . 0  cm : 3 . 3  - 53 . 8  cm 58 . 3  - 5 8 . 8  cm 

250- 150- 90- 250- 150- 90- 250- 1 50- 90- 250- 150- 90-
500 m 250 m 150 m 500 m 250 m 150 m 500 m 250 m 1 50 m 500 m 250 m 150 m 

9 . 2  8 . 4  1 2 . 5  

0 . 3  0 . 2  
2 . 5  0 . 3  0 . 2  

1 3 . 3  1 2 . 7  6 . 8  
3 . 3  7 . 'J  3 . 8  

1 1 . 7  5 . 1  10 . 0  
6 . 7  3 . 8  4 . 0  
0 . 8  0 . /j 0 . 8  

0 . 8  0 . 3  
5 . 0  5 . 7  8 . 5  
2 . 5  0 . 3  

0 . 3  0 . 8  
0 . 8  2 . 9  0 . 7  
0 . 8  

34 . 4  
3 . 3  
0 . 8  

0 . 8  
3 . 3  

1 1 9  

44 . 1  44 . 5  
2 2 2 . 5  
1 . 0  0 .  7 
1 . 3  1 . 5  

0 . 3  

0 . 2  

0 . 3  
1 . 0  
0 .  7 
0 . 5  

1 . 9 0 . 3  
0 . 6  0 . 8  

3 1 5  600 

1 4 . 9  22 . 4  21 . 5  

1 .  9 
0 . 6  
4 . 3  
1 .  2 

1 9 . 3  
1 8 . 0  
2 5 

1 . 2  
1 0 . 6  

5 . 0  
3 . 7  

1 1 . 2 

1 . 0  

0 . 6  
0 . 6  
3 . 1  

161  

1 . 5  

3 . 3  2 . 7  
2 . 8  1 7 

l L l  13 . 8  
9 .  2 10 .  3 
1 . 3  1 . 2  
0 . 2  0 � 
0 . 2  0 . 3  

10 . 9 7 . 3  
0 . 5  0 . 2  
0 . 8  1 . 2  
3 . 0  2 . 3  

1 7 . 7  
3 . 0  
1 . 8  
1 . 2  
0 . 3  

22 . 7  
2 . 3  
2 . 5  
0 . 8  
0 . 2  

0 . 2  1 . 3  
2 . 5  2 . 5  

2 . 3  1 . 0  
0 . 2  
1 . 3  2 . 5  
2 . 8  1 . 5  

400 600 

8 . 3  

1 .  7 

6 . 6  

3 . 3  

7 1 .  7 

1 .  7 

3 . 3  
3 . 3  

60 

3 . 6  2 . 2  

0 . 4  

0 . 8  3 . 8  
0 . 8  0 . 8  
2 , 0  5 . 0  
5 . 2  4 . 4  

2 . 8  1 . 0 

1 . 2  
2 . 8  1 . 4  

76 . 0  
0 . 8  
0 . 8  
2 . 4  

7 4 . 2  
2 . 0  
1 . 4  
0 . 6  
0 .  2 

0 . 1  0 . 4  

0 . 2  

1 . 2  0 . 4  
0 . 4  0 . 4  

250 500 

26 . 4  20 . 5  28 . 8  

2 . 0  
0 . 7  
2 . 7  

14 . 3  
1 3 . 6  
1 . 4  
0 . 7  
0 . 7  

14 . 2  
0 . 7  
1 . 4  
1 . 4  

6 . 9  
2 . 0  
0 . 7  

0 . 7 
0 . 7  

0 . 7  

5 . 4  
2 . 7  

148 

0 . 6  
0 . 4  
3 . 7  2 . 1  
3 . 1  3 . 6  

1 1 . 2  9 . 3  
1 3 . 7  10 . 1  
2 . 6  1 . 4 

0 . 1  
0 . 1  

1 4 . 2  1 3 . 1  
1 . 2  0 . 4  
1 . 3  1 . 4  
3 . 1  1 . -1  

1 1 . 9  1 5 . 2  
2 . 8  - 4 . 4  
0 . 6  0 . 1  
0 . 4  0 . 3  

0 . 6  

0 . 9  1 . 1  
1 . 9  2 . 0  

0 . 4  0 . 6  
0 . 3  
2 . 2  2 . 4  
2 . 9  2 . 0  

680 700 

from McKay et �- ( 1 9 7 6 ) 
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TAB L E  A6  2 i · iODAL DATA F ROM S E L E CT E D  I NT ERVALS I N  60009 BAS E D  ON S I E VE D  S I Z E  FRACT I O N S  



600 10 sub- 0% Si% Al% Ca% Mg% J.e% Ti% Na% K% C r% Mn% 
sample rl' 

239 43.8 20.2 1 5 . 1 1 2.0 3.8 3.75 0.3 16  (1.301 0.090 0.086 0.069 
40 41 . 1  2 1 .5 14.7 12 . 1 3.9 6.42 0.4 14  0.326 0.087 0.088 0.069 

224 44.8 20.4 14.2 1 1 .3 3.7 3.67 0.269 0.309 0.086 0.079 0.059 • 
2 1 9  42.7 22.4 14.5 1 1 .5 3.7 3.74 0.378 0.3 13  0.092 0.085 0.067 
203 44.0 2 1 .4 14.4 1 1 .6 3.9 4.70 0.457 0.308 0.089 0.083 0.068 
1 99 43.5 22.0 14.8 I I . I  3.4 3 .99 0.278 0.33 1 0.094 0.080 0.059 
19 1  43.5 22.6 14.2 I I . I  3 .5 3.72 0.35 1 0.3 1 8  0.095 0.087 0.066 
242 43.0 2 1 .0 1 5 .8 1 2.9 3 . 1  3 . 1 4  0.346 0.296 0.076 0.066 0.054 
1 79 43.0 22.5 15 .5 1 2.2 3.3 3.43 0.486 0.303 O.Q78 0.070 0.058 

from A l i  and Ehmann ( 1 9 7 7 ) 

·f,()()10 suh- Sc Co Ba La Ce Nd" Sm Eu Th �y' Yb !
.,u Hi Th" V Ta Ni 

tample ,ti ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm t'Pm ppm ppm ppm rprn rrm ppm 

B9 8 . 1 3  29.9 120. 12.J 26. 20. ,., 1 . 10 0.81 l . l  3.09 o.�9 , . 1  o.� 19.4 O.�O 3<0. 

40 9.,, 142. 180 13.0 36. 1 5  6.2 1 .23 1 .44 4.8 l . 17 O.f.4 ,.1 1 .0 2�.2 O.Jn 1()(-00 
224 8.07 3 1 . 5  1 20. 1 1 .7 28. I I .  ,.2 1 . 1 ,  0.77 ,.o l.20 0.60 l.6 LO 1 s., o.<o 440. 

219 8.96 26.8 120. I U  27 15. 5.J I .OS 0.70 3.2 2.90 0.6) H 1 .6 3H 0.60 200. 
201 ft.87 H2 160. I0.8 JO. 19. 5.2 1 . 16  0.82 J.4 J.22, 0.60 3.1 I .J 2,.4 0.46 I 160. 
199 U2 49.2 1 10. 1 1 .9 26 17. !.J 1 . 10 0.78 J.0 ).00 0.58 ).6 0.8 24.0 0.4) 710. 
191 K.)3 22.7 140. 123 2J. "· !.7 1 .09 0.74 ).0 2.82 Ml J.6 1 .7 2 1 .0 0.49 470. 
242 6.96 ll .7 100. 9.8 2 1 .  14. 0 1 .07 0.67 2.6 2.21 o.-ca 2.8 1.0 17.9 0.42 390. 
179 7.114 :ZJ.7 160. 1 1 .3 22. 14. 1.0 I . I I  0.71 2.6 2.61 0.'6 J.S 1.0 Js., O.J7 JlO. 

•Estimated accuracy for most trace-element determinations is ±S-10%, relative. Due to poor counting statistics for this irradiation unit, data for Ba. Nd, 
Dy, and Th are assigned error limits of ± IS-20%. 

from A l i and E hmann ( 1 9 7 7 ) 

APPEND I X  7 .  M ajor, m inor,  and  trace e lem ent abundances 

TAB L E  A 7  . 1 .  MAJOR ANO  M I NOR E LEME NTAL ABUNDANC E S  IN THE  60010 SO I L  COLUMN 

TAB L E  A7 . 2 . TRACE E L EMENT ABUNDANCES  I N  60010 



60009 
Subsa mple #- 0% Si% Al% Ca% Mg% Fe% Ti% Na% K% Cr% Mn% 

302 44.6 2 1 .6 1 4.8 1 0.9 3 .97 3.78 0. 394 0.3 1 0 .092 0.083 0.058 
307 42.8 2 1 .9 1 4.7 JO. I 4.76 3 .76 0.435 0.30 0 .098 0.084 0.062 
1 1 0  42. 1  22. 1 1 4.3 1 1 .3 (4.38) 3.64 0.425 0.29 0.084 0.o78 0.060 
3 1 5 44.3 2 1 .8 1 4.6 1 1 .4 3.93 3 .59 0.405 0.29 0.081. 0.080 0 .060 
3 1 9  43.7 2 1 .4 14 .5  1 2.7 4.63 3 .7 1  0.307 0.30 0.099 0.080 0.059 
322 43.5 2 1 .9 14 .8 1 2 .2 4.68 3 .88 0. 395 0.3 1 O.o96 0.079 0.059 
334 43.4 20.9 1 4.8 1 2.2  3.65 3 .42 0.337 0.29 0. 1 08 0.078 0.058 
341  45.4 2 1 .9 1 5 . 3  1 1 .9 3 .08 0.340 0.32 0. 1 02 0.050 0.057 
344 45.2 2 1 .8 1 5 . 1  ( 1 1 .0) 3.22 3 .03 0.246 0.3 1 0.046 0.047 0.048 
347 44. 1  2 1 .9 1 5 .4 1 2.3 3 .4 1  2 . 8 1  0.247 0.3 1 0.065 0.049 0.045 
377 43.8 2 1 .2 1 6.6 1 2 .8 2.98 2.59 0.309 0 .29 0.041 0.039 0.042 
380 42.6 20.9 1 4 .9 13 .6  3.74 3 .04 0.42 1 0 30 0.052 ().049 0.050 
363 43.9 2 ! .2 1 5 .4 12 .5  3 .77 2.80 0.22 1 0.29 0.067 0.046 0.046 
373 44.0 2 1 . 1  1 5 .9 1 1 .9 4.35 3 . 46 0.349 0.3 1 0.058 0.059 0.052 

.185 44.8 2 1 .6 1 4.5 1 1 .4 4.46 3.60 0.376 0 . 3 1  0. 1 02 0.079 0.058 
39 1 45.3 2 1 .7 1 4.2 1 3 .7 4 .35 3 .94 0. 5 1 1  0 .3 1  0. 1 08 0.089 0.060 
394 44. 1 20.8 1 5 .2 3.48 O.JO 0.089 0.077 0.056 
402 45.0 2 i .O 1 5 .2 ( 1 12 )  3.85 2.98 0.2 10  0.30 0.090 0.066 0.055 
406 44.7 20.8 1 5 . 2  1 4.0 4.08 2 .91  0.436 0.27 0.082 0.060 . 0.048 
409 44.0 19.9 1 7.7 1 3 . 3  2.41 1 .80 0.256 0.28 0.037 O.o35 0.03 1 
4 1 3  46.9 1 9.7 1 7 .5 1 2.3 2.5.i 1 .49 0.230 0.29 0.023 O.o28 
4 1 9  45.2 20.8 1 7 .4  1 3.7 2.60 1 .84 0.258 0.29 0.040 0.027 0.032 
4 1 6  45.2 20.9 1 8.0 1 1 .0 2.2 1  1 .33 0. 1 84 0.29 0.033 0.0 18  0.026 
422 44.5 2 1 .0 1 7.0 1 3 .0 2.29 l .69 0.284 0.28 0.040 O.o25 0.03'.l 
425 44.8 2 1 . 1  1 6.7 1 4.3 2 .4 1  1 .79 0.224 0.30 0.032 O.o25 0.030 
432 44.9 2 1 .4 1 6.9 1 3 . 1  2.23 1 .6 1  0.228 0 .29 0 .026 0.029 0.030 
44 1 45.4 22.5 1 4 . l  J I . I  4 .53 4 . 1 8  0.432 0.32 0. 1 22 0.093 0.068 

Note: Values in parenthesis calculated only by difference. Ca data are preliminary and may be 5-10% relative too high, due to 
analytical problems in the determination of this element. 

from A 1 i and Ehmann ( 1 9 7 6 ) 

TAB L E  A7 . 3 .  MAJOR AND M I NOR E L EME NTAL ABUNDANC E S  I N  THE  60009 SO I L  COL U r-HJ 



60009 Sc Co Cl 
le ppm ppm ppm 

Ba La Cc Nd Sm Eu Tb Yb Lu Hf Th V Ta 
Subsamp ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

302 7.7 23.2 4 10  1 39 1 1 .7 35.9 20.6 4.9 1 . 1 9  0.94 3.9 1 0.43 3 .4 1 .69 24 0.57 

307 7.7 20.7 69 166 1 2.4 30.8 23.7 4.8 1 . 16 0.79 3.94 0.42 3.4 2 .0 1  3 1  0.74 
3 1 0  7.4 2 1 .7 1 34 1 1 .6 29.8 20.8 4.2 1 . 1 0  0.87 3.65 u.39 3.3 1 .44 0.68 
3 1 5  7.4 22.8 57 90 1 1 .4 28.2 1 5.5 4.0 1 . 10 0.73 3 .48 0.40 3.4 1 .20 19  0.54 
3 1 9  7.4 24.2 190 1 36 1 2.2 28.6 25.5 4.8 1 . 1 0 0.83 3 .59 0.40 3.8 1 .9 1  27 0.58 
322 7.4 27.9 250 1 20 1 3 .6 32. 1 30.7 4.7 1 . 17 0.88 3 .79 0.46 3.8 1 .50 20 0.69 

334 6.9 20.7 170 1 57 1 2.7 30.4 24.0 4.9 1 . 1 7  0.90 3.86 0.42 3.4 2.27 22 0.58 
341 6.0 25.9 1 24 1 1 .7 27.2 20.8 4.0 0.99 0.78 3.75 0.42 3 .  ! 1 .74 0.:2 
344 6.0 23 3 170 196 1 3.0 24.8 1 2.6 3.6 1 .28 0.79 3.27 0.40 3.0 1 . 12 20 ll.37 
347 5.7 17.2 220 1 5 1  1 0.8 26.0 17 .0 4.6 1 .05 0.87 3 34 0.36 2.6 1 .42 20 0.62 
377 5 . 1  1 7.8 380 102 98.7 1 33.0 4S.9 3.3 1 .28 0.6 1 2.97 0.38 ;:.o 1 .07 23 0.47 
380 6. 1 18.8 260 122 1 1 .4 24.3 1 1 .4 4.8 1 . 1 3 0.78 3.53 0.42 3 .4 1 .40 2 1  0.5 1 
36: 5.6 1 9. 0  200 1 22 9.3 19.7 10.0 3 .3  1 . 1 6  O.S7 3.26 0.34 2.6 1 .24 19  O .  l8 

373 7. 1 20.6 250 1 20 12.0 39.2 12 .8 4. 1 1 . 1 8  0.84 3.64 0.48 3.2 I . I  I 34 0.57 
385 7.4 19.5 200 96 1 1 . 6  30.6 1 7.6 4.3 1 .2 1  0.79 3 .32 0.40 2.9 1 .55 24 0.46 
391 8.4 22.7 60 146 12.9 32.6 22.5 S.2 1 .25 0.85 3.77 0.46 4. 1 2 .24 ].4 0.4� 
394 6.6 1 6.6 64 9.8 25.6 20.9 3.9 1 . 1 7  0.68 2.92 0.34 2.7 1 .07 
402 5.7 18.9 120 1 1 0 10.0 25.4 20.4 4.0 1 . 1 4  0.7 1 3 . 1 2  0.34 3 . 1  1 .23 1 6  0 .50 
406 5.S 2 1 .6 23 88 9.7 24.0 23 .5  3 .5  I . IS  0.62 2.92 C .32 2.S 1 .20 25 0.38 
409 3. l 10.S 42 46 5 .0 12.0 1 1 .8 1 .9 1 .00 0.35 1 .26 0. 15  1 .3 0.57 1 3  

4 1 3  3 .2 7.0 ' 500 66 S .6 1 1 .6 7.2 1 .6 1 . 14 0.36 2 . 14  O. I L  G.96 0.62 6.3 0.25 
4 19  3 . 3  9.7 200 89 6.7 1 2 .0 S.5 2.0 0.89 0.40 1 .67 0 . 1 9  1 .2 0.75 0.3 1 
4 1 6  2.5 6.9 350 53 3.9 6.4 3 .8 t .3 0.94 0.22 1 .4 1  0 . 14  1 .0 0.46 7.4 0 . 15  
422 3 .0 1 0.5 180 55 3 .5 1 1 . t  7.0 1 .8 0.80 0.29 1 .52 0 . 17  0.97 0.70 25 0.26 
425 3.2 9.5 120 59 4.3 1 5 .9 4.9 1 .7 1 . 1 4 0.33 1 .55 0 . 1 8  1 .4 0.58 1 0  0 . 1 9 
432 3.0 7 . 1  35  55 4.3 9.8 7.3 1 .4 0 .88 0.3 1 1 .60 0 . 14  1 . 1  0.55 1 0  0.22 
44 1 8.6 27. 1  32 1 24 1 3.8 34.3 28.6 S.5 1 .24 1 .00 4.27 0.50 4.2 2.40 38 0.60 

•Estimated accuracy for most trace clement determinations is ±5- 10% relative. 
from A 1 i and Ehmann ( 197 6) 

"' 

TABL E  A 7 . 4 .  TRACE E L EM E NT ABUNDANCES I N  60009 

_. 
w 





Depth 1/FeO 
Svnph $1 ze (cm) <250... S FeO I Naz() Sc Cr Co N 1  Hf  Ta Th LI Ce s.. Eu Tb Yb Lu 

600: 0 . 1077 Uns leved 0.5- 1 . 0  90 5 .  27 0 . 4 7  9 . 3  840 2). S 320 4 . 2  0 . 63 1 .  9 12 . 1  32. 9 S . 9  1 . 1 6  1 .  26 4 . 4  0 . 62 
90-1  Sovm 5. Z7  o .  47  9 . 1  830 29 .2  4 10  4 .  3 0 . 62 2 . 1  1 2 . 1  3 3 . 1  5 . 9  1 . 1 6  1 .  30 4 . 3  0 . 61 
<20vm 5. 25 o .  47  9 .  2 930 23 .  2 4 10  4 .  4 0. 62 2 . 0  1 3 .  l 34 . 6  6 . 2  1 . 1 7  1 . 39 4. 3 .  0 .63  

60010, 1076 Unsieved 3 . 5-4.0 92 5.  4(J 0 .  •\7 9 . 4  060 29. 2 4 1 0  4 . 6  0 .66 2. 3 13 6 36 .2  6 . 5  1 . 1 7  1 . 46 ' . 6  0 .65 
90- 1 50""' 5. 91 0 . 4 7  9 .  5 BOO 4 4 . 8  650 4.  4 o. 73 2 .  2 1 2  . 1  J2 .  4 S.8 1 . 1 6  1 . 27 4 .  4 o. 61 
,20..,, 5'  J, 0 .  46 9 . 3  990 24 . 4  530 4 . 4  0 . 69 2 . 2  1 3  . 1  35 .0  6 . 1  1 . 1 5  1 . 25 4 .  S 0. 62 

6001 0 , 1075 Unsieved 1 1 .0-1 1 . S  67 6 . 1 0  0 . 46  9 . 4  800 6 1 . 0  970 4 . 6  o .  5 3  1 .9 1 2 . 0  31 . 7 5. 7 1 .  1 3  1 . 32 4. 3 0 . 60 
90-1 50um 5. 41 o. 48 9 . 4  930 29.S 530 4 . 5  0 .63  2 . 0  1 1 . 7 30 . 6  5 . 6  1 . 1 5 1 . 27 4 .  2 0 .59 
<20�m 5 . 30 0 . 46 9. 2 890 2 5 . 1  2 1 90 5 . 0  0 . 59 2 . 0  1 2 . 9  3 3  . 2  6 .0  1 . 1 3  1 . 24 4 . 1  o .  59 

60010,1074 Unsieved 1 4 . 0-14 .5  47 5 . 00  0 . 48 8.7 830 20.6 260 4 . 2  o .  57 2 . 1  1 2 . l  3 2 .  7 5 . 8  1 . 09 1 . 1 7  4 . 4  0 .  59 
90- 1 SOvm 4. 77 0 .45  7 . 9  660 22 . 1  270 J.  7 0 . 43 1 .  7 9. 5 26 .8  4 .6  1 . 07 o. 95 3 . 4  0 .  i6 
<201.1m 5 .  34 0.49 8 . 9  940 26. 0 420 4. 3 0 .54  2 . 1  1 2 . 6  3 3 .  7 5 . 9  1 . 1 2  1 .  20 4 . 2  0 .  56 

6001 0,3107 Uns 1 eved 20.0-2 0 . 5  26 6. 40 0. 51 1 3 . 2  970 26. 3 340 7 . 2  0 . 9 1  3 .  1 1 7  . 2  46 . 3  8 .5  1 . 28 1 . 84 6 .6  0 .  9 1  
90- 1 50 .... 5 .  65 0. so 1 0 . 5  890 33.6 470 4 .  7 o. 73 2 . 3  1 3 . 5  36 . 1  6 . 6  1 . 20 1 . 50 4 . 9  o .  70 
<20""' 5 . 45 0 . 53 1 0 . 1  1 1 70 20. 7 460 6 .0  0 .83 3.0 18.4 48.0 8.7 1 .27 1 . 94 5 . 5  0 . 81 

60010, 1073 Unsieved 24.5-25 . 0  5 3  4.47 0 . 45 7 . 9  6S0 1 8 . 9  270 3. 7 0.57 1 .8 1 0 . 3  28. 3  4 . 9  1 . 1 0  1 . 1 4  3.6 0. 51 
90- 1 50  .. 4 .01 0 .46 ,. 7 560 n.a 370 3 . 1  0 . 38  1 .4 10 .2  25.t 4 . 3  1 .02 0.95 3 . 1  0 . 43 
cZ0\111 4 . 66 0 .46 8 .Z  730 21 . 3  1280 4 .8  0 , 51 2.0 12.0 31 ,8 5 .7  1 . 10 1 . 1 9  J .9  0 . 52 

from B l anch ard et a l . ( 1 9 7 7 )  

APPENDI X 8 .  C h e m i c a l  compo sit ions 

TAB L E  A8 . l .  COMPOS I T I ONS  OF BULK SO I L  SAMP L E S  M D  S I Z E FR ACT I 0 : J S  OF SO I L S  FROM 600 1 0  

� 
0 



Sample Siu 

60009,4S4 Uoaievod 
90-ISO 

<20 
90-ISO 
90-ISO 

<20 
< 20 

60009,455 UMieved 
90-JSO 

<20 
90-ISO 
90-ISO 

< 20  
< 20  

60009,456 Uosievod 
90-ISO 

< 20  
90-150 
90-ISO 

<20 
<20 

60009,4r7 Unaievod 
90-ISO 

< 20  
90-ISO 
90-ISO 

<20 
<20 

60009,4� Uoaieved 
!IO-ISO 

<20 
!IO-ISO 
!IO-ISO 

< 20  
< 20  

Fraction 

Total 
Total 
Total 

�tic 
Nonm..,,ctic 

M.lanetic 
Nonmapetic 

Toul 
ToW 
Total 

M...,ctic 
Nomnocnetic 

Macnetic 
Nonmaa,,etic 

Toe.al 
Total 
TouJ 

Mqnctic 
Nonmapetic 

M"Sll<tic 
Nonma,netic 

Total 
Total 
TOlal 

�tic 
No�t.ic 

Mi8t1Ctic 
Nonmapetlc 

TouJ 
Total 
Total 

.._tic 
Non"-tic 

M...,.tic 
Nonmopctic 

8CR-I 
DJ'S.I 

Weieht 
fractioo * FeO ,. Na,O 

5.17 0..52 
4.S6 0.49 
5.13 0.70 

0.279 6.80 0.51 
0.721 3.70 0.48 
0.461 6.44 0.86 
0.539 4.01 O.S6 

3.S4 0.41 
3.34 0.42 
4.66 0.44 

0.134 7.83 0.49 
0.866 2.65 Q.41 
0353 6.TI 0.44 
0.647 3.51 0.43 

0.316 
0.6M 
0.467 
0.533 

0.041 
o.�9 
0-262 
0.738 

o.m 
0.627 
0.539 
0.461 

5.06 
S.19 
5.20 
7.20 
LJ6 
7.05 
l.58 

\$ 
I.SB 
l.64' 
7Al. 
1.33 
4.92 
1 .83 

5.20 
us 
S.70 
7.11 
4.85 
7.08 
4.09 

11.2 

0.49 
0.48 
O.SO 
0.51 
0.4? 
11.4') 
0..52 

0.42 
.. 4 1  
�-44 
CL52 
0.41 
0.44 
0.44 

o.so 
o..so 
0.53 
o..so 
o.so 
0.52 
O.S4 

3.)5 

Sc 

8.3 
8 . 1  
8.8 

I I . I  
7.0 

10.3 
7.4 

5.6 
u 
7.7 

10.9 
4.6 

10.5 
6.2 

9.4 
9.7 
9.2 

1 1 .6 ... 
1 1 .4 
7.2 

3.24 
1.60 
4.38 

1 1 .2 
2.Z3 
7.62 
3.23 

9-56 
10.2 
9.8 

1 1 .l 
9.5 

1 1.S 
7.9 

)1.6 

Cr Co 

740 32.0 
660 18.8 
l80 2A 
')40 '9 
sso 7.1 

1 1 40  37 
660 13.0 

470 14.0 
430 14.4 
740 16.9 
920 IO 
350 4.2 

1040 34.0 
570 7.6 

TIO 19.0 
800 23.3 
850 2:.0 
990 S6 
710 8.2 

1 120 JT.O 
620 8.9 

770 . �.8 
190 4.7 
420 :o.6 
890 jj 
I«) 2.5 
IOO 26.9 
2llO 4.8 

760 21 
l20 37..5 
890 77.7 
930 IS 
,-_.o 9.2 

IOSO 41 
700 12 

)6.0 

Ni 

,so 
2AO 
,20 
730 

so 
690 
190 

. 200 
170 
250 

1 120 
30 

S30 
100 

Z20 
290 
360 
TIO 

60 
630 
120 

90 
so 

180 •so 
10 

�10 
70 

2llO 
� 
460 

1210 
70 

710 
160 

Hf Ta Tb 

4.9 0.66 2.0 
3.8 0.5l I.S 
4.6 0.66 2.3 
S.6 0.81 2.3 
3.1  0.45 I . I  
5.2 0.84 2.3 
4. 1 0.51 2.l 

2.4 0.36 I . I  
2 . 1  0.29 0.9 
3.2 G.47 1.4 
5.9 0.88 2.3 
I .S 0.20 O.M 
4.S 0.66 1.8 
2.S 0.36 1 .2 

4.5 0.49 
4.6 0.48 
4.6 0.58 
s.4 o.n 
4.3 0.34 
-�- •  0.90 
4.2 0.30 

L<4 0..15  
1.1 e.u 
2.0 0.24 
S.8 1 .0 
3.6 0.09 
3.4 0.47 
1.5 0.16 

4.7 0.60 
6.2 O.M 
4.8 0.74 
5.6 0.66 
6.6 0.64 
5.3 0.89 
4.2 O.S6 

2.3 
1.9 
2.2 
2.1 
I .S 
2.2 
2.2 

O.S4 
0.40 
0.83 
2..5 
0.31 
1 .3 
0.67 

1.9 
1.8 
2.6 
2.] 
I .S 
2.9 
2.3 

La Ce Sm 

.�.4 34.5 6.1 
10.? 28.S S.I 
13.6 35.5 6.3 
15.6 42. 1 7.4 
1.9 23.2 4.2 

13.6 35.7 6.4 
13.6 35.3 6.2 

7.1 18.4 3.16 
6.2 16.l 2.83 
9.8 25.4 4.21 

16.2 43.l 7.4 
4.61 12.4 2. 13 

13 .3 34. 1  5.4 
1.9 20. 7 3.57 

1,.8 
1 1 .6 
13.7 
16.2 
9.5 

15.0 
12.6 

33.2 6. l 
31 .4 5.6 
35.8 6.3 
42.3 7.8 
21\.4 4.5 
39. 1 6.8 
32.9 5.9 

8" Tb Yb 

1 . 19  1 .59 4.5 
1 . 12  l .ll 3.8 
1 .22 1 .64 0 
1.24 1.96 5.5 
1.08 I.I I 3.2 
1.21 l .66 4.7 
1 .23 1 .62 4.2 

0.94 0.62 2.3 
0.95 0.49 2.1 
1.00 0.78 3.2 
1.23 1 .35 5.8 
0.91 0.36 I .S 
I .OJ I.OJ 4.3 
0.98 0.65 2.6 

1 . 16  1.08 4.) 
1 . 1 8  1.06 4.4 
1 . 17 1 . 16 4.5 
l.2l 1 .42 5.8 
1 . 15  0.88 3.7 
1 . 1 1  1 .30 5.0 
1.22 1 .04 4. 1  

4.08 1 l .O 1.85 0.92 0.3 1  1 .39 
2.94 7.6 1 .39 0.90 
6.16 17.6 1. 71 0.98 

16.3 41 .8 7.7 1 .24 
2.37 6.1 1 . 12  0.88 
9.65 77.2 4. 18  1 .02 
4.92 14.2 2.19 0.97 

12.7 35.2 S.8 1 . 19  
12.3 32.4 S.7 1 . 1 8  
14.7 40.3 6.9 1.25 
15.7 4 1 .9 7.2 1.23 
10.3 26.8 4.8 1 . 15  
IS . I  39.3 7.4 1 .22 
14.2 4 1 .5 6.4 1 .211 

0.25 1 .2 
0.41? 2.0 
1 .43 S.7 
0.20 1 .0 
0.76 3 . 1  
0.38 1.6 

1 .07 4.4 
1.32 4.7 
1 . 1 8  4.l 
l .?8 l.7 
0.92 4. 1  
1 .26 S.9 
1.08 2.9 

T..1.1 

0.59 
O.S2 
0.60 
0.73 
0.44 
0.62 
O.S8 

0.3 1 
0.29 
0.43 
O.TI 
0.21 
O.S9 
O.J.i 

0.63 
0.60 
0.61 
0.81 
o.so 
0.01 
O.S6 

0.19 
0. l7  
0.27 
0.7S 
0.14 
0.47 
0.20 

0.59 
0.64 
0.66 
O.TI 
0.56 
0.75 
0 56 

5.2 0.91 6.0 25.2 S4.2 uo 1.97 Lil l.'8 0.526 

9% 5% 5% 

from B 1 anchard et  a 1 .  ( 1 9 7 6 )  

TABL E  A3 . 2 .  C OMPOS I T I ONS OF BULK S O I L  SAMP L E S  AND S I Z E  FRACT I ONS OF S O I L S  FROM 60009 



I sotopic concentra t ions (cm'  STP/g) of noble gases i n  grain s i ze: separates of  core 600 I 0. :\bundance uncerta i n t ies  are es t imated a s  ±5<;:f 
for H e .  N e .  A r, and Xe and ± 1 0% fur Kr .  Relat ive uncerta in t i es for i sotop ic rat ios arc one sigma of rhe  mean of mu l t i p le measurements L>f 
i nd iv idua l  rat ios p l us  one-half t he  app l ied b lank corrections .  Absolute isotopic rat ios have an add i t iona l  uncert a i n t y  of ±0. 1 %/mass un i t .  B l ank  
correct ions were general !', < 1%, e xcept  fo r  some da ta  on t he  coarsest grain s i ze s  where b l anks  were 1 -3<;:f for so i l s  and -6-8'7c fur p l agioclase 

separates . .-\pprox ima1e subsurface soi l  depths and sample parent n umbers are i nd ica ted .  

Sample Wt.(mg) 

60010, /077 (.5-J cm) parent . 1066 

250- 1 50 µ m  2 5  08 3.56 .84 1 .76 1 2 .32 :!: .03 
! 50-90 µ m  9. 1 1  4.8 1 I 1 3  2 . 2 2  1 2.33 :!: .03 
90-75 µ. m 9.97 5 . 1 8  1 .24 2 .49 1 23 6 :!:  .05 

'5--45 µ m  16.20 6.59 1 .62 3 . 1 3  1 2 .40 :!: .03 
45-20 µ. m 1 0.66 1 0.9  2.67 4.79 1 2 .46 :!: .03 
20- 10  µ.m 6 04 22 .3  5.66 10 .4 1 2 .55 = .03 

600 10. 1076 (3.5-4 cm) parent . /058 

2S0- l 50 µ m  28 . 1 3  3.04 .696 1 .36 1 2 . 32 :!: . 1 5  
1 50-90 µ. m  1 1 . 1 4 4 .92 I 1 6  2 . 1 3  1 2 .48 :!: .04 
90-75 µ m  1 0. 3 1 5. 42 1 . 32  2.4� 1 2. 37 :!: 03 
75--45 µ. m 17 .74 7 .06 1 .7 1  3 09 1 2 . 4 1  :!: .03 
45-20 µ. m 9.77 1 1 .2  2 .83 4.99 1 2.47 ± .04 
2 0- 1 0 µ. m 6.36 23 . 3  5 .9 1  1 0. 1  1 2.5 1 :!: .03 

, 1 0·µ. m I 0 .27 46.4 I 1 .6 1 8.7 1 2 . 7 1  :!: .03 
Plagioclase 4 .66 . 3 1 0  .0685 . 1 20 I 1 .56 :!: .07 

60010. J/l76 Magneric separate 

500--250 µ. m 5.97 3 .94 .92 1 .95 1 2.35 :: .04 
1 5 0-90 µ. m 4. 1 3  6.92 1 .74 3.38 1 2.36 :,: .03 
75-45 µ m 6.05 
45-20 µ m  5 .00 1 4.3 3.62 6.30 1 2.4 1 :!: .03 
20- 1 0  µ m 2.8:! 23.9 6.23 1 0.6 1 2.44 :t .05 

< I O µ m 1 . 39  36.6 9.65 1 4.0 1 2.64 :!: .03 
60010. 1075 r / /- /  1.5 cm/ parent , 10.�8 

250- 1 50 µ. m 19 . 1 2  4 .29 .983 1 .72  1 2.28 = .05 
1 5 0-90 µ. m 1 1 .48 4.89 I 1 4  1 .97 1 2 .36 :: .03 
90-75 µ. m 8 . 1 9 5 .8 1 1 . 34 2 . .1 1  l 2 . :l4 :!: .03 
75--45 µ. m  16. 1 3  8 .22 1 .98 3 . 53  1 2 .44 o: .03  
41-20 µ. m 1 2 .92 9 .13  2 .4 1  4.65 1 2A5 = .03 
2 \ l- J ll µ. m 4.89 1 7  .7 4 . .  IR  8 .hl) 1 2  I \ :!: .04 

< J l l µ m  4.49 44.� I I  _I 1 6.7 1 2 .h.1 :!: .O� 

22.27 :!: . 1 1  1 3 .4 5 . 1 4 :!: .0 1  
23.70 :!: 1 3  1 5 .8 5 . 1 7 :,: .O J 
24.09 :!: .3 1 1 8 . 1  5 . 1 7  ± . 0 1  
25 . 1 5  = . 1 8  2 1 .6 5 . 1 9  :!: . O J  
27 .39 ± . 2 1  27 .9 5 . 22  :!: .0 1  
29 .46 ± .2 1 59.8 ' .23 :• . 0 1  

2 1 .76 :!: .35 12 .5  5 . 1�  '!: .01  
22.9 1  :!: I I  1 5. 7  5 . 1 5  ' 0 I 
23 .82 :!: .46 1 8.8 _I . J � ,  . O J  
2 5 . 16 :!: . 3 R  2 2 . 3  5 . 1 9 ::  . 0 1  
27.25 :!: 1 4 33 .8 5 . 20 :!: .0 I 
29. 2 1  :!: .38 55.6 5.22 :!: .0 1 
3 1 .25  :!: .49 1 1 1  5 . 23  :!: .OJ  
1 1 . 1 9 ±  .46 I 1 9  4 .61 = .0 1 

22 .47 :t .24 1 6 . 1  . 1 60 = .005 
2<. \ 9 =  . 1 7  26.6 . 1 78 :: .005 

30. 1 . 1 85 :!: .0 10  
27 . 36  :!: .:! l _19. 5 .204 :!: .oo< 
29.30 :t .27 .19. 2 2 1 8 :,:  .001 
3 1 .01 :!: .34 \ OX 6 .2.18 :,: .005 

20.45 ::: . 1 3  1 3 .0 5 . 1 4 :: .0 1 
2:!.37 ::!:: .30 1 2 .5 . 1 6  :!: .0 1 
.:!� . 52  = . 27 1 7 .6 _ J f, - _() \ 
24.68 :: 1 7  2�.h . 1 8 :: . i l l 
26.4 1 :!: . 1 6 28 . 5  19  .! :  .O J 
28.83 ::: . 1 7  47.2 . ( 6 :,- 06 
:lll.62 = .27 9 1 .7 .:!-4 !: .O� 

-"'Art'•Ar "'Kr X ,o-• "'Xe X , o-< 

I 16 :,: . O J  8.60 U l  
1 . 46 :!: .0 1 1 0.4 1 .60 
J .  38 :!: .02 1 2.2 1 .82  
1 . 32 :!: . 0 1  1 3 .9  I 9 1  
1 . 23 :!: .0 I 1 9.0 2.89 
I 1 7  o: . 0 1  35 .6 5 .36 

1 . 48 = .0 1  ,.50 1 .06 
1 . 42 :!: . O J  9. 1 5  1 . 30 
1 . 38 :!: .0 I  1 1 .4 1 .96 
1 . 24 :!: 0 I 1 4 . 2  2 .07 
1 .2 3  :!: . 0 1  20 .9 3.43 
1 .09 :c .0 1 42 .3 5 .00 
1 .07 :: .O J 66.6 8 . 3 5  
3 08  :!: . 1 0  1 .78  .4.12 

1 . 7 1  = .O J  10 .4 1 .56 
1 . 39 o: .O J 1 6.9 2 .36 
J . 2 <  :!: .0 1  2 1 .9 3 . -1 2 
1 . 1 8  = . O J  248 .1 .f>8 
1 . 09 = .O J  38.8 ·" ·,..� 

1 .089 :: .005 68 .5 8 .8.1 

1 .6 1  :t 0 1  7 .60 I I I  
\ _ 10  :!: .ll l 7. 1 8  1 . 1 7  
J A i  :!: .O J  1 1 . 8  1 .77 

1 ..32 :!: .0 l 1 5 . 7  2 . 3il 
1 . 24 :!: .0 1 1 8.7 2.9:? 

I .  1 .< :!: . 0 1  -30.3 4 .27 
I 1 5 :: . I l l 64.5 8 .38  

� 

APPENDIX 9 .  Noble gas data 

Table s A9 , l  through A9 8 are from Bogard and H i rsch ( 1 9 7 6 ,  1 9 7 7 ) . 

TABLE A9 . l  



600/0, 1074 (14-14.5 cm) parerir , /031 
250- 1 50 /L m 20.87 2.78 .528 1 .2 1  1 1 .9 1  ± .07 1 4.65 ± . 1 7  6.93 5.04 ± .0 1  2.70 ± .02 3.78 .734 

150-90 µ m  9.79 3.72 .757 1 .63 1 2.00 ± .07 17 . 1  I ±  .28 9.22 5 . 1 7  ± .0 1 2.42 ± .03 5.09 1 .04 
90-75 µ m  7 . 1 9  4.02 .820 1 .89 1 1 .94 ± .09 1 7 .60 ± .43 1 0.3 5. 1 8 ±  .0 1  2 .39  ± .04 5 . 3 1  1 .02 
75-45 µ m  1 3 . 1 2  5 . 1 0  1 . 1 0  2.37 1 2.09 ± .06 1 9.27 ± . 1 3  1 2.7 5 . 1 2 ±  .0 1  2.3 1 ± .0 1 6.58 1 .22 
45-20 µ m  1 1 .5 1 8.04 1 .83 4.09 1 2.24 ± .04 23.58 ± . 1 3  2 1 . 1  5 . 1 5  ± .01 2 . 1 8  ± .01 10.4 1 .99 
20- 10  µ m  7.09 1 5 .0 3 .58 8 . 1 5  1 2.3 1 ± .03 26.94 ± . 1 1 

< 10 µ m  3.04 36.9 8.87 16.5 1 2.56 ± .03 29.53 ± .25 73 . 1  5.25 ± . 0 1  2 . 1 7  ± .0 1 37.6 6 20 
Plagioclase 12 .6 1  .0673 .0 1 2 1 .0401 4.72 ± .24 1 .87 ± .08 .0776 2.48 ± .03 1 7 .8 ± .6 .637 . 2 1 8  

60010,3107 (20-20.5 cm) parent ,3027 
250- 1 50 µ m  22.00 2.87 .42 ] 1 . 1 2  1 1 .33 ± .03 9.44 ± .06 5 . C I  4.87 ± .0 1 3 .6 1  ± .0 1  3.29 .581  

1 50-90 µm 1 0.65 3.39 .528 l .42 1 1 .55  ± .04 1 1 .29 ± . 1 0  7.34 4.% ± .0 1  3.27 ± .02 4.27 .733 
90-75 µ m  7.39 3.57 .543 1 .46 1 1 .54 ± .07 1 1 .23 ± .28 7.52 4.99 ± .01  3 .25 ± .01  5.67 I .  I 3 
75-45 µ m  1 4.45 3.% . 6 1 2  1 .7 1  1 1 . 65 ± .04 1 2.38 ± . 1 2  7.99 5.02 ± .06 3.30 ± .02 5 .99 1 . 22 
45-20 µ m  9.25 6.46 1 .32 3 .35 1 2.05 ± .05 1 8. 1 7 ± .09 I 3.9 5 . 1 0  ± .01  2.97 ± .01 8.20 1 . 54 
20- 10 µm 5.87 5.36 1 .26 4.50 1 2.27 ± .03 22.01 ± .08 20.5 5 . 1 5  ± .01 2.80 ± .0 1 1 1 .8 2.20 

< 10 µ m  2.64 20.0 5 . 1 9  1 1 .3  1 2.43 ± .07 27.54 ± .3 1  5 l .O 5 .2 3 ± .0 1  2.94 ± .0 1  29.3 4.91 

60010, /073 (24.5-25 cm) parenr , / 004 
250-150 µ m  2 1 .40 2 . 2 1  .457 .943 l l .98 ± .03 1 4.94 ± . 1 3  6. 1 8  5.07 ± .01  2 .22 ± .0 1  3.93 . 6 1 3  

1 50-90 µrr, 1 0.76 3.26 .7 1 1  1 .4 1  1 2 . 1 5 ± .06 1 7.87 ± . 1 8 8.86 5 . 1 1  ± .0 1 2.00 ± .01  5.86 .�32 
15-45 µ m  1 9. 1 8  5.77 1 . 37 2.54 1 2.32 ± .03 2 1 .5 1 ± . 1 8  14.6 5 . 1 6  ± . 0 1  1 .74 ± .0 1  8.86 1 .36 
45-20 /L m 1 0.23 9. 10 2.20 3.87 1 2.46 ± .06 24.39 ± . IO 1 5 .6 5 . 1 9 ±  .0 1  1 . 7 1  ± .01 1 5 . 1  2.38 
20- I O µ m  6.88 1 6. 1  4.07 7.7 1 1 2.45 ± .04 27.56 ± . 1 8  38.0 5 . 2 1  ± .0 1  1 .57 ± .O J 23.0 3 .29 

< J O µ m  6 . 1 6  34.2 8.66 1 4.3 1 2 .60 ± .(13 30.90 ± .32 72.9 5.24 ± .01  1 .57 ± .0 1 44.0 5.7 1 
Plagioclase 1 1 . 1 5  . 108 .0236 .0553 8. 1 6 ::. 23 3.23 ± . 1 3  .33 1 3.98 ± .01  3 .77 ± . 1 7  .568 . 1 65 

60010, 121 I (22-22.5 cm) parenr , I  
White clast 1 0.59 .0779 00829 04 1 6  5.32 ± 1 . 34 2 . 1 3  ± .55 1 . 54 3 .23 ± .40 1 9.3 ± 3.8 . 7 1 2  .203 

60()()9,456 
Plagioclase 8 .6 1  . 1 37 0200 .0683 5 .96 ± .2 1  2.23 ± . 1 1  .236 3 03 ± .0 1  8.3 1 ± .34 .983 . 3 1 5  

TABLE  A9 . 1 ( Continued ) 
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l <,u : . , r i c  r; , 1 1 ,"  o f  K r  i n  , e l c c t cJ !'. r , 1 1 n  s i 1 c  f r " c l i "n'  < ' f  � I H 1 l 1 't . \ ' c r y  , 111: i l l  h , droc ; i rh , i n 
c,,rrec 1 i , , n s  h ci \' t' hcv n ;q,r l i ed  1 ,, ·· K r  � n d  '"K r  h ; i ,cJ , , n  n i : J s s  :'-! .  C tnJ 10 " 'K r  for (�'A r ) : .  ReLt 1 i ve  
u ncc r 1 ci i n 1 ic,  l! i "cn  : i re  unc  , i ,:m; i  of  t h e  1 n e:1 11 of m u l t i r : c  mc .r, u rc m c n 1 , .  r l u ,  onc ·h ,df  t h e  m :1i:n : 1 udc  
of t h e  Jhove uirrcc- t i on,  for ·· K r  ;, nd  '"K r .  A h,,,l u t c  ra t i ,, s  have an  ;;dd i t ional u ncert a i n t y  o f  

Sample "Kr/'•Kr 

6()0 /0. 1077 
250--- 1 50 µ m .0225 = 0005 

75-45 µ m  .02 1 5  :!: .0008 

600/0. 1076 
250-- 1 50 µ m .0233 = .0()()5 

1 50---90 µ m  .0220 = .0005 
< 1 0 µ. m 0200 = .000 1 

60010. 1 075 
250--- 1 5 0 µ. m .02.,0 = .00 f3 

1 50---90 µ. m  .0228 = .0003 
< 1 0 µ. m .0203 :!: .000 1 

600/0. 1074 
250--- 1 50 µ. m .0263 = .0007 

75-45 µ m .0254 = .00 1 7  
< I O µ m  .0265 = .004 1 

600 1 0,3 107  
250--- 1 50 µ. m .0344 :!: .0009 

1 50---90 µ. r.1 .0323 :!: .00 1 6  
< 1 0 µ. m .0230 :!: .0007 

600 1 0. 1 073 
250-- 1 50 µ. m .0258 = .0007 

1 50---90 :- m .0242 = .0009 
< 1 0 µ. m .0202 = .000 1 

600 1 0. 121 1 
White c last 

=0. 1 'IUm:iss un i t .  

"'Kr/"'Kr "Kr/'•Kr  

. 1 379 = .00 1 0  .6692 = .0020 
. 1 350 = .0008 .666 1 = .00 1 6  

. 1 373  = .0006 .6692 = .00 1 5  

. 1 360 = .00 1 1 .6660 = .0037 

. 1 296 = .0005 .6567 = .00 1 2  

. I r9 = .0009 .6632 = .0028 
1 394 = .00 1 0  .67 1 � = .0024 

. 1 307 = . 00 1 4  .6596 = 00 1 5  

. 1 77 1 = .00 1 5  .7077 = .0046 

. 1 750 :!: .002 1 .6962 = .0048 

. 1 349 = .U03 I .6628 = .0033 

. l 773 ::: .00 1 6  T38 = 00 1 8  

. 1 659 = .00 1 1 .?(168 = .0057 

. 1 :,74 = .00 1 7  .66 7 0  = .0032 

. 1 460 = .0009 .6�00 = .Oli26 

. 1 -1 lh :!: .00 1 0  6? 5 , ::: .002 ' 

. 1 300 = .00 1 2  . 6 572  = .00 1 4  

. I �  1 7  = .0090 61-.92 = .0 1 66 

' 'Kr/""Kr  

.67.< 3 = .0020 
.6687 = .00 1 1 

.6726 = .00 1 0  

.6692 = .0022 

.6570 ::: .0007 

.6690 ::: 0030 

.67 39  = .00�2 

.6576 = .00 1 6  

.6970 = .00 1 6  

.6829 = .0024 

. 6609 :!: .0025 

.744 1 = .0029 

. 7 1 9 1  = .0029 

.6670 ::: .0026 

. 6865 = .0032 
. n  791  = .00.11 
.6576 :!: .0009 

.66 1 3  = .0 1 2 1  

8'Kr/'.K r  

3 . 270 = .005 
3 .266 = 007 

3 .266 = .006 

3 . 257 = . 0 1 0  
3 .266 ::: .003 

3 . 247 ::: . 0 1  I 
3 .276 ::: . 0 1 1 
3 . 260 = .005 

3282 = .0 1 3  
3 . 27 1 = .0 1 5  
3 .268 :!: .0 1 1  

3 .309 = .003 
3 .29� :': .0 1 2  
3 . 275 = .O l I 

3 .  26 7 = .00� 
3 .272  := .0 1 2  
3 . 254 ::: .002 

3 . 2 57 = .0 .1 ,  

� 

.. 

TAB L E  ACJ . 2  



I sotopic ratios of Xe in se lected grain s ize fract ions of 600 10 .  Relative uncerta int ies given are one sigma of the mean of mu lriple 
measurements .  Absolute ratios have an additional uncertaint y of ±0. 1 %/mass un i t .  

Sample ' 2'Xe/ ' 36Xe '"Xe/ 136Xe 1 28Xe/ ' "'Xe ' 29Xe/ mXe "0Xe/' -'0Xe ' ·" Xe/ ' 36Xe ''1Xe/ ''"Xe ll'Xe/ 136Xe 

60010, /077 
250- 1 50 µ m  .0233 ± .00 1 0  .029 1  ± .0005 .2970 ± .003 1 3.456 ± .022 .5547 ± .004 1 2.776 ± .0 1 3  3 .3 1 4 ± .0 1 7  1 .2 3 1  ± .007 

75-45 µ m  .02 1 8  ± .0008 .0262 ± .0025 .2928 ± .0020 3.449 ± .0 1 3  .553 1 ± .0064 2 .762 ± .0 1 1 3 .3 1 3 ± .0 1 2  1 .230 ± .005 

60010, /076 
250- 1 50 µ m  .0239 ± .0008 .0299 ± .0004 .298 1 ± .00 1 5  3.447 ± .0 1 5  .5542 ± .0026 2. 769 :t .0 1 3  3 .3 1 2  :t .0 1 6  1 .227 ± .005 

1 50-90 µ m  .022 1  ± .0007 .0282 ± .0009 .294 1 ± .0029 3.433 ± .022 .5504 ± .0032 2.76 1 ± . 0 1 4  3 . 306 :t .022 1 .23 1 ± .009 
< I O µ m 0 172 ± .0003 .0 1 72 ± .0003 .280 1 ± .00 1 9  3.436 ± .008 .545 1 ± .0020 2.709 :t .007 3 .298 :t .007 I .224 ± .003 

600/0, /075 
250- 1 50 µ m  .0258 ± .0006 .0339 :t .00 1 1 .3047 :t .0060 3 .443 ± .0 1 7  .55 1 9 :t  .0028 2.778 :t .0 1 1  3 .296 :t .0 1 2  1 . 223 ± .009 

1 50-90 µm .0230 ± .00 1 4  .0277 ± .00 14  .2896 ± .0026 3 .389 :t .023 .5434 ± .0047 2.725 ± .0 1 5  3 .273 ± .007 1 .2 1 8  ± .006 
< I O µ m  .0 160 ± .0003 .0 162 ± .0004 .2684 ± .00 1 9  3 .362 ± .0 12  .5305 ± .0024 2.670 : .0 1 2  3 .269 :t .0 1 1 1 .222 :t .005 

600010, 1074 
250- 1 50 µm .0246 :t .0020 .0342 ± .0056 .2942 ± .0093 3 . 227 ± .026 .5222 ± .0060 2 .682 :t .0 1 9  3 . 1 66 ± .020 1 .204 ± .0 1 3  

75-45 µ m .0309 ± .0008 .2824 :t .0027 3 .2 1 5  ± .0 1 6  .5209 ± .0035 2.645 ± .0 1 4  3 . 163 ± .0 1 7  1 .200 ± .006 
< I O µ m .0 1 70 :t .00 1 2  . 0 1 96 ± .00 1 2  .2778 ± .0063 3 .396 :t .0 1 8  .5379 ± .0 1 0 1  2.680 ± .0 1 3  3 .273 :t .02 1 1 .22 1 ± .009 

60JI0,3107 
250- 1 50 1, m  .0505 ± .00 1 1 .0779 ± .00 1 7  .3709 ± .003 1 3.545 :t .023 .5989 ± .0060 2. 985 :t .020 3 .322 ± .0 1 6  1 .222 ± .0 12  

1 50-90 µ m  .04 1 1 ± .00 1 5  .0626 ± .00 1 9  .3462 ± .0039 3.500 ± .030 .5789 :t .0070 2.909 ± .02 1 3 .308 ± .026 1 . 225 ± .0 1 3  
< IO µ m  .0206 ± .00 1 2  .0242 ± 00 1 1  .2833 ± .0045 3.429 ± .02 1 .5 395 ± .0049 2.702 ± . 0 19  3 .267 :t .0 1 3  1 .222 ± .008 

60010, 1073 
250-150 µ m  .0303 :t .0027 .04 1 3  ± 0009 .3085 ± .0046 3 .390 ± .024 .5547 ± .0050 2.779 :t .027 3.269 :t .030 1 .2 1 9 :c: .0 1 5  

! 50-9U µ m  .0257 :t .0009 .03 1 4  :t .0025 .2947 ± .0028 3.40 1 ± .020 .5465 ± .0036 2 .754 ± .0 1 7  3.276 ± .0 1 8  1 .220 ± .0 1 2  
< !O µ m .0173 ± .0006 .0 1 82 ± .0004 .2767 ± .00 1 3  3 .405 ± .0 1 3  .5363 ± .0047 2.695 ± .007 3 .282 ± .007 1 .226 ± .004 

60010, 121 1 
White c last .2203 ± .0 1 04 3.030 ± .064 . 46 1 3 ± .0 1 4 1  2 .4 1 5 ± .04 1 3 . 063 ± .079 1 195 ± .03 1 

600 1 0. 1 076 Magnetic separate 
250-500 µ m .0242 ± .0008 .03 1 0 :t  .00 1 2  .2965 ± .0037 3.409 ± .024 .5503 ± .0067 2.756 ± .0 1 3  3 .292 :t .026 1 .220 ::::: . 0 10  

< I O µ m .0 1 59 ±  .00 1 3  .0 1 6 1  ± .00 1 2  .2720 :t .0026 3 .373 ± .0 1 9  . 5 329 ± .0049 2.670 � .0 1 6  3 . 260 ± .0 1 5  t . 2 J C ± .007 

TAB LE  A9 . 3  
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l ,otopic- r : , t 1<" n f  t he  ,u rfacc -c L,rrc l ; ikd co 1n r, l l1 e n t  and  conce n t ra l in n ,  of  the  co,nwgcn i c  comrpnc n t  
( cm '  STP/g )  :is d c t c rm i ncJ h y  the  ord 1 1L1 tc - i n t c' 1 c q1 t  t echn ique _  Cosn io;;cn ic  J :1 t :1 f N  rl :q; i"c l :1 se  sepJra tes  ;i nJ  
600 1 {U 2 !  I v. e re caku l : , tcd d i rec t ! ,  U nccrt , 1 i 1 1 t i ,· s  :; i v.: 1 1  f , i r  i so top ic  ra t ios  and :1 bund :, nces  are one  s i;:mJ  o f  the  ord i na te  
i n t c: rccpt  :in d  of t h e  , 1 ,> rc - rc,pcc t i vc l y ,  ; i s  ,k r ivcJ l iy ;, fi rs t  o rde r  regre"ion .  No rma l i zed cosnrngen i c  [ "'Xe]  have  been 
corrcc tcJ  f, ,r d i fference,  i n  so i l  c h c 11 1 i s t ry .  \ ' ; l l u c ., , , f  /J fcO are from M c K ay ,,r nl. ( 1 976 , 1 977 ) .  l rn n  concen t r:i t i on s  :ire 
from G lanch;1rd ct a/, ( 1 97h) and  ll lanch; ird ; ind !1ran 1 1 <111 ( 1 977 and pers .  com m . ) _  Cosmo;;en i c  noble gas Lb ta for 

Sample  

600 1 0 , 1077 

600 1 0 , 1 076 

P lagioc lase 

600 I 0 ,  I 07h 
Magne t ic 

600 I 0, I 07'i 

600 I (l, I  074 

Plaiiuc lase 

60U l !U 1 07 

600 10 ,  1 07 3  

600 1 0 , l � l  1 
C l :1st 

6()()()9 ,'< S6 
601l0') ,4'i7 

' H e  
3He  

2546 
:t n  

2555  
:!:27 

2662 
:!:26 

263� 
:!: 4 1  

2478 

28 1 1  
:!:243 
2565 
:!: 1 9  

60009.457 i s  reproduced from Bogard :rnJ H i rsch ( 1 976)_ 

'"Ne  "Ne -'"A r  
.u1Ar  "Nt: " N e  

1 2 .57 
:!: _ ( ) _, 
1 2  _ _  ,6 
:!: .03 

1 2 .47 
:!: _03 
1 2 ,60 
:!: .03 
1 2 .39 
:!: .03  

1 2 .53  
::!: .04 
1 2 ,58 
:!: .03 

3 1 .5 5 .26 .926 54 .7  
:!:: . 3  ::!: .0 1 :!: .0 1 4  :!:6 .2  

3 L6 
:!: _ I 

5 ,25  1 .0 I 56 .8 
:!:.O J :t .03 :!:5 ,  I 

3 1 .9 
+.7 

3 2 . 3  

5 .26 
:!:.0 1 
5 _ 2_, 

:!: -4  :!: .0 1 
3 L I  ;,,5 _25 
= -5 

35 .6  5 . 27 
:!: I .  I :!: _Q2 
32 .0  5 ,25 
:!: . 8  ::!: ,0 1  

. 8 3  
:!: ,04 

.960 

72 , I 
:!:6.0 
82 .8 

:!: .024 -±:8.8 
2 . 1  93 _ 5  
:!: .  I -±:3 .4  

2.69 1 74 
:<:: . 1 0  :!: 1 7  
i -46 69,6 

:!: .03 -±:2 ,3  

45 
:':2,J 

4 . 5  

24.4 
:!: I . I  
26 ,2  
:!:3 .8  

7 _0  

27 .6  
:!:3 ,5  
33 1 
:!: 1 .6 
4 5 _9 
:!: 1 .9 
20.R 

90.2  
:!:4 .9  
36 ,2  
:!: 3 
1_ 5 _ 3  

40. 1 
:!: .8  

29 _3  
2 1 .5 
:!:3 _0 
1 7 -8 

67 .2  
:!:9. 1 
59 ,5  
:!:4 _7 
3 3 - 7  

88 .3  
:!:3 ,6 
65 .9  
:!:5 ,7  
6 1 .9 
:!: 1 .2 
1 8 .9 

97 _5  
-;:6 .6  
48 ,9  
:!:4_7 
2 3 .0 

45 _  I 
::!: 1 .0 
38 -4  
29.0 
:!: I I  
24 .3  

'°Kr 
� 

n8 
:!:2.6 
22 -9  
:t i . I  

24 8 
= 1 .9 
57 _ 2  
:!: U  

49_7 
:!: 1 .5 
22 . 3  
:!: , 2  

3 _0 
:t2 _  I 

'"Xe 
10  I I  

5 .n 
:!: .20 
5 ,03 
:!: ,  1 3  

7 .95 
::!: , 38  
6,62 
:!: - 37 
4_62 

:!: J ,30 

1 11 
::!: , )  
5 ,07 
:!:, 1 7  

6,85 0_79 
:!: 1 .45 :!:. 2$ 

"'Xe _I,_ 
Norm FeO 

t 0 · "  

5 ,68 90 

4.86 92 

7 .68 

6 .62 67 

5 .69 47 

9.6� 26 

5 ,82 53 

� -0 

[ Fe ]  
o/r 

4_ I 

4 .2  

4 .R  

3 _9  

5 ,0  

3 _5  

TABLE  A9 . 4  





Isotopic concentrations (cm' STP/g) of noble gases i n  gra in s ize separates of Apollo 1 6  soi l s .  Abundance uncertaint ies arc est imated as +5% for He, Ne .  
Ar ,  and  Xe and  ± I 0% for Kr .  Rel ative uncertaint ies for i sotopic ratios are one  sigma of t he  mean  of mult ip le measurements  of individual ratios p l u s  one-half the 
appl ied blank corrections. Absolute isotopic ratios have an  additional uncertain ty  of :0. 1 %/mass unit . Blank corrections were genera l l y < 1%, except for some 

data on  the coarsest grain sizes. Approximate subsurface soil depths are indicated. The 250-500 J.Lnl sample of 60009,457 i s  a > 99% plagioclase separate. 

'He 'He "Ne "A..r 84Kr '"Xe 
Sample Wt.(mg) X 10-6 X I Q-' X 10-' '

0N e/"Ne "Ne/"Ne x l O ' '
6 Ar/" Ar "'Ar/'•Ar X J Q-• X 1 0-• 

60009,454 (-29 cm) 
250- 1 50 J.Lm 25.5 2 .72 0.547 1 1 5 1 2 .09 ± .03 1 5 .44 ± . 1 2 0.685 5 . 1 7  ± .0 1  2 .26 ± .0 1  1 .65 
1 50-90 J.Lm 4.96 3 .9 1 0.83 1 1 .7 1  1 2 . 1 6 ± .05 1 7 .86 ± .28 1 .08 5.04 ± . 1 2  2 .33 ± .0 1  6.93 l .49 
90-75 /Lm 1 0.6 3 .9 1  0.786 1 .70 1 2. 1 7  ± .05 1 7 . 8 1  ± . 1 9  0 .9 1 2  5 .22 ± .03 4.92 0.96 
75-45 /Lm 14 .5 5 .43 1 .23 2 .27 1 2.48 ± .04 20.58 ± . 1 3  0.9 1 4  5 .28 ± .0 1  7 .88 1 .38 

45-20 /Lm 9 67 1 2 .4 2.99 5 .53 1 2 .58 ± .05 26 . 1 2 ± .22 1 .45 5 .36 ± .03 1 6.0 2.76 
< 20 J.Lm 5 .0 1  30.5 7.65 1 3 .0 1 2 .5 1 ± .06 28.74 ± . 1 5  6.30 5 . 3 1  ± .O J 1 .780 ± .005 32.0 4.6 1 
<20 magnetic 2 .32 33 .3 8 35 1 3 .7 1 2 .43  ± .04 28.8 1 ± . 1 7  5 .68 1 .695 ± .005 34.0 4.98 

60009,455 (-43 cm) 
250- 1 50 J.Lm 1 1 .06 1 .26 0.242 0.536 I 1 .7 1  ± .04 1 2 .02 ± .28 0386 5 .09 ± . 0 1  2.60 ± .02 2 . 59  0 .42 

90-75 µ m  2.72 1 .95 0.377 0.950 1 J .87 ± .03 1 5 .07 ± .30 0.557 5 . 1 2  ± .01 2 .7 1 ± .03 4.34 1 .0 1  
75-45 J.Lffi 9.6 1 3 . 24 0.66� 1 .40 1 2.03 ± .06 !8.08 ± .22 0.745 5 . 1 9 ±  .0 1  2.08 ± .0 1 38S' 0.70 
45-20 J.Lffi 1 1 .74 5 . 1 4  1 . 1 95 2.43 1 2 . 1 7  , . .  03 2 1 . 83 ± . 1 7  1 .26 5 .24 ± .03 1 .98 ± .0 1 6.9: 1 .0 1  

<20 J.Lm 6.85 16 . 35  4.06 7.89 1 2 .40 ± .03 28 . 1 8 ± . 1 6  3 .8 1  5 .32 ± .0 1  1 .94 ± .0 1  1 8 .8 3 . 1 5  
<20 magnetic 1 .79 1 9.4 4.89 9.73 1 2 .29 ± 05 28.24 ± .62 4.29 5.29 ± .0 1  1 .78 ± .02 25 .8  3 .64 

60009,456 (-48 cm) 
250- 1 50 J.Lffi 1 9.73 3 . 26 0.626 1 .36 1 1 .92 ± .03 1 4.80 ± .09 0 .902 5 . 1 5  ± .0 1 2 .24 ± . 0 1  4.08 0.49 
1 50-9 { )  J.Lm 5 . 2 1  4 . 1 6  0.843 1 .86 I J .99 ±  .03 1 6.22 ± . 1 9 1 .02 5 . 1 7  ± .0 1 2 . 1 7 ±  .0 1  7 .94 t .47 
90-75 J.Lm 10.74 6.06 1 .28 2 . 52  1 2. 1 4 ±  .0-i 1 8. 1 6 ±  . 1 6  1 .44 5 .2 1 ± .0 1  1 .97 ± .0 1  7.7 1 i .30 
75-45 J.Lffi 1 3 . 50 5 . 1 1 1 . 1 2 2 .49 1 2. 1 7 ±  .03 1 9.32 ± . 1 1  1 .45 5 .2 1 ± .O l 1 .86 ± .0 1 2. 1 3  0.68 
45-20 J.Lnl 10 . 1 9  8.26 1 .93 4.0 1 1 2 .30 ± .03 22 .38 ± . 1 0  2 . 1 4  5 .26 ± . 0 1  1 .92 ± .0 1  1 1 .9 2 .09 

<20 /Lm 7.83 28 . 1  6 .59 1 2 .4 1 2 . 54 ± .05 27.87 ± .?.7 5 .99 5 . 3 1  ± .0 1 1 .72 ± .0 1  28. 1 4.57 
<20 magnetic 2.38 34.3 8.54 1 4 .9 1 2 .42 ± .05 28 . 1 3  ± .35 6.49 5 .32 ± .0 1  1 .7 1 ± .0 1  35 .0 5 .47 

TAB L E  A9 . 5  
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TABLE  A9 . 5  (Continued ) 

60009,457 (-53 cm) 
500---250 µ.m 1 3 .63 .045 .009 .04 1 5 .5 1 :t .44 2 . 1 8 ± . 1 5  .0 14 2 .92 :t .20 4.96 :t . 1 1 . 14 .034 
250--150 µ.m 23 .7 1 0.655 0. 1 l I 0.257 I l . 1 2  :t .07 8.60 :t . 1 7  0 . 1 35  4.86 :t .01 2.84 ± .03 0.85 0. 1 64 
150--90 µ.m 5.49 0.93 0. 1 82 0.404 1 1 .89 :t . 1 0  1 1 .56 ± .60 0.234 5 .04 ± .0 1 2.92 ± .03 1 .88 
90--75 µ.m 8.72 0.96 0. 1 84 0.424 l 1 .79 ± .08 12 .41  :t . 3 1  0.220 5 .04 ± .03 2.52 ± .03 1 .49 0.34 
75-45 µ.m 1 5 .30  1 .20 0.267 0.62 1 2 .06 ± .03 16.98 ± .22 0.400 5 . 1 7  ± .01 2.08 :t .02 2.25 0.34 
45-20 µ.m 8.00 2.05 0.486 1 .0 1  1 2. 1 6 ±  .06 20.49 ± .24 0.5 16  5 .23 ± .0 1  2 .00 :t .01  2 .55 0.63 

<20 µ.m 5.99 9.67 2.43 4.25 1 2.43 ± .04 27.3 1 ± .45 2.04 5 .3 1 :t .O J  1 . 9 1  :t .02 I 1 .2 1 .9 1  
<20 magnetic 2 . 1 3  1 9.4 4.95 8.73 12.32 ± .03 27.86 ± .38 3 .70 5 .28 :t .0 1 I .SO :t .0 1 22.9 3 . 33  

60009,458 (-58 cm) 
250-- 1 50 µ.m 14. 1 1 3 .83 0.76 1 .64 I l .93 :t .03 1 5 .87 ± . 1 5  1 .06 5 . 1 5  :t .01  2.42 :t .0 1 5 . 8 1  1 . 02 
1 50--90 µ.m 6.23 4.92 1 .00 2.00 1 1 .99 ± . 1 3  1 6.88 :t .55 1 .28 5 . 1 8 :t  .0 1 2.20 :t .0 1 4.57 1 . 3 1  
90--75 µ.m 6.72 5.37 1 . 16 2.09 12 . 1 6  ± .07 20.00 ± .38 0.8 1 5.27 :t .01 2 .36 :t .0 1 4.77 0.80 
75-45 µ.m 1 2 .68 7.76 1 .65 3.06 1 2.26 ± .03 22. ! 5  :t . 1 3  1 . 1 8  5 . 29 :t  .01  2 . 1 0 :t .0 1 4.89 0.63 
45-20 µ.m 1 1 .77 9.87 2.32 4.85 1 2 .22 :t .05 23.  I 9 :t .38 2.33 5 .24 :t . O J  l .93 ± .0 1  1 2 . 8  2.20 

<20 µ.m 7 .25 26.9 6.85 12 .7 12 .46 ± .04 28.37 :t . 1 2  5 .8 1  5 . 30 :t .0 1 l .94 :t .0 1  35 .7  5 . 1 3  
<20 magnetic 2.3 l 37.5 9. 1 l 1 5 .8 1 2 .46 :t .03 28.67 ± .07 6.60 5 . 3 1  :t .0 1 1 .90 :t .0 1  4 1 .6 6. 1 3  

6001 0 , 1 7  ( - 1  mrn) 
>45 µ.m 3 .95 6.52 1 .56  2.76 1 2.28 ± .03 24.35  :t .28 l .70 5 .29 :t .01  l .396 :t .006 1 1 .4 1 .40 
<45 µ,m l .7 1  2 1 .4 S .36 8 .37 1 2.43 ± .03 28. 72 :t .26 5.66 5 .30 :t .01  l . 1 70 ± .005 34.6 4.06 

60010 ,24 (-2 mm) 
>45 µ.m 5 .40 4.92 1 .22 2 . 1 6  1 2.24 ± .06 2J .76 :t . 1 0  l .60 5 .25 :t .01 1 .370 :t .005 1 1 . 36 1 .68 
<45 µ.m 0.78 1 3.4 3 .39 5 .65 12 . 33  :t .04 27.20 ± .37 3.06 5 .29 ± .0 1  1 .25 :t .02 22.8 3.23 

600 10,3 1 (-3 mm) 
>45 µ.m 7 .35 7 .75 1 .84 3 . 1 9  1 2.34 :t .05 25.38 cc . 1 6  2.2 1 5.26 :t .0 1 1 .295 ± .005 1 4.5 2.00 
<45 µ,m 2.72 1 9. 5  4.93 8. 1 9  1 2.4 1  :t .05 29. 3 1  :t . 3 1  4.96 5 .30 :t .01  I .  145 :t .005 28.6 3 . 8 1  

600 I 0,38 ( -4 mm) 
>45 µ.m 7 .7 1  6.79 1 .62 2.78 1 2.30 ± .06 25.28 :t .3 l 1 .85 5 .265 :t .005 l .305 ± .005 1 2. 3  1 .4 1  
<45 µ,m 4.76 24.8 6.27 9.77 1 2 .43 ± .04 29.53 ± . I I  5 . 56 5 . 30 ± .0 1 I . I  18 :t .006 34.7 4.4 1 

.l:>, 



J so tor ic  r :1 t 1m of Kr i n  , ,· i c c tcJ gr. 1 i n  , i ;c  f rac t i on,  o f  Arn l l o  I ii  <o i l s .  S ma l l  h ydrocarbon 
correc t ions have heen  arr l i cd  t o  " K r  anJ  '"Kr r,a s cd  < >n m"" -9 .  and even sma l l e r  correct ions for 
( '

0Ar)'. have bee n  arp l i t'd  to  '°K r .  Re l a t i ve  uncc r t � i n t i c s  g i , e n  arc ,, ne  s igma of the mean of mul t ip le 
measurements .  p lus  one-ha l f  t h e  magni tude of the  a t,cwe correc t ion s  fur "Kr  and '°Kr. Absol ute ratios 

have an  add i t iona l  uncerta inty of  :!: O. 1 %imass un i t .  

Sample "Kr/"Kr '°Kr/""Kr "Kr/"Kr "Kr/ .. Kr .. Kr/"'Kr 

60009,454 
< 20 µm . 1 3  I 8 :!: .00 I 7 .6628 :!: . 00 1 8  .6630 :!: .0039 3.262 :!: .009 
< 20 mag. .0 1 87 :!: .0050 . 1 3 1 5  :!: .001 7  .6624 :!: .0036 .6605 :!: .0037 3.260 :!: .0 1 5  

60009,455 
250- 1 50 µm . 1 45 1  :!: .0062 .688 1 :!: 0066 .6968 :!: .0078 3.29 1 :!: .022 
< 20 µm .0264 :!: .0009 . 1 3 3 1  :!: .0009 .664:l :!: .0028 .6644 :!: . 00 1 5  3 .267 :!: . O J  I 
< 20 mag. .0223 :!: .0088 . 1 330 :!: .0020 .6644 :!: .0040 .6634 :!: .0045 3.269 :!: .0 1 2  

60009.456 
250- 1 50 µm .0285 :!: .0061 . 1 450 :!: .0043 .6902 :!: .0035 .6980 :!: .0037 3.28 1 :!: .0 1 2  
< 20 µm .0274 :!: .0008 . 1 332 :!: .00 1 0  .6638 :!: .00 1 8  .61.'42 :!: .0023 3 .262 :!: .006 
< 20 mag. .0203 :!: .006 1 . 1 3 27 :!: .0009 .6644 :!: .0023 .6650 :!: .0036 3 .273 :!: .0 1 1  

60009,457 
250- 1 50 µm . I 54 1 :!: .0076 .7029 :!: .006 1  . 7 1 95 :!: .0056 3.303 :!: .020 
< 20 µ.m . 1 3 2 1  :!: .00 1 4  .6627 :!: .0028 .6623 :!: .0030 3 .260 :!: .005 
< 20 mag. .0279 ± .00 1 0  . 1 334 ± . 00  l 0 .6633 ± .004 1 .6643 ± .0055 3.264 ± .012  

60009.458 
250- 1 50 µ.m .0240 ± .0068 . 1 46 1 ± .00 1 5  .6g,.: 3  :!: .0035 .6937 ± .0048 3 .286 :!: .0 14  
< 20 µm .0432 ± .0003 . 1 329 ± .0007 .6640 .'!: .0014  .6650 :!: .001 8  3 .270 ± .022 
< 2(1 mag. .0204 ± .0029 . 1 3 2 1  :!: .0010 .6648 ± .001 7  .6634 :!: .00 1 8  3 .268 ± .007 

600 1 0 , 1 7  
> 4 5  µ m  .02 1 3  :!: .0080 . I 283 ± .0048 .6663 :!: .0032 . 6672 ± .0034 3 .267 :!: . O i O  
< 45 µ m  .0205 :!: .0049 . 1 32 1  :!: .001 1 .6622 ± .0035 .663 1 :!: .()()28 's.267 :!: .0 1 1  

600 1 0,3 1 
> 45 µm .02 1 7  :!: .0024 . 1 3 5 1  ± .00 1 4  .6662 :!: .003 I .6680 :!: .0029 3 .259 ± .0 1 2  
< 45 µ m  . 0 1 84 ± .0040 . 1 3 1 7  :!: .0020 .6602 ± .0025 .6605 ± .0037 3.262 :!: .0 1 0  

6001 0,38 
>45 µm .0275 :!: .0007 . 1 323 :!: .0020 .6658 :!: .0027 .66 72 :!: .003 1 3.264 :!: .007 
<45  µ m  .02 1 4  :!: .001 1 . 1 304 ± .0007 .6592 :!: .00 1 3  .6602 :!: .001 3 3.262 :!: .005 

TAB L E  A9 . 6  
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I sotopic ratius of Xe in selected grai n  s ize fractions of Apollo 1 6  soi ls .  Relative uncertai nt ies given are one sigma of the mean of multiple 

San1ple 

60009,454 
< 20 µ.m 

< 20 mag. 

60009,455 
250- 1 50 µm

< 20 µ.m

< 20 mag

60009.456 
90-75 µm

< 20_µm

20 mag. 

60009,457 
250- 1 50 µm

< 20 µm

< 20 mag.

60009,458 
250-1 50 µm

< 20 µm 

"'Xe/"6Xe 

.0 1 99 
± .OO l l  

. 0 1 86 
± .00 1 2  

.0273 
± .0024 

. 0 187 
± .0008 

.0 192 
± .0016  

.0284 
t 00 1 0  

.0 195 
± .0007 

.0 1 8 1  
± .0009 

.0227 
± .002 1 

.0 1 63 
± .0012  

.0 1 79 
± .00 1 4  

.0287 
± .00 1 3  

.0 193 
± .0006 

measurements .  Absolute ratios have an addit ional uncertainty of -c:0 . 1  %/mass un i t .  

1 2
6Xe/ '"Xe "'Xe/"•xe 1 29Xe/ 136Xe ' -'

0Xe/"6Xe '"Xe/"6Xe "'Xe/"6Xe "'Xe/"•xe 

.02 14 .2833 3 .45 1 0.5492 2 .729 3.304 l .226
± .0006 ± .0027 ± .022 ± .0039 ± .0 1 8  ± .0 1 8  ± .009 

.0208 .2795 3.409 .5394 2 .697 3.273 1 .2 1 8  
± .00 1 3  ± .0039 ± .020 ± .0037 ± .0 1 4  ± .0 14 ± .0 1 2  

.0369 .2928 3 . 3 1 6  .5363 2.703 3.2 1 2  1 .2 1 1  
± .0023 ± .0040 ± .033 ± .0073 ± .030 :!: .028 ± .0 1 4  

.0207 .28 1 6  3.4 1 8  .5393 2.708 3 .282 1 .222 
± .00 1 1  ± .0028 ± .027 ± .0039 ± .020 ± .0 1 9  ± .0 1 0  

.0224 .28 1 7  3 .408 .5409 2 .704 3 .284 1 .223 
± .00 16  ± .0033 ± .003 ± .006 1 ± .025 ± .023 ± .0 1 5  

.0374 .3080 3 .445 .5587 2 .799 3 .302 1 .225 
± .00 1 6  ± .0039 ± .033 ± .007 1 ± .027 ± .029 ± .0 1 3  

.0225 .2885 3 .477 .5507 2.745 3 .3 1 1  1 .227 
± .0003 ± .0022 ± .0 1 7  ± .0034 ± .0 1 5  ± .0 1 2  ± .007 

.0206 .2786 3.407 .5355 2.697 3 .275 l . 2 1 7
:t .0009 ± .0030 ± . 0 1 8  ± .0037 ± .0 1 7  ± .0 1 3  ± .0 19 

.0296 .290 [ 3 .290 .5343 2.702 3 .200 l .204
± .0052 ± .0032 ± .038 ± 0092 ± .030 ± .030 ± .0 14 

() ) 59 .2723 3 .345 .528 1 2.663 3 . 234 1 .2 1 7 
± 00 1 7  ± .0045 ± .022 ± .0054 ± .0 1 9  ± .0 1 6  ± .0 1 2  

.0 185 .2757 3 . 382 .5387 2.68� 3 . 266 1 .2 1 7  
± 00 1 0  ± .0039 ± .024 ± .0075 ± .0 1 8  ± .0 1 7  ± .0 12  

.0396 .3076 3.4 10  .5499 2.78 1 3 .269 1 .2 1 7  
± .0006 ± .0044 ± .02 1 ± .0037 ± .0 1 6  ± .0 1 6  ± .009 

.02 1 2  .2845 3.458 .5472 2.732 3 .304 1 .228 
± .0005 ± .0020 ± .0 1 8  ± .0030 ± .0 14 ± .0 1 3  ± .008 

(J1 
I\) 
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,-- 20 mag. .0 1 84 .0203 .2776 3.403 .538 1 2.69 1 3 . 266 1 .2 1 8  
+ .001 0  ± .0005 ± .0036 ± .025 ± .0070 ± .020 :· . 0 19  ± .0 1 3  

600 1 0 . 1 7  
> 45 µ.m .0236 .0285 .2970 3.468 .559 1 2.7, I 3 .320 1 .228 

± .0028 ± .0024 ± .006 1 ± .056 ± .0 1 46 ± .042 ± .048 ± .025 
<45 µ.m . 0 186 .023 1 .2857 3 .439 . 5499 2.733 3 .289 1 .2 14 

± .0036 ± .0058 ± .0057 ± .036 ± .0080 ± .032 ± .035 ± . 0 1 5  
600 10,3 1 

>45 µ.m .02 1 6  .0265 .2968 3 .489 . . �584 2.782 3.336 1 .234 
± .001 2  ± .00 1 2  ± .0029 ± .0 1 4  ± .0033 ± .0 1 1 ± .008 ± .007 

<45 µ.m .0 163 .0 1 82 .2840 3 .452 .5484 2.754 3 .307 1 .2 3 1  
±004 1  ± .0059 ± .0049 ± .035 ± .0085 -+: .040 ± .032 ± .0 14  

600 1 0,38 
>45 µ.m .02 1 3  .0255 .2923 3 .439 .5485 2 .748 3 . 3:.;6 1 .222 

± .001 3  ± .00 1 6  ± .0036 ± .022 ± .0063 ± .0 1 8  ± .02 1 � .009 
<45 µ.m . 0 183 .020 1  . 2832 3 .434 .5455 2.728 3 . 302 1 .227 

± .0005 ± .00 1 1 ± .0024 ± .0 1 9  ± .0034 ± .0 1 5  ± .0 1 6  ± .008 
60007,243 

1 50-250 µ.m .023 1 .029 1 .292 1 3 .407 .5477 2 .739 3 .285 1 .223 
± .0008 ± 0005 ± .0036 ± .024 ± .0076 :': .0 1 9  ± .02 1 ± . 0 1 0  

< 20 µ.m . 0 1 74 . 0 177 .2783 3.427 .5440 2 . 7 19  3. 308 1 .226 
± .0004 ± .0002 ± .001 9  ± . 0 1 1 ± .002 1 ± . 0 1 0  ± .009 ± .005 

60007,2 1 7  
1 50-250 µ.m .0254 .03 1 0  .2935 3.4 1 7  .5473 2.754 3 .287 1 .225 

± .0006 ± .00 1 3  ± .0026 ± .024 ± .0060 ± .020 ± .020 ± .0 1 3  
< 20 µ.m .0 1 79 .0 192 .2837 3 .46 1 .5490 2 .740 3 .321  1 .230 

± .0005 ± .0006 ± .0025 ± .0 1 8  ± .004 1 ± . 0 1 5  ± . 0 1 6  ± .007 
6550 1 ,4 

1- .5 µ.m .0796 . 1 327 .4684 3.682 .6598 3 . 358 3 .402 1 .240 
± .002 1 ± .0028 ± .0 10 1  ± .050 ± .0 1 35 ± .048 ± .04 1 ± .0 1 7  

<20 µ.m .0200 .0225 .2902 3 .488 . 5497 2.747 3 .308 1 .228 
± .0002 ± .0004 ± .0022 ± .0 1 8  ± .0038 ± .0 14  ± .0 1 5  ± .009 

TAB L E  A9 . 7  ( Co nt i n u ed ) 
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Isot0pic ratios of the surfa<.:e -corre latcd comp0nen t  and concentrat ions of the cosmogenic  component (cm '  STP/g) as determineJ b y  the 
ord i n a!e- intercept t echn ique .  U ncerta int ies g iven  for i�otop ic ratios and abundance�  are one s igma of  th� ord i n ate intercept and of the , lope .  
respect ive ly ,  a s  der ived b y  a first order l inear regress ion.  Derivation o f  chemistry-corrected abundances for 60009 soi ls  i s  described i n  the te x t .  Dau 
for 600 1 0  soils were determined from only two grain size separates each .  (a) These 'He data are highl y unce rta i n  because of a l arge solar w i nd 

comronent  and because of a greater relative uncertain ty  in 'He/'H e  measurements .  

'He 1 1 Ne "'Ar '°Kr 1 2<i,Xc Chemistry-Corrected 
Sample 'He/'He 20Nc/"Ne "Ne/"Ne "'Ar/"Ar "'Arl"Ar 10-• J O-' 1 0-• J O- " J O · " "Ne .  10-• 126Xe . l 0 - 1 1  

60009.454 2535  J Hl 3 1 .6 .; J .78 83.4 4 1 _2 4 1 .2 
:,:25 :,: .OR ±: .6 :,: 3_0 !: 2 .2 

60009.455 2520 t 2.44 3 1 .8 5 .35 1 . 89 73 345 52 .6 1 3 .9 2.99 38.0 5 . 4  
!: 95 !: .06 !: .4 !: .0 1  !: .03 = 8  :,: 1 _2 =4.0 :!: 3 . 7  :,: . 4 3  

60009,456 2585 1 2 .56 3 1 .0 5 . 34 1 .64 1 1 2  52.9 73.2 )4.0 9.08 • 52.9 •9.08
:,: 65 :,: .05 = 1 . 2  = .0 1  = .03 = 9  = 5 .4 :!:3 . 2  := ) .4  !: I . I  I 

60009.457 2350 1 2.56 32.7 5.35 1 . 78 45 2 1 .5 29.0 6 .�5 0."9 25.0 4.0
:!: 1 20 :!: .09 :!: 2.4 = .0 1  !: .06 = 2_3 :,: 3.0 = I . I  :!: J,,5 = .28 

Plagioclase 4.5 17 .8  24 .3 25 .0
60009.458 2565 1 2 . 50 3 1 .8 5 .33 1 . 80 1 1 9 57 78_ I 33 .  I 7.94 57 8.0 

:t 90 :!: .08 !: 1 .2 :!: .O t  :t . l t  :t 1 5  :t6  :t6.7 :!:4.0 :!: .8� 
600 1 0 . 17 2555 1 2.50 3 1 -5 5 .30 1 .07 (65)' 27 6.0 cc 1 . 2  
60010.2, 2545 1 2 . 39 29.9 5 . 32  I . I I (-i0)" 1 9  44 
6()0 10 ,3 1  263 5 1 2.45 32.5 5 .33 1 .02 (99)" 28 62 7.2 cc 1 .0 
60010.38 2570 1 2.�8 3 1 .6 5_32 1 .02 (71 )" 23 44 4.7 cc .8 
60007,2�3 2680 1 2.48 3 1 .9 5 .32 0.96 75 25.0 45 6.25 

:,:J6 :,: _(}.j :,: .6 :!: .02 :t .0 1  : 7.5 = 2 .5  :!: 19 = .66 
60007 ,2 17 2560 1 2 .4 1  3 1 -4 5 .33 1 . 1 1  52 20 J 50 18 3 . 8 1  

:!:44 : .05 :.2 - � .01 = .05 :!: )  :!:: .f !:9 :!:4 :t .48 
6550 1 .4 ;> 2630 1 2.57 3 3 .4 5.42 2.54 J 1 9 =  1 4  59 :t 20 96 :,:  1 5  
< 1 2 5  µ. :t .06 :t .3 ::: .02 ::: .W 
500- 1000 ;, 104 : 2 59 = 1 1  70 :d 35 :t 4 10 .0 cc 1 .0 

TABLE A9 . 8
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APPENDIX  1 0 . P article track  data 

The data points represent track densities found on 
individual plagioclase c rystals ( one point = one grain with 
a particular t rack density that has been converted to number 
of t racks pe r square centimeter ) from Crozaz and Dust 
( 1977 ) .  These counts we re made using a light mic roscope. 
This data has been converted to frequency histograms on t he 
fa r right . Histograms compiled from the d ata of Blanford  et 
al. ( 1977) are presented to t he left of t he Crozaz and Dust; 
histograms. The d ifferen ces are discussed in Section 5. 8 in 
the text. 
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UNIT DEPTl-l SECTION 

7 3. 0 Cl>t' · . 

4 . 0  
· -- 5 . 0  

6 

5 

6 . 0  

7 . 0  

8 . 0  

� - 0  

, u : o  

. ___ l l . O  

4 

3 

2 

1 2 . 0  

1 3 . 0  

1 4 .  0 

1 5 .  0 

1 6 . 0  

1 7 . 0  

1 8 . 0  

1 9 . 0  

20 . 0  

-- - 2 1 . 0  

22 .  0 

2 3 . 0  

l 24 . 0 

25 .  0 

lid :,e of 
tJOl O  -

2 7 . 3  
· 2 7 .  3 

28 . 3  
10 

29 . 3  

30 . 3 

--- ·  3 1 . 3  

9 

8 

7 

6 

32 . 3 

33. 3 

34 . 3 

35 . 3 

36 . 3 

3 7 . 3 

38 . 3  

39 . 3 

40 . 3  

4 1 .  3 

42 . 3 

43 . 3 

44 . 3  

45 . 3  

46 . 3  

4 7 .  3 

· 48. 3 
s --- 49. 3 

4 

3 

- £. 
l 

50 . 3  

5 1 . 3 

· 52 . 3  

53. 3 

54 . 3 

55 . 3  

56 . 3  

5 7 . 3  

. 58. 3 
58. 8 

•::•;:''i{};'.[)t}J) .-· : :::>i:<� r ,_. 
·u�t{ttl(rt 
:J;£i�\4t:n . ;,.: . ,.:_::: . . . . .  . 

iI�i 
i�'i�ji�f,! 

�;�1!�� 
- .��{fr\]\}}'. 

. · .. . ·· . · ·  

SAM PLE 
S P L I T  

l 5 NUMBER 
23 

1 0 7 7  

400 ( 48 )  
230 

401 ( 49 ) 
1 076 
226 

402 ( 50 ) 1 t . 
403 ( 51 ) dk . 

220 

2 1 4 
404 ( 52 ) 

405( 5 3 )  
1 0 75 

208 

205 

1 074 

406 ( 5 4 )  

200 

407 ( 5 5 )  

192 

3 1 07 
1 89 

408( 56)  l t .  
1 8B 

4 1 0 ( 5 7 )  

4 1 1  ( 5 8 )  
1 0 73 

4 1 3  ( 59 ) 

306 

454 

3 1 4 
___,_ 35 

3 1 8  
321  

-· 36 
332 

· >34 
m pal red 

376 
..... 1� pa i red 

� 29 
455 
360 

,c 

30 , 3 1  

-r 28  
382 

3�4 
. 7  

393 

405 ak .  
408 1 t . 

457 
4 l 5 i t . 
41 8 dk . 

424 

26 X 'ti I X 
3 7  1 1 1 

4 39 
458 

165 

TRACK DENSITY (cm·2) 
i cd i v i CL a l  f e ldspar  gra i ns i n  dri ve tubes 600 1 0/S 

106 1 07 1 08 

I I  

I I  I I 
I I  1 1 1 

I I  1 1 1 1 1 1 1 1 I 

I I I I I-> 

1 1  I\ 1 1 1 � 
II , .... 

I l l � 

I I  I Ill 1 1 1 1  

I 1 \ 1 1 

I 
I 
l' IIJ-: 

1 1 1 1 1 1 1 I ._, 

4 
3 

3 
1 

I 1 1 1 1 1  
y1 1111 1 

, 
1 1 1-, 

1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1  

I I I I IIUII I I  

I I IIIIIIH I I 

I 1 1 1 

I l l  1 1 1 11 1 1  
xx X 

I I I I  1 1 1 1 I I  I I  I l l  

I I  1 1  

I I I I I I  

1 1 I I  1 1 1 1 

I I  I I  I l l 111 1  I I  

I I �I I  I l l  I 
I I  1 1 111 1 1 1 
1
1 /

1 1
1 111 1 11� Im 1 1 1  1 1 1 

1 1 11 1  1 1 11 

I 1 1 1  1 11 11 1 1 1 1 1 

I I 

I I  

I I 

I I 1 1  

I I 

I l l 

1 1 1 I 

I 

I 
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