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INTRODUCTION

The Tunar surface is covered nearly everywhere by a layer of rubble,
which varies in thickness from one to a few tens of meters, and is de-
rived primarily from meteorite impacts on the lunar surface. This
rubble, or regolith, which ranged from fine materials to rocks as large
as 10 kilograms, provided essentially all the samples collected by the
Apo1l1o Tunar missions.

The study of the regolith, therefore, is basic to understanding the
collection of Tunar samples. The regolith can be studied at its surface
by a variety of techniques, including remote sensing, but its development
can only be studied if it can be sampled in three dimensions. Cores,
which would preserve an intact and undisturbed section through the upper-
most lunar surface, were given a high priority in planning the Apollo
surface experiments.

Drive tubes were designed to be driven into the surface by hand.
On Apollo 11, 12 and 14 a small diameter drive tube was employed, while
on Apollo 15, 16 and 17 a large diameter drive tube was available. With
these drive tubes, a total depth of sampling of about 70 cm was possible
by using two tubes joined together (double drive tube). A rotary per-
cussive drill was used for Apollo 15, 16 and 17, capable of drilling to
a depth of 250 - 300 cm. In all, 52 drill stem and drive tube sections
were collected, which contained over 1500 cm of lunar regolith sample.
Table I summarizes the collection of lunar cores.

The work on these drill stem and drive tube sections has been
carried out in three phases; preliminary examination, utilizing
X-radiographs and small samples taken from the ends of the tubes; dis-
section and description; and distribution for analytical study by the
scientific community. The preliminary examination has been completed
for all sections; dissection, description and initial sample distri-
bution for approximately 15 percent of the sections; and limited
amounts of analytical data are available in the scientific literature.

This catalog is intended to provide a basic source of lunar core
and drive tube information. This will be of use to investigators who are
carrying out Tunar core tube investigations, and to gather together the
preliminary description, dissection description, and sample distribution
information that has been developed in the curatorial facilities at JSC.
The catalog is viewed as an open-end document. Updates will be provided
as new information becomes available as additional tubes are dissected
and described. The bibliography will be updated at intervals to allow
published information to be readily accessible.



G. H. Heiken contributed major portions of the effort involved in
this initial compilation. S. Haynes and S. Chazen assisted in the
editorial phases. None of it could be accomplished without the efforts
of a large number of individuals over the past 5 years, who developed the
techniques and labored to describe the core materials (noted by reference
to their publications, but not individually cited). My thanks go to all
of them. Readers' comments, questions, and critiques will be appreciated.

Michael B. Duke

Lunar Sample Curator
Johnson Space Center
Houston, Texas 77058
August, 1974



TABLE I. - APOLLO CORE AND DRIVE TUBE STATUS 10/1/75

SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE DIS- EARLY ALLOC.
NO. TYPE 1 WT.(gms.) L.(cm.) X-RAYED SECT 2 PEEL 3 IMPGD 4 ALLOC 5 6

10004 SDT 65. 13.5 X

10005 SDT ols 10. X

12025 DDT-U 9.5 X X X

12028 DDT-L 31.6 X X X

12026 SDT 106.6 19,3 X X

12027 SDT 95.0 17.4 X

14210 DDT-L 32:5 X

14211 DDT-U 7.5 X

14220 SDT 80.7 16.5 X

14230 SDT 0.7 12.5 X X X X

15001 Drill 232.8 X X X% b X X

15002 Drill 210.2 X X X* : X X

15003 Drill 223.0 242. X X X X X X

15004 Drill 210.6 X X X* X* X X

15005 Drill 239.9 X X X* X* X X

15006 Drill 227.9 X X X* X* X X

15007 DDT-L 768.2 35.6 X X X

15008 DDT-U 510.2 30.4 X X

15009 SDT 622.1 38.5 X X

15010 DDT-L 740.6 35, X

15011 DDT-U 660.7 32. X

*Thick peels were taken from 15001, 15002, 15004, and 15006; parts of the sections are not represented in
impregnated cores. 15005 was completely encapsulated in methacrylate and is unsitable for preparation
of thin sections.



TABLE I. - APOLLO CORE AND DRIVE TUBE STATUS 10/1/75

SAMPLE SAMPLE SAMPLE SAMPLE SAMPLE DIS- EARLY  ALLOC
NO. TYPE 1 WT. (gms. ) L. (cm.) X-RAYED SECT 2 PEEL 3 IMPGD 4 ALLOC.5 6

60001 Bit 30.1 s X X X X

60002 Drill 211.8 : X X X X X X

60003 Drill 215.5 39.9 X X X X X X

60004 Drill 206.7 39.9 X X X X X X

60005 Drill 76.1 X X

60006 Drill 165.6 35.5 X X X X X X

60007 Drill 105.7 22.2 X X X X X X

64001 DDT-L X

el oot 1336.4 65.6 !

60009 DDT-L X X X

60008 iy 1395.1 65.4 :

68001 DDT-L X

! S 1424.2 62.3 !

69001 SDT 558.4

60013 DDT-L | X

60014 DDT-U 1327. 63.1 X

70001 Bit 29.8 X X X

70002 B 11 207.8 X X

70003 Bri 1l 237.8 X X

70004 DPill 233.8 X X

70005 Drill 200.7 298.6 X X

70006 Drill 234.2 X X

70007 Drill 179.4 X X X X

70008 D¥i1] 261.0 X X X X X X

70009 Drill 143.0 X X X X X

70012 SDT 430.3 18.4 X



TABLE I. - APOLLO CORE AND DRIVE TUBE STATUS  10/1/75

SAMPLE  SAMPLE SAMPLE SAMPLE SAMPLE DIS- EARLY ALLOC
NO. TYPE WT.(gms.) L.(cm.)  X-RAYED  SECT 2 PEEL 3 IMPGD 4 ALLOC 5 6
73001 DDT-L

73002 DDT-U 1263.0 56. X

76001 SDT 711.7 34.5 X

74001 DDT-L X X

iy ] L 2032.0 68.2

79001 poT-L 1152.7 51.3 §

79002 DDT-U

The table summarizes the basic information on Tunar drill stem drive tube sections.
Columns include:

1. Type: SDT - single drive tube; DDT-L = double drive tube,
lower section; DDT-U - double drive tube, upper section; drill = drill stem section;
bit = bit from drill core.

Section has been dissected or other wise subdivided.

A peel has been made.

An impregnated section has been prepared*.

Special allocations were made prior to detailed dissection.

Allocations of dissected material were made.
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COLLECTION AND PREPARATION PROCEDURES

LUNAR SURFACE PROCEDURES

Coring equipment of the Apollo program consisted of three princi-
pal types: Small diameter drive tubes ?Apo]]o 11, 12, and 14), large
diameter drive tubes (Apollo 15, 16, and 17), and a small diameter coring
device operated by a rotary percussive motor (Apollo 15, 16, and 17).

Small Diameter Drive Tubes

The drive tubes were hollow anodized aluminum tubes, designed to
be pushed or driven into the lunar surface. Each of the small diameter
tubes was 1.95 cm inside diameter and 31.84 cm long (Figs. 1 and 2). Two
tubes could be connected to obtain a double length section. The tubes
consisted of an inner thin aluminum shell comprised of two semicircular
cylinders surrounded by a Teflon 1liner to hold the aluminum shell to-
gether. These were jacketed by an outer aluminum tube. A detachable
steel bit was discarded on the Tunar surface and replaced by a protec-
tive Teflon cap. The upper end of the core was retained by a spring
loaded Teflon follower.

The drive tubes could be pushed to a depth of several centimeters,
with an extension handle attached (Fig. 3); however, most had to be
driven to greater depths using a hammer (Figs. 4 and 5). The bits for
‘the Apollo 11 cores were designed to taper inward (Fig. 6). This design
led to compaction at the bit and severely limited the depth to which
the bit could penetrate into the lunar regolith, which proved to be
very cohesive in most sample sites. (An attempt to collect a drive tube
at Cone Crater on Apollo 14 failed, due to Tack of cohesion.) For
Apollo 12, the bit was redesigned and subsequently double length cores
were collected in cohesive lunar regolith. In several cases, the astro-
nauts believed that sampling was terminated when an especially resistant
layer was encountered,

Simulations with terrestrial materials demonstrated that the small
diameter drive tubes did not collect an undistorted stratigraphic sec-
tion (Carrier et al., 1971). Compaction of material in the tube in-
creased the resistance to further penetration and tended to push material
around the outside of the tube, rather than into it. Thus, a foreshorten-
ing of the stratigraphic section occurred which has been estimated on
the basis of simulations (Figs. 7, 8, and 9). Significant displacement
may have occurred between the central portions and edges of the Apollo 11
drive tubes.



Figure 1.- Small drive tubes.
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Figure 2.- Core tube sampler and bit used on the Apollo 11 mission
(measurements in centimeters).



Figure 3.- Extension handle used in sinking core tubes.

Figure 4.- Hammer used in driving core tubes.
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Figure 5.- Collection of the first Tunar drive tube sample (10005) at the
Apollo 11 landing site, Sea of Tranquillity. Obstruction of the drive
tube sampler either by a rock or an exceptionally coherent layer neces-
sitated use of a hammer to drive it and resulted in penetration at an
angle. After compaction, the sample returned was approximately 10 cm
long.
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Figure 6.- Comparison of Apollo core bits.
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Large Diameter Drive Tubes

A complete redesign of drive tubes was undertaken which led to the
large diameter drive tubes used by Apollo 15 - 17. These tubes had an
inside diameter of 4.13 cm and were over 36 cm long (Fig. 10), which
allowed an increase of about a factor of four in the amount of sample
that could be collected. The bit was attached to the lower tubes and
had the same inside diameter as the tube. Upper sections without bits
were provided for double drive tubes. Each tube was a single piece, with
1.3 mm thick walls; the resistance to penetration was greatly reduced.

Upon extraction from the Tunar surface a Teflon cap was placed over
the bit end. The tube had no follower; either a cap was placed over a
filled tube or a plug was inserted using the "rammer-jammer" Tunar hand
tool (Fig. 10).

Simulations with the Apollo 15 - 17 drive tubes showed 1ittle dis-
tortion in sample recovery vs depth, in comparison to the smaller drive
tubes (Carrier et al., 1971). Most were returned nearly filled, indi-
cating close to a 1:1 sampling of the regolith with depth.

Apollo Lunar Surface Drill

The Apollo Lunar Surface Drill was a rotary percussive type which
consisted basically of a power head and a string of extension core tubes
(Figs. 11 and 12). The power head consists of a cam-actuated, motor-
driven, ram for percussion (2270 spm) and a power train assembly for
rotation (280 rpm). The core tubes, constructed of titanium steel, were
2.04 cm inner diameter and helically fluted on the outside to allow
excess soil to be carried to the surface. Each section was 40 cm long.
Six lengths were carried by Apollo 15 and 16, and eight by Apollo 17.
After extraction from the Tunar surface, Teflon caps were placed on the
ends of the separated sections. The bit is detachable from the Tower-
most section, which was slightly shorter than the remaining sections.
The solid face drill bit consists of a hy-tuf steel matrix into which
five tungsten-carbide tips were brazed. In addition, a solid plug with
a tungsten-carbide cutter is brazed into the center of the bit.

Although sampling efficiency was related in a complex way to the
speed of penetration of the drill, simulations indicate that the drill
sampled the regolith at nearly a 1:1 ratio (Carrier et al., 1972).

Initial lead isotope analyses of Apollo 15 drill stem material in-
dicated massive amounts of terrestrial lead contamination. It was then
discovered (Silver et al., in preparation) that one step in the manu-
facturing process included anodization in a lead electrode system.
Milligram quantities of lead deposited on the core tubes during the
processing could be removed from the surface of the drill sections with
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Figure 10.- Apollo 15 drive tube and associated equipment
including "rammer-jammer".

Figure 11.- Power head and thermal guard.



Figure 12.- Bore stems and bits.
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dilute nitric acid. The problem was isolated too near to Apollo 16

launch time to modify that set but immediate steps were taken to eliminate
contaminants in Apollo 17 drill stems. They were successfully cleaned-up
in a crash effort, which involved stripping surface contamination by

vapor honing and nitric acid, relubricating the joints between stems, re-
placing necessary external color coding with Teflon-based coating rather
than materials previously used (MoS2 Tubricant, titanium pigmented paint)

and recleaning the hardware (Council, 1972). An effort was made also to
reduce the amount of brazing material on the bit, which had previously
led to contamination of the Apollo 15 and Apollo 16 sections with silver
and copper.

RETURN OF CORES TO EARTH

The cores were designed to fit into the Apollo Lunar Sample Return
Container (ALSRC), a sealable box designed to provide protection from the
terrestrial atmosphere. In general, those drive tubes collected on lunar
traverses where rock boxes were filled were packed in the rock boxes.

On later missions, cores collected on the last traverse were returned
outside of the boxes. Because of an error in premission assembly of the
wrench used to disconnect the Apollo 15 drill stem sections on the Moon,
they were returned in sets of three connected sections and would not fit
into the ALSRC. (This was not all bad, as it was later discovered that
the drill sections were badly contaminated with lead.) Because the pro-
cedure developed for returning the Apollo 15 cores saved considerable
lunar surface time, the Apollo 16 and 17 drill stems were returned in
two or three section lengths outside of the ALSRC.

Table II gives the sample return containers for each of the core
tubes and drill stems. It indicates the nature of the sealing charac-
teristics of the containers. A1l samples returned outside of rock boxes
must be assumed to be equilibrated with spacecraft cabin atmosphere,
as pressurization/depressurization cycles pumped contaminants into the
cores at unknown rates. A1l samples were inserted into high purity
nitrogen environments as soon as possible upon return to the Lunar
Receiving Laboratory (LRL). Because the cap on the Apollo 15 drill stem
had to be taped to the stem, a procedure for cleaning the outside of the
drill stem prior to inserting it into the nitrogen cabinets was developed.
The outside of each core section was swabbed with cellulose wipes (spe-
cially treated to remove organic contaminants) wet with isopropyl alcohol
and distilled Freon TF. A1l work was performed in a Taminar flow clean
bench (Fig. 13). This procedure was repeated with the Apollo 16 and 17
drill stem sections.



TABLE IT.- SAMPLE RETURN CONTAINER LISTING FOR DRIVE TUBES
AND DRILL STEMS

Sample Mass Item Container Vacuum on
No g No. Return to LRL
10004 51. DT SRC 160u

10005 65. DT SRC 160u

12025 56.1 DT-U SRC 1/2 atmosphere
12026 101.4 OT SRC 1/2 atmosphere
12027 80. DT SRC 1/2 atmosphere
12028 189.6 DT-L SRC 1/2 atmosphere
14210 169.7 DT-L Bag 3N 60u

14211 39.5 DT-U Bag 4N 60u

14220 80.7 OT Bag 20 60u

14230 76.7 DT Bag 21 60u

14411 5.5 DT-B Bag 3N 60u

14414 5.5 DT-B Bag 20 60u

15001 232.8 DS-L SCB-4 atmosphere
15002 210.1 DS SCB-4 atmosphere
15003 223, DS SCB-4 atmosphere
15004 210.6 DS SCB-2 atmosphere
15005 239.1 DS SCB-2 atmosphere
15006 227 .9 DS-U SCB-2 atmosphere
15007 768.2 DT-L SCB-1 35u

15008 510.2 DT-U SCB-1 351

15009 622. DT-S SCB-5 atmosphere
15010 740.4 DT-L SCB-7 atmosphere
15011 653.6 DT-U SCB-7 atmosphere
60001 30.1 DT-B psaP atmosphere
60002 211.9 DS psgP atmosphere
60003 215.5 DS psaP atmosphere
60004 202.7 DS Dseg atmosphere
60005 76.1 DS DSB atmosphere



TABLE II.- SAMPLE RETURN CONTAINER LISTING FOR DRIVE TUBES
AND DRILL STEMS - Continued

Sample Mass Tten Container Vacuum on
No. g No. Return to LRL
60006 165.6 DS psp? atmosphere
60007 105.7 DS DSB atmosphere
60009 759.8 DS-L SRC-22 80

60010 635.3 DS-4 SRC-2% 80w

60013 757.3 DS-L scB-7®  atmosphere
60014 570.3 DS-4 scB-7°  atmosphere
64001 752.3 DS sc-3°  atmosphere
64002 5841 DS SRC-2°2 80y

68001 840.7 DS scB-3®  atmosphere
68002 583.5 DS SRC-22 80y

69001 558.3 DS SRC-2%/ 80

csve
70001 29.78 DS-B DSB atmosphere
70002 207.8 DS DSB atmosphere
70003 237.8 DS DSB atmosphere
70004 238.8 DS DSB atmosphere
70005 240.7 DS DSB atmosphere
70006 234.2 DS DSB atmosphere
70007 179.4 DS DSB atmosphere
70008 261. DS DSB atmosphere
70009 143.3 DS-U DSB atmosphere
70010 3.92 F DSB atmosphere
70012 485, DT BSLSS atmosphere
73001 809. DT-L SRC-2/ 28
csve
73002 429.7 DT-U SRC 2 28
74001 1072. DT-L SRC 2 28y

74002 909.6 DT-U SRC 2 28y



TABLE II.- SAMPLE RETURN CONTAINER LISTING FOR DRIVE TUBES
AND DRILL STEMS - Concluded

Sample Mass et Container Vacuum on
No. g No. Return to LRL
76001 711.6 DT-L SCB-7 atmosphere
79001 743.4 DT-L SCB-7 atmosphere
79002 409.4 DT-U SCB-7 atmosphere

NOTES:

a

In vacuum sealed SRC-2 (i.e., not exposed to spacecraft
environment).

b _ In open SCB (i.e., exposed to spacecraft environment).

ACRONYMS :

DT = Drive tube F = Fines outside stem

DS = Drill stem SCB = Sample Collection Bag

-L = Lower SRC = Sample Return Container (rock box)

-U = Upper CSVC = Core Sample Vacuum Container

-B = Bit DSB = Drill Stem Bag

-S = Single BSLSS = Buddy Secondary Life Support System (bag)



Figure 13.- Apollo 17 core samples in laminar flow clean bench.
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PROCESSING OF CORES
X-radiograms

Starting with Apollo 12, stereographic X-radiograms of all cores

were taken, with a medical X-ray unit,] as the initial stage of their
study. Each sample was heat sealed in three layers of Teflon bags in
nitrogen cabinets. The cores were laid in an aluminum block designed
to compensate for the different path lengths through the circular core,
Two stereographic pairs were taken of each core at 90° rotation.

Table III gives the exposure data for all stereographic X-ray photographs.

X-radiographs have been used successfully as a preliminary guide
to stratigraphy and dissection. Changes in texture and structure, in-
cluding grain size and shape, degree of packing, density, bedding types,
and contacts, are clearly seen in the films. Particles with a metallic
composition are readily detected. Particles with Tow X-ray absorption,
such as feldspars, tend to be invisible. Data on grain size distribu-
tion, sorting and density are ambiguous, and the exact location of com-
ponents may be uncertain because of parallax distortion. The X-ray
photographs do not reproduce satisfactorily, so the data are reproduced
for this compilation in the form of interpretive drawings.

SAMPLE SEPARATION

Initial removal of material: Table I lists Apollo 15, 16, and 17
sections from which material was scooped from the end of the tube, prior
to detailed dissection. This was done in order to provide samples
rapidly for quarantine studies and for limited sample allocation soon
after the mission.

Removal of core from liner: In order to examine the core material,
encapsulated in an opaque Iiner, it is necessary to remove the core
material from the core liner. Procedures for doing this differ, depend-
ing on the construction of the core. For the small diameter drive tubes,
the inner tube with its Teflon sheath is extruded from the outer tube.
Then the Teflon sheath is split with a scalpel and the two semicylinders
separated to expose the Tunar material.

The drill stems, being of solid, tough titanium steel, are opened
by using a milling machine (Fig. 14), operated within a nitrogen cabinet,
to split the sections longitudinally (Fig. 14). Considerable care was
taken to minimize the potential contamination of cores during the milling

1See Table III for exposure data.



TABLE III.- EXPOSURE DATA FOR X-RADIOGRAPHS

Total Number of Potential] Current Time Distance

Core Exposures ] Stereopairs . kv ma sec m Type Rad | Tech
10004-5 | not X-rayed

}gggg not X-rayed

12027 2 1 72 300 1/3 0.9 Tungsten | Cantu
12028 not X-rayed

14210 4 2 Te 300 1/30 0.9 Tungsten | Cantu
14211 4 2 72 300 1/30 0.9 Tungsten | Cantu
14220 4 2 72 300 1/30 0.9 Tungsten | Cantu
14230 4 2 72 300 1/30 0.9 Tungsten | Cantu
15001-6 2 1 93 100 18 0.9 Tungsten | Cantu
15007 4 2 76 20 ot avail. 1.0 Tungsten | Cantu
15008 4 2 76 20 Fot avail. 1.0 Tungsten ] Cantu
15009 6 2 76 300 1/5 1.0 Tungsten ] Cantu
15010 4 2 115 100 4.0 1:8 Tungsten | Cantu
15011 4 2 115 100 4.0 1.0 Tungsten | Cantu
60001 4 1 90 50 5.0 1.0 He-Fe Howell
60002 2 1 90 50 5.0 1.0 He-Fe Howell
60003 2 1 90 50 5.0 1.0 He-Fe Howell
60004 2 1 90 50 5.0 1.0 He-Fe Howell
60005 2 1 90 50 5.0 1.0 He-Fe Howell
60006 2 1 90 50 5.0 1.0 He-Fe Howell
60007 4 1 90 50 5.0 1.0 He-Fe Howell
60009 4 2 90 50 5.0 1.0 He-Fe Howell
60010 4 2 90 50 5.0 1.0 He-Fe Howell
60013 4 — 90 50 5.0 1.0 He-Fe Howell

L



TABLE III.- EXPOSURE DATA FOR X-RADIOGRAPHS - Continued

Total Number of Potential |Current Time Distance
#; Core Exposures [Stereopairs kv ma sec m Type Rad | Tech

60014 4 2 90 50 5.0 1.0 He-Fe Howell
64001 4 2 90 50 5.0 1.0 He-Fe Howell
64002 4 2 90 50 5.0 1.0 He-Fe Howell
68001 4 2 90 50 5.0 1.0 He-Fe Howell
68002 4 2 90 50 5.0 1.0 He-Fe Howell
69001 in CSVC; not

X-rayed
70001-9 2 1 90 50 5. 1.0 He-Fe Howell
70012* 2 0 90 50 5.0 1.0 He-Fe Howell
73001 in CSVC; not

X-rayed
73002 4 Z 90 50 5.0 1.0 He-Fe Howell
76001 2 90 50 5.0 1.0 He-Fe Howell
79001 4 2 90 50 5.0 1.0 He-Fe Howell
79002 4 2 90 50 5.0 1.0 He-Fe Howell
74002 4 2 90 50 5.0 1.0 He-Fe Howell
74001 4 2 90 50 5.0 1.0 He-Fe Howell
74007 ** 2 1 80 300 0.1 1.0 He-Fe Howell

*Core was partially empty, placed in foil in tray and covered. Position, etc. not known at
time of X-radiography.

**Because of capacity of core, additional exposure at increased power was taken.

Essentially, no X-rays taken of 11 and 12 cores - first experimentation taken with 12 -
core 12027.
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TABLE III.- EXPOSURE DATA FOR X-RADIOGRAPHS - Concluded

Apollo 14 and 15 cores were X-rayed in the LRL medical unit; Apollo 15 and 16 cores in
room 161, Building 8, JSC (X-ray room, Kelsey-Seybold Clinic). Because of experimentation in

an attempt to obtain a good exposure. Apollo 15 drive tubes were subjected to different settings.

60001 and 60007 were given extra exposures before final setting was determined. The orange soil
cores were especially opaque and after X-raying by normal procedure, were X-rayed at higher
intensity to obtain a better picture.

€¢
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operation. As much of the hardware as possible was constructed of stain-
less steel, extraneous paints or surface coatings were removed, and
organic lubricants replaced by MoS2 (later, Teflon). The motor drive

was enclosed in a specially purged case. Al1l tools and equipment are
specially cleaned (LRL cleaning procedures). The major potential con-
taminant of the cores is the metal from the core tube itself, which
occasionally has been observed as small shavings at the edge of the core
material. The milling blade is carbide steel, but is not believed to
represent a serious contamination threat, as the final cut is made with
a very sharp cutting edge which barely penetrates the core. A special
clamping cradle designed to secure the drill stem during the milling
process and to protect it during transfer to the nitrogen cabinet in
which it is dissected is shown in Figure 14,

Figure 14.- Milling machine within nitrogen
cabinet with longitudinally split core
tube held in clamping cradle.
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Vibration during the milling process is a severe problem which cannot
be eliminated entirely. This problem motivated a search for alternate
means of opening the large diameter solid aluminum drive tubes. A core
extruder, modified from the device used to extrude the inner Tiner from
the small diameter tubes, has been developed (Fig. 15) to extrude the
large diameter tubes into an aluminum/fused silica receptacle, which
will permit several successive longitudinal layers to be removed
(Fig. 16). The core is extruded with the same direction of motion as
the initial entry of material; disruption (smearing) along the tube
walls is not believed to be substantially different than that experienced
on the Moon.

Stratigraphic Subsampling: Procedures for stratigraphic subsampling
of the cores along their long axis involve removal of approximately
80 percent of the volume of sample and follow basic procedures for sam-
pling of microstratigraphy of terrestrial sediments outlined by Fryxell
and Smith (n.d.). No subsample is taken across a recognizeable strati-
graphic boundary, and morphologic units thicker than 5 mm are subdivided
arbitrarily into units of 2.5 - 5.0 mm. Thinner subdivisions are sampled
adjacent to contacts if texture and cohesion permit. Lack of cohesion
of the sediment, and disturbance caused by removal of coarse particles,
frequently 1imit precision of sample boundaries to approximately
+0,5 - 2.0 mm depending on texture.

Tools utilized in dissection include stainless steel spatulas,
scoops, forceps, triceps, and brushes employing basic archaeological
methods developed for exposure and removal of detailed terrestrial
stratigraphic features (Fig. 17). Matrix sediment of the 1 mm fraction
is removed a few milligrams at a time, and groups of coarse particles
or particularly distinctive fragments are treated as features, isolated,
photographed in situ, and removed as individual daughter samples.

The procedures have varied with time, and the time available for
dissection. Initial examination of the Apollo 11 cores by the Preliminary
Examination Team (PET) was performed in 45 minutes. Current practice with
drill stems requires on the order of 3 weeks, if all steps go without
incident. Descriptions of each identified unit are prepared and individual
lithic fragments are described separately and packaged.

Due to the potential degradation of thermoluminescence properties,
if samples are exposed to white light, a selection of subsamples has
been removed without exposure to white light starting with Apollo 14
cores. A special "red light" sampling procedure was devised which allows
the removal of a portion of a selected horizon (randomly selected) under
a red Tight (Kodak 1A red light).
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Dissection
receptacle

Figure 15,-Core extruder and associated tools.

Figure 16,~ Aluminum/fused silica receptical with
simulated extruded core,
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Figure 17.- Stainless steel spatulas, scoops,
tweezers, and brushes.

Each step in the core dissection procedure is documented photo-
graphically as necessary. Detailed photographic information is contained
in the lunar core data packs, maintained by the Curator's Office.

Core subsamples are packaged in one of two types of containers. The
"'white light" subsamples are normally stored in stainless steel containers
with Teflon caps (Fig. 18), "red 1light" samples and other special samples
are stored in hollow stainless steel bolts with an aluminum gasket and
aluminum screw cap (Fig. 19).

Encapsulation: Encapsulation of a small portion of the core in
peels and impregnated section has been used to preserve a permanent
stratigraphic record of intact material.

Peels: After half or more of the sediment has been removed by dis-
section and subsampling along the axis of the tube, the remaining, rela-
tively undisturbed portion of these cores may be stabilized by partial
impregnation with poly-butyl methacrylate. Differential permeability of
texturally different features allows layers and structures to stand in
relief along the length of the core. The stratigraphic section thus
preserved retains; (1) individual rock or mineral fragments in their
original positions; (2) primary depositional structures; (3) secondary
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Figure 18.- FTH container (stainless steel with Teflon cap).

Figure 19.- McKinney container (hollow bolt).
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deformational features including disturbance by drive tube or drill stem
equipment; and (4) permits removal of individually oriented grains for
future study, if desired, by dissolving the methacrylate bond with
acetone (Fryxell and Heiken, 1974).

To take thin peels (Nagle and Duke, 1974), a controlled thickness
of poly-butyl methacrylate adhesive is spread onto a Plexiglas backing
strip, precut to the length and width of the core. The methacrylate
surface is wet with a solvent and thoroughly impressed against the flat,
dissected surface for 5 minutes, which removes a layer 1 mm or less in
thickness (Fig. 20). After removal, the fresh face of the peel is
sprayed with a surface fixative. This process is repeated and the peels
preserved as a permanent record. It is possible to later remove indi-
vidual grains from these preparations. An alternate method was used on
Apollo 14 and 15 cores, which led to somewhat thicker peels (Fryxell
and Heiken, 1974) (Fig. 21).

Impregnation: The remaining material is then stabilized with epoxy
applied under vacuum. When diluted 1:1 with its solvent, butyl glycidyl
ether, and poured under vacuum, the epoxy Araldite 506 completely impreg-
nates Tunar cores with minimum bubbling and particle displacement. To
minimize particle displacement, the core and diluted epoxy are simulta-
neously loaded into a vacuum chamber, which is slowly evacuated for
8 hours, and then held under vacuum for 16 hours to ensure outgassing of
both the core and the epoxy. A mechanical system allows the epoxy to
be added gently to the core material. After complete impregnation, the
chamber 1is slowly repressurized, the core removed, and cured at
30 - 35° C. The impregnated core material is secondarily encapsulated
in epoxy to form a stable block, suitable for preparation of polished
thin sections and is stable in hot caustic used in track etching studies
(Fig. 22). Several Apollo 15 drill stems were impregnated with metha-
crylate, rather than epoxy.
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Figure 20.- Preparation of core for taking of thin peels.

Figure 21.- Preparation of core for taking of impregnations.



Figure 22.- Encapsulated core sample.
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DETAILED CORE DESCRIPTIONS

The purpose of this section is to draw together the basic prelimi-
nary descriptive information for each lunar core. This includes lunar
surface location, any anomalies in the collection of the core, prelimi-
nary X-ray description, and the detailed results of the dissection and
subsampling procedures. The information is not complete for many cores,
as the work of dissecting and subsampling the large number of cores is
only about 15 percent complete. Additional information will be incor-
porated into this catalog as it becomes available.

Sample numbers have been assigned to each core tube length (generic
number) and to each subsample excavated during its dissection and de-
scription. For the drill stems and drive tubes of missions from Apollo 14
on, generic numbers have been assigned serially to joined core tubes,
starting from lowest to highest. The number 12027, refers to specific
sample 27 from drive tube 12027. The numbering system for lunar samples
requires that each subsample split from a specific numbered sample be
assigned a new specific number. For example, 12025,132 (daughter) is a
subsample of 12025,66 (parent), which was the number of the initially
dissected material. Therefore, in order to place any specific subsample
in its proper location, the parent/daughter relationship must be known.






APQOLLO 11

Two single drive tubes were collected by Apollo 11, taken approxi-
mately 10 ft apart, 20 ft northwest of the Lunar Module (LM) (Fig. 11-1).
The LM landed in a flat region in the southwest part of the Mare Tranquil-
litatis approximately 50 km from the closest highland material
(LSPET, 1969).

No difficulty was encountered penetrating the first 12 cm, but
from that depth on the drive tubes had to be hammered. It was later
concluded that the design of the bit used on the drive tubes increased
the resistance and reduced the amount of the core material recovered.

X-Ray and Core Descriptions

Tube 1, 10005, contained 10 cm of material and tube 2, 10004, con-
tained 13.5 cm, with a total mass of 116 g of Tunar material. As the
biological testing requirement of the lunar quarantine required the
immediate use of half of the core material, little observational data
exists for these cores, which were neither X-rayed nor dissected. The
Teflon follower was not properly inserted into the drive tube 10004,
with the result that the material moved in the tube, potentially dis-
rupting it (Carrier et al., 1971). Both tubes were opened in the Bio-
Togical Preparations Laboratory, a temporary facility established at
the last minute for preliminary descriptions and photography in nitrogen
atmosphere. From preliminary examinations of core tube 10005, the sample
showed weak coherence and was fractured in places (Carrier et al., 1971).
Accurate measurements of grain size and bulk density could not be made.

The LSPET (1969) reported that neither core had obvious grain size
stratification. Core 10004 had a slightly lighter 2 - 5 mm thick zone
about 6 cm from the top of the core, which had a sharp upper boundary
and gradational Tower boundary.
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APOLLO 12

The cores recovered by Apollo 12 mission in Mare Procellarium
gFi . 12-1) includes two single drive tubes and one double drive tube
LSPET, 1970). The lunar regolith is much thinner than in the area from
which the Apollo 11 cores were recovered. Partly due to the redesigned
bit, there was no great difficulty encountered driving the tubes into
nor removing them from the Tunar surface.

Core Description: Preliminary examination was made of two of the
cores, one single (12026) and a double tube sample 12025 - 12028) imme-
diately after transfer to the LRL. The last core, 12027, has remained
stored in nitrogen unopened. Preliminary investigation of the double
~core tube sample revealed distinct stratigraphic units, sharp contacts
of fine materials, coarser grained material with depth, and strongly
bonded aggregates in various layers (Fig. 12-2) (LSPET, 1970).

Descriptions of these three core samples were made by Lindsay,
Fryxell and Heiken. Photographs and reference materials relating to
the cores are cited after the descriptions. As has been discussed by
Carrier et al. (1971) the true Tunar surface depths are not known, but
an approximation can be obtained from his graphical results of simulated
coring.

Sample 12026: Sample 12026 was collected in drive tube 1 near the
LM at the end of the first Extra Vehicular Activity (EVA) period on the
northeast edge of Surveyor Crater.

The core was 19.3 cm Tong and contained 106.6 g of soil (Fig. 12-3).
Three small samples were taken from near the top, middle, and bottom of
the core for gas analyses then the core was dissected and split longi-
tudinally. The split was divided into three samples - the top, middle,
and Tower thirds. Each sample was sieved, then recombined to form part
of the bioprime sample (sample used by biologists in the quarantine
studies). The median grain size changes from 62um in the surface sample
to 74um for the middle sample and 110um for the deepest sample.



12-2

N
'o 50 100

Meters 5810

Core sample
12026
Head Crater

Surveyor Crater

5800

I

Sharp Crater Bench
Crater
Qcore sample

12027

Core samples
12025 and 12028

—
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Figure 12-3.- Fracture zones and fragment orientation based on
X-radiographs of 12026.
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The core is uniformly medium-dark gray (N4-3) to dark gray (10YR4/1)2
in color and layering is not apparent in the core. However, the number of
rock fragments increases abruptly below a transverse fracture at a depth
of 5.9 cm. The core was taken close to the rim of Surveyor Crater and
appears not to have penetrated the Surveyor Crater ejecta blanket.

Photograph.- See NASA S-69-62760 (postdissection).
References.- See references.

Sample 12027: Sample 12027 was taken during the second EVA period
in the bottom of a 20 centimeter-deep trench at the edge of Sharp Crater.
The tube was driven to an approximate depth of 37 cm below the lunar
surface and contained 17.4 cm of sample. A stereoscopic pair of
X-radiographs was taken §Fig. 12-4). In texture, sample 12027 appears
similar to sample 12026 (obtained near the LM) and to the thicker layers
in sample 12025 and 12028 (double core taken at Halo Crater).

Samples 12025 and 12028 (Double Drive Tube Cores): The third and
final core sample was collected during the second EVA period on the rim
of a 10 meter-diameter crater south of Halo Crater. The core was col-
lected by joining two drive tubes and driving them into the surface.

The upper tube 1, contained 9.5 cm of core, which was designated sam-
ple 12025. The lower tube 3, contained 31.6 cm of core, which was
designated sample 12028. Unlike sample 12026 and the Apollo 11 cores,
the double drive tube core sample has easily recognizable stratigraphy.
During LSPET dissection and sampling (Fig. 12-5), 10 morphologic units
were identified and numbered sequentially from bottom to top, as I to X.
Stratigraphic unit III then was subdivided into four smaller units on
the basis of textural breaks. The four subdivisions are labeled A to D,
beginning at the bottom. Later study indicates that a total of 16 depo-
sitional events may be recorded in the sequence sampled by the double
drive tube.

The double drive tube core sample is described in the following
section on a unit by unit basis. Unit numbers are the same as those
used in the original LSPET report. Depths and thicknesses given for
units have not been corrected for compaction resulting from the sampling
procedure.

2MunseZZ Book of Color, Munsell Color Col., Inc., Baltimore, Md.
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Note 1.- The soil of unit II is inhomogeneous in color and
texture and contains more particles 1 mm or larger in diameter than most
units. Generally, the particles are distinctly angular. Several white
particles were quite friable and disintegrated when picked up. The soil
is s1ightly coarser than that of the overlying unit.

Note 2.- The soil of unit III-A is similar in color to strati-
graphic units above and below but is more uniform in color and has a
coarser texture than unit III-B. The soil is weakly cohesive and forms
aggregates up to 3 mm in diameter. It contains a few particles 1 mm or
larger in diameter, except near the lower contact where a marked con-
centration of larger particles is found. Some of these coarser particles
are light in color and disintegrate when picked up. The particles appear
to be feldspathic breccias. Particles of a similar nature also are
present in unit IX.

Note 3.- The lower portion of unit III-B is homogeneous in
color and texture and weakly cohesive. However, the upper centimeter of
the unit contains lighter colored (N5) masses with the same cohesive
properties as the surrounding darker colored soil. The noncoherent
masses are 1 to 2 mm in diameter and are associated with a slight
coarsening of the texture of the soil. The unit contains nine particles
1 mm or larger in diameter. Unit III-B, 1ike some other stratigraphic
units in the sequence, is probably a composite and consists of soil de-
posited by at least two events., The second event resulted in the deposit
of a thin Tayer of light-colored soil, which was disrupted by subsequent
micrometeorite reworking as inferred previously for similar features
in the Apollo 11 cores.

Note 4.- The Tower portion of unit III-C'is homogeneous in
color and texture. The upper 0.5 cm of the unit contains lighter
colored (N5), incohesive masses of soil up to 2 mm in diameter, sug-
gesting that, like unit III-B, unit III-C probably was formed by more
than one depositional event. This unit contains a higher density of
particlas 1 mm or larger in diameter than units III-A and III-B. The
particles are distributed uniformly throughout the unit.

Note 5.- The soil forming unit III-D is weakly cohesive and
forms aggregates up to 3 mm in diameter, which readily break into sub-
roundgd masses 1 mm in diameter when probed. The unit is characterized
by faint color mottling throughout, suggesting incomplete mixing during
dgpos1t1on. In texture, the unit is homogeneous except for a concentra-
tion of 1T mm and Targer particles 1.5 to 3.0 cm below the upper contact.
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Note 6.- Unit IV is lighter in color than adjacent strati-
graphic units and consists of Toose, weakly cohesive soil which formed
angular to subangular aggregates up to 4 mm in diameter during sampling.
Unit IV contains subrounded masses of lighter colored soil (N5) approxi-
mately 1 cm below the upper contact. The masses are up to 1 mm in diam-
eter and have the same cohesive properties as the soil. Texturally, it
is similar to unit III-D but is noticeably less cohesive. Particles
1 mm and larger are concentrated between 1.5 and 3.0 cm below the upper
contact.

Note 7.- Texturally, unit V is relatively homogeneous, although
a slight increase in grain size is apparent toward the upper contact of
the unit. There is also a general lightening of the soil color upward.
(See NASA Photograph S-69-23733.) A few light-colored patches are pres-
ent near the base of the unit and toward the top of the unit.

The lower-contact demarcation of unit V is defined well by a color
change. Consequently, it is possible to study the irregularities of the
contact in some detail. In cross section, the contact is not smooth but
consists of a series of wavelike projections of lighter material from
unit IV which extend 1 to 2 mm above the general level of the contact
into unit V. Several patches of lighter colored material from unit IV
are isolated in the darker soil of unit V. Apart from a 1 mm zone at
the edges, the contact appears relatively undisturbed by the coring.

The waves and projections appearing in cross section at the contact are
similar to flame structures found in turbidite sequences, which suggests
that they may be the result of drag at the depositional interface as
unit V was deposited.

Note 8.- Unit VI is unique in composition and grain size. It
consists of angular rock and mineral fragments, many of which approach
1 cm in Tongest dimension. Many of the grains are roughly oblate or
flake shaped. The particles are mostly olivine with smaller proportions
of pyroxene, plagioclase, and basaltic rock fragments. Dark-brown glass
is present in small amounts. The well defined upper contact and the lack
of mixing across this boundary suggest rapid burial, which is consistent
with exposure ages.
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Note 9.- linits VII and VIII ave parts of what may have been
a singTe unit, but which lay across the junction of the two drive tubes.
The combined units VII and VIII is the thickest encountered by the core
tubes. In color and texture, it appears homogeneous. The soil is
weakly cohesive and formed loose aggregates 1 to 2 mm in diameter during
LSPET sampling. In general, the soil contains few particles 1 mm or
larger in size. However, this unit contained one rock fragment 1.2 cm
in diameter, the largest single particle encountered in the core sample.
(See NASA photograph S-69-23806.§

Note 10.- Unit IX is markedly Tighter in color than strati-
graphic units above and below. It contains five angular fragments that
are larger than most particles encountered except those in unit VI.

Some of these particles are light in color and appear to be feldspathic
breccias. The unit is homogeneous in color, but the texture is slightly
coarser in the upper most centimeter.

Note 11.- In general, unit X is homogeneous in color and texture
but appears s1ightly coarser grained in the Tower 4 mm. The soil is
loose and weakly cohesive.
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APOLLO 14

The Apollo 14 crew landed on the Fra Mauro formation approximately
180 km from the Ocean of Storms where the Apollo 12 Lunar Module landed
some months earlier (LSPET, 1971). This region selected for coring and
other Tunar activity was composed of much Tighter soil than the soil
sampled on the earlier missions. The premission plan was to procure
three drive tube samples, a triplet, a double and a single. However,
the subsurface was more resistant than anticipated, and the soils were
less cohesive. Several attempts were made to recover triple cores and
double cores at different locations, the crew finally had to settle for
a partially filled double drive tube sample, and two singles (Fig. 14-1).
Two of the six core tubes taken on the mission were assumed empty by the
astronauts and left behind on the Moon. The three cores obtained were
poorer in quality than those returned by previous missions. The core
sample-depth relationship is presented by Carrier et al. (1972).

The following is a table of the preliminary data for the core samples
returned by Apollo 14,

TABLE XIV-1.- PRELIMINARY DATA ON APOLLO 14 CORE TUBE SAMPLES

Returned | Returned Bulk
Core Tube Sa;R%e Sample Sample | Density COE: Iﬁbe
No. Np Weight Length P
0. cm
g cm
20452 | 14211 39.5 13;P 64€
20442 14210 169.7 31.9 1.75 15;b <36°
2022 14220 80.7 23
20438 | 14230 76.0 45

aDoub]e core tube.

b

Depth before final driving.

CCrew estimates (no photograph taken).

d

This drive tube was driven twice:

First,-on Cone Crater,

where some or all of the sample fell out; and, second, at North
Triplet Crater during the second attempt at a triple core, where
some of the sample fell out.
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Figure 14-1.- Location of Apollo 14 drive tubes.

X-Radiograph Description

The following report is a preliminary interpretation of the X-
radiographs by Heiken,

14210 Lower Tube (Fig. 14-2).

Layering.- There are abrupt textural changes which may define
layering. There are possibly five layers (if one counts several other
subtle textural changes, there is a total of eight layers).

Grain Size and Particle Shape.- There is a dramatic decrease in
grain size from the bottom to the top of the core. Near the base there
are 10 percent to 15 percent rock fragments greater than 5 mm long; the
largest being 1.2 cm long. Near the top of the core there are only a
few particles greater than 2 mm long.
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Figure 14-2.- Sketch of X-radiograph of lower 14210.
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Most of the fragments are elongate and angular to subangular.
2.2 cm below the Tiner top is a 3 mm diameter metal sphere.

Disturbance.- The upper 8 cm of core has been disturbed, with three
irregular void areas up to 1 cm wide. Below 8 cm, the sample is undis-
turbed.

When the two parts of the double core were separated, some sample
probably fell out of the top of the lower tube. The upper cap did not
screw on properly, probably due to soil on the threads, allowing sample
to drain out of the upper portion of the core tube. The void at the
top allowed several small "slugs" to slide, causing the disturbance and
voids in the upper 8 cm portion of the core.

14211 Upper Tube (Fig. 14-3).

Layering.- The lower 4.5 cm of the core consists of fine sand or
coarse silt-size soil with about 5 percent particles greater than 2 mm
long. The upper 3 cm consists of uniform, moderately well sorted,
coarse sand-size particles in a fine-grained matrix. These are the only
two textural divisions proposed as layers in this core.

Grain Size and Particle Shape.- The largest rock fragments are 3, 4,
and 6 mm long; they range from angular to subrounded.

Disturbance.- None. Both followers are firmly seated. It appears
that the bottom was capped successfully before any sample fell out.

14220 (Fig. 14-4).

Layering.- On the basis of textural and film density changes, there
are three layers with possibly a thin fourth layer. The two thin layers
are fine-grained, with a few large fragments and are slightly darker grey
(on the X-ray image).

Grain Size and Particle Shape.- The soil is generally of pebbly
fine-sand or coarse-silt size. There are about 20 percent particles
greater than 2 mm long, the largest fragment being 1 cm long. Most
of the larger fragments are angular to subangular.

Disturbance.- There is no apparent disturbance of the core sample.
The soil in the upper 2.2 cm is fractured and broken; probably due to
normal surface disturbance by small primary and secondary impacts.
14230 (Fig. 14-5).

This tube was first used at Station C (Cone Crater) as a single
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core, driven to a depth of 3/4-tube. As the core was removed, the
sample fell out. It was reused at Triplet Crater.

~ Length of Core.- A solid core 12.5 cm long in the center of the tube,
with both ends slumped.

.Layering.— If the sample has not been homogenized, there is the
possible division into two layers on the basis of texture. The lower
layer is coarser grained.

Grain Size and Particle Shape.- There are about 15 percent particles
greater than 2 mm Tong in a fine-grained matrix. The larger particles
are equant to elongate and subrounded to subangular. The largest rock
fragment is 1.2 cm long and 0.5 cm wide.

Disturbance.- The tube has no follower; it fell out on the lunar
surface. As a result, the top and bottom, and possibly the whole core,
are highly disturbed. The "slug" of soil in the center of the tube may
have retained its integrity by sliding as a single unit. On the other
hand, it may have broken up, been homogenized, and resettled before
sliding into the present position. If the textural change visible in
the center is supported by a color change seen after opening the core,
then the sample may still be useful for stratigraphic work. The dissec-
tion of core 14230 has been reported by Fryxell and Heiken.

Sample 14230 was collected using drive tube 1, (used initially at
Station C near Cone Crater) but failed to retain a sample. The tube
was reused at Triplet Crater, Station G (Fig. 14-1), in an attempt to
obtain a core three drive tube sections long. At that time, the base
of drive tybe 1 was driven to a depth of 45 cm greater than the actual
length of the core tube (Mitchell et al., 1971). At the time of with-
drawal, the sample appeared to have been lost both from the base of the
tube and from the upper end (the Teflon follower was lost also when the
core tube segments were disassembled and the ends were capped in situ).
As a result, the sample was not supported at either end during transport
from the Moon, and sliding within the tube may have caused much of the
severe cracking observed in the sample when the split tube-liner was
opened. The sampling locality was documented by the commander's refer-
ence to the drive tube by number and by photographs.

Despite the problems that occurred during sample collection, a
core 12.5 cm long, weighing 70.7 g, was retained in the drive tube.
Because some of the sample was lost from the top of the tube, the upper-
most portion of the core did not contain lunar-surface material. Neither
does the base of the sample represent material from the maximum depth
of 45 cm to which the tube was driven, because (1) an unknown amount of
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sediment was lost from the tube when it was extracted and (2) 6.47 g of
sediment were taken from the base of the tube on February 14, 1971, in
the LRL for the biotest prime sample. Plugs of Teflon and of aluminum
foil were inserted at the ends of the sample at that time.

Although sample 14230 is the least satisfactory core that has been
obtained during any lunar landing mission, it is the first to be dissected
and subsampled without the constraints of quarantine conditions. As a
result, the greater time and care made possible for this work yielded
subsamples providing opportunities for detailed study not possible with
subsamples dissected previously.

Examination of X-radiograms of sample 14230 showed slumping of the
unsupported ends of the core, severe fracturing and void spaces in the
upper one-third of the sample, and two or three probable Tayers. Parti-
cles 2 mm or greater in diameter were estimated to comprise approxi-
mately 15 percent of the matrix. Most fragments appeared to be equant
to elongated and subangular to subrounded. By examination of several
groupings or alignments of coarse particles, it was possible to infer
that the sample had not necessarily been homogenized by sliding in the
tube and that additional layers might be found during dissection. One
large fragment, 1.2 cm long, was visible near the base of the core and
was situated such that the long axis was horizontal to that of the
core sample.

Three distinct morphologic units and 11 morphologic subdivisions
of those units were recognized in sample 14230. The boundaries of these
morphologic units were defined on the basis of coincident changes in
characteristics such as color, texture, structure, consistency, distri-
bution of coarse particles and alignment of the long axes, and the
nature of both coherent and incoherent materials within the units. On
these bases, it is evident that the core, although crushed at both ends
and fractured more than any other core yet collected, has not been mixed
stratigraphically except at the ends.

Except for the lower half of the double core tube collected at
Halo Crater on Apollo 12, the core is browner overall, coarser in texture,
less cohesive, and more complexly stratified than Apollo 11 and 12 cores.
In the upper one-third of the core, fractures that were open the entire
diameter of the core defined fragile, blocky structures up to 5 cm or
more across. The middle layer is slightly lighter in color, finer in
texture, and more cohesive than the adjacent layers (Fig. 14-6;

Table XIV-2).

No crustlike or stringly contrasting layers comparable with those
of the Apollo 12 double core tube from Halo Crater (layers VI and IX,
for example) were observed. Three incoherent ellipsoidal bodies of
1ight gray material, occurring in alignment in morphologic unit IIIA,
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resemble those first observed in Apollo 11 cores and may be remnants of
a thin but distinctive layer. Because of the incoherence and small size
(<1 mm), the layers were impossible to separate with the tools available.
Other types of material included in the matrix--glass spheres, rock frag-
ments (many of which are lighter gray than the matrix), weakly coherent
aggregates resembling the matrix, and small, weakly coherent (~1 mm)
whitish pellents (most common in morphologic unit III)--were separable
from the matrix and superficially resemble features previously observed
in other cores. Particles coarser than 0.5 mm frequently were found in
alignment, often with the long axes oriented in subhorizontal positions,
and were especially useful in providing evidence of depositional sur-
faces separating morphologic subdivisions (Fig. 14-6).

Bedding planes intersect the core obliquely at several points.
Because the tube was driven at an angle, some of these planes actually
may have been horizontal at the sampling site. Reorientation of the
core to the proper position may be possible through further study of
X-ray stereopairs and surface photography. However, not all boundary
planes are parallel. Therefore, not all depositional surfaces were flat
or sedimentary units of even thickness. A systematic morphologic de-
scription of the core, with a T1isting of subsamples removed from each
recognized unit, is contained in Table XIV-2. Figure 14-7 shows the sub-
sampling of 14230.
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Dust adhering to wall of aluminum
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[ Coarser, more disturbed { 121 : 00 DW 3
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ssible contac i
Uniform 7] oo }C -
color ';" - + B
15 e° ®
°
s .

Stratigraphically 16 c A
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o OQO A

) Intermediate ;

Morphology before U"I"°"" texture ,CSQ. D
dissection of core sample LoloF }C

L | Coarser { Can Ly

Disturbed by foil plug

Aluminum -foil plug (inserted at the LRL; partially
dust-covered with dust adhering to liner wall and ] \
some loose dust in voids) Sketch B 6.47 grams removed in LRL

for biotest prime sample
Feb. 14, 1971

Disturbed sample (consists of loose accumulation
of fines including one or more spheres and rock
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and of minimal stratigraphic value except for L
position at base of core sample)

Figure 14-6.: Drawing of core sample 14230. Relative positions of
morphologic units I to III and the respective subdivisions are

shown.
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Subsamples collected
in white light

53 (1224-002)
51 (1279-002)

49 (1161-002)
46 (1202-002)
44 (1294-002)
42 (1175-002)
40 (1304-002)
38 (1297-002)
36 (1267-002)
34 (1300-002)
32 (1648-002)
30 (1521-002)
28 (1633-002)
25 (1077-002)
22 (1323-002)

20 (1172-002)

18 (1050-002)
15 (1311-002)
13 (1294-002)
10 (1278-002)
8 (1133-002)
6 (1010-002)

4(1007-2)

3 (1282-002)

2 (1313-002)

10
11

%

%
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/Teflon plug

Subsamples collected
in red light

12

54 (1269-002)

52 (1322-002)

13

50 (1182-002)

14

|

47 (1310-002)
45 (1510-002)

15

43 (1276-002)

41 (1272-002)

16

39 (1314-002)

17

37 (1316-002)
35 (1308-002)

18

33 (1534-002)

31 (1591-002)

19
20

1

29 (1629-002)

26 (1379-002)
T 23(1288-002)
— 21(1230-002)
= 19(1273-002)

21

— 16(1082-002)

22

—_ 14(1171-002)

23
24
25
26
27
28
29
30
31

—_—

—_ 12(1087-002)
——  9(1150-002)

—_— 71(1278-002)

Aluminum foil plug

Figure 14-7.- Subsampling of sample 14230.

Numbers in parentheses

indicate container number,
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APOLLO 15
CORE TUBES COLLECTED BY THE APOLLO 15 MISSION

A substantial portion of the 'soil brought back by the crew of
Apollo 15 from the Rima Hadley landing site (LSPET, 1973) was in the
form of undisturbed cores of the regolith. Five drive tubes, with a
total sample weight of 2708.2 g were collected (Fig. 15-1)

After experiencing difficulty in extracting the drill string and
uncoupling it, and spending considerable time and effort, the Apollo 15
astronauts collected a deep (2.65 m) drill core at the Apollo Lunar Sur-
face Experiment Package (ALSEP) site on the mare surface (LRL - 15001 -
15006). The complete drill core (six sections) contained a total sample
weight of 1333.2 gq.

Drive Tube Samples

One drive tube sample was recovered on each of the Apollo 15 EVA;
a double on EVA 1, a single on EVA 2 and another double on EVA 3.

The first core was taken at Station 2 on the traverse (Swann et al.,
1971) on the rim of a 10 m crater between Elbow and St. George at the
Front (LRL - 15008 and 15007). The double core was pushed into the
Tunar surface to the depth of a single core and driven to full depth with
35 hammer blows (Table XV-1). The second core was taken at Station 6
inside the rim of a 10 m crater approximately 500 m east of Spur, also
at the Front (15009). That single core was pushed to full depth and
no hammering was necessary. The third core was recovered at Station 9A
at the edge of Hadley Rille, roughly 200 m west of Scarp. That double
tube was pushed to a depth of only 2/3 of a single tube and approximately
50 hammer blows were required to drive it to full depth. The additional
driving effort was undoubtedly due to a higher relative density at this
location (the ground surface was observed to heave during driving) as
well as many coarse rock fragments in the soil matrix.

X-Radiograph description

A detailed description of the core samples based on X-radiographs
has been made by LSPET (1972) (Fig. 15-2, Fig. 15-3). Considerable
stratigraphy has been noted and careful study of the drive tube samples
should be-most enlightening. The large rock fragment (approximately
4,.8x2.6x2.2 cm) located at a depth of roughly 55 to 60 cm should be of
particular interest.
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Figure 15-1.- Location of Apollo 15 drill stems and drive tubes.
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Scale; %
Scale; from Photograph Lithologic Description
:pptarenl P:ir[manenl Te‘Tporary the top of Sketch of Sketch of Photograph of a peel
blsl ancie : iGihation :m it each metal core x-radiograph of core from the
:ir?:ceun:; esignations | designations el core **Color Texture Structure Composition of larger rock fragments Subunits
i "1 ZZZ
1 - 1: %0
2 10 YR 3/1 Fine sand-bearing silt-size soil. Contains Subangular to angular blocky 1. Black or dark brown glass fragments and spheres, None
2 4 - (Very dark grey) about 1-3% particles greater than 1 mm in structures, 3-4 mm long. Upper 2.5 cm generally less than 1 mm in diameter.
diameter. Poorly sorted. Coarser than has been somewhat disrupted by the 2. Medium to light grey, subrounded to subangular
a 9 9
3 - 42 006- 3 |° Unit ¥. plug. There are some 1-2 mm long (breccia?) fragments.
cohesive aggregates from 4-5 cm below 3. Subrounded to subangular, white (anorthosite?)
A A\
4 q Ae the top of the core. fragments.
°
5 2 -
“
6 —_— 6 - .
..\5_
7= e i
i sd| @ o .
8 006- . 10 YR 3/1-4/1 Sand-bearing, silt-size soil. Only a trace Less coherent than Units Y1 and LV, 1. Black to dark brown glass spheres and fragments. None
41 v (Dark qrey to of particles greater than l.mm in diameter. Weak, subangular blocky structures, 2. Light grey to grey (breccia?) fragments.
9 — 9 — 9 » very dark grey) 3-5 mm long. 3. White ?anorthosite?) fragments.
.
10 10 i
11 = =11~
12 = 12 5
13 -1 13
14 — 14 — 10 YR 4/1 Sand-bearing silt-size to silt-size soil; Weakly coherent with irreqular weak 1. Dark brown to black glass agglutinates and None
006- (Dark grey) poorly sorted. Trace to 3% particles prismatic (3 x 10 mm) structures. fragments (some are vesicular).
40 v greater than 1 mm in diameter, Some light grey cohesive aggregate 2. Light to dark grey (breccia?) fragments.
15 = 15 = (clods). 3. White (anorthositic?) rock fragments.
16 — 16
17 - 17
Jo
18 —184 579
° o
19 = 19
-
= - < 10 YR 5/1 Silt-size soil; poorly sorted. Trace to Weak, subanqular blocky to prismatic 1. Light grey to grey breccia fragments (subrounded). None
20 20
Gre 5% particles greater than 1 mm in structures (2-7 mm long) strong 2, Black to dark brown glass fragments and spheres.
o Y : ’
diameter. tendency to form slabs along wall of 3. Fragile, powdery white fragments; possibly anorthosite.
21 21, = 9
0 open core., 4, Green glass spheres at 24.5 cm below the top of the core.
06- 3 to 102 of the soil consists of
22 - 39 m 22 5 lighter grey, irregular, blocky
> patches of scil, These "patches"
23 = 23 —1 & have nearly the same coherence as
the surrounding darker grey soil.
- 4
24 24 = 5
25 =1 25 =
26 26 o Sand-bearing silt-size soil; very poorly Subangular, blocky structures, 1-5 mm 1. Fine sand size to 2 mm white (anorthositic?) fragments. None
38 006- S 10 YR 5/1 sorted. 0 to 5% (near base) particles long. Weakly coherent, 2, Light grey (breccia?) fragments.
27 )i 27 — (Grey) greater than 1 mm in diameter; may be 3. Trace of black glass fragment.
graded.
>
28 —28 :
<>
29 294/ o
30 -l 30 —
31 - 31 +
B
32 — 32—
006- S 10 YR 4/1-5/1 Sand-bearing silt-size soil; 0 to 2% Weakly coherent, subangular, blocky 1. Dark brown to black glass fragments and droplets. B. Less coherent, darker grey.
33 37 33 (Grey to dark particles greater than 1 mm long. structures (less than 2 mm in diameter) 2. Light ?rey, subangular (breccia?) fragments. P. More coherent, lighter grey.
I grey) for (Very fine grained). Subunit B is less coherent than 3. White (anorthositic?) fragments.
34 — 34 — Subunit B Subunit A. Some 1-2 mm diameter
10 YR 5/1 cohesive aggregates (clods).
35 - Grey) for
35 7 gubunit A
36 361 p
o o
37 = 37 =
A be 0 v 00 v,
38 = 38
39 39 -1
<
o
40 —40 - £>~——

*The individual sample locations are based on this scale.
**Munsell Color Co., Inc., Munsell Soil Color Charts, 1954 ed., Baltimore, Md.

Figure 15-3.- Description of the Apollo 15 drill core.
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Scale;
apparent Permanent | Temporary *Scale; from Photograph Lithologic Description
distance unit unit the ':°p. °'| Sketch of Sketch of Photograph of a peel
low: 1 S I each metal | core x-radiograph of core from the
::r?;::eljn:r:l designations | degidnations stem, cm core **Color Texture Structure Composition of larger rock fragments Subunits
il 37 006~ g | See previous page for description of unit
A (oot A P pag P .
41 — — a0 4 < \(, a
°
42 — 42 — [~
.
43 3] os o zes
44 005- 4 ~ < hv 10 YR 5/1-6/1 Sandy silt-size soil Forms coarse friable aggregates. Subunit 4 has a lense of small white and grey None
36 IS [——— grey Slumped along edges. soil aggregates. Some grey microbreccia.
45 — Vi 5 —4 % e o
o
oo Q
46 — 6 |-oerased
> °
47 A 7 - o o-
Py e (— — | S | 10 oa — TR &/1-4/2 sitt-si i i ;
005- L2 - A 3 d Sy Silt-size; very uniform, Some sand-size Less cohesive than the units above; None
35 i (= d:;: gmy:z particles at base; may be graded. few aggregates. —_
Y e e e e Y ) o= 42 greyl
9 ) _g"b _"o Lawettt g | Braim
50 10 |s 2o
s o,
51 C 114 10 YR 5/1 Fine sand size to silt size; containing Slumps along edge. Soil breaks into Coarser fragments appear to be mostly grey to C. Contains white aggregates
005~ ° ° grey 5-10% coarse sand to granule-size loosely coherent aggregates. white microbreccias. (See textural description).
= v e particles. B. Lens of granule-size rock
52 34 12 < ps 9
A ~ fragments and abundant
< o s hite, friabl ates
— white, friable aggregates.
53 B 13 _5§3§1 o~ A. Similar to Subunit C.
R ‘
54 — 144 | —
_ l—e -1 P
=
55 — 15 —
¢ G =
56 — 16 — & S
57 - 17 = - 10 YR 4/1 Silt-size soil with 2-5% coarse sand or Consist of coherent aggregates; most Light grey microbreccias and crystal fragments. G. Slightly finer grained
F S (dark grey) granule size particles. are the same color as the matrix, but than the over and under-
58 — 18 — Q near the top; some are lighter. Probably a lying units.
. < o ° o grades down to coherent layer broken by the drill. i F. Slightly lighter color
[~~~ 10 YR 5/1-5/2 than the over : «d under-
59 19 4| - LIS (grey to greyish lying units.
E - 3 brown) E. Abundant white or light
60 — 204 | ° ¢ ® grey coherent aggregates
oo 0.5.-1.0 mm long.
61 33 005- . 21 -4 R V D. Coarser than B. Contains
7] v abundant coherent aggre-
gates which are the same
62 — D 22 — color and texture at the
matrix.
- ot — C. Lens containing about
63 23 10% particles > 1 mm.
¢ B. Finer grained than C.
64 — __ 24+ A. Slightly darker than
B Subunit B.
65 — 25 —
66 — 26 —
A
67 — 27 —
T—oos——<— R ‘o —ITVR 4/1 15% coarse sand to granule-size particles None
686 4 ———1 W\ 28— - & — (dark grey) in silty matrix.
~~ -
69 - 29 — <S
O —~— T
70 — 30 4 K25 ~
c o /ON.‘
71 EVIR N (IS 9 o
72 32 4
73 = — 33 — J[ﬂ\ D 10 YR 5/1 (grey) 10-20% particles >2 mm in a silt-size Forms cohesive aggregates (clods). Microbreccia fragments in coarse fraction. C. Contains a Lens of coarse-
B ‘\O "";1thedgzg‘to matrix. This was probably a very cohesive sand and granule-size
. 005- e ] grading layer; broken up by the drilling. particles.
74 31 I 34 é ° o 10 'Rt:élbgg;ﬂ) B, Large microbreccia fragments.
o near : A. Fractured unit; lighter than
75 = 35 = Subunit B.
o sl o |-
(o)
77 = A 37 - P,
< 9
78 38 — Qe
°
79 — 39 — =
3
80 — — 0= =

*The individual sample locations are based on this scale.
#**Munsell Color Co., Inc., Munsell Soil Color Charts, 1954 ed., Baltimore, Md.

Figure 15-3.- Description of the Apollo 15 drill core (continued).
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Scale;
apparent | Permanent | Tempor. *Scale; from Photograph i i ipti
distance unit m“po - the top of Sketch of Sketch of Photograph of a peel Litioluic Description
below lunar | d ionsld ions| €ach metal | core x-radiograph' | of core from the
surface, cm stem, cm core **Color Texture Structure Composition of larger rock fragments ]
L - Coarse fraction Fines Subunits
121 - 391 See previous page for lithologic description of 004-1,
1224 26 004~ 40
I
123'= 41 —4
124 —_— 2 g
Clayey siltsoil 15-20% vf-f sand Only zone with slight coll h
=) _ 5Y 3/1 n y ght collapse when core was| Soil matrix breccia with glass aggregates and whitish granules 50.0 -
125 003- 3 dark drab grey '2‘;947 avg rock fragments, opened, forms coherent blocks up to 1.3 cm Lumpy and frothy, very dark brwvg\gtogbhck glass aggng:t:ls‘ 23:7: 3?.53:;;:::"
25 o trix support. Tong, mostly about 0.3 cm. Non-crystalline lithic fragments, soil-1ike appearance, but 1-2% whitish
126 — 4 — with no clasts or inclusions 7.8% granules
Microcrystalline dark grey rock fragments, (basalt?) 7.8%
127 5 White-matrix breccia, sugary texture 5.2%
Anorthositic rock fragments, chalky appearance 5.2%
128 G 6 —
129 F 7
5Y 3/1 to Clayey fine sandsoil, 20-60% sand, Variable slumping, some portions collapse Soil-mat M R 6.0
130 — 8 - 5 v‘A/l up to 22% rock fragments, avg 5,5% readily, others moderately breaks into D:rk'm:r;l;yh;:::::nd glass “;:‘; ill’g 6:8: 3?-50‘ fe}dsp" (F; o
£ medium to dark framework support in some zones, blocks or pellet 1ike clumps up to 4 mm Aphanoxtalline dark blocky 1ithic g i : Sy g - Pock 1?’"' wiite granet.
edgits di y 1-2% whitish E. Matrix-rich layer
131 - — 9= grey ameter, postly: 1 . fragments 7.0 2.5 8.0x  granules D. Rock layer, sugary breccia
a4 Anorthositic rock fragments, chalky 15.8 2.5 8.0% C. Hatrix-ricﬁ layer. '
o u - e Sintered-appearing brownish breccia 12.3 2.5 8.0% B. Layer of 1-2 mm rock fragments.
o ¢ Non-);tal'line. dull granular Tithic A. Layer of 2-6 mm breccia fragments
ragments 15.8 ’
133 11— Coarsely xtalline anothosite 7.0 5.0 4.0%
" Dark crystalline (gabbro?) fragments 1.5
134 124 Glass sphere (dark greenish brown) 2.5
White-matrix breccia, sugary texture 7.5
135 B 137
A=
136 — p 14—
137 { < 154 10 Y 4/1 to 5/1 Muddy siltsoil, 20-25% vf sand, Slumps easily into blocky and crumb-1ike Soil-matrix breccia fra i
Y » - gments with glass aggregates and fragments 60.3% 35-50% feldspar D. Basic composition of unit.
B r;g;m;r:;utrﬂ 2\'1IA:rZOC:og:?g“:s::e'dmwix tl:'h;ngs 0.2-4 mm long, average diameter Non-crystalline, soil colored, rounded lithic fragments 13.8% cleavage frag C. Concentration of anorthositic
138 G063 16 pport, y . .5-2 mm. Anorthositic rock fragments with chalky appearance 10.3% 1-2% whitish g;:nule.
23 : Sintered-appearing, brownish breccia fragments 5.2%  granules B. centration of frothy glass.
139 il . Aphanocrystalline dark grey, blocky lithic fragments (basalt?) 5.2% A. Basic composition of unit.
A Splintery drab lithic fragments, indet composition 3.4%
e 8 Frothy, dark brown to blackish glass aggregates 1.7%
4
141 — — 194 3 — Middy sandsoil, 25% vf-med sand Mod
» ’ te slumpi - White-
o " s Sors/tons | 10.36% avg rock fragments very Sl D 1T Taugs vertabla” i g o g g g e o il i g . Cotaiaation CF risiad et
— 20 — i neutral ‘to: drab g::;o{tswtw- Some framework sizes averaging 1 mm. 'I‘z:egg::l{]:nguhr. c]i:vt-:igr:y microcrystﬂl;?e (basalt?) fragments  15.2%  1-2% whitish * matrix ;:,cg?:f..:;'.,,ts a0
i —— grey . -C alline grey c fragments, soil-like appearance, rounded 13.9% ranules ompos
143 — 22 0]013 B 21 — E gin::red-ag;gen;ing‘, tan to brownish breccia fragments 10.1% grant A Bsiee i¢ton; of untt.
—— j 8 rothy to finely divided, dark-brown to black glass 3.8%
B Non-crystalline, dark grey, indet lumpy lithic fragments 3.8%
144 A 22 — _i Anorthositic rock fragments, chalky appearance . 3.8%
s ’s ;?'Id:ga; c}eavage ‘f’ragments. medium bluish grey 2.5%
— — —
3 _1 ackish glass bea 1.3%
Cindery-appearing, dark grey glass fragments 1.3%
B - :
146 — 24 —
et 5 GY 5/1 Clayey siltsoil, 20-25% sand, 7.01% Moderately slumping, forms crumb-like Soil-matrix breccia with
. s 7. ’ = glass fragments and aggregates 36.4% 25-35% feld:
147 25 m:;ugrve\;utral avg rock fragments. Matrix support. clumps 0.1-1 mm long, mostly 0.5-1 mm, Irregularly jagged, very dark grey lithic fragmentg (basalt?) 20.4% cleavageefr:;ar I: :::{n::::: g:'dcracks.
2 003- Sintered-appearing tan-brownish crystalline breccia 11.4% Tr-1% whitish - 2
— m ] Non-crystalline 1ithic fragments, soil-like appearance 11.4% granules
A 26 Vesicular to frothy, dark greenish brown to black glass 9.1%
Anorthositic rock fragments with chalky appearance 6.8%
149 — 27 — Indet,splintery grey crystalline lithic fragments 4.5%
150 — — 28 —d
Rock fragmental sandsoil. Moderate Slumps easily, forms crumb-like clumps Soil-matrix breccia with glass .fi nts and t: -
151 29 5Y 5/1 to well sorted, 21.93% rock 0.5 to 3 mm h;ng mostly in 1 mm ra:vge Anorthositic rock fragn!ngs fmraﬁk e i;g: ll]] i
_ _ » . o » " W chalky appearance g cleavage fra
medium neutral fragments. Grain support. Irregularly jagged, very dark grey lithic fragments (basalt?) 17.0% Tr whi%:sh 4
- - drab grey Frothy to finely divided, dark greenish to black glass aggregates 14.8% granules
56 003- Sintered-appearing, brownish to tan, crystalline breccia 9.1%
; hi Dark grey, metallic-appearing, angular crystalline fragments 8.0%
53 — 3] — :?n;:v:yst?ﬂin: lithic fragments, soil-like appearance 4,5%
ndery glass fragments, dull grey 2.3%
154 32 Sugary-textured, white matrix breccia, dark grey clasts 2.3%
Indet splintery, drab grey lithic fragments 2.3%
. S -— Feldspar cleavage fragments 1.1%
156 — B 34 10 YR 5/1 a
ayey siltsoil, Moderately to Slumps readily, collapsing into blocky Irregularly jagged, very dark grey lithic fragments (basalt?) 44,3%  2-5% feldspar B. Relati
» » . = . ely 1 Tumpi
Rt o réed;um "?U;H' poorly sorted, 4,55% avg rock or pellet-like aggregates 0.5 to 3 mm Frothy to finely divided pale brown or dark glass aggregates 16.5%  cleavage f:ag pe]let!H{e Sil;s‘:"?rng e
57 003- — 35 ?-e rownis fragments, long. Soil-matrix breccia or lithified soil-matrix fragments 15.2% 0-Tr whitish anorthositic nodules.
19 I grey Anorthositic rock fragments, chalky appearance, angular 11.4% granules A. Collapses easily.
158 - 36 Dark grey, metallic-appearing, angular crystalline fragments 2.5%
A Indet splintery, drab grey lithic fragments 2.5%
P ayeal Sintered-appearing brownish crystalline breccia fragment 1.3%
160 - 38 —

*The individual sample locations are based on this scale.
**Munsell Color Co., Inc., Munsell Soil Color Charts, 1954 ed., Baltimore, Md.

Figure 15-3.-

Description of the Apollo 15 drill core (continued).
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Scale;
*Scale; from Photograph " e
a t 4
d?spl:::e :"eir!manent Tmeir:povary the top of Sketch of Sketch of Photograph of a peel Eithologic: Description
below Iunar | designations|designations each metal | core x-radiograph of core from the o e :
'
surface, cm stem, cm core Color Texture Structure Composition of larger rock fragments Subunits
200 11 002-II l 37 7 Grey (5Y 5/1) Silt size; moderately well sorted. No cohesive aggreqates. None None
201 — 10 002-I1 38 Grey (5Y 5/1) Cq?:seisand ar]\d granule-bearing No cohesive aggregates. Too dusty for identification. None
— s silt-size soil.
202 39
— -
203 002- 40
204 _ 41 ‘ , L o
9 Grey (5Y 5/1) Granule-bearing fine silt-size Some white cohesive aggregates. 1. White “anorthosite B. Abundant black glass droplets.
205 — 42 — soil. Prismatic fracture pattern. 2. Feldspar crystals. Some anorthositic fragments;
about 20% fragments > 1 mm,
206 3=
B
001-
207 — X 2
A
208 — — 3
209 — 8 001- 49 — %0 YR 7/1 Silt-zize soil; moderately well No cohesive aggregates. 1. Light grey to white breccia fragments. None
YIII ight grey sorted. 2. Some black glass fragments.
210 — 5~
211 — 7 001- VIl 6 — 10 YR 7/1 Granule-bearing silt-size soil. ~ 2% cohesive, grey aggregates. 1. Vesicular black glass fragments. None
9 ggreg
light grey 2. Light grey breccias.
= 001- 4] iz eny : g None
6 l(_) YR 7/1 Silt-size soil. Some t?rown and white 1. Light grey breccia fragments.
213 VI 8 — light grey cohesive aggregates. 2. Black glass fragments and droplets. c. 28-33% gr;?ul:-s:ze fragments ;
abundan ack glass.
14 " T 9 10 YR 7/1 Pebbly silt-size soil. Abundant white and grey 1. Grey breccia fragments. B. >20% granule-size fragments;
2 001 gm abundant clods
5 v B light grey cohesive aggregates. 2, Black ?Iass fragments. A. =~ 5% granule-size fragments;
A 3. Basa't(?) fragments. ¥ v
215 — 10 — abundant clods.
001 B 13 12 YR 8/1 Silty fine sand-size soil. Distinct fine (0.5 mm) laminae. 1. Abundant black glass droplets and fragments. B. g}ig:n{ coa:zer lajnqtm:re
216 — 3 ~1 white Less coherent than Unit Y. 2, Grey breccia fragments. ack glass than Unit A.
4 v - d ¥ A. Abundant coherent aggregates
lods).
217 4 — ] (c
J
218 — 13—+
219 - | 14 - 10 YR 7/1 Granule-bearing silt-size to Weak angular blocky structures, 2-3 mm 1. Light qrey to white breccia fragments. J. 10-20% fragments > 1 mm;
to 10 YR 8/1 sandy silt-size soil. long. Very few weakly consolidated 2. Basalt(?) fragments. basalt fragments.
“th grey to clods. 3. Most fragments coated with dust; are I. Silt-size material with
=HE
220 15~ white nearly impossible to identify. trace of granules.
G (Subunits A-D 4. Trace of black glass fragments and droplets. H. Silt-size soil.
221 16 — are white) G. 5-15% fragments (Basaltic?)
in a silt matrix.
= F. Trace of clods in a silty
222 2 001- g S matrix.
11 E. 10% fragments of basalt (?)
223 - 18 — > 1mmin a silty matrix.
E D. Lighter grey than E; coarser
224 — — 10 grained matrix than C.
D C. Some weakly consolidated clods.
— i 20— B. Silty fine sand-size matrix,
225 with =~ 20% fragments > 1 mm,
C A. Silty fine sand-size matrix,
226 — 21 with = 30% fragments > 1 mm.
227 B 224
A
228 —e P B
229 F 24 —
230 — 25 10 YR 7/1 Granule-bearinn sandy silt-size soil. Angular, 1-2 mm blocky structures, 1. Ligh% grey breccia fragments. F. Possible graded bed, with
€ light grey with thin, long prisms along the 2. ledium grey, aphanilic basalt fragments. 10-40% fragments > 1 mm,
231 - 26 — interior of the drill stem. 3. Trace of black glass. E. Less basalt(?) fragments
001- 5 than Unit E.
_ | D. Silt-size sand.
232 2 i — 27 C. 25% fragments > 1 mm.
C B. Silt-size soil.
233 28 — A. 12-50% fragments (light-grey
- breccias) > 1 mm.
234 — 29
A
235 304
236 Foo31 10 YR 7/1 Silt-size soil. A few clods present. 1. Light grey breccia fragments. F. Silt-size soil.
E light grey 2. Vesicular grey basalt. E. 10-20% particles > 1 mm,
237 - —=— 32— 3. Dark brown glass. in a silty matrix.
001- D D. Silt-size soil.
238 1 1 — 33 Ce LS’gzusee:c_t;gregates (clods)
| ¢ B. Silt-size soil.
239 34 A. Silt size, with some > 1 mm
diameter clods.
240 — B 35

#The individual sample locations are based on this scale.

**Munsell Color Co., Inc., Munsell Soil Color Charts, 1954 ed., Baltimore, Md.

Figure 15-3.- Description of the Apollo 15 drill core (continued).
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Scale;
apparent
distance
below lunar
surface, cm

Permanent
unit
designations

Temporary
unit
designations

*#Scale; from
the top of
each metal
stem, cm

Sketch of
core

Sketch of
x-radiograph

Photograph
of core

Photograph
of a peel
from the
core

Lithologic Description

**Color

Texture

Structure

Composition of larger rock fragments

Subunits

240
241
242 —
243
244 —
245 —
246 —
247 —H

248 -

001-
I

B 35]
A 36

Void

NN

N

Void

Figure 15-3.- Description of the Apollo 15 drill core (concluded).

See previous page

for description.

#The individual sample locations are based on this scale.
**Munsell Color Co., Inc., Munsell Soil Color Charts, 1954 ed., Baltimore, Md.
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The X-radiographs also permit the determination of the core sample
lengths and thereby the bulk densities, which are also presented in
Figure 15-3, In the lower half of the first double core, the keeper was
found to be still in its stowed location in the adapter, indicating
either that it was not properly inserted on the Moon or that it slipped
back. In either case the result was that the sample expanded to the
present Tength of 36.2 cm, corresponding to a bulk density of 1.59 g/cc.
When the nominal sample length of 34.9 cm is used, the original density
of the sample in the tube is calculated to be 1.64 g/cc.

In addition, the X-radiographs reveal a void along one side at the
bottom of this tube. The Lunar Module Pilot (LMP) described this sample
location as having a coarser grain size distribution than at other points
at Station 6, and this would probably account for part of the sample
falling out of the tube before it was capped. The void was estimated
to occupy 6 cc (less than 2 percent of the total volume) and the bulk
density was corrected to 1.35 g/cc.

The densities in the single core and the top half of the first
double core are approximately 14 percent lower than in any of the core
tubes previously returned on the Apollo missions.

From the Tower half of the second double core approximately 54 cc
of soil fell out of the bottom of the tube before it was capped. In
addition, the sample length was found to be less than the nominal length.
This would indicate either that sample fell out of the top when the two
core halves were unscrewed, or that the sample was compressed when the
keeper was inserted. The high relative density at this location argues
against the latter interpretation and supports the former. Until further
studies can be made, a range of possible densities is shown in Table XV-1.

Apollo 15 Drill Cores

The Hadley Rille-Apennine Mountains area of the Moon (3°29'20"E,
26°26'00"N) was explored by the crew of Apollo 15. The Apollo 15 crew
collected a 242 cm Tong drill core. The core, which was collected from
the regolith developed on Palus Putredinis, is hopefully a representative
seetion of the regolith developed on the mare surface, although its
location at Station 8, 50 m from the ALSEP central station, may have
been on the edge of a ray. The cores have been described by Heiken
et al. (1972).

After drilling was completed, the drill was removed, capped and
plugged, then placed in a nylon bag for return. Three of the sections
on the Apollo 15 core would not separate and were returned as one section
to be broken apart in the laboratory. The uncovered three sections that
would not separate (15001 - 15003) were plugged on the lunar surface and
taped in the LM. The exteriors of the linked core sections were exposed
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to the atmosphere of the LM and CM cabins and had water spots on them

(probably caused by sea water splashing into the cabin through an open
door after splashdown). The remaining sections were protected by the

nylon bag, but the exteriors were exposed to the air in the cabin.

Interpretive drawings made from the X-rays of Apollo 15 drill stem
sections were prepared by G. Heiken and J. S. Nagle (LSPET, 1972)
(Fig. 15-3). Over 50 distinctive units were recognized in this manner.
The immediate availability of the stratigraphic information played a
major part in the continuation of the deep drilling experiment on subse-
quent missions. The nearly disastrous expenditure of lunar surface time
to collect the drill string had raised significant discussions among
scientific advisors with respect to the tradeoff between deep drilling
and additional lunar surface traverse time.

The early dissection of the junctions of sections of the Apollo 15
deep drill string requires a detailed description.

According to the plan, the Tower end of each drill stem was to be
unplugged, and any soil adhering to the plug was to be recovered and
assigned a sample number. Soil was then to be removed in four 0.5 cm
increments or excavation levels, until at least 3.75 g of soil was
recovered. Soil from alternate increments was then to be split four
ways. After reserving 0.25 g of sample, the increment was passed through
a 0.250 mm sieve. An allotment of 1.2 g of the fine fines was made for
biomedical experiments and the balance of the fine fines as well as the
coarse fines were set aside for allocation to Principal Investigators (PI).
As can be seen on the sample split diagrams (Fig. 15-4), the general plan
was carried out, but there were significant modifications for every drill
stem. 15001 had an extensive basal void, not permitting even-sized
increments. 15002 and 15003 contained basal solid Teflon plugs which
prevented excavation from the bottom of the core, although sampling took
place more-or-less according to plan after the plugs were removed. Soil
in 15004, 15005, and 15006 was confined by hollow basal caps, and the
soil was retained in and removed with these caps in 15004 and 15005.
Accordingly, excavation increments are measured from the top of the cap
in 15004, and the increments are reversed with respect to the other
cores. Because of similar difficulties no excavation or depth levels
were assigned to the increments in 15005. And because of a partial void
near the bottom of 15006, increments I and III were unusually thick,
although removed in planned sequence.

General Description of the Core: The identification of stratigraphic
units was based on changes in combinations of color, texture, structure.
and estimated composition of the coarser rock fragments (Fig. 15-3). Only
limited identification of coarser particles with the unaided eye were
made during the description and dissection.
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The most common particle type was medium to dark gray microbreccia,
generally subangular to subrounded, with equant to elongate shapes,
Less common were white, feldspar-rich basalt and anorthositic fragments.
Near the base of the core, there were medium grey, vesicular and non-
vesicular basalt fragments. Details of clast types, and so forth,
were generally masked by dust coatings. Black or dark brown glass
droplets and angular glass fragments were present in the soils but were
more abundant near the top and bottom of the core.

Several layers at 24.5 cm and 83.2 - 94.7 cm contained green glass
spheres and clastic rocks composed of green glass spheres. This unique
glass was present in many of the surface soil samples and was most abun-
dant at Station 7, along the Apennine Front.

Textures ranged from silt-size to pebbly, medium sand-size soils.
The silt-size matrix was ubiquitous and present, to varying degrees, in
all layers. Al1 of the soils were poorly sorted to extremely poorly
sorted. The grain size determinations were based on subjective visual
and tactile impressions of the soils.

Colors varied from very dark grey (10YR3/1) to white (10YR8/1).
The most common soil color was grey, modified only slightly in value and
chroma.

Boundaries between units were generally quite distinct and could
be easily outlined during the dissection. With the exception of less
than T mm of soil along the tube walls, there appeared to be no distor-
tion or smearing of the soil or mixing of Tayers during the drilling
process.

Individual layers ranged from a few millimeters to 13 cm thick.
A total of 42 major textural units were described within the core.
Grading (normal and reverse) of several beds implied that they might
have been deposited by turbulent flows, possibly a base-surge type of
ejecta cloud. It is also possible that the sorting in an individual
layer might have been caused by the pelting of the developing soil sur-
face by micrometeoroids.

Coarse particles were separated and many have been described by
Drake (1974) using a binocular microscope. When it was discovered that
the samples were contaminated by lead, a special dissection procedure
was developed for 15003, in which material near the core walls was re-
moved to expose interior material, which was separately packaged for
several intervals.
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SECTION 15002

Textural m above base Depth Dissection Primary Early Splits
Iﬁie:;§1 g? drill stem cmp Level Splits Finer Than 0.250 mm Coarser Than 0.250 mm
248 IV 15002,15
15002,14
8 II1 15002,13 15002,11 (PI)
3 15002,9 15002,10 (Biomed) 15002,12 (alloc.)
II —> 15002,8
15002,7
2 1 ™ 15002,6 15002,4 (PI)
15002,2 15002,3 (Biomed) 15002,5 (alloc.)
1
]
SECTION 15001
Textural cm above base Depth Dissection Primary Early Splits
Interval of drill stem cm Level Splits Finer Than 0.250 mm Coarser Than 0.250 mm
- 6.5 v 15001,19
111 15001,18  15001,16 (PI)
15001,14  15001,15 (Biomed) 15001,17 (allocated)
II 15001,11  15001,12 (Biomed)
15001,10
15001,9

15001,7 (from 1B, sieved, not allocated) 15001,8
I 15001,5 (split as..,14, but not numbered 15001,6 (allocated)

15001,4 soil from plug at bottom of drill stem
15001,3 dust from bottom cap

Figure 15-4.- Splits for early allocations, Apollo drill string section 15001 and 15002.



SECTION 15004

Textural Cm above base Depth Dissection Primgry
Interval of drill stem (cm) Level Splits
2 . 2.0
u e IV-B = 15004,15
N I* 15004 ,2
7
26 78 ..‘? 15004,6
7R Ao 15004,7
Ze Hoe 11 = 15004,8
7R ‘Ao; 11 15004,9
Ao A0 Ty o> 1500413
P teflon core cap e 15004,14
15004,1

* In this core, dissection levels were
taken from the top of the teflon cap.

Finer Than 0.250 mm

15004 ,4 (PI)
15004,3 (Biomed.)

15004,11 (PI)
15004,10 (Biomed.)

loose soil in bag

SECTION 15003

Textural Cm. above base Depth Dissection Primary
Interval of drill stem (cm) Level Splits
% 5 by 15003,17
1 —» 15003,16
i 15003,12
| 4 >~ 15003,11
3.0 11 15003,10
S\ 15003,9

2.5

19

i) 15003,5

10.2

0.0

Finer Than 0.250 mm

15003,14 (PI)
15003,13 (Biomed.)

15003,6 (Biomed.)
15003,7 (PI)

15003,4 loose dust from plug
15003,3 Toose soil in bag

15-23

Early Splits

Early Splits

Coarser Than 0.250 mm

15004,5 (alloc.)

15004,12 (alloc.)

Coarser Than 0.250 mm

15003,15 (alloc.)

15003,8 (alloc.)

Figure 15-4.- Splits for early allocations, Apollo drill string section 15003 and 15004 (continued).
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Textural
Interval

43

Textural
Interval

cm. ahove base
of drill stem (cm)
3y — 3.0

ISR 4 YW
~ teflon core cap’/\

cm above base
of drill stem

tef]oﬁiqgre cap

zj2.8

4127
H .o~

Depth

cm

2.0
1.8}?
0.0

Denth Dissection

Level_

v

KT

SECTION 15006

Primary
Splits

15006,15
15006, 14

15006,10

15006,9
15006,8
15006,7

15006,3

Early
Finer Than 0.250 mm

15006,12 QPI)
15006,11 (Biomed.)

15006,5 (P1)
15006 ,4 (Biomed.)

15006,2 dust from outside of cap

15006, 1

loose soil in bag

SECTION 15005

Dissection Primary EARLY
Level Splits Finer Than .250 mm
15005,13
v 15005,14
111 15005,9 15005,10 (Biomed.)
15005,8 15005,11 (PI)
11 15005,7
15005,6  15005,4 (PI)
15005,2 15005,3 (Biomed.)
15005,1 loose soil in bag

Splits
Coarser Than 0.250 mm

15006,13 (alloc.)

15006,6 (alloc.)

SPLITS

Coarser Than .250 mm

15005,12 (alloc.)

15005,5 (alloc.)

Figure 15-4.- Splits for early allocations, Apollo drill string section 15005 and 15006 (concluded).



15-25

During dissection, each sample was documented according to posi-
tion in the drill stem, and placed in a uniquely marked vial or con-
tainer. Fig. 15-5 indexes all such samples removed from each drill
stem. Sample intervals in this figure are directly comparable to
intervals in the descriptive summary of the deep drill string, Fig. 15-3.
In order to obtain sample depth below lunar surface, one should compare
interval within the drill stem, seen in Fig. 15-5 and 15-3 to apparent
distance below lunar surface, column 1 in Fig. 15-3.



CORE 15006

Daughter no.;
Top ) mass, gm; and
cm —_ Daughter no. | Container no, | Mass, gm container no.
0 of red light
Rock fragments Void samples
1 © e 126 8-1379 2.94
2l 125 8-1422 1.96
o[ 124 8-1375 1.59
. <Ool 123 8-1402 2.29
120; 86-1343;0.11 am——~__| 122 8-1420 1.54
N [ 21 8-1319 2.45
| 119 8-1339 1.59
2t b 118 8-1311 2.2
K 116 8-1396 1.51_ |117;86-1089; 1.74
e FE T o | 115 8-1360 1.91
-1330 .85 —o| 114 8-1318 1.39
7 T 112 8-1384 1.78
110; 8-1310; 0.13 gn—~L] | 111 8-1408 2.24
s T 109 8-1350 2.05
105; 8-1374; .04 gm ——~_] ,|_108 8-1313 2.05
o =g o __106 8-1303 1.63 |107; 86-1557; 0.58
104 8-1290 2.26
sod |* « *}—183 8-1363 1.88
° 02 8-1424 2.03
™ 01 8-1314 1.86
00 8-1370 2.02
99 8-1390 1.88
1299 8-1287 | 1.70
134 o o 97 8-1367 1.83
95 8-1340 2.15  |96; 86-1415;0.32
144 94 8-1292 1.80
93 8-1317 1.77
] D 92 8-1357 1.78
89; 86-1515; 0.11 gn——2_] 91 8-1376 1.98
16 T2} 90 8-1304 | 2.00
o 88 8-1332 2.07
17 87 8-1423 2.02
0(57 86 8-1306 1.91
85 8-1344 2.08
18] = 84 8-1323 1.97
19 83 8-1378 2.16
= 82 8-1327 2.44
an-] | = 81 8-1329 1.99
80 8-1282 2.35
21 - 1] 79 8-1355 1.92
78 8-1296 2.33
22 77 8-1316 2.60
o 76 8-1326 1.51
23 |O2 75 8-1315 2.50
74 8-1414 1.89
- 73 8-1352 2.30
= 72 8-1336 1.43
os | 70 8-1358 1.74 _|71; 86-1433;0.46
69 8-1312 1.87
68 8-1365 2.00
267 s 67 8-1415 1.89
o7 Q 66 8-1417 2.09
65 8-1398 1.60
— | 64 8-1298 1.92
= 63 8-1389 1.50
=< 62 8-1392 1.75
2P O 61 8-1387 1.78
30 61 8-1380 1.25
58 8-1286 1.66  |59;86-1431;0.54
37 57 8-1294 1.46
56 8-1299 1.27
354 55 8-1419 1.79
54 8-1285 1.46
334 &) 53 8-1345 1.52
52 8-1406 1.59
- 51 8-1308 1.53
50 8-1356 1.35
55 49 8-1361 1.40
48 8-1410 1.40
ap] bes 46 8-1382 1.20 |47,86-1436;0.31
45 8-1341 1.46
57 9 44 8-1369 1.53
43 8-1372 1.31
ag] |- = 42 8-1346 1.56
41 8-1342 1.10
o 40 8-1349 1.43
s @ 39 8-1425 1.10
. 38 8-1371 1.45

Pl
ad 257

Figure 15-5,- Sample location information, Apollo 15 deep drill string section 15006.

*Samples 113 and 114 are from below and
above the sloping contact, respectively
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15005

Rock fragments Daughter no.
] 5-28 cm and container no.
Daughter no.  Container no. Daughter no. | Container no. | of red light
00— samples
1 dp 7 — (*red light samples)
ollow
- 5'09 113 87-2047
30 8-1033
3
- 31 8-1029
34 8-1023 “'ﬁ~~‘® 32 8-1031
33 8-1018
5 | 35 8-1013
36 8-1006 *37; 87-3065
& 38 8-1030
39 8-1010
i el 40 8-1005
41 8-1038
8 42 8-1016
43 8-1002
9 - 44 8-1035 *45; 87-3044
46 8-1045
10 - 47 8-1036
48 8-1009
11 - 49 8-1034
50 8-1032
12 — 51 8-1027
52 8-1042
13 53 8-1041
54 8-1007
14 < 55 8-1047
56 8-1021
— 57 8-1049
13 58 8<1014
16 - 59 8-1004
60 8-1019
17 - 61 8-1028
62 8-1039
18 - 63 8-1020
64 8-1050
19 65 8-1048
66 8-1024
20 67 8-1003
68, 8-1015 *116; 87-3055
21 - 69 8-1040
70 8-1044
22 - 71 8-1025
72 8-1022
— 73 8-1017
23 74 8-1026
24 — 75 8-1012
76 8-1008
25 - 77 8-1046
78 87-3070
26 79 87-3061
80 8-1037
27 - 81 87-2718 *82; 87-2834
83 8-1043
28 — 84 8-1011
85 8-1001
29 86 87-2167
87 87-2265
30 - 88 87-3127
89 87-2909
31 90 87-2970
sezr AL
% 872835 - 55 | s7-2001
33 97 87-2026
34 — 98 87-2077 *99; 87-2844
100 87-2045
35 — 101 87-2058
102 87-2719
36 — 103 87-2849
104 87-2880
37 105 87-2140
106 87-2910
38 107 87-2748
108 87-2810
39 109 87-3022
110 87-2926
40 — 111 87-2971
13 87-2890 e (o
41 87-2791
4 o 4 87-2893
5 87-2819
6 87-2903
7 87-2797 || £
8 87-2747 allocation
9 87-2826
10 87-2833
11 87-2949
12 87-2927
14 87-2809

Figure 15-5. (continued) Sample location information, Apollo 15 deep drill string section 15005



15-30 15004

cm

11
12

13
14

15
16

17

18

19

20
21

22

23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1

42

Top
Daughter no;
mass, gm; and
/ Daughter no. | Container no. | Mass, gm container no.
Plug of red light
samples
48 86-1440 3.34
49 86-1239 2.22
50 86-1472 2.16
51 86-1245 2.48
52 86-1455 1.65
53 86-1236 2.67
54 86-1598 1.98
55 86-1097 1.84
56 86-1471 2.45
57 86-1326 1.76
58 86-1024 1.58
59 86-1360 1.78
60 86-1054 2.15
61 86-1339 1.83
62 86-1573 2.23
63 86-1346 2.36
64 86-1450 2.24
65 86-1546 2.20
66 86-1430 1.89 67;0.44; 86-1513
68 86-1590 2.25
69 86-1073 2.32
70 86-1579 2.08
88 86-1361 2.35
72 86-1330 2.23
73 86-1470 1.88
74 86-1421 1.68
75 86-1327 2.28
76 86-1373 1.45
77 86-1102 2.35
78 86-1392 1.83
79 86-1419 2.09
80 86-1434 1.61
81 86-1209 2.38
82 86-1136 2,09
83 86-1475 2.32
84 86-2820 2.08 85; 0.34; 86-2891
86 86-1144 237
87 86-1398 2.27
88 86-2814 2.14
89 86-2962 1,90
90 86-2852 2.04
91 86-2845 2.09
92 86-2901 2.39
93 86-1634 1.75
94 86-1211 1.51
95 86-1165 2.43
96 86-1345 1.55
97 86-1559 2.03
98 86-1309 2517
99 86-1583 1.32 100; 0.5; 86-1366
101 86-1364 1.81
102 86-1118 1.72
103 86-1537 2.45
104 86-1554 1.75
105 86-1333 2.22
106 86-1378 1.55
107 86-1427 1.98
108 86-1468 1.57
109 86-1425 192
110 86-1460 1.80
111 86-1120 2.01
112 86-1103 1.89
113 86-1536 1:57
114 86-1353 1.87
115 86-1377 1.45
116 86-1347 1.31 117; 0.51; 86-1355
118 86-1485 2.24
119 86-1051 1.75
120 86-1063 2.17
121 86-1504 2.02
122 86-1021 1.87
123 86-1349 2.05
124 86-1268 1.75
125 86-1567 1.66
126 86-1575 2.06 127; 0.56; 86-1492
128 86-1363 1:31
129 86-1334 2.27
7
Plug

F1:r;|ure 15-5.- (continued).

Sample location information, Apollo 15 deep drill string section 15004
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Apparent distance

below
Tunar surface 1ISO003 DISSECTION
(cm.) o
0 INTERVAL SAMPLES SPECIAL SAMPLES
Fine Fraction (<Imm) Coarse Fraction (>Imm)
Daughter Container Sample W1. Daughter Container Sample Wt. Daughter Container Sample Wt.(gm)
No. No. (gm.) No. No. (gm.) No. Na. and Type *
S o .
o2l 197 8-2195  2.634 198 8-2203  0.133
— 125 %o § 194 8-2169 1.819 195 8-2189  0.064 196 87-1057 0.37 RL
Ny 192 8-2143 1.883 193 8-2156  0.363
(=] % 190 8-2114 2.534 191 B8-2133  0.031
.‘%_Dq 188 8-2093 1.794 189 8-2100  0.058
5 ‘:0_%" 185 8-2076 2,417 186 8-2079  0.053 187 B7-1488 0.ul Rl
oo 182 8-2054 1.940 183 8-2006  0.024 184 BT-I478 0.3 RI
2ro®=f 180 8-2036 1.049 || 181 8-2047 0,026
<4 178 8-1997 2.618 179 8-1998  0.058
=0 175 8-1992 2.340 176 8-1996  0.278 177 87-1541 0.23 Rl
“D 3 4 -
L 130 Ej 290 173 8-1949 2.097 174 8-1971 0.030  inner core, possibly Ph-free
oD o 5
L o 171 8-1928 5.136 172 8-19u46 0.197 wall contact sample. contaminated
A%
> 168  8-1903  2.492 169 8-1925  0.092 170 87-1514  0.62 Rl
10 HC lbb 8-1863 1.300 167 8-1870  0.364
6 o © 164 8-1848 1.937 165 8-1851  0.013
@,@ 161 8-1816 1.721 162 8-1838  0.037 163 87-1511 0.57 BL
" (,;‘g 159 8-1795 2.1H45 160 8-1815  0.065
o o 157 B8-1756 2.273 154 _§-1779 0,026
= 155 R-221b 2.052 154, 8-2250 _ 0.060
L 135 M 152 8-2171 1.573 53 8-217 0.066 154 87-1474  0.49 RI,
Of 150 8-2140 1,491 51 8-216;  0.050
I8 B-2130 T.U5/7 T B-2131 T.T89
b5 &= 106 8-2102  2.072 47 8-2124 s
o5, || 144 8-2083 2.122 145 8-2085  0.052
15 —oSad] 142 8-2071 1.937 143 8-2077  0.090
a0 139 8-2-43 2.132 140 8-2062  0.091 141 B7-1432 0.64 RL
‘m —— 202 B-2247 0.265 RI'*
0O 137 B-1995 1.545 138 8-2007  0.105 inner core. pos-ibly Pb-free
= 135 8-1991 5.162 136 8-1993  0.214 wall contact sample. contaminated
° & .
| 140 ©%a 132 8-1915  1.94Y I 133 8-1981  0.043 134 87-1068 0.32 RI,
®o 22130 8-2163 1.761 | 131 8-2185  0.049
e ane? 127 8-2236 1.775 | 128 8-2239  0.038 129 87-1365 0.48 R
< o%50 5 - - e =
°&7‘ 125 8-2196  1.932 12b 8-2225 _ 0.158
20 123 8-2158 2,093 124 8-2186  0.074
121 B8-2141 2.182 122 8-2144  0.249
51 119 8-2113  1.692 120 8-2134  0.138
S5 117 8-2056 2,162 118 8-2067  0.090
114 8-1988 1.768 115 8-2031  0.366 116 87-1023 0.4l RIL
112 8-1966  2.047 113 8-1969  0.117
L 145 110 8-1948 2.050 111 8-1959  0.101  [[201 8-2243 0.099 RF
o}o 108 8-1933 1,949 109 8-1949  0.129
2ol 105 8-1910 1.718 106 8-1927  0.061 107 87-1417 0.61 RL
Sy 103 8-1904 2.2u1 104 8-1909  0.156
P e® — =
25 4 <, 2 S g . 5 , n
(oMK d 101  B8-2251 1.549 102 8-2252 0.146 inner core, possibly Pb-free
‘éo" 99 R-2110 3.719 100 B-2241  0.235 wall contact sample. contaminated
-
"9QQ — e —
(=g 97 8-2088 1.896 98 8-2096  0.125
IS £§ 9y 8-2078 1.899 95 B-2080 0,112 96 87-1382 0.u44 RL
L 150 S al 92  8-2059 2.030 93 8-2061 _ 0.0uy 200 B7-2222 0.063 RI
__ 90 8-1954 1.b47 [ 91 8-1967 0.142
88 8-1917 1.623 i 89 8-1923
86 B-1691 2.104 L’* 87 8-1713 199  8-2214  0.323 RF
30 83 8-1662 1,759 84 B-16067  0.138 85 87-1403 0.37 RL
80 B8-2255 1.768 81 B-1590 0.078 82 8-1956 0.747 RF
78 8-1864 1,753 79 8-1899_ 0.103
76 8-1760 1.427 77 8-18u4 0,179
74 8-1547 1.975 75 8-17M1  0.132
72 B8-1542 1.4b8 8-1506 0,116
69 8-1501 1.356 70 8-1516  0.060 71 87-1302 0,29 RL
— 155 67 8-1568  1.0697 0.035 ||
L 65 8-1525 0.980 0.076 inner core., possibly Pb-free
63 8-1498 2.978 64 8-1521  0.200 wall contact sample. contaminated
Gl 8-1839 1.735 G2 B-1859 __ D.U58
35 59 8-1761 0.950 60 B-1763 _ 0.053
56 8-1714  1.5062 57 8-1722  0.088 58 B7-1258 (.48 RL
54 8-2056  1.799 55 8-2126  0.111
5¢ 8-18B37 1.776 53 B-19u47 0.092
49 B-1715 1.298 50 8-1727 0,029 51 B87-384 0.51 RIL
- 160 47 9-1929 1.3u48 48 H#-1935 0.0534 inner core. possibly Pb-free
45  B-1787 3.u459 46 B-1830 0.900 wall contact sample. contaminated
h2  B-1429 1.967 I U3 B-1757  0.089 || uu 87-1243 0.67 RL
40 40 8-1876 1.596 Il 4l B-1889  0.04D I
*#Rl,- red light sample
RI- rock fragment

Figure 15-5.- (continued)

Sample location information, Apollo 15 deep drill string section 15003



15-34

15002

Sample locations for o
core 15002

Fragment (no. 120) in
container 8-1077; 0.30 gm —

Fragment (no. 113) in 5
container 8-1052; 1.08 gm —

7

8

Fragment (no. 105) in 9
vial 8-1100; 0.38 gm ——

10
Fragment (no. 100) in
vial 8-1115;2.58 gm ——=11

Fragment (no. 98) in 2
vial 8-1084; 0.66 gm ——1

13
14
15
16
17
18
19

Fragment (no. 78) in 20

vial 8-1051; 0.49 gm —_—1

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42

Top
Daughter no .;
mass, gm; and
Daughter no. | Container no. | Mass, gm container no.
Plug of red light
/ //‘ samples
121 8-1056 3.45
119 8-1081 1.86
118 8-1144 1.91
116 8-1120 1.42 117; 0.60; 87-2902
115 8-1125 1.20
114 8-1118 1.76
112 8-1091 1.34
111 8-1092 1.92
110 8-1124 1.87
109 8-1110 1.08
108 8-1063 1.97
107 8-1127 1.78
106 8-1095 1.X2
104 8-1112 3.38
103 8-1105 1.44
102 8-1119 1.22
101 8-1141 1.89
99 8-1132 1.66
97 8-1059 1.96
96 8-1089 1.75
94 8-1134 196 95; 0,13; 87-2839
93 80-1128 1.64
92 80-1061 1.62
91 8-1096 1.62
90 8-1108 1.74
89 8-1130 1.43
88 8-1138 1.56
87 8-1073 1.32
86 8-1078 1.90
85 8-1086 1.67
84 8-1106 1.80
83 8-1140 1.16
82 8-1123 1.71
81 8-1057 1.71
80 8-1053 2.00
79 8-1111 1.87
TF 8-1137 1.60
76 8-1104 1.90
75 8-1074 1.14
74 8-1066 2.15
73 8-1145 2.02
72 8-1121 1.90
71 8-1054 2.24
70 8-1065 2:.12
69 8-1102 2.13
68 8-1060 1.83
67 8-1085 1.84
66 8-1094 1.92
64 8-1072 1.25 65; 0.62; 003-2854
63 8-1080 2.60
62 8-1090 1.99
61 8-1135 2.42
60 8-1082 1.84
59 8-1117 2.09
58 8-1142 2.23
57 8-1107 1.72
56 8-1099 1.87
55 8-1101 2.46
54 8-1076 2.03
53 8-1069 1.69
52 8-1116 1.97
51 8-1109 2.05
50 8-1139 2.01
49 8-1079 1.79
48 8-1113 1.61
47 8-1098 1.84
46 8-1083 2.11
45 8-1071 1.99
44 8-1088 1.69
43 8-1058 2.23
42 8-1087 1.81
41 8-1075 173
40 8-1129 1.67
39 8-1070 1.89
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Figure 15-5,- (continued) Sample location information, Apolio 15 deep drill string section 15002




SAMPLE LOCATIONS FOR CORE 15001 15 - 36

COARSE FRACTION . INTERVAL SAMPLES SPECIAL SAMPLES
op
Sample Container Sample com Sample Container Sample | Sample Container Sample
No. No. Wt. No. No. Wt. No. No. Wt.
T s | 19 8-1373 1.00
o% 136 8-1288 1.03
2 135 8-1335 1.70
134 8-1404 1.51
3 133 8-1405 2.40
132 8-1359 2.38
4 131 8-1394 2.16
B 130 8-1386 2.4
I I o 129 8-1388 1.78
128 8-1403 2.75
127 8-1400 2.90
126 8-1399 0.17 — 125 8-1343 1.48
124 8-1181 2.01
123 8-1157 2.55
122 g-1122 1.83
121 8-1207 2.07
120 86-1161-002 | 0.69 RL
17 A 77— 19 8-1159 1.02 .
Gxlns fufi—IR, 18 8-1237 1.84
16 8-1195 0.277] 15 8-1219 2.48
14 8-1191 1.30
12 8-1222 2.53
m 8-1251 1.44
110 8-1277 0.49— 108 8-1213 2.22 109 86-1006-002 | 0.35 RL
107 8-1278 0.18 ~—— }gz 3-112;? }gg
105 8-1252 1.141 | ¥ ’
103 g-1211 0.32 | A 102 8<be50 i
7] 101 8-1232 1.95
100 8-1223 3.02
99 8-1233 3.19
98 8-1274 2.00
9 8-1236 2.07 97 86-1371-002 | 0.91 RL
95 8-1229 2.42
9 8-1249 2.20
o 03 2-1227 1.0
Orool e 8-1198 2.18
jg || 5EA= 9N 8-1210 1.33
% gizss | 040X B iz | 160
I M 87 8-1228 2.56
a5 1 GO:OSPQJ 86 8-1243 2.62
= O(] 85 8-1205 2.78 ,
aZ. =y 83 g-1231 1.28 84 86-1131-002 | 0.67 RL
2 Mee N 82 8-1238 2.08 ;
a0 8l 8-1267 1.93
3 82y e 8-1186 3.34
@iﬁ_ﬁ 79 8-1209 1.92
Al =S 78 8-1226 2.81
RRraTay I §-1220 3.43
B o= 76 8-1200 2.02
75 8-1224 1.851—~ |- 74 8-1250 2.40
26 —%ﬁ_/d 73 3-1235 2.04
Q Jd 72 8-1204 1.64
L S 8-1242 3.35
S_US| 69 8-1258 1.29
70 8-1255 1.02 ——\_ZH/E)QD" 68 g-1193 1.58
J4— = 66 8-1265 3.86
67 8-1202 0.39 ] |
2% = Q(h,‘g 62 8-1270 1.87
65 B-1214 o~ [Ta/ ] o 8-1188 2.64
64 8-1265 0.82 0=l ] s 8-1249 2.13
63 8-1201 0:57__./26 = 58 8-1261 2.66
60 8-1264 0.3 3111 © 57 8-1268 2.12
32 56 8-1199 2.16
54 8-1225 1.15 55 8-1261 0.98 RL
53 8-1190 0.06—T 33 52 8-1203 2.49%
50 8-122) 0.08 51 8-1234 1.64
- 01
b i i 46 6-1275 2.63
47 8-1248 B 45 8-1215 1.68
43 8-1276 0,16 o o Lo
= 42 8-1196 1.92
2.2 4 8-1206 138 |
EARLY SPLITS EARLY SPLITS USSR
8 87-2790 0.250
6 87-2931 0.370 B e | il me 8-1062 0.350
17 £7-2031-003 0.530
14 87-2750-003 0.760
Sample locations for core 15001 ? g;:gg;g:ggg g?nsg
| | | 5 §7-2837-003 0.340




16-1

APOLLO 16 CORE SAMPLES

Four double drive tubes and one 2.25 m drill core were taken at
Stations 4, 8, and 10 and in the ALSEP area (Figs. 16-1 and 16-2). A total
length of approximately 480 cm of core materials was returned. These
cores were X-rayed shortly after they were unpacked. The following pre-
liminary descriptions made by S. Nagle are based on the resulting
X-radiographs and have been partially reported by LSPET (1973).

PRELIMINARY EXAMINATION, DRIVE TUBES 64002 AND 64001

Drive tubes 64002 and 64001 may be the only samples from Apollo 16
Station 4 to contain Tunar material from beneath the South Ray ejecta
blanket. At any rate, the total reversal in texture within the cored
interval strongly supports this possibility. The upper 51 cm of the
section is notably coarse-grained, with an abundance of rock fragments
of several varieties, as seen in X-ray section (Fig. 16-3). In contrast,
the Tower 19 cm is considerably finer grained, and what rock fragments
there are show different transmission properties than those of the upper
zone,

The upper interval is further subdivided into five major zones or
beds. The uppermost zone (7) is characterized by an abundance of rock
fragments, many of which are over 1 cm in diameter. Next is a thin bed
(zone 6) with distinctly fewer, smaller rock fragments, and a matrix
which is less grainy in appearance, probably because of finer grain size.
Zone 5 contains the highest percentage of rock fragments in the entire
core, greater than 50 percent over most of the interval. Furthermore,
the rock fragments show a great variety of types, including opaque, semi-
opaque with distinct outlines, semi-opaque with vague outlines, most of
which may be equant as well as elongate. Zone 4 contains fewer rock
fragments than zone 5, but shape and X-ray characteristics of the rocks
appear to be similar in both zones. The lowest coarse-grained bed
(zone 3) is a thin horizon with over 50 percent coarse rock debris,

0.5 to 1.5 cm in diameter with most of the rock fragments in this bed
very irregular in outline.

The lower interval contains two stratigraphic horizons. The upper
one (zone 2) appears to have a uniformly fine-grained matrix, and con-
tains few rock fragments, most of which are semi-opaque, with a vague,
raggedy outline. Matrix of the lower interval (zone 1) is "denser"
appearing in X-radiograph, as well as being more granular with a higher
percentage of rock fragments and opaque material present. In contrast
to the rest of the core, opaque material in zone 1 is angular to sub-
angular, instead of being rounded and spherical.

A preliminary observation, to be kept in mind during subsequent
physical inspection of 64001 and 64002, is the significance of textural
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Figure 16-1.- Location of Apollo 16 cores in Descartes area.
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Figure 16-2.-
4 in the Descartes area.
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ZONE 7 DEPTH: 0 - 11 cm THICKNESS: 11 cm

CHARACTERIZED BY ABUNDANT, COARSE ROCK FRAGMENTS.

2% OPAQUE, ALL UNDER 1.2 mm DIAMETER. MOST BETWEEN 0.5 AND 1.0 mm; APPEAR TO BE OF EVEN SIZE DISTRIBUTION
(WELL-SORTED), MOSTLY SPHERICAL AND WELL ROUNDED. i

10% SEMI-OPAQUE WITH SHARP OUTLINE, 0.5 TO 1.3 cm LONG, MOSTLY ABOUT 1.0 cm, SUBANGULAR, WITH NOTICFABLY
STRAIGHT EDGES.

50% SEMI-OPAQUE WITH VAGUE OUTLINE, 0.1 TO 1.2 cm, MOSTLY BETWEEN 0.3 AND 0.5 cm. CLOD-LIKE APPEARANCE, BUT
PROBABLY NOT CLODS, WHICH TEND TO BE TRANSPARENT TO X-RAYS.

ZONE 6 DEPTH: 11 - 14.5 cm THICKNESS: 3.5 cm
FINER-GRAINED THAN ABOVE, WITH FEWER ROCK FRAGMENTS.
1% OPAQUE, UP TO 0.8 DIAMETER, MOSTLY 0.3 TO 0.8 mm, WELL SORTED AND ROUNDED.

30% SEMI-OPAQUE, WITH VAGUE OUTLINE, LARGEST ROCK FRAGMENTS 0.8 cm IN DIAMETER, IN CONTRAST TO ABOVE. MOST
FRAGMENTS ARE UNDER 0.5 cm, AND APPEAR TO HAVE A MORE EVEN SIZE DISTRIBUTION THAN ABOVE.

ZONE 5 DEPTH: 14.5 - 42 cm THICKNESS: 27.5 cm

CHARACTERIZED BY VERY ABUNDANT, LARGE, VARIED ROCK FRAGMENTS.

2% OPAQUE, UP TO 2.0 mm DIAMETER, MOSTLY ABOUT 0.2 TO 0.5 mm, RELATIVELY GREAT SIZE DISTRIBUTION, MOST PIECES
EQUANT, WELL ROUNDED.

20% SEMI-OPAQUE, WITH DISTINCT OUTLINE, MOSTLY 0.5 AND 1.0 cm DIAMETER, BUT RANGING UP TO 1.4 cm. MOST FRAG-
MENTS ARE EQUANT, BUT ABOUT 5% (OF TOTAL ROCK) DISTINCTLY ELONGATE. MARGINS STRAIGHT, SUBANGULAR.

60% SEMI-TRANSPARENT, WITH VAGUE OUTLINE, SIMILAR TO ZONE 1.

ZONE 4 DEPTH: 42 - 49 cm THICKNESS: 7 cm
SIMILAR TO ABOVE, BUT WITH FEWER ROCK FRAGMENTS, MORE MATRIX.

2% OPAQUE, UP TO 1.5 mm DIAMETER, SORTING AND ROUNDING AS ABOVE.

15% SEMI-OPAQUE WITH DISTINCT OQUTLINE, SIMILAR TO ABOVE, FXCEPT FOR ABSENCE OF ELONGATE ROCK FRAGMENTS.

10% SEMI-OPAQUE WITH VAGUE OUTLINE, AS IN ZONE 1,




ZONE 3 DEPTH: 49 - 51 cm THICKNESS: 2 cm
CHARACTERIZED BY ABUNDANT, LARGE ROCK FRAGMENTS.

1% OPAQUE, UP TO 0.8 mm DIAMETER, MOSTLY 0.3 TO 0.5 mm DIAM., WITH FAIRLY EVEN SIZE DISTRIBUTION, GOOD
SPHERICITY AND ROUNDING. 3

60% SEMI-OPAQUE ROCK FRAGMENTS WITH MODERATELY INDISTINCT OUTLINE. IN CONTRAST TO UPPER LAYERS, ROCK
FRAGMENTS IN THIS ZONE DO NOT SHOW DISTINCT OUTLINES THROUGHOUT, BUT SOME ARE DISTINCT AND OTHERS VAGUE.
ROCK FRAGMENTS RANGE FROM 0.3 TO 1.6 cm. MOST BETWEEN 0.5 AND 1.1 cm., AND MOST ARE ELONGATE AND IRREGULAR.

10% SEMI-OPAQUE WITH VAGUE OUTLINE, "CLODS," AS ABOVE.

ZONE 2 DEPTH: 51 - 58 cm THICKNESS: 7 cm
FINEST-GRAINED SECTION IN THE CORE.
1% OPAQUE, AS IN ZONE 5.

10% SEMI-OPAQUE ROCK FRAGMENTS WITH MODERATELY INDISTINCT OUTLINE, AS IN ZONE 3, EXCEPT THAT MOST ARE
0.3 TO 0.8 mm DIAMETER.

10% SEMI-OPAQUE ROCK FRAGMENTS WITH INDISTINCT, IRREGULAR OUTLINE, UP TO 1.1 mm DIAMETER, MOSTLY 0.5 to
1.0 mm DIAMETER, EQUANT, SCATTERED IN INDISTINCT LAYERS AT ABOUT 53 AND 56 cm.

AT 54 cm IS A PARTIALLY VOID SPACE SURROUNDING A LARGE, ELONGATE ROCK FRAGMENT. THE VOID IS HEREIN INTER-
PRETED AS BEING CREATED BY DISTURBANCE OF THE ROCK FRAGMENT DURING SAMPLING.

ZONE 1 DEPTH: 58 - 70 cm THICKNESS: 12 cm
CHARACTERIZED BY ANGULAR TO SUBANGULAR OPAQUES, COARSER THAN ABOVE.

2% OPAQUE, UP TO 5 mm DIAMETER, MOSTLY 0.5 TO 1.0 mm, BUT WITH ONLY MODERATELY GOOD SORTING, MOST FRAGMENTS
EQUANT BUT NOTABLY ANGULAR TO SUBANGULAR, SOME WITH IRREGULAR OUTLINE.

5% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE, 0.3 TO 0.8 cm DIAMETER, MOSTLY ABOUT 0.5 cm., WITH
IRREGULAR, EQUANT, SUBANGULAR OUTLINE.

25% SEMI-OPAQUE ROCK FRAGMENTS W ITH INDISTINCT, MOTTLED OUTLINE, UP TO 1.0 cm DIAMETER, BUT MOST APPEAR TO
BE IN THE RANGE OF 0.5 cm. FRAGMENTS APPEAR TO BE EQUANT TO SLIGHTLY ELONGATE, AND IRREGULAR IN OUTLINE.

-9l

Figure 16-3.- Description from X-radiograph sketches of Apollo 16 drive tubes 64002 - 64001.
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changes in the lowest 21 cm of the core - which textural change reflects
the major change in depositional events?

Fifty-nine cm below the lunar surface (11 cm from the base of the
core) is the only major change in character of the X-ray opaque particles.
Higher in the core, the particles are mostly spherical, whereas in the
lower portion they tend to be irregular and lumpy. Because opaques
reflect the textural make-up of the core as a whole, the change indi-
cates a major textural reversal. On the other hand, the principal grain
size change takes place at 51 cm (19 cm from the base of the core); with
very coarse, granular material above, and principally fine-grained
material below. To further complicate matters, the major change in
coarse clasts takes place at a depth of 49 cm, 21 cm from the base.

Below this depth, nearly all coarse particles are elongate, with irregular,
raggedy outlines in X-ray section. Higher, most coarse fragments tend
to be equant to subequant, with more-or-less regular outlines.

PRELIMINARY EXAMINATION, DRIVE TUBES 68002 AND 68001

Drive tubes 68002 and 68001 were taken 1 and 2 m from the edge of
a 10 to 15 m crater that appears to be about 2 m deep (on the panoramic
photograph of the station). Sample site photographs A16-108-17682
through -685 show that small craters, less than 0.5 m are common in
the area. Stereopair examination of these photographs also reveals
concentric ridges of coarser material, scalloped and lineated radially
to the 10 to 15 m crater. Position of these is indicated on the sketch
Figure 16-4;field configuration of the coarse and fine material suggests
ejecta from the 10 to 15 m crater. This material should be represented
in the drive tube section.

ST

Figure 16-4.- Major surface fractures.
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Within the core (Fig. 16-5) the upper 13.5 cm is notably coarse-
grained, with diverse rock types. The upper 3 cm is highly fractured,
possibly the effect of impact and generation of the small crater from
which the sample was taken, or a sampling artifact, or a combination
of both. The coarse material overlies two finer-grained units, 7 and
3 cm thick, respectively. The lower unit (8) is distinctive in having
no rock fragments and a very low content of X-ray opaque material in
the matrix. Beneath the finer-grained units is a bed with very coarse,
abundant rock fragments that are notably lumpy, in contrast to the smooth-
outlined rock fragments of other coarse-grained beds. Below the coarse-
grained bed are two finer-grained layers with scattered rock fragments,
soil fractures, and nodules. Opaques of the matrix in these beds are
notably blocky and angular, in strong contrast to opaques of the other
beds, in which there is a strong component of spherical opaques. The
Towest 26 cm of the core (possibly even more below the core) is very
coarse-grained, and consists of a singly graded bed with a great diver-
sity of rock fragment types. The top surface of this interval is gently
undulating, and may represent a buried topographic surface.

The basal graded bed represents the strongest strata-generating
event in the core, in terms of bringing together a diversity of rock
types of coarse dimension. The event is comparable to action which
generated coarse-grained lithologically diverse beds in other cores
from Apollo 16. Other, thinner units represent less energetic impacts,
bringing in material from more restricted sources; and at least one of
the upper, coarse-grained units should be derived from the adjacent
10 to 15 m crater.

PRELIMINARY EXAMINATION, DRIVE TUBES 60010 AND 60009

This core sample was taken on the eastern margin of a 50 to 60 cm
shallow, subdued crater, about 100 m southwest of the LM site, and 6 m
SSE of Station 10, as documented on photograph 115-18557. It can be
seen on that photograph that the core was taken at the crest of the
crater rim. From the USGS Report 51 (p. 21) it appears that there is no
visible ejecta from the crater, and that the surface of the area is
covered with relatively fine-grained material, including fines, pea-sized
fragments, and other rocks, none larger than a few centimeters.

The basal unit of the core (Figure 16-6) 8 cm thick, is noticeably
finer grained than any other interval in the section, consisting of
80 percent matrix. Within the matrix, opaques, approximately 1 percent
are less abundant than in the rest of the core and the coarse fraction
consists of indistinct mottles. In contrast, unit 2 is extremely coarse-
grained, with a wealth of large rock fragments, a greater percentage of
opaques (2 percent) than the underlying unit, distinctively shard-shaped,
and anomalous sorting between the coarse rock fragments and the mottles
and opaques. Interestingly enough, the matrix of this interral
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UNIT 11 DEPTH: 0 - 3.5 cm THICKNESS: 3.5 cm !

FRACTURED INTERVAL WITH ABUNDANT ROCK FRAGMENTS

MATRIX: 40%, NOT VERY DENSE, PROBABLY BECAUSE OF VOID SPACE, FINELY GRANULAR, WITH ABOUT 4% OPAQUE,
RANGING FROM LIMIT OF RESOLUTION TO 1.5 mm DIAMETER, MOST FRAGMENTS 0.5 TO 0.7 mm, MODERATELY POORLY
SORTED, WITH ABOUT 50% SPHERICAL AND THE REST LUMPY AND SUBANGULAR.

FRAMEWORK: 30%, OCCUPIED BY ONE LARGE FRAGMENT, 2.7 cm DIAMETER, AN EQUIDIMENSIONAL BLOCK, SUBRHOMBOIDAL
IN OUTLINE, WITH MODERATELY IRREGULAR MARGINS, ANGULAR CORNERS.

30% SEMI-OPAQUES WITH VAGUE OUTLINE, 0.2 70O 0.5 cm DIAMETER, WELL SORTED, MOSTLY EQUIGRANULAR AND LUMPY,
REMINISCENT OF LUMPS OF COTTON,

THE ENTIRE INTERVAL APPEARS TO BE SOMEWHAT FRACTURED, WITH MUCH VOID SPACE. THIS IS PROBABLY A SAMPLING
ARTIFACT, BUT THE CORE WAS COLLECTED FROM THE CENTER OF A SMALL CRATER, AND FRACTURING COULD BE A RESULT
OF THE CRATER,

UNIT 10 DEPTH: 3.5 - 13.5 cm THICKNESS: 10 cm

COARSE-GRAINED BED WITH DIVERSE ROCK TYPES

MATRIX: 50%, DISTINCTLY FINELY GRANULAR, WITH 3% OPAQUE, LIMIT OF RESOLUTION TO 1.6 mm DIAMETER, MOSTLY
0.5 TO 1.0 mm, ONLY MODERATELY WELL SORTED. AS BELOW (UNIT 9) NEARLY ALL FRAGMENTS ARE EQUANT AND SPHER-
ICAL, WITH A SMALL BUT DISTINCT COMPONENT OF BLOCKY, OVOID, ROD OR COMMA-SHAPED PARTICLES.

FRAMEWORK: 5% OPAQUE; ONE LARGE FRAGMENT, 1.2 cm DIAMETER, EQUANT, WITH JAGGED, ANGULAR PROTUBERANCES ON
ALL SIDES.

20% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE, 0.1 70 1.3 cm DIAMETER, POORLY SORTED WITH ALL SIZES
EQUALLY REPRESENTED, ROCK FRAGMENTS ARE MOSTLY ELONGATE-POLYGONAL, WITH SOME EQUANT PARTICLES: A FEW
ELONGATE FRAGMENTS HAVE SMOOTH EDGES AND ANGULAR CORNERS: THE REST HAVE IRREGULAR TO LUMPY MARGINS AND

ARE ANGULAR TO SUBANGULAR.

25% SEMI-QPAQUE WITH INDISTINCT OUTLINE, 0.1 TO 1.2 cm DIAMETER, MODERATELY POORLY SORTED AS THE FRAGMENTS
WITH DISTINCT QUTLINES, BUT THESE PARTICLES HAVE VERY IRREGULAR, SUBROUNDED (WHERE VISIBLE) LUMPY
OUTLINES.

UNIT 9 DEPTH: 13.5 - 20.5 cm THICKNESS: 7 cm

FINE-GRAINED UNIT WITH SPARSE ROCK FRAGMENTS

MATRIX: 85% DEFINITELY FINELY GRANULAR, WITH 3% OPAQUES UP TO 1.5 mm DIAMETER, MOST BETWEEN D.5 TC 1.0 mm
AND ONLY MODERATELY ASSORTED. 80% OF THE OPAQUES ARE EQUANT, MOSTLY ROUNDED AND SPHERICAL, ALTHOUGH ABOUT
10% ARE BLOCKY. THE REMAINING 20% OF THE OPAQUES ARE OVOID, ROD, OR COMMA-SHAPED WITH WELL ROUNDED CORNERS.

FRAMEWORK: 10% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT QUTLINE; 0.3 7O 0.5 cm DIAMETER, OVOID TO EQUANT-
POLYHEDRAL WITH STRAIGHT MARGINS AND ROUNDED TO SUBROUNDED CORNERS. THERE IS A THIN LAYER OF THESE ROCK

FRAGMENTS AT 16 cm DEPTH.

5% SEMI-QPAQUE, PROBABLY ROCK FRAGMENTS, WITH INDISTINCT OUTLINE, 0.2 TO 0.8 cm DIAMETER, POORLY SORTED
WITH EQUAL SIZE DISTRIBUTION THROUGHOUT, EQUIGRANULAR LUMPY TO NODULAR APPEARANCE, WITH ROUNDED TO SUB-
ROUNDED CORNERS, WHERE VISIBLE.

FRACTURED ZONE MARKS CONTACT BETWEEN UNIT 8 AND UNIT 9

UNIT 8 DEPTH: 20.5 - 23.5 cm THICKNESS: 3 cm

FINE-GRAINED BED WITH SPARSE MOTTLES

MATRIX: 75%, DISTINCTLY FINELY TO VERY FINELY GRANULAR, WITH ABOUT 1% OPAQUES, UP T0 0.9 mm DIAMETER,
MODERATELY WELL SORTED WITH MOST PARTICLES ABOUT 0.5 mm EQUIGRANULAR, SUBGRANULAR TD SUBROUNDED.

FRAMEWORK: 25% SEMI-TRANSPARENT DENSITY CONCENTRATIONS WITH INDISTINCT OUTLINES, POSSIBLY ROCK FRAGMENTS,
0.1 TO 0.9 cm DIAMETER, POORLY SORTED WITH ALL SIZES PRESENT IN EQUAL ABUNDANCES; MOSTLY EQUANT TO SUB-
EQUANT WITH LUMPY, NODULAR OUTLINES, MORE MOTTLED APPEARING THEN ROCK-FRAGMENTAL APPEARING.

CONTACT BETWEEN UNITS 7 AND 8 IS ABRUPT, BUT INDISTINCT

UNIT 7 DEPTH: 23.5 - 28 cm THICKNESS: 4.5 cm
COARSE-GRAINED BED, ABUNDANT RQCK FRAGMENTS

MATRIX: 30%, DISTINCTLY AND IRREGULARLY GRANULAR TO FINELY LUMPY, WITH 3 - 4% OPAQUES, LIMIT OF RESOLUTION
TO 1.5 mm DIAMETER, MOSTLY ABOUT 1.0 mm, TENDING TO BE EQUANT AND BLOCKY, WITH ONLY A FEW ELONGATE, COMMA-
SHAPED PARTICLES. ABOUT 10% OF OPAQUES SHOW ROUNDING, REST ARE ANGULAR.

FRAMEWORK: 40% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE, 0.2 TO 2.3 cm LENGTH, POORLY SORTED,
EQUANT TO ROD-SHAPED, WITH IRREGULARLY LUMPY EDGES, SUBROUNDED CORNERS. THESE LUMPY ROCK FRAGMENTS
CONTRAST STRONGLY WITH ROCK FRAGMENTS OF SOME OTHER INTERVALS, WITH NOTICEABLY STRAIGHT SIDES. THE LARGE
ELONGATE FRAGMENT AT 25 cm DEPTH HAS A LONG AXIS PARALLEL TO THE TUBE, AND IS ASSOCIATED WITH SOME CRACK-
ING AND VOID SPACE, AND APPEARS TO HAVE BEEN ROTATED TO THIS CONFIGURATION DURING SAMPLING.

30% SEMI-OPAQUE WITH INDISTINCT QUTLINES, PROBABLY ROCK FRAGMENTS, 0.1 TO 1.3 CM DIAMETER, MOSTLY ABOQUT
1.5 cm, ALTHOUGH MODERATELY POORLY SORTED. MOST FRAGMENTS EQUANT, IRREGULARLY LUMPY.

UNIT 6 DEPTH: 28 - 29.5 cm THICKNESS: 1.5 cm
FRACTURED ZONE AT TOP OF CORE

MATRIX: 40%, DISTINCTLY LESS DENSE THAN UNDERLYING LAYERS, PRINCIPALLY BECAUSE OF VOID SPACE, BUT ALSO
NOTICEABLY LESS FINELY GRANULAR, WITH ABOUT 4% OPAQUE, 0.1 T0 2.1 mm DIAMETER, MOSTLY 0.6 TO 0.8 mm,
PRINCIPALLY EQUANT, TO TEAR-DROP SHAPED, WITH BLOCKY QUTLINES, ANGULAR TO SUBANGULAR CORNERS.

FRAMEWORK:  60%, SEMI-OPAQUE DENSITY CONCENTRATIONS WITH IRREGULAR OUTLINES, FRAGMENTS RANGE FROM 0.2 TO
1.3 cm DIAMETER, POORLY SORTED, WITH EQUANT, LUMPY OUTLINES. INTERNAL FRACTURES IN SOME OF THESE FRAG-
MENTS COULD BE A RESULT OF DISTURBANCE DURING SAMPLING AND HANDLING.

UNIT 5 DEPTH: 34.0 - 29.5 cm THICKNESS: 4.5 cm
FINE-GRAINED BED WITH SCATTERED ROCK FRAGMENTS, BLOCKY, ANGULAR OPAQUES

MATRIX: 80% FINELY GRANULAR, WITH ABOUT 3% OPAQUES, LIMIT

s A s OF RESOLUTION TO 2.5 mm DIAMETER, POORLY SQRTE
gl&ﬂ MEDIAN SIZE ABBUT 0.8 mm. FRAGMENTS ARE EQUANT-BLOCKY WITH ABOUT ONLY 10% SPHERICAL, 5% ELONGATg TOD
OMMA-SHAPED AND IRREGULAR, THE REST BLOCKY WITH SUBANGULAR TO ANGULAR CORNERS, ’

FRAMEWORK:  10% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT ou
TLINE, 0.2 - 0.5 cm DIAMETER,
RECTANGULAR TO WEDGE-SHAPED, WITH RELATIVELY STRAIGHT EDGES AND SUBANGULAR TO SUBROUNDED E%EQEESTO FLONGATE,

10% SEMI-QPAQUE WITH INDISTINC :
N OUTLIN Q TINCT OUTLINES: 0.1 TO 0.4 cm DIAMETER, MOSTLY AROUND 0.3 cm, EQUANT, AND LUMPY

N
UNIT 4 DEPTH: 34.5 - 34.0 cm THICKNESS: 0.5 cm

INTERVAL AS BELOW (UNIT 3
105 on Lo mm(ACROSS? IN COMPOSITION, BUT PENETRATED BY NUMERQUS EN-ECHELON CRESCENTIC FRACTURES, UP

UNIT 3 DEPTH: 34.2 - 38 cm THICKNESS: 3.5 cm
FINE-GRAINED BED WITH SCATTERED ROCK FRAGMENTS, BLOCKY, ANGULAR OPAQUES




MATRIX: 80%, DISTINCTLY LESS "DENSE" THAN BELOW, ALTHOUGH FINELY GRANULAR. THIS BED CONTAINS ABOUT 2%
OPAQUES, UP TO 1.5 mm DIAMETER, POORLY SORTED WITH MEDIAN SIZE ABOUT 0.7 mm; FRAGMENTS ARE ALL EQUANT,
BLOCKY, WITH SUBANGULAR TO ANGULAR CORNERS, ROUNDED AND ELONGATE PARTICLES ARE NOTICEABLY ABSENT.

FRAMEWORK: 5% SEMI-OPAQUE WITH DISTINCT OUTLINE, EQUANT, BLOCKY ROCK FRAGMENTS 0.1 TO 0.6 cm DIAMETER,
MOSTLY ABOUT 0.2 cm, WITH RELATIVELY STRAIGHT SIDES, SUBANGULAR CORNERS.

15% SEMI-OPAQUE, VAGUE OUTLINE, 0.1 TO 0.8 cm DIAMETER, MOST FRAGMENTS ABOUT 0.3 cm DIAMETER, VERY INDIS-
TINCTLY EQUANT, LUMPY TO ROUNDED.

NOTE: LITHOLOGIC UNITS 1 AND 2 FORM A CONTINUOUS GRADED BED, WITH A SHARP UPPER CONTACT MARKED BY A GENTLY
UNDULATING SURFACE.

UNIT 2 DEPTH: 38 - 42.5 cm THICKNESS: 4.5 cm
THIN BED WITH WELL SORTED SMALL ROCK FRAGMENTS, SPHERICAL OPAQUES

MATRIX: 70%, AS UNIT 1, NOTABLY DENSER THAN OVERLYING UNIT (#3), AND WITH MUCH HIGHER PERCENTAGE OF
ROUNDED, SPHERICAL OPAQUE FRAGMENTS THAN OVERLYING BED, WHICH CONTAINS MOSTLY BLOCKY, ANGULAR FRAGMENTS.

FRAMEWORK: 30%, SEMI-OPAQUE DENSITY CONCENTRATIONS WITH INDISTINCT OUTLINE. SIZE 0.1 TO 0.5 cm, MOSTLY
0.3 cm, WELL SORTED, EQUANT TO 1:1.5 ELONGATE WITH LONG AXES, WHERE PRESENT, HORIZONTAL; NOTABLY LUMPY,
ROUNDED EDGES.

UNIT 1 DEPTH: 42.5 - 64 cm THICKNESS: 22 cm +
COARSE-GRAINED UNIT WITH DIVERSE ROCK TYPES

MATRIX: 40%, X-RADIOGRAPHICALLY VERY "DENSE" AND DISTINCTLY GRANULAR, OPAQUES, ABOUT 4% OF TOTAL, RANGE
FROM LIMIT OF VISION TO 3.5 mm DIAMETER, AND APPEAR TO BE VERY POORLY SORTED, WITH EQUAL NUMBERS OF EACH
SIZE CLASS. ABOUT 80% OF THE FRAGMENTS ARE EQUANT, THE REMAINDER ARE ELONGATE, COMMONLY COMMA-SHAPED.
HALF OF THE FRAGMENTS ARE WELL ROUNDED, THE REST TEND TO BE BLOCKY AND ANGULAR.

FRAMEWORK: 25% SEMI-OPAQUE, ROCK FRAGMENTS WITH DISTINCT OUTLINES: 0.3 TO 2.6 cm LENGTH, WITH VERY POOR
SORTING BUT WITH MANY LARGE FRAGMENTS, OVER 1 cm DIAMETER. THESE ROCK FRAGMENTS TEND TO BE EQUANT TO POLY-
GONAL TO WEDGE-SHAPED, WITH STRAIGHT TO SLIGHTLY CURVED EDGES AND ANGULAR TO SUBANGULAR CORNERS. 35% SEMI-
OPAQUE DENSITY CONCENTRATIONS WITH INDISTINCT OUTLINE, PROBABLY ROCK FRAGMENTS (SOME PARTICLES MAY BE SOIL
CLODS, BUT CLODS TEND TO BE MORE TRANSPARENT TO X-RAYS), 0.1 TO 2.0 cm, MOSTLY EQUANT, WITH LUMPY OUTLINE
TENDING TO ROUNDED EDGES. LESS THAN 5% OF THESE FRAGMENTS ARE ELONGATE; THE ELONGATE PARTICLES, HOWEVER,
TEND TO BE RAGGEDY IN OUTLINE, WITH LONG AXES HORIZONTAL; AND THEY MAY BE GLASS FRAGMENTS.

= e = _]
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Figure 16-5.- Description from X-radiograph sketches of Apollo 16 drive tubes 68002 - 68001.
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UNIT B DEPTH: 0 - 5.0 cm THICKNESS: 5 cm
FINE-GRAINED INTERVAL WITH SCATTERED ROCKS

MATRIX: 70%, VERY FINELY GRANULAR, AND "THIN" APPEARING, ABOUT 4% OPAQUES, RANGING FROM LIMIT QF RESOLU-
TION TO 2.5 mm, MODERATELY WELL SORTED WITH MOST PARTICLES ABOUT 0.5 mm DIAMETER, ABQUT 1/3 ARE SPHERICAL,
1/2 EQUANT AND LUMPY SUBANGULAR, THE REMAINDER ELONGATE AND COMMA-SHAPED TO NQTABLY DENDRITIC.

FRAMEWORK: 25% ROCK FRAGMENTS WITH DISTINCT OQUTLINE: 0.2 TO 1.7 cm DIAMETER, PQOORLY SQRTED, EQUANT TO
SLIGHTLY ELONGATE WITH STRAIGHT TO SLIGHTLY CURVED MARGINS, ANGULAR CORNERS, NOTICEABLY DIFFERENT FROM

LUMPY ROCKS BELOW. 5% DENSITY CONCENTRATIONS WITH VAGUE OUTLINES: 0.7 T0 0.3 cm DIAMETER, BUT MOSTLY

ALL ABQUT 0.2 cm, AND WELL SORTED. LUMPY AS BLOW.

UNIT 7 DEPTH: 5.0 - 14.5 cm THICKNESS: 9.5 cm
LOOSELY COMPACTED ZONE WITH MODERATE NUMBER OF ROCK FRAGMENTS, ABUNDANT OPAQUES

MATRIX: 50%, LOOSELY COMPACTED, LESS DENSE THAN UNDERLYING BED, VERY FINELY GRANULAR, WITH 4% OPAQUES,
LIMIT OF RESOLUTION TO 3.5 cm DIAMETER, PQORLY SORTED WITH MEDIAN DIAMETER ABOUT 0.5 mm. 1/4 OF OPAQUE
FRAGMENTS ARE SPHERICAL, ABOUT HALF ARE EQUANT TO SLIGHTLY ELONGATE AND NOTABLY LUMPY-SUBANGULAR; THE
REST ARE ELONGATE TO COMMA-SHAPED, BUT NOT DENDRITIC.

FRAMEWORK: 15% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE: 0.1 TO 0.B cm DIAMETER, MOSTLY ABOUT
0.4 TO 0.5 cm, AND MODERATELY WELL SORTED. MOST ROCK FRAGMENTS ARE EQUANT TO ONLY SLIGHTLY ELONGATE, WITH
A TENDENCY TO IRREGULARLY JAGGED, SUBROUNDED TO SUBANGULAR OUTLINES, WITH ONLY A FEW FRAGMENTS HAVING
STRAIGHT TO SLIGHTLY CURVED QUTLINES WITH ANGULAR, SHARP CORNERS.

35% SEMI-OPAQUE WITH INDISTINCT OUTLINE: 0.1 to 0.5 cm, MOSTLY IN THE 0.2 cm RANGE AND MODERATELY WELL
SORTED, AS BELOW, THESE PARTICLES APPEAR AS EQUANT INDIVIDUALS OR LUMPY CONCENTRATIONS OF PARTICLES,
FADING TO NOTHINGNESS AS SUBROUNDED PARTICLES.

UNIT 6 DEPTH: 14.5 - 21.5 cm THICKNESS: 7 cm
COARSE-GRAINED, "DENSE" ZONE

THIS INTERVAL IS GRADATIONALLY TRANSITIONAL WITH THE IMMEDIATELY UNDERLYING UNIT 5, AND IS SEPARATED HERE
ARBITRARILY AT THE HIGHEST OCCURRENCE OF 1 cm ROCK FRAGMENTS.

MATRIX: 35%, FINELY GRANULAR, "DENSE" IN X-RADIOGRAPH, TRANSITIONAL TO THE UNDERLYING UNIT, WITH ABOQUT
3% OPAQUES, RANGING IN SIZE FROM THE LIMIT OF RESOLUTION TO 1.2 mm DIAMETER, AVERAGE SIZE ABOUT 0.5 mm.
SHAPE DISTRIBUTION IS ABOUT EQUAL BETWEEN SPHERICAL PARTICLES, LUMPY TQ BLOCKY SUBANGULAR PARTICLES,
AND ELONGATE TO DENDRITIC MATERIAL.

FRAMEWORK: 25% SEMI-OPAQUE WITH DISTINCT OUTLINE: 0.1 TO 0.8 cm DIAMETER, AVE. DIAMETER ABOUT 0.4 cm,
MODERATELY WELL SORTED, FRAGMENTS EQUANT TQ SLIGHTLY ELONGATE, WITH STRAIGHT TO SLIGHTLY CURVED QUT-
LINES, ABOUT 1/3 WITH IRREGULAR SCALLOPED QUTLINES, BUT ALL FRAGMENTS ANGULAR TO SUBANGULAR.

40% SEMI-OPAQUE WITH INDISTINCT OUTLINE: 0.1 TO 0.7 cm, MOST FRAGMENTS ABOUT 0.2 cm DIAMETER, MODER-
ATELY WELL SORTED, EQUANT, OR IN CLUMPS OF EQUANT PARTICLES, WITH LUMPY OUTLINE.

UNIT 5 DEPTH: 21.5 - 36.5 cm THICKNESS: 15 cm
(3 in '09,
12 in '10)

COARSE-GRAINED, LOOSELY COMPACTED ZONE WITH FINE OPAQUES

MATRIX: 35%, NOTABLY LESS DENSE THAN UNDERLYING OR QVERLYING BEDS, OPAQUES, 3%, RANGE FROM LIMIT OF RES-
OLUTION TO 1.2 mm DIAMETER, BUT ARE NOTICEABLY MUCH FINER-GRAINED THAN THE UNDERLYING BEDS, AVERAGE SIZE
ABOUT 0.5 mm. ABOUT 1/3 OF THE OPAQUES TEND TO BE SPHERICAL, ABOUT HALF ARE BLOCKY TO LUMPY AND SUB-
ANGULAR, AND THE REMAINDER ARE ELONGATE, COMMA-SHAPED TQO DENDRITIC.

FRAMEWORK: 65% IS SIMILAR COMPOSITIONALLY TO BED 2, BUT IS DISTINCTLY MORE TIGHTLY PACKED, AND APPEARS TO
HAVE A FRAMEWORK-SUPPORTED TEXTURE IN NOTABLE CONTRAST TO THE MATRIX-SUPPORTED TEXTURE OF BED 2.

40% SEMI-QPAQUE ROCK FRAGMENTS WITH DISTINCT OQUTLINE: 0.1 TO 2.4 om DIAMETER, WITH AVERAGE SIZE ABOUT

0.7 cm, BUT WITH POOR SORTING. MOST OF THE ROCK FRAGMENTS ARE SLIGHTLY TQ MODERATELY ELONGATE (1:1.5 TQ
1:2.5) AND BLOCKY-POLYGONAL TO WEDGE-SHAPED, WITH STRAIGHT TO SLIGHTLY CURVED EDGES AND ANGULAR CORNERS.
25% SEMI-QPAQUE DENSITY CONCENTRATIONS WITH INDISTINCT OUTLINE: 0.1 TO 0.6 cm DIAMETER, MOSTLY ABOUT

0.3 cm AND MODERATELY WELL SORTED. DENSITY CONCENTRATIONS APPEAR AS NODULAR MULTIPLE LUMPS WITH NO

RAGGED FRAGMENTS.

UNIT 4 DEPTH: 36.5 - 43.0 cm THICKNESS: 6.5 cm

ROCKY BED WITH SMALL ROCK FRAGMENTS, DENDRITIC OPAQUES

’ % OPAQUES,
MATRIX: 60%, VERY FINELY GRANULAR AND NOTICEABLY MORE DENSE THAN THE OVERLYING UNIT, WITH ABQUT 3% 0
LIMIT OF RESOLUTION TO 3.5 mm DIAMETER, AVERAGE SIZE 0.B TO 1.2 mm, AND MODERATELY POORLY SORTED. ABQUT
HALF OF THE OPAQUE FRAGMENTS ARE SPHERICAL TO SLIGHTLY ELONGATE; THE REMAINDER ARE JAGGEDLY LUMPY TO ELON-
GATE , MANY SHOWING A DENDRITIC OUTLINE.

: ING ABQUT 0.6 cm
FRAMEWORK: 15% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT QUTLINE: 0.1 TO 1.1 cm, AVERAG
AND BEING MODERATELY WELL SORTED, ESPECIALLY IN THE TWO LAYERS AT THE TOP OF THE INTERVAL. FRAGMENTS
NEARLY ALL ELONGATE, WEDGE-SHAPED TO POLYGONAL WITH STRAIGHT TO SLIGHTLY CURVED MARGINS, ANGULAR TQ SUB-

ANGULAR CORNERS.
259% SEMI-OPAQUE WITH VAGUE QUTLINE: 0.1 T0 1.3 cm DIAMETER, MOSTLY EQUIDIMENSIONAL TO SLIGHTLY ELONGATE,

DISTINCTLY LUMPY.

UNIT 3 DEPTH: 43.0 - 45.5 cm THICKNESS: 2.5 cm

FINE-GRAINED INTERVAL WITH SPARSE ROCK FRAGMENTS

9 RSE
MATRIX: 75%, VERY FINELY GRANULAR, WITH 1% OPAQUES, LIMIT OF RESOLUTION TO 1.2 mm, RELATIVELY COA
GRAINED, AVERAGING ABOUT 0.B mm DIAMETER, EQUANT, SPHERICAL TO SUBROUNDED BLOCKY. THE SHARD-LIKE COMPONENT
IS NOTABLY ABSENT IN THIS THIN BED.

: 0.3700.4 cm
FRAMEWORK: 25% SEMI-OPAQUE WITH INDISTINCT OUTLINE: 0.1 TO 0.8 cm DIAMETER, MOSTLY ABOUT s
MODERATELY WELL SORTED. 80% OF FRAGMENTS HAVE A LUMPY OUTLINE, BUT THE REST ARE NOTABLY DENDRITIC TO

FRAGMENTAL IN APPEARANCE, WITH RAGGED QUTLINE.




UNIT 2 DEPTH: 45.5 - 60.0 cm THICKNESS: 14.5 cm
ROCKY MUDSTONE WITH SHARD-SHAPED OPAQUES

MATRIX: 60% (UNUSUALLY HIGH FOR INTERVAL WITH THIS DEGREE OF COARSENESS) FINELY GRANULAR, WITH ABOUT 2%
OPAQUES, LIMIT OF RESOLUTION TO 2.5 mm, MODERATELY WELL SORTED, COARSE, WITH AVERAGE GRAIN SIZE ABOUT
0.9 mm, WITH ABOUT 90% OF FRAGMENTS EQUANT, AND SPHERICAL TO LUMPY SUBROUNDED; AND WITH ONLY ABOUT 10%
ELONGATE, ALTHOUGH MANY ELONGATE FRAGMENTS ARE SHARPLY ANGULAR AND SHARD-SHAPED.

FRAMEWORK: 30% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE, 0.1 TO 3.3 cm DIAMETER, MOST ROCKS RELA-
TIVELY COARSE, FROM 0.5 AND 1.5 cm DIAMETER, BUT WITH A POOR DEGREE OF SORTING. MOST ROCK FRAGMENTS ARE
SLIGHTLY TO MODERATELY ELONGATE (1:1.5 TO 1:2.5) AND POLYGONAL TO BLOCKY WITH STRAIGHT TO SLIGHTLY CURVED
EDGES, ANGULAR CORNERS. DISTRIBUTION OF THESE PARTICLES INDICATES MATRIX, RATHER THAN FRAMEWORK SUPPORT,
RELATIVELY UNCOMMON IN APOLLO 16 ROCKS.

10% SEMI-QPAQUE WITH INDISTINCT OUTLINE: 0.5 T0 0.8 cm DIAMETER, AVERAGING ABOUT 0.3 cm AND FAIRLY WELL
SORTED, EQUANT, WITH A TENDENCY TO A LUMPY QUTLINE. SORTING OF THESE PARTICLES IS COMPARABLE TO THAT OF
THE OPAQUES, AND STEMS TO BE VERY DIFFERENT FROM THAT OF THE DISTINCT ROCK FRAGMENTS.

UNIT 1 DEPTH: 60.0 - 68.0 cm THICKNESS: 8 cm
FINE-GRAINED UNIT, SPARSE IN OPAQUES

MATRIX: 80%, INDISTINCTLY GRANULAR, LESS THAN 1% QPAQUES, LIMIT OF RESOLUTIDN TO 1.5 mm, POORLY SORTED,
EQUIGRANULAR, AND GENERALLY SUBROUNDED.

FRAMEWORK: 5% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE: 0.2 TO 0.6 cm DIAMETER, BLOCKY, EQUANT,
AND SUBANGULAR TO ANGULAR.

15% SEMI-OPAQUE DENSITY CONCENTRATIONS, INDISTINCT OUTLINE: 0.1 TO 0.4 cm DIAMETER, MODERATELY WELL
SORTED, EQUIDIMENSIONAL TO SLIGHTLY ELONGATE, WITH LUMPY OUTLINE.

Figure 16-6.-

Description from X-radiograph sketches of Apollo 16 drive tubes 60010 - 60009.
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60 percent is unusually high for a coarse-grained unit, and there is a
size-gradation of the coarse material, which becomes finer-grained
upwards. Unit 3 seems to be largely a repetition of unit 1, with a small
percentage of rock fragments mixed in. Correspondingly, unit 4 appears
to be a fine-grained repetition of unit 2, with a lesser abundance

of very coarse material. At the top of unit 4 is the most distinctive
stratigraphic break in the section, consisting of a gently rolling,
slightly irregular surface, emphasized by the density contrast between
the matrix of units 4 and 5.

The matrix of unit 5 and all overlying units, is much less densely
compacted than that of the underlying beds, and contains a higher per-
centage of opaques, which tend to be finer-grained but less well sorted
than in the underlying interval. Some of the opaques are relatively
large ovoid objects. Units 5 and 6 form a massive bed, graded normally,
from coarse at the bottom to finer at the top. Additionally, rock frag-
ments with distinct outline in X-radiographs are much more abundant at
the base of the bed, and disappear toward the top, to be replaced by
material with indistinct outline. There is an indistinct density break
at the top of units 5 and 6, and unit 7 is similar in nearly all respects
to unit 5.

Unit 8, as unit 2, is classified as a pebbly mudstone, with a rela-
tively low percentage of variable, poorly sorted, but coarse rock frag-
ments. This surficial unit penetrates the highest point on the rim of a
small crater, and the 5 cm of material probably represents ejects from
the crater.

This poorly sorted material appears to reflect proximity to the
source; if so, sorting should increase with distance from source.

PRELIMINARY EXAMINATION, DRIVE TUBES 60014 AND 60013

Drive Tubes 60014 and 60013 are fine-grained, in comparison to the
other Apollo 16 cores. Interestingly enough, the surface material is
relatively coarse, with 50 to 20 cm diameter blocks moderately abundant
(USGS Rept 51: p.23). However, the area is unusual in that there are
few small craters, even though there are some Targe 10 to 20 m craters.

The basal 8 cm of the core section appears to be fine-grained in
the X-radiograph (Fig. 16-7) (although it may contain an abundance of
whitish nodular material as noted by the LMP on the moon, if so, the
whitish nodules would not show up on the X-radiograph because they are
transparent to X-rays) with sparse opaques, and a few percent of rock
fragments. What rock fragments there are appear as indistinct, mottled
density concentrations. Bed 2 shows a concentration of similar objects,
but with a matrix similar to unit 1, and probably is genetically akin
to unit 1.



UNIT 9 DEPTH: 18.5 - 0 THICKNESS: 18.5 cm
MASSIVE FINE-GRAINED UNIT, SPARSE EQUANT ROCK FRAGMENTS

MATRIX: 60%, LIGHT APPEARING, NOT DENSELY GRANULAR, MEDIUM TO FINELY GRANULAR, WITH 3% OPAQUES, LIMIT OF
RESOLUTION TO 3 mm, BUT WITH BIMODAL DISTRIBUTION, WITH THE COARSER FRAGMENTS, ALL 2 - 3 mm DIAMETER BEING
ELONGATE, DENDRITIC OR SHARD-SHAPED; AND WITH THE FINER FRAGMENTS ALL UNDER 1 mm, MOSTLY 0.6 mm, ALL TEND-
ING TO BE EQUANT, WITH ABOUT 1/3 SPHERICAL, 1/10 ELONGATE DENDRITIC, AND THE REST BLOCKY TO LUMPY EQUANT
WITH SUBANGULAR CORNERS.

FRAMEWORK: 15% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE: 0.1 TO 0.9 cm DIAMETER, MEDIAN ABOUT
0.5 cm. THESE ROCK FRAGMENTS ARE EQUANT, MOSTLY WITH A LUMPY TO ROUNDED-IRREGULAR OUTLINE, AND ONLY A
FEW WITH RELATIVELY STRAIGHT MARGINS AND SUBANGULAR CORNERS. MANY ARE CONCENTRATED IN AN INDISTINCT
LAYER AT 12 cm DEPTH. 25% SEMI-TRANSPARENT WITH INDISTINCT OQUTLINE: 0.1 TO 0.8 cm DIAMETER, MOSTLY
ABOUT 0.2 TO 0.3 cm, MODERATELY WELL SORTED, DENSITY CONCENTRATIONS WHICH GIVE APPEARANCE OF COMPQUND
LUMPS,

UNIT 8 DEPTH: 38.5 - 18.5 THICKNESS: 20 c¢m
MASSIVE FINE-GRAINED UNIT WITH SPARSE ROCK FRAGMENTS

MATRIX: 70%, THIN (VS. DENSE), FINELY GRANULAR, 3% OPAQUE, LIMIT OF RESOLUTION TO 2.2 mm, POORLY SORTED,
AVERAGING ABOUT 0.5 mm. ABQUT 1/3 OF THE PARTICLES ARE SPHERICAL, ABOUT 1/4 ARE ELONGATE-DENDRITIC, AND
THE REMAINDER ARE BLOCKY TO LUMPY, TENDING TO BE EQUANT, WITH SUBANGULAR TO SUBROUNDED CORNERS.

FRAMEWORK: 10% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE: 0.2 to 1.1 cm DIAMETER, MOSTLY ON
COARSE SIDE, WITH MEDIAN ABOUT 0.8 cm. ROCK FRAGMENTS IN THIS ZONE DIFFER FROM OTHER HORIZONS IN BEING
NOTICEABLY ELONGATE, IRREGULARLY RECTANGULAR TD WEDGE SHAPED WITH SLIGHTLY IRREGULAR EDGES, SUBANGULAR
CORNERS. 20% SEMI-OPAQUE WITH INDISTINCT OUTLINE: 0.1 TO 1.1 cm DIAMETER, WITH MEDIAN IN LOWER PART

OF BED ABOUT 0.3 cm, GRADUALLY INCREASING UPWARD TO ABOUT 0.6 AT TOP OF BED. PARTICLES APPEAR AS DENSITY
CONCENTRATIONS, TENDING TO BE EQUANT AND NOCULAR, TO LUMPY APPEARING WHERE INDIVIDUAL PARTICLES COALESCE.

UNIT 7 DEPTH: 36.5 - 38.5 cm THICKNESS: 2 cm

CONCENTRATION OF CENTIMETER-SIZED ROCK FRAGMENTS

MATRIX: 30%, MODERATELY DENSE, MEDIUM TO FINELY GRANULAR; WITH ABOUT 2% OPAQUE, LIMIT OF RESOLUTION TO
7.8 mm, GENERALLY COARSE, BUT BIMODAL WITH ONE MODE ABOUT 0.6 mm, THE REMAINDER OF FRAGMENTS 1.2 TD

7.8 mn, EQUANT TO SLIGHTLY ELONGATE WITH 90% OF PARTICLES OVOID TO SPHERICAL. 25% LUMPY EQUIGRANULAR,
15% ELONGATE AND SMOOTH-SIDED, AND 10% SHARD-SHAPED. MATRIX IS DISTINCTLY MUCH DENSER THAN MATRIX OF
OVERLYING UNIT.

FRAMEWORK: 50%, SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE: 0.2 TO 1.0 cm MOSTLY ABQUT D.7 TO
0.8 cm, WELL SORTED, BLOCKY TO IRREGULAR, STRAIGHT TO SLIGHTLY CURVED SIDES, SOME EDGES LOOK CONCHOIDAL,
ANGULAR TO SUBANGULAR. 20% SEMI-TRANSPARENT WITH INDISTINCT OUTLINES: 0.1 TO 0.4 cm, WELL SORTED WITH
MEDIAN DIAMETER ABOUT 0.2 cm. FRAGMENTS APPEAR AS EQUANT DENSITY CONCENTRATIONS, OR ARRANGED INTO
ELONGATE LUMPS AS COMPOSITES OF INDIVIDUALS.

UNIT 6 DEPTH: 38.5 - 44.5 THICKNESS: 6 cm

FINE-GRAINED INTERVAL, ABUNDANT PEA-SIZED FRAGMENTS

MATRIX: 60%, MODERATELY DENSE IN APPEARANCE, WITH DENSITY NOTICEABLY INCREASING TOWARD TOP OF INTERVAL,
MEDIUM TD FINELY GRANULAR; WITH ABOUT 3% OPAQUE, LIMIT DF RESOLUTION TD 1.8 mm, AVE. GRAIN SIZE ABOUT
0.5 mm, AND MODERATELY PODRLY SORTED, WITH ABDUT 10% SPHERICAL FRAGMENTS, 10% SHARDS, AND THE REMAINING
FRAGMENTS EQUANT TO SLIGHTLY ELONGATE, BLOCKY SUBANGULAR TO LUMPY SUBROUNDED.

FRAMEWORK: 10% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE: 0.2 TO 0.5 cm DIAMETER, WELL SORTED
WITH MOST FRAGMENTS ABOUT 0.4 cm. FRAGMENTS ARE POLYGONAL WITH RELATIVELY STRAIGHT TO SLIGHTLY CURVED
SIDES, SUBANGULAR CORNERS. 30% SEMI-TRANSPARENT WITH INDISTINCT OUTLINE: 0.1 to 0.5 cm, MOSTLY ABOUT
0.3 cm, EQUANT OR ELONGATE OBJECTS COMPRISED OF CLUMPS OF EQUANT PARTICLES, GIVING LUMPY TEXTURE.

UNIT 5 DEPTH: 44.5 - 50.5 THICKNESS: 6 cm
ZONE WITH LARGE ROCK FRAGMENTS, SHARDLIKE OPAQUES

MATRIX: 40%, DENSER THAN BELOW, MEDIUM TO FINELY GRANULAR; WITH 2% OPAQUES, LIMIT OF RESOLUTION TO
1.7 wm, AVE. 0.5 mm, MODERATELY TO POORLY SORTED.

SHAPE: 10% SPHERICAL, 5% SHARDS, REMAINDER EQUANT TO SLIGHTLY ELONGATE, BLOCKY TO LUMPY, WITH SUB-
ROUNDED TO SUBANGULAR CDRNERS.

FRAMEWORK: 20% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT DUTLINE: 0.2 TO 2.3 cm DIAMETER, POORLY

SORTED WITH ALL SIZES APPROXIMATELY EQUALLY REPRESENTED. FRAGMENTS ARE CLOCKY AND EQUANT, WITH STRAIGHT
TO SLIGHTLY CURVED (SOME APPEAR CONCHOIDAL) EDGES, ANGULAR TO SUBANGULAR CORNERS. 40% SEMI-OPAQUE TO
SEMI -TRANSPARENT, INDISTINCT OUTLINE: 0.1 TO 1.3 cm, MODERATELY WELL SORTED, WITH MOST FRAGMENTS ABOUT
0.3 cm DIAMETER, LUMPY TO NODULAR APPEARANCE WITH MANY ELONGATE PARTICLES COMPRISED OF MULTIPLE NODULES.

UNIT 4 DEPTH: 50.5 - 53 cm THICKNESS: 2.5 cm
FINE-GRAINED UNIT WITH "THIN" MATRIX, BIMODAL OPAQUES

MATRIX: 80%, LESS DENSE THAN BELOW, FINELY GRANULAR, WITH 2% OPAQUES, LIMIT OF RESOLUTION TO 1.8 mm DIAM-
ETER, NOTICEABLY BIMODAL, WITH MOST FRAGMENTS WELL SORTED, ABOUT 0.4 mm DIAMETER, THE REMAINDER 1.3 T0 1.8

mm DIAMETER WITH NONE IN-BETWEEN. FINEST-GRAINED OPAQUES ARE EQUANT, ROUNDED TD SUBROUNDED BLOCKY, COARSE
FRAGMENTS ARE EQUANT LUMPY-SHARD LIKE. ‘ )  CORSER

COARSE FRACTION: 20% SEMI-TRANSPARENT ROCK FRAGMENTS WITH MODERATELY DISTINCT OUTLINE: 0.2 TO 0.5 cm
DIAMETER, FAIRLY WELL SORTED; EQUANT POLYGONAL WITH SUBROUNDED TO SUBANGULAR CORNERS; SIDES SLIGHTLY
%BE&EERLaEaggﬁIGHT, NOT IRREGULARLY ROUNDED OR LUMPY. FRAGMENTS SCATTERED THROUGH MATRIX, AND DO NOT




UNIT 3 DEPTH: 58 ~ 53 cm THICKNESS: 5 cm
FINE-GRAINED BED WITH DENSE MATRIX, SPARSE ROCK FRAGMENTS, VARIED OPAQUES

MATRIX: 85% FINELY IRREGULARLY (VS. UNIFORMLY) GRANULAR, MODERATELY DENSE; WITH 3% OPAQUES, LIMIT OF
RESOLUTION TO 7 mm, AVE. ABOUT 1 mm, OVER HALF OF WHICH ARE EQUANT AND ANGULARLY LUMPY TO DENDRITIC,
ONLY 10% ARE SPHERICAL AND 1/3 ARE ELONGATE TO ROD-SHAPED WITH SMOOTH EDGES, ROUNDED CORNERS, NOT
SHARD -SHAPED .

COARSE FRACTION: 5% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINES: 0.2 TO 0.8 cm DIAMETER MODER-
ATELY TO POORLY SORTED WITH RELATIVELY EVEN DISTRIBUTED THROUGHOUT SIZE RANGES. THESE ROCK FRAGMENTS

ARE EQUANT TO RECTANGULAR, WITH RAPEZOIDAL OR POLYHEDRAL OUTLINE, RELATIVELY SMOOTH EDGES, ANGULAR TO

SUBANGULAR CORNERS. 10% SEMI-TRANSPARENT, INDISTINCT QUTLINE: 0.1 TO 0.4 cm, MODERATELY WELL SORTED,
AVERAGE SIZE ABOUT 0.3 cm, OVERALL EFFECT IS OF ELONGATE PARTICLES OR CLUMPS OF EQUANT LUMPS DISPOSED

INTO ELONGATE ROCK FRAGMENTS.

UNIT 2 DEPTH: 58 - 59 cm THICKNESS: 1.0 cm
LAYER OF SMALL ROCK FRAGMENTS
MATRIX: 50%, AS IN UNIT 1.

FRAMEWORK: 50% SEMI-OPAQUE ROCK FRAGMENTS, DISTINCT OUTLINE: 0.2 TO 0.6 cm WITH MEDIAN DIAMETER ABOUT
0.4 TO 0.5 cm, INDICATING GOOD SORTING. ROCK FRAGMENTS ARE EQUIDIMENSIONAL~POLYHEDRAL TO SLIGHTLY ELON-
GATE WITH RELATIVELY STRAIGHT MARGINS, SUBANGULAR TO SUBROUNDED CORNERS.

THIS LAMINA MAY BE A MICROMETEOQRITICALLY-WINNONED CONCENTRATION OF COARSE PARTICLES AT THE TOP OF UNIT 1,
AS MATRIX AND ROCK TYPES ARE SIMILAR AND OPAQUES AND SEMI-OPAQUES AT THE TOP OF THE INTERVAL ARE ALIGNED
HORIZONTALLY,

UNIT 1 DEPTH: 59 - 67 cm THICKNESS: 8 cm
FINE-GRAINED INTERVAL WITH SPARSE OPAQUES, INDISTINCT MOTTLES

MATRIX: 95% X-RADIOGRAPHICALLY DENSE, MEDIUM TO FINELY GRANULAR; OPAQUES APPROXIMATELY 1%, 0.3 to 1.0 mm;
AVE. DIAMETER APPROXIMATELY 0.6 mm, WITH GOOD SORTING, CONSISTENTLY EQUANT, SOMEWHAT LUMPY AND SUBROUNDED
TO SUBANGULAR, WITH ONLY A TRACE OF SPHERICAL PARTICLES.

COARSE FRACTION: 5%, SEMI-TRANSPARENT WITH INDISTINCT QUTLINE: 0.2 TO 1.6 cm, MOSTLY ABOUT 0.6 cm,
EQUANT, FADING OUT OVER BROAD AREAS, OR IN WELL ROUNDED CURVES, DISTINCTLY DIFFERENT FROM THE LUMPY PAR-
TICLES, WHICH COMMONLY OCCUR IN APOLLO 16 CORES.

Figure 16-7.- Description from X-radiograph sketches of Apollo 16 drive tubes 60014 - 60013.
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The next 22.5 cm is relatively coarse-grained, relatively thinly
laminated, and terminates at the top in a very noticeable surface. The
intermediate bedded zones are more or less transitional, distinguished
on the basis of grain size and type. Opaques within this interval are
distinctively varied, with shard-1like and dendritic fragments being
abundant, in addition to the spheres, Tumpy particles, elongate rods,
and comma-shaped fragments so common in Apollo 16 cores.

Units 3 and 5 are similar in containing the dense matrix with a
fair scattering of equant, sharp-edged rock fragments. Unit 4, in
between, seems to contain a mixture of properties of the lower beds,
with the matrix of the basal units and the rock fragments characteristic
of unit 3. Furthermore, opaques in the matrix of unit 4 are bimodal
with coarse particles as in unit 3, and fines resemblying those of
unit 1. Unit 6 seems to be similar to unit 5, but better sorted. Unit 7
exhibits the matrix properties of units 5 and 6, but is distinctly coarser
grained.

The uppermost 36 cm is much more massively layered, with a less
grainy and less compact matrix. There is a noticeable component of
oval, 2 to 4 mm matrix opaques, and ragged-edge-appearing semi-opaque
density concentrations that probably represent a rock type not found
in Tower intervals.

Units 1 and 2 may represent fine-grained Cayley of the highland
plains. Units 3 through 7 are petrographically similar, and are be-
lieved to represent variations on one major event, presumably ejecta
from a major, near-by crater. Position in the section, 36 cm from the
surface, suggests a North Ray origin for this horizon, with thin lam-
inae representing local reworking by small-scale cratering events. The
upper surface, with concentration of rock particles, may be winnowed by
micrometeorites.

The upper massive zone, differs petrographically from the Tower
zones, indicating a different source. Its massiveness suggests less
reworking by small-scale cratering events, as a result of newness. On
the basis of this evidence, it is inferred that this zone resulted from
South Ray activity.

STRATIGRAPHY, 60010/9 TO 60014/13

The drive tubes at station 10 and 10' were taken about 60 m apart.
Despite the irregularities of the lunar surface, it is possible to
establish a correlation of major units between the two cores.

The basal bed of both sections is fine-grained in X-radiograph, with
80 percent to 95 percent matrix (much higher than overlying units), and
a very low percentage of material opaque to X-rays. What opaques there
are tend to be relatively large-sized (~0.6 mm diameter) and are spherical.
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The overlying 20 to 25 cm is generally the coarsest in the section
and includes beds 2 through 4 in 60009 and 2 through 7 in 60013.
X-radiographically, the matrix of these beds is noticeably more dense
and the opaque fraction contains distinctive shard-1ike opaques. Rock
fragments in both cores are similar in that there is a relatively high
percentage of large, semi-opaque, blocky fragments with distinct straight
to conchoidally curved margins with angular to subangular corners. The
top of this unit in each core is a slightly irregular surface, separating
beds with a major density contrast.

In both cores, the upper units, about 35 cm thick, tend to be more
massive and have a matrix that tends to be less compacted and less dense
appearing. Petrographically, these units contain finer, more poorly
sorted opaques with a distinctive trace of large, oval fragments; and
rock fragments show a Tumpy-ragged outline in contrast to mottled or
distinctly outlined rock fragments of lower zones.

Because major units reflect principal events of the area, it is
believed that the Tower rock-bearing beds are modified North Ray ejecta
overlying fine-grained Cayley. The thinner Tlayering probably is a result
of micro- and small-scale-meteoritic reworking of the older North Ray
materials. The massively layered upper zones are accordingly assigned
to the more recent South Ray event.

APOLLO 16 DEEP DRILL STRING

The Apollo 16 deep drill string sampled nearly 2 m of lunar soil.
The coarse-grained upper part of the core probably reflects the rela-
tively recent, Tocal, South Ray cratering event. The Tower finer-
grained, thinly layered portion evidently represents a multiplicity of
earlier events.

The deep drill, including sections 60001 (drill bit) through 60007
(uppermost section of the drill string) was collected by astronauts
J. W. Young and C. M. Duke on EVA 1. The drilling was performed at
Station 10, 105 m southwest of the LM landing site (Fig. 16-2).

Interpretive drawings of the X-radiographs have been prepared by
S. Nagle (Fig. 16-8). Preliminary data are given in Table XVI-1.

D. Carrier made the initial description of the nature of the core
sections.

Preliminary Allocations: It was intended for preliminary allocations
to be taken from the base of each drill stem section, in order to provide
as even spacing as possible. However, because the material in 60005 was
?igh]y disgurbed, the early allocation procedure was modified slightly.

Fig. 16-9).
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UNIT 46 DEPTH: 0 -~ 1.5 cm THICKNESS: 1.5 ¢m
SURFICIAL BED WITH OBSCURE ROCK FRAGMENTS, DIVERSE OPAQUES

MATRIX: 85%, FINELY GRANULAR, GENERALLY OF LOW X-RAY DENSITY, WITH VAGUE AND POORLY DEFINED DENSITY CONCEN-
TRATIONS, AND APPROXIMATELY 2% OPAQUES, LIMIT OF VISION TO 1.5 mm DIAMETER, BUT POORLY SORTED, WITH EQUAL
DISTRIBUTIONS OF ALL SIZE RANGES, AND WITH A GREAT DIVERSITY OF SHAPES RANGING FROM SPHERES TO CHIP-LIKE
DENDRITIC FRAGMENTS.

COARSE FRACTION: 5% SEMI-OPAQUE WITH DISTINCT OUTLINE: 0.5 7O 0.8 cm DIAMETER, EQUANT WITH MORE OR LESS
SMOOTH SIDES AND SUBROUNDED TO ANGULAR CORNERS. 10% SEMI OPAQUE WITH VAGUE OUTLINE: 0.1 TO 0.6 cm DIAMETER,
POORLY SORTED WITH ALL SIZES EQUALLY REPRESENTED, MOST FRAGMENTS APPEAR TO BE VAGUELY LUMPY AND CLOD-LIKE
WITH CRENULATED TO IRREGULAR, POORLY-DEFINED MARGINS.

UNIT 45 DEPTH: 1.5 - 3 cm THICKNESS: 1.5 cm
THIN, UNIFORMLY FINE-GRAINED BED WITH SPARSE OPAQUES

MATRIX: 95%, VERY FINELY GRANULAR, WITH MOTTLES AND GRANULATION NEAR THE LIMIT OF RESOLUTION OF THE
X-RADIOGRAPH, AND WITH ONLY A TRACE AMOUNT OF OPAQUES, 0.1 mm OR LESS, APPEAR SPHERICAL.

COARSE FRACTION: 5% SEMI-OPAQUE WITH VAGUE OUTLINE: 0.1 TO 0.B cm DIAMETER, PODRLY SORTED, APPEARING
AS INDISTINCT, MOTTLE-LIKE DENSITY CONCENTRATIONS.

UNIT 44 DEPTH: 3 - 8 cm THICKNESS: 5 cm
MASSIVE BED WITH SCATTERED, VARIED ROCK FRAGMENTS

MATRIX: 70%, OF RELATIVELY LOW DENSITY, AND ONLY FAINTLY GRANULAR, WITH APPROXIMATELY 1% OPAQUES, LIMIT
OF VISION TO 1.2 mm DIAMETER, WITH MEDIAN ABOUT 0.5 mm, BUT WITH A WIDE RANGE OF SIZES AND POOR SORTING.
FRAGMENTS ARE VARIED IN OUTLINE, RANGING FROM SPHERICAL TO SHARD, DENDRITE, AND COMMA-SHAPED, WITH ROUNDED
TO ANGULAR CORNERS.

FRAMEWORK:  10%, SEMI-OPAQUE WITH DISTINCT OUTLINE: 0.5 TO 1.2 cm IN DIAMETER, BUT MOSTLY ABOUT 0.8 cm,
EQUANT TO SUBEQUANT, WITH REGULAR MARGINS AND SUBANGULAR TO SUBROUNDED CORNERS. 20% SEMI-OPAQUE WITH
VAGUE OUTLINE: 0.1 70 1.2 cm DIAMETER, WITH THE MAJORITY OF FRAGMENTS BEING 0.2 TO 0.4 cm. ABOUT 1/4
HAVE A MOTTLED, RAGGED OUTLINE, BUT THE REMAINDER OF THE FRAGMENTS FADE OUT EVENLY ALONG MORE-QR-LESS
REGULAR EDGES AND EQUANT SIDES. '

UNIT 43 DEPTH: 8 - 9 cm THICKNESS: 1 cm
THIN BED, UNIFORMLY FINE-GRAINED, WITH SPARSE OPAQUES

MATRIX: 95% UNIFORMLY FINE-GRAINED, WITH A TRACE OF SPHEROIDAL, ROUNDED OPAQUES, 0.2 TO 0.5 mm DIAMETER.
COARSE FRACTION: 5% SEMI-OPAQUE WITH VAGUE OUTLINE: G.1 - 0.6 cm DIAMETER, WITH A WIDE WIZE DISTRIBUTION
AND POOR SORTING, AND WITH MOTTLED TO CRENULATED OUTLINE.

UNIT 42 DEPTH: 9 - 15.7 cm THICKNESS: 6.7 cm
FINE-GRAINED BED WITH SPARSE LARGE ROCK FRAGMENTS

MATRIX: 80%, RELATIVELY LOW DENSITY AND HIGH TRANSPARENCY ON X-RADIOGRAPH, FINELY GRANULAR WITH SPARSE
MOTTLING, AND CONTAINING APPROXIMATELY 1% OPAQUES, POORLY SORTED, LIMIT OF VISION TO 2.0 mm, AVERAGING
ABOUT 0.8 mm. OPAQUES SHOW A RANGE OF VARIETIES, RANGING FROM SPHERICAL TO EQUANT-IRREGULAR TO ELONGATE
AND COMMA-SHAPED WITH SUBROUNDED CORNERS.

FRAMEWORK: 10% SEMI-OPAQUE WITH DISTINCT OUTLINE: 0.1 TO 0.3 cm DIAMETER, WITH ONE DISTINCTIVE, LARGE
ROCK FRAGMENT WHICH IS 1.3 cm IN DIAMETER. OTHER FRAGMENTS ARE EQUANT TO VERY SLIGHTLY ELONGATE, WITH
NEARLY SMOOTH EDGES AND ROUNDED TO SUBROUNDED CORNERS. 10% SEMI-OPAQUE WITH VAGUE QUTLINE: 0.1 TO 0.8 cm
DIAMETER, AVERAGING 0.4 cm, BUT TENDING TO BE POORLY SORTED. FRAGMENTS TEND TO FADE OUT OVER BROAD, SMOOTH
MARGINS RATHER THAN RAGGEDLY.

UNIT 41 DEPTH: 15.7 - 22.2 cm THICKNESS: 6.5 cm
DENSE BED WITH ABUNDANT ROCK FRAGMENTS

MATRIX: 60%, RELATIVELY DENSE, COMPARED TO ABOVE, AND UNIFORMLY FINELY GRANULAR, WITH ONLY A TRACE OF
OPAQUES, LIMIT OF VISION TO 0.2 mm DIAMETER, MOSTLY SHARD-LIKE IN APPEARANCE.

FRAMEWORK:  25% SEMI-OPAQUE WITH DISTINCT OUTLINE: 0.1 T0 1.3 c¢m DIAMETER, WITH MOST FRAGMENTS RELATIVELY
COARSE, IN 0.5 TO 1.0 cm RANGE, BUT POORLY SORTED, AND IRREGULARLY ELONGATE, WITH ANGULAR TO SUBANGULAR
CORNERS. 15% SEMI-OPAQUE WITH VAGUE OUTLINE: 0.1 7O 0.6 cm DIAMETER, MODERATELY SORTED, MOSTLY 0.3 10
0.4 cm IN DIAMETER, AND TENDING TO BE EQUANT, FADING OUT BROADLY OVER THE ENTIRE SIDE, WITH ONLY A SLIGHT
TENDENCY TO CRENULATED EDGES.

UNIT 40 DEPTH: 22.2 - 24.0 cm THICKNESS: 1.B cm
FRACTURED INTERVAL WITH LARGE ROCK FRAGMENTS {IN X-RADIOGRAPH IS HIGH IN VOID SPACE)

MATRIX: 75%, WITH 10% TO 20% INDISTINCT MOTTLES, 1% OPAQUES, 1.1 mm TO LIMIT OF RESOLUTION, VARIETY OF
SHAPES, BUT ELONGATE CHIPS AND DENDRITES ARE MORE COMMON THAN BLOCKS AND SPHERES.

COARSE FRACTION: 25% SEMI-OPAQUE WITH DISTINCT OQUTLINE: 0.2 70 1.6 cm DIAMETER, MODERATELY TO POORLY
SORTED (SIMILAR TO UNIT 41); FRAGMENTS ARE RELATIVELY LARGE, AVERAGING 0.5 cm DIAMETER, EQUANT TO 0OVOID
(IN CONTRAST TO BLOCKS AND WEDGES OF LOWER UNITS) WITH LUMPY TO NEARLY STRAIGHT EDGES AND ROUNDED CORNERS.

UNIT 39 DEPTH: 24 - 25 cm THICKNESS: 1 cm
THIN, FINE-GRAINED UNIT

MATRIX: 100%, NEARLY UNIFORMLY FINE-GRAINED, WITH APPROXIMATELY 10% MOTTLING, ONLY TRACE AMOUNTS OF
EQUANT, APPARENTLY SPHERICAL OPAQUES, NEAR LIMIT OF RESOLUTION.

UNIT 38 DEPTH: 25 - 28 cm THICKNESS: 3 cm
MEDIUM THIN UNIT WITH SCATTERED, SMALL ROCK FRAGMENTS

MATRIX: 80%, INDISTINCTLY MOTTLED, LESS THAN 1% OPAQUES, 0.5 mm TO LIMIT OF RESOLUTION, FRAGMENTS

EQUANT TO IRREGULARLY ELONGATE, ANGULAR.

COARSE FRACTION: 15% SEMI-OPAQUE WITH DISTINCT OUTLINE, POORLY SORTED, 0.1 TO 0.5 cm, GENERALLY BLOCKY TO
WEDGE SHAPED PARTICLES WITH SUBANGULAR TO SUBROUNDED CORNERS. 5% SEMI-OPAQUE WITH INDISTINCT OUTLINE,
APPEARING AS EQUANT MOTTLES, D.2 TO 0.4 cm DIAMETER, WITH CRENULATE FADE OUT.

UNIT 37 DEPTH: 28.0 - 33.0 cm THICKNESS: 5 cm
MASSIVE UNIT PACKED WITH POORLY SORTED ROCK FRAGMENTS

MATRIX: 50%, TENDING TD BE UNIFORMLY FINE-GRAINED, WITH LESS THAN 10% INDISTINCT GRANULES, FINER THAN 1 mm
DIAMETER, AND 1% OPAQUES, 1.4 mm TO LIMIT OF RESOLUTION, POORLY SORTED WITH A VARIETY OF SHAPED, BUT BLOCKY
TO WEDGE SHAPED FRAGMENTS ARE MOST CONSPICUOUS.  IN GENERAL, OPAQUES REFLECT SIZE AND SHAPE SORTING OF
COARSE FRACTION.

FRAMEWORK:  50% OF WHICH 40% IS SEMI-OPAQUE WITH DISTINCT OUTLINE: 0.2 70 0.9 cm DIAMETER, POCRLY SORTED
WITH ALL SIZES WELL REPRESENTED, FRAGMENTS GENERALLY ELONGATE, BLADED TO WEDGE SHAPED WITH SMOOTH TO
SLIGHTLY IRREGULAR SIDES, ANGULAR TO SUBANGULAR CORNERS. FRAGMENTS IN THE UPPER PART OF THE UNIT ARE
ALIGNED HORIZONTALLY, BUT THOSE IN THE LOWER PART TEND TO BE ALIGNED VERTICALLY, AS IF STRUNG OUT DURING
SAMPLING., 10% SEMI-OPAQUE WITH INDISTINCT OUTLINE, SIMILAR IN SIZE TO REMAINDER UF COARSE FRACTION, BUT
PARTICLES ARE QVOID TO SPHERICAL, FADING OUT OVER SMOOTH MARGINS. TOP CONTACT OF THIS UNIT IS MARKED BY

A ROCK LAYER.
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UNIT 36 DEPTH: 33 - 37 ¢m THICKNESS: 4 cm
MASSIVE, POORLY SORTED UNIT WITH LARGE ROCK FRAGMENTS

MATRIX: 70%, DISTINCTLY MOTTLED AND COARSELY GRANULAR, WITH 2 TO 3% CONSPICUOUS OPAQUES, WHICH ARE
EQUANT-BLOCKY TO SPHERICAL, UP TD 1 mm DIAMETER.

COARSE FRACTION: 30%, SEMI-OPAQUE WITH MODERATELY DISTINCT TO DISTINCT QUTLINE, VERY POORLY SORTED,
PARTICLES RANGING FROM 0.1 TO 1.2 cm, POLYGONATE AND WEDGE SHAPED TO EQUANT, WITH STRAIGHT, RATHER
THAN IRREGULAR SIDES. TRANSITION TO UNDERLYING INTERVAL TAKES PLACE OVER 1 cm DISTANCE.

UNIT 35 DEPTH: 37 - 39.5 cm THICKNESS: 2.5 cm
THIN, FINE-GRAINED BED, SPARSE IN ROCK FRAGMENTS

MATRIX: 90%, DISTINCTLY FINELY GRANULAR, WITH ONLY A TRACE OF OPAQUES, NEAR LIMIT OF RESOLUTION,
NOTICEABLY DIFFERENT FROM OVERLYING UNITS.

COARSE FRACTION: 10% SEMI-OPAQUE WITH INDISTINCT OUTLINE, POORLY SORTED, 0.1 TO 0.4 cm, OVOID TO POLYGDNAL
FRAGMENTS APPEAR TO HAVE MORE-OR-LESS EVEN OUTLINES, BUT ARE VAGUE AND INDISTINCT.

UNIT 34 DEPTH: 39.5 - 44.5 cm THICKNESS: 5 cm
MASSIVE INTERVAL WITH SCATTERED ROCK FRAGMENTS

MATRIX: 65%, FINELY GRANULAR, MUCH MORE DISTINCTLY SO THAN UNDERLYING BED, WITH APPROXIMATELY 2% OPAQUES,
UP TO 2 mm DIAMETER, POORLY SORTED, WITH NEARLY ALL SIZES PRESENT, IN EQUAL AMOUNTS PARTICLES TENDING TO

BE ELONGATE, BUT WITH GOOD ROUNDING.

COARSE FRACTION: 10% SEMI-OPAQUE WITH DISTINCT OUTLINE, D.2 7O 0.6 cm LONG, POORLY SORTED WITH ALL SIZES
PRESENT IN EQUAL AMOUNTS, OVOID TO ELONGATE WITH NODULAR TO IRREGULAR MARGINS. 25% SEMI-OPAQUE WITH IN-
DISTINCT OUTLINE: 0.1 TO 0.5 cm, POORLY SORTED, AS OTHER PARTICLES, MOSTLY ELONGATE, WITH RAGGED TO LUMPY
FADE-OUT.

AS UNIT 30, THIS INTERVAL SHOWS SIMILAR "STRUNG OUT" TEXTURE WITH ROCK FRAGMENTS CONCENTRATED IN THE MIDDLE
OF THE CORE, AND MAY HAVE BEEN DISTURBED AFTER SAMPLING.

UNIT 33 DEPTH: 44.5 - 47.5 cm THICKNESS: 3 cm
THIN LAMINA OF SMALL ROCK FRAGMENTS

MATRIX: ©50%, VERY FINELY TO INDISTINCTLY GRANULAR, WITH ONLY A TRACE OF OPAQUES, NEAR LIMIT OF RESOLUTION
AND INDETERMINATE IN SHAPE.

FRAMEWORK: 50%, ROCK FRAGMENTS, SIMILAR TO UNIT 32, SEMI-TRANSPARENT TO SEMI-OPAQUE WITH INDISTINCT OUTLINE,
0.2 7O 0.6 cm, MODERATELY WELL SORTED, AVERAGING 0.3 cm, EQUANT TO OVOID, WITH MOST FRAGMENTS BEING NODULAR,
WITH LUMPY APPEARANCE, ALTHOUGH APPROXIMATELY 1/4 OF THE FRAGMENTS, ESPECIALLY THE ELONGATE FORMS, HAVE
RAGGED APPEARANCE. FRAGMENTS ARE DEPLOYED IN 0.5 TO 0.7 cm LAYERS.

UNIT 32 DEPTH: 47.5 - 51.0 cm THICKNESS: 3.5 cm
POORLY SORTED INTERVAL WITH DISPERSED ROCK FRAGMENTS

MATRIX: 75%, DISTINCTLY FINELY GRANULAR WITH APPROXIMATELY 1% OPAQUES, 0.8 mm TO LIMIT OF RESOLUTION,
POORLY SORTED, BUT OBSERVABLE PARTICLES ARE SPHERICAL AND ROUNDED.

COARSE FRACTION: 25%, SEMI-TRANSPARENT TO SEMI-OPAQUE WITH INDISTINCT OUTLINE, 0.2 7O 0.6 cm, POORLY
SORTED, EQUANT TO SLIGHTLY ELONGATE, TENDING TO SPHERICAL, SMOOTH OUTLINE, WHERE VISIBLE.

Figure 6-8.- Description from X-radiograph sketches of Apollo 16 deep drill string 60007 - 60001.
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UNIT 31 DEPTH: 51.0 - 52.5 cm THICKNESS: 1.5 cm

FINELY GRANULAR THIN BED

MATRIX: 50%, FINELY TO MODERATELY FINELY GRANULAR, OPAQUES APPROXIMATELY 2%, 0.6 TO 0.2 mm, AVERAGING
0.3 mm, EQUANT, BLOCKY, SUBANGULAR.

FRAMEWORK: 35% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE, WELL SORTED, 0.2 TO 0.3 cm DIAMETER,
EQUANT, POLYGONAL WITH SHORT, SMOOTH FACES, SUBROUNDED TO ROUNDED CORNERS. 15% SEMI-OPAQUE WITH INDIS-
TINCT OUTLINE, WELL SORTED, 0.2 TO 0.4 cm DIAMETER, EQUANT FRAGMENTS WITH INDISTINCTLY CRENULATE MARGINS.

UNIT 30 DEPTH; 52.5 - 54.5 cm THICKNESS: 2 cm
FINE-GRAINED UNIT WITH INDISTINCT ROCK FRAGMENTS

MATRIX: 75%, MODERATELY FINELY GRANULAR, WITH FAINT GRANULARITY ON 0.1 mm SCALE, OPAQUES AS IN IMMEDIATELY
UNDERLYING UNIT.

COARSE FRACTION: 25%, SEMI-OPAQUE TO SEMI-TRANSPARENT WITH INDISTINCT TD MODERATELY DISTINCT OUTLINE;
PARTICLES WELL SORTED, 0.2 TO 0.4 cm IN DIAMETER, WITH LUMPY TO SMOOTH EDGES FADING TO NOTHINGNESS WHERE
VIABLE CORNERS ROUNDED TO SUBROUNDED, PORB. NOT GLASS. ROCK FRAGMENTS IN THIS INTERVAL TEND TO BE CON-
CENTRATED IN THE CENTER OF THE CORE, GIVING A “"STRUNG OUT" TEXTURE, AND THIS EVIDENCE, TOGETHER WITH
FRACTURING OF UNDERLYING ZONE, SUGGEST SOME DISTURBANCE.

UNIT 29 DEPTH: 54.5 - 55.0 cm THICKNESS: 0.5 cm
FRACTURED UNIT WITH SCATTERED LARGE ROCK FRAGMENTS

MATRIX: 40%, FINELY GRANULAR WITH APPROXIMATELY 2% OPAQUES, WELL-SORTED, 0.2 TO 0.4 mm DIAMETER, EQUANT
BLOCKY, SUBANGULAR FRAGMENTS.

COARSE FRACTION: 15% SEMI-QOPAQUE ROCK FRAGMENTS WITH DISTINCT QUTLINE, UP TO 1.3 cm DIAMETER, PARTICLES
ARE POORLY SORTED, BLOCKY, SUBEQUANT, WITH ANGULAR TO SUBANGULAR CORNERS. 20% SEMI-OPAQUE DENSITY CONCEN-
TRATIONS WITH INDISTINCT QUTLINE, 0.1 TO 0.5 cm, MOSTLY 0.3 cm, SUBEQUANT, INDISTINCTLY ROUNDED WITH RAGGED
TO CRENULATE FADE-OUT.

25% OF INTERVAL APPEARS AS AN IRREGULARLY-MARGINED VOID AND FRACTURED INTERVAL.

UNIT 2B DEPTH: 55,0 - 70.1 cm THICKNESS: 15.1 c¢m
(equiv.)

PARTIALLY VOID, DISRUPTED CORE

CORE IS PARTIALLY VOID, WITH 76.1 cm OF SOIL SPREAD OUT MORE-OR-LESS EVENLY OVER THE ENTIRE LENGTH OF

THE DRILL STEM, AND CALCULATED TO REPRESENT A COMPACTED THICKNESS OF 15.1 cm OF SOIL. SOIL IN THIS

CORE IS OBVIOUSLY DISTURBED, AND ANY ATTEMPT AT DETERMINING STRATIFICATION WOULD BE ESSENTIALLY
MEANINGLESS. ACCORDINGLY, THIS ENTIRE CORE IS LUMPED INTO ONE STRATIGRAPHIC INTERVAL.

THIS UNIT CDNTAINS APPROXIMATELY 80% MATRIX: FINELY GRANULAR WITH APPROXIMATELY 10% OPAQUES OF 1.5 mm

TO LIMIT OF RESOLUTION, IN A VARIETY OF SHAPES FROM SPHERICAL TO ELONGATE AND DENDRITIC. THE 20%

COARSE FRACTION IS REPRESENTED BY APPROXIMATELY 5% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE:

0.1 TO 0.B cm DIAMETER, GENERALLY EQUANT, BLOCKY TO STRAIGHT-SIDED, SUBROUNDED TO SUBANGULAR POLYGONS.
15% IS SEMI-OPAQUE WITH INDISTINCT OUTLINE, 0.1 TO 1.1 cm DIAMETER, WITH FRAGMENTS EQUANT TO 2.1 ELDNGATE
FADING QUT OVER STRAIGHT-SIDED MARGINS, GENERALLY SMOOTH.

UNIT 27 DEPTH: 70.1 - 72.6 cm THICKNESS: 2.5 cm
TRANSPARENT BED WITH ABUNDANT, SMALL ROCK FRAGMENTS

MATRIX: 50%, RELATIVELY TRANSPARENT TO X-RAYS, SPARINGLY GRANULAR WITH APPROXIMATELY ] - 2% DENDRITIC
AND SHARD-LIKE OPAQUES.

COARSE FRACTION: 50%, SEMI-OPAQUE PARTICLES WITH DISTINCT TO SEMI-DISTINCT OUTLINE, PARTICLES TENDING TO
BE EQUANT, WELL-SORTED, 1.5 - 3 mm DIAMETER, MODERATELY TO WELL ROUNDED, WITH NO DISTINCT ALIGNMENT.

UNIT 26 DEPTH: 72.6 - 7B.1 cm THICKNESS: 6 cm
TRANSPARENT BED WITH ABUNDANT OPAQUES, SPARSE ROCK FRAGMENTS

MATRIX: 95%, RELATIVELY TRANSPARENT TO X-RAYS, VERY INDISTINCTLY FINELY GRANULAR, BUT WITH 2 - 3%
DISTINCTIVE AND ABUNDANT OPAQUES, LIMIT OF RESOLUTION TO 1 mm DIAMETER, GENERALLY EQUANT, BUT WITH
IRREGULAR TO DENDRITIC QUTLINE.

COARSE FRACTION: 5% SEMI-OPAQUE WITH DISTINCT OUTLINE, SPARSE FRAGMENTS 2 - 4 mm DIAMETER, APPEARING TO
BE EQUANT, INDISTINCT TO ROUNDED OUTLINE.

UNIT 25 DEPTH: 7B.1 - 79.1 ¢m THICKNESS: 1 cm
THIN LAMINA PACKED WITH EQUANT, BLOCKY, SORTED ROCK FRAGMENTS

MATRIX: 40%, MODERATELY TRANSPARENT TO X-RAYS, INDISTINCTLY GRANULAR, WITH 1% EQUANT IRREGULAR QPAQUES
LESS THAN 0.5 mm DIAMETER.

FRAMEWORK:  40%, SEMI-OPAQUE WITH DISTINCT OUTLINE, MODERATELY TO WELL SORTED FRAGMENTS, 1 - 4 mm DIAMETER,
TENDING 7O BE EQUANT, WITH BLOCKY OUTLINE. 20% SEMI-OPAQUE WITH INDISTINCT OQUTLINE; SIMILAR IN SIZE AND
SORTING TO OTHER FRAGMENTS, BUT FADING OUT OVER MORE-OR-LESS EVEN MARGINS,

UNIT 24 DEPTH: 79.6 - 83.1 cm THICKNESS: 3.5 cm
TRANSPARENT BED WITH ABUNDANT OPAQUES, SPARSE ROCK FRAGMENTS

MATRIX: 90%, MODERATELY TRANSPARENT TO X-RAYS, INDISTINCTLY GRANULAR, WITH 1 - 2% OPAQUES, RANGING FROM
LIMIT OF RESOLUTION TO 1.5 mm, GENERALLY EQUANT WITH DENDRITIC TO IRREGULAR QUTLINE.

COARSE FRACTION: 10%, SEMI-OPAQUE WITH INDISTINCT QUTLINE; MODERATELY POORLY SORTED RANGING FROM 1 - 3 mm
DIAMETER, FADING QUT OVER EQUANT, REGULAR MARGINS.

UNIT 23 DEPTH: 83.1 - 84.6 cm THICKNESS: 1.5 cm
THIN, RELATIVELY OPAQUE BED WITH ABUNDANT, SORTED ROCK FRAGMENTS

MATRIX: 75%, RELATIVELY OPAQUE TO X-RAYS, AND ACCORDINGLY, INDISTINCTLY GRANULAR, WITH APPROXIMATELY 1%
OPAQUES, MOST OF WHICH ARE MINUTE SPHERES NEAR LIMIT OF RESOLUTION.

COARSE FRACTION: 25%, SEMI-OPAQUE WITH DISTINCT TO MODERATELY DISTINCT QUTLINE, RELATIVELY LARGE FRAGMENTS,
3 - 4 mm IN DIAMETER, WHICH ARE WELL SORTED, BLOCKY, AND EQUANT, WITH SMOOTH, STRAIGHT MARGINS.

UNIT 22 DEPTH: 84.6 - 87.1 cm THICKNESS: 2.5 cm
TRANSPARENT THIN BED WITH SPARSE ROCK FRAGMENTS

MATRIX: 90%, RELATIVELY TRANSPARENT TQ X-RAYS, WITH LESS THAN 5% INDISTINCT GRANULES LESS THAN 1 mm
DIAMETER, AND LESS THAN 1% OPAQUE SPHERES, 0.2 mm OR SMALLER.

COARSE FRACTION: 10%, SEMI-OPAQUE ROCK FRAGMENTS WITH SEMI-DISTINCT TO INDISTINCT OUTLINE, 2 - 4 mm

IN DIAMETER, MODERATELY SORTED, SLIGHTLY ELONGATE, SMOOTH-SIDED SUBROUNDED TO ROUNDED FRAGMENTS.

UNIT 21 DEPTH: 87.1 - 91.6 cm THICKNESS: 4.5 cm
FRACTUPED INTERVAL WITH SPARSE ROCK FRAGMENTS

MATRIX: 95%, PERMEATZD WITH CRACKS AND CONTAINING SMALL AREA OF VOID SPACE, WITH APPROXIMATELY 2% QPAQUES,
1 mm TO LIMIT OF RESOLUTION, GENERALLY EQUANT-SPHERICAL TO TEAR-DROP SHAPED, WITH FEW IRREGULARITIES.

COARSE FRACTION: 5%, SEMI-OPAQUE WITH DISTINCT OUTLINE; 1 - 5 mm DIAMETER, AND RELATIVELY POORLY SORTED,
ELONGATE, WITH IRREGULAR, LUMPY OUTLINE.

UNIT 20 DEPTH: 91.6 - 93.1 cm : THICKNESS: 1.5 cm
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THIN INTERVAL WITH ABUNDANT, POORLY SORTED ROCK FRAGMENTS

MATRIX: 60%, RELATIVELY OPAQUE, WITH INDISTINCT GRANULARITY, AND LESS THAN 1% OPAQUE SPHERES, 0.3 mm
DIAMETER OR LESS,

COARSE FRACTION: 30%, SEMI-OPAQUE, OISTINCT OUTLINE; POORLY SORTED, RANGING IN SIZE FROM 1 - 5 mm, EQUANT
TO SUBEQUANT, BLOCKY TO SUBROUNDED; 1D% SEMI-OPAQUE WITH INDISTINCT QUTLINE; SIMILAR IN SIZE AND SORTING
TO ABOVE, BUT TENDING TO BE EQUANT, WITH REGULAR FADE-OUT OVER SMOOTH EDGES.

UNIT 19 DEPTH: 93.1 - 95.1 cm THICKNESS: 2 cm
FRACTURED INTERVAL WITH SPARSE ROCK FRAGMENTS

IDENTICAL TO UNIT 7, FOR ALL ESSENTIAL PURPOSES.

UNIT 18 DEPTH: 95.1 - 97.1 cm THICKNESS: 2 cm
THIN INTERVAL WITH ABUNDANT, POORLY SORTED ROCK FRAGMENTS

MATRIX: 50%, RELATIVELY OPAQUE, WITH APPROXIMATELY 20% INDISTINCT, MILLIMETER-SIZE MOTTLES AND 3 - 5%
OPAQUES, 0.5 mm OR LESS, RANGING IN SHAPE FROM SPHERULES TO DENDRITES.

FRAMEWORK:  40% SEMI-OPAQUE WITH DISTINCT OUTLINE; POORLY SORTED, 1 - 6 mm DIAMETER, EQUANT TO SLIGHTLY
ELONGATE, WITH BLOCKY TO SUBROUNDED OUTLINE. 10% SEMI-OPAQUE WITH INDISTINCT QUTLINE; SIMILAR TO ABOVE,
BUT FADING QUT OVER EVEN MARGINS.

UNIT 17 DEPTH: 97.1 - 100.1 THICKNESS: 3 cm
THIN BED WITH SPARSE ROCK FRAGMENTS

MATRIX: 90%, RELATIVELY OPAQUE, WITH 30% SWIRLED-APPEARING MOTTLES, 3% OPAQUES LESS THAN 0.5 mm DIAMETER,
RANGING IN SHAPE FROM SPHERULITES TO SHARDS AND DENDRITES, BUT PREDOMINANTLY MINUTE, EQUANT, LUMPY FRAGMENTS.

COARSE FRACTION: 10% ROCK FRAGMENTS WITH SEMI-DISTINCT QUTLINE, RELATIVELY LARGE (3 - 5 mm DIAMETER), AND
WELL SORTED, WITH ELONGATE, SUBANGULAR, LUMPY QUTLINE.

Figure 6-8.- Description from X-radiograph sketches of Apollo 16 deep drill string 60007 - 60001 (continued).
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UNIT 16 DEPTH: 100.1 - 101.1 cm THICKNESS: 1 cm
THIN LAMINA PACKED WITH SMALL ROCK FRAGMENTS

MATRIX: 50%, RELATIVELY OPAQUE TO X-RAYS, WITH APPROXIMATELY 1% OPAQUE PARTICLES LESS THAN 0.5 mm
DIAMETER, MOST OF WHICH ARE SPHERULITIC.

FRAMEWORK: 50% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE; MODERATELY SORTED, FROM 1 - 5 mm
DIAMETER, EQUANT TO ELONGATE, WITH SUBANGULAR TO ANGULAR CORNERS, BLOCKY OUTLINE, AND WITH LONG AXES
ALIGNED HORIZONTALLY.

UNIT 15 DEPTH: 101.1 - 107.1 cm THICKNESS: 6 cm
MASSIVE, VERY POORLY SORTED, INTERVAL

MATRIX: 85%, MODERATELY OPAQUE TO X-RAYS, WITH 25% INDISTINCT, SWIRLED MOTTLES AND GRANULES LESS THAN
1 mm DIAMETER, AND WITH APPROXIMATELY 3% OPAQUE EQUANT IRREGULAR TO SHARD-SHAPED PARTICLES LESS THAN 1
mm DIAMETER.

COARSE FRACTION: 15%, SEMI-OPAQUE ROCK FRAGMEN.S WITH DISTINCT TO SEMI-DISTINCT OUTLINE; POORLY SORTED,
1 - 9 mm DIAMETER, EQUANT TO SLIGHTLY ELONGATE, FRAGMENTS GENERALLY WITH IRREGULAR TO LUMPY, SUBANGULAR
TO SUBROUNDED OUTLINE, IRREGULAR SIDES.

UNIT 14 DEPTH: 107.1 - 115.9 cm THICKNESS: 8.9 cm
DENSE-MATRIX THIN UNIT WITH POORLY SORTED ROCK FRAGMENTS

MATRIX: 80%, RELATIVELY OPAQUE, AS A CONSEQUENCE, INDISTINCTLY MOTTLED, AND WITH APPROXIMATELY 1% OPAQUE
FRAGMENTS LESS THAN 1 mm DIAMETER, GENERALLY IRREGULAR TO SHARD-LIKE IN SHAPE.

COARSE FRACTION: 5% SEMI-OPAQUE WITH DISTINCT OUTLINE; MODERATELY SORTED, 2 - 4 mm FRAGMENTS, SUBEQUANT

TO ELONGATE, WITH BLOCKY MARGINS AND SMOOTH SIDES; 15% SEMI-OPAQUE WITH INDISTINCT OUTLINE; MODERATELY TO
POORLY SORTED, 1 - 5 mm FRAGMENTS, EQUANT TO SLIGHTLY ELONGATE, FADING OUT OVER MORE-OR-LESS REGULAR MARGINS.

UNIT 13 DEPTH: 115.9 - 118.4 cm THICKNESS: 2.5 cm
THIN BED WITH SCATTERED LARGE ROCK FRAGMENTS

MATRIX: 90%, NOTICEABLY FINE TEXTURE, WITH TRACE GRANULES, APPROXIMATELY 1% OPAQUES, 0.5 mm TO LIMIT OF
RESOLUTION, MOSTLY SPHERICAL PARTICLES.

COARSE FRACTION: 5% SEMI-OPAQUE WITH DISTINCT OUTLINE, POORLY SORTED, 0.1 TO 0.7 cm, TENDING TO BE BLOCKY
TO RECTANGULAR IN OUTLINE, SUBROUNDED. 5% SEMI-OPAQUE WITH INDISTINCT OUTLINE, 0.3 + 0.1 cm DIAMETER,
EQUANT, FADING OUT OVER IRREGULAR MARGINS.

UNIT 12 DEPTH: 118.4 - 126.4 cm THICKNESS: 8 cm
REVERSE GRADED BED WITH SCATTERED ROCK FRAGMENTS

MATRIX: 85%, DISTINCTLY GRANULAR, WITH 10% DENSITY CONCENTRATIONS LESS THAN 1 mm DIAMETER; 1% OPAQUES
UP TO 1.5 mm DIAMETER, VARIABLE SIZES, POORLY SORTED, WITH NEARLY ALL PARTICLES LUMP-SHAPED TO
SPHERICAL.

COARSE FRACTION: 10% SEMI-OPAQUE ROCK FRAGMENTS WITH MODERATELY DISTINCT OUTLINES, 0.1 TO 0.4 cm
DIAMETER, MOSTLY 0.2 TO 0.3, WELL SORTED, POLYGONAL, SMOOTH-SIDED, BLOCKY AND SUBANGULAR. A SUBOR-
DINATE FRACTION IS ROUNDED TO SUBSPHERICAL, AND ELONGATE-LUMPY.

FRAGMENTS INCREASE IN SIZE AND ABUNDANCE UPWARD.

UNIT T DEPTH: 126.4 - 129.4 cm THICKNESS: 3 cm
THIN BED PACKED WITH ROCK FRAGMENTS

MATRIX: 35% FINELY GRANULAR, WITH APPROXIMATELY 1% OPAQUES, 0.5 TO 0.8 mm, MOSTLY 0.8 mm FRAGMENTS,
MOSTLY SPHERICAL IN OUTLINE.

COARSE FRACTION: 10% OPAQUE ROCK FRAGMENTS, 1.2 cm LENGTH, FRAGMENTS WEDGE-SHAPED, WITH RELATIVELY
STRAIGHT EDGES, SHARPLY ANGULAR CORNERS. 40% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINE, 0.5
TO 1.1 cm LONG. MANY ARE SLIGHTLY ELONGATE, LONG AXIS HORIZONTAL TO SLIGHTLY INCLINED WHERE FRAGMENTS
ARE IN CONTACT; SHAPE SIMILAR TO ABOVE, WITH A TENDENCY TO STRAIGHT EDGES WITH RELATIVELY EVEN OUT-
LINES. 15% SEMI-OPAQUE WITH INDISTINCT OUTLINES; UP TO 0.6 cm DIAMETER, MOSTLY 0.3 TO 0.3 cm, WITH

A TENDENCY TO RAGGEDY AND IRREGULAR EDGES, MOSTLY EQUIDIMENSIONAL.

UNIT 10 DEPTH: 129.4 - 135.4 cm THICKNESS: 6 cm
COARSELY GRANULAR INTERVAL WITH SCATTERED ROCK FRAGMENTS

MATRIX: 95%, WITH 25% INDISTINCT GRANULES, LESS THAN 1 mm IN DIAMETER, AND WITH APPROXIMATELY 3% OPAQUE
PARTICLES UP TO 1.5 mm DIAMETER, MOSTLY 0.5 TO 0.7 mm, EQUANT, NOT ELONGATE, ROUNDED, SPHERICAL TO
ROUNDED-LUMPY.

COARSE FRACTION: 5% SEMI-OPAQUE ROCK FRAGMENTS WITH INDISTINCT OUTLINES, 0.2 TO 0.5 cm DIAMETER, GENERALLY
OVOID TO SLIGHTLY ELONGATE, WELL ROUNDED, WITH SPARSE FRAGMENTS WITH WEDGE TO BLOCK SHAPES. AS UNITS 7
AND 8, SHAPE SORTING OF ALL SIZE FRACTIONS SEEM TO BE SIMILAR.

UNIT 9 DEPTH: 135.4 - 137.4 cm THICKNESS: 2 cm
THIN, FINE-GRAINED UNIT WITH SCATTERED ROUNDED FRAGMENTS

MATRIX: 95%, UNIFORMLY FINE-GRAINED, WITH NO DISCERNABLE GRANULES AND ONLY A TRACE OF OPAQUES, NEAR
LIMIT OF RESOLUTION.

COARSE FRACTION: 5%, SEMI-OPAQUE ROCK FRAGMENTS, DISTINCT OUTLINE; WELL SORTED, 0.1 TO 0.3 cm DIAMETER,
EQUANT, SMOOTH-SIDED AND SOMEWHAT ROUNDED.

UNIT 8 DEPTH: 137.4 - 146.9 cm THICKNESS: 9.5 cm
FINE-GRAINED UNIT WITH SCATTERED, SMALL ROCK FRAGMENTS, FLAKE-LIKE OPAQUES.

MATRIX: 90%, SIMILAR TO THAT OF UNDERLYING UNIT, BUT WITH ABOUT 1% OPAQUES, UP TO 1.2 mm LONG, BUT MOST
IN RANGE OF 0.3 TO 0.8 mm; OPAQUES ARE NOTICEABLY IRREGULAR, WITH ELONGATE TO COMMA-SHAPED OUTLINE.
COARSE FRACTION: 10% SEMI-OPAQUE ROCK FRAGMENTS WITH DISTINCT OUTLINES; 0.2 TO 0.5 cm MAXIMUM DIAMETER,
MOST PARTICLES ARE ELONGATE, WITH LONG AXIS TENDING TO BE HORIZONTALLY ALIGNED.

SHAPE SORTING PROCESSES MUST HAVE BEEN STRONGLY OPERANT DURING GENERATION OF THIS AND UNDERLYING BED IN
THAT COARSE AND FINE PARTICLES HAVE SIMILAR SHAPES.

UNIT 7 DEPTH: 146.9 - 156.9 cm THICKNESS: 10.0 cm
THICK, FINE-GRAINED UNIT WITH ABUNDANT ROUNDED PARTICLES OF ALL SIZES

MATRIX: 90%, 25% OF WHICH IS INDISTINCT GRANULES LESS THAN 1 mm DIAMETER; 5% IS OPAQUE, VARYING IN SIZE
FROM LIMIT OF RESOLUTION OF FILM TO 1.2 mm BUT AVERAGING 0.2 - 0.5 mm. OPAQUES TEND TO BE EQUANT, GENERALLY
POLYGONALLY-BLOCKY WITH ROUNDED CORNERS AND STRAIGHT EDGES TO SPHERICAL DROPLETS, WITH VERY SPARSE CHIPS
AND FLAKES.

COARSE FRACTION: 10% SEMI-OPAQUE, MODERATELY DISTINCT OUTLINE, RELATIVELY FINE-GRAINED, RANGING FROM 0.1

TO 0.4 cm WITH AN AVERAGE OF 0.2, AND AS WITH FINE OPAQUES, FRAGMENTS ARE EQUANT, BLOCKY-POLYGONAL WITH
ROUNDED CORNERS TO EQUANT AND SPHERICAL.

UNIT 6 DEPTH: 156.9 - 163.9 cm THICKNESS: 7.0 cm
MASSIVE UNIT WITH ABUNDANT, LARGE ROCK FRAGMENTS

MATRIX: 60%, WITH 20% GRANULES AND INDISTINCT DENSITY CONCENTRATIONS LESS THAN 1 mm DIAMETER, 1% OPAQUES,
AS IN UNIT 5.

COARSE FRACTION: 15% SEMI-OPAQUE WITH DISTINCT OUTLINE; 0.2 TO 0.8 cm DIAMETER, MODERATELY WELL SORTED,
GENERALLY ELONGATE, ANGULAR TO SUBANGULAR WITH SMOOTH SIDES, POLYGONAL TO BLOCKY OUTLINE. 25% SEMI-OPAQUE
WITH INDISTINCT OUTLINE, UP TO 1.0 cm DIAMETER, MOSTLY 0.3 TO 0.4 cm, MODERATELY TO POORLY SORTED, RELA-
TIVELY TRANSPARENT, FADING OUT OVER CRENULATE AND IRREGULAR MARGINS.

UNIT 5 DEPTH: 163.9 - 167.4 cm THICKNESS: 2.5 cm
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FINE-GRAINED THIN BED WITH ABUNDAND SMALL ROCK FRAGMENTS

MATRIX: 75%, NOTICEABLY FINE-GRAINED, LACKING IN GRANULARITY, LESS THAN 1% OPAQUES, NEARLY ALL UNDER
0.5 mm DIAMETER, LUMPILY TO IRREGULARLY SUBANGULAR AND EQUANT.

COARSE FRACTION: 25%, SEMI-OPAQUE WITH MODERATELY DISTINCT OUTLINE, 0.1 TO 0.3 cm DIAMETER, PARTICLES
MODERATELY WELL SORTED, IRREGULARLY EQUANT AND SUBROUNDED.

UNIT 4 DEPTH: 167.4 - 174.9 cm THICKNESS: 8.5 cm
MASSIVE, POORLY SORTED UNIT WITH LARGE ROCK FRAGMENTS

MATRIX: 65%, FINELY GRANULAR, WITH APPROXIMATELY 20 % GRANULES LESS THAN 1 mm DIAMETER, AND 2% OPAQUE
FRAGMENTS, LIMIT OF RESOLUTION TO 1.5 mm DIAMETER, AVERAGING APPROXIMATELY 0.5 mm, FRAGMENTS MOSTLY
EQUANT TO BLOCKY, PODRLY SORTED, WITH ONLY A MINOR COMPONENT OF FLAKE-LIKE MATERIAL.

COARSE FRACTION: 20% OPAQUE WITH DISTINCT OUTLINE, 0.2 TO 1.5 cm DIAMETER, MOSTLY 0.5 cm, BUT POORLY TO
MODERATELY SORTER, FRAGMENTS TENDING TO ELONGATE, WITH EITHER SMOOTH EDGES AND SUBROUNDED CORNERS, OR
LUMPILY IRREGULAR. " 15% SEMI-OPAQUE WITH INDISTIRCT OUTLINE, UP TO 1.2 cm LONG, AVERAGING 0.4 cm, WITH
POOR SORTING, FADING OUT OVER INDISTINCT, LUMPY MARGINS.

UNIT 3 DEPTH: 174.9 - 176.4 cm THICKNESS: 1.5 cm
THIN, INCLINED BED WITI! SORTED, SMALL ROCK FRAGMENTS

MATRIX: 50%, NOTABLY FINE-GRAINED, WITH LESS THAN 1% OPAQUES, ALL UNDER 0.3 mm DIAMETER, AND WELL SORTED
AND SPHERICAL.

FRAMEWORK: 50% SEMI-OPAQUE, WITH IRREGULAR BUT DISTINCT OUTLINE, ELONGATE ROCK FRAGMENTS, 0.3 TO 0.6 cm,
WAVY TO LUMPY OUTLINE, SUBROUNDED TO ROUNDED EDGES. MOST FRAGMENTS HAVE ELONGATE AXIS INCLINED APPROXI-
MATELY 20°, AND ARE PARALLEL.

UNIT 2 DEPTH: 176.4 - 185.9 cm THICKNESS: 9.5 cm
MASSIVE UNIT WITH SCATTERED ROCK FRAGMENTS IN FINELY GRANULAR MATRIX

MATRIX: 65%, FINELY GRANULAR, GRANULARITY NEAR LIMIT OF RESOLUTION, 2% FINELY DIVIDED OPAQUES UP TO 1.5 mm
DIAMETER, AVERAGING 0.5 mm, AND POORLY SORTED AS TO SHAPE AND SIZE WITH MIXED SHAPES RANGING FROM SPHEROIDS
TO DENDRITIC CHIPS.

COARSE FRACTION: 15% SEMI-OPAQUE WITH DISTINCT OUTLINE, 0.2 TO 0.5 cm DIAMETER, EQUANT ROCK FRAGMENTS WITH
MORE-OR-LESS BLOCKY OUTLINES, SUBROUNDED CORNERS. 20% SEMI-OPAQUE WITH INDISTINCT OUTLINE, FRAGMENTS 0.2
TO 1.5 cm IN DIAMETER, AVERAGING 0.3 T0 0.5 cm, BUT POORLY SORTED. FRAGMENTS TEND TO BE EQUANT, CLOD-LIKE
IRREGULAR, TO IRREGULARLY ROUND AND LUMPY.

UNIT 1 DEPTH: 185.9 - 192.4 cm THICKNESS: 6.5 cm
MASSIVE UNIT WITH SCATTERED ROCK FRAGMENTS

MATRIX: 75% INDISTINCT, APPEARS TO BE UNIFORMLY FINE-GRAINED, WITH 1% MINUTE SHARD-SHAPED OPAQUES.

COARSE FRACTION: 25%, APPEARS TO CONTAIN SCATTERED ROCK FRAGMENTS, 0.2 - 0.5 cm DIAMETER, RANDOMLY

DISTRIBUTED THROUGH SECTION. MOST ROCK FRAGMENTS APPEAR TO BE EQUANT TO SLIGHTLY ELONGATE, OVOID TO
MANY DETAILS ARE OBSCURED BY THE THICK WALLS OF THE DRILL BIT.

Figure 6-8.- Description from X-radiograph sketches of Apollo 16 deep drill string 60007 - 60001 (concluded).
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XIV-T.- PRELIMINARY DATA X-RADIOGRAPHS APOLLO 16 DEEP DRILL STRING

Returned Returned Drill
Drill Stem Sa;g%e Sample Sample Dgﬁlﬁty Stem Percent
Serial No. Mass Length Depth
No. q & g/cc & Recovery
60007 105.7 22.2 .46
60006 165.6 35.5 0.5 .43 +0.02
60005 76.1
223 +2 8 - 100%
015 60004 202.7 39.9 .56
019 60003 215.5 39.9 .66
018 60002 211.9
42.5 i
180(bit) 60001 30.1
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The drill string was returned from the Moon in two sections; the bit
and lowest three stems (60001 through 60004), and the uppermost three
stems (60005, 60006, 60007). The Tower section, up to and including
string section 60004 was completely filled with sample. In contrast,
none of the upper stems was completely filled. Only 76.1 g of soil were
scattered about in 60005, whereas the Tower stems each contained over
200 g of soil. The lowest 7 cm of 60006 was empty, and the soil, where
present, was fluffed-up and loosely compacted. The uppermost section
(60007) was only about 2/3 filled, although the material that was present
appeared to be densely compacted.

Soil was excavated in 0.5 cm increments from the bases of the drill
stems, until 2.7 g of material was removed. A1l material coarser than
1 mm was picked out, described, and packaged separately (Fig.16-9),

The drill bit (60001) and uppermost drill string (60007) were
dissected within 2 weeks of transfer into the LRL. Accordingly, in
addition to regular dissection allocations, samples were taken to com-
plete early allocations.

Early allocations were excavated from the base of the bit, first,
and second drill stem sections (60001, 60002, 60003). It was necessary
to make two excavations to obtain the needed 2.7 g from the base of
60002 as indicated in Figure 16-9. Sample was removed from both the base
and top of 60004, to compensate for the lack of sample in 60005. Two
samplings were needed to complete the 2.7 g from the top of stem 60004
as well as from the base of 60006. Splits for allocation were taken
from near the top and base of material present in 60007.

RELATIONSHIP TO GEOLOGY

Sample 60007: The uppermost sample (60007,83) was taken from the
surface layer, a very loosely granular, medium neutral-gray sandy silt,
with less than 1 percent whitish nodules, and glass beads. (Immediately
underlying and sharply contacting the surface layer is a zone that is
similar in grain size, but with a high percentage of whitish nodules,
and a higher degree of cohesiveness than the surface layer.) The coarse
fraction from this zone, contains spatter glass, vitreous feldspar frag-
ments, grey lithic fragments, and whitish nodules.

The lowermost zone, represented in 60007,6, is a brownish medium-
grey, silty-fine sand which is moderately coherent with only a trace of
whitish granules. The coarse fraction includes spatter glass, whitish
nodules, and unidentified Tithic fragments.

Sample 60006: This sample is silty-fine sand, with a trace of
whitish fragments, and glass.
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*arrow indicates location of sample

Section Sample Weight over Weight
number* g 1 mm. g
60007
77 i 60007 ,83 1.491 60007,82 0.019
; < 60007, 6 1.636 60007,10 0.151
2 60006
LA 60006 ,4 4.735
B 60006 ,3 1.477
4 60005
.:. no sampling
4
=t | 2—60004 60004,5 2.165 60004,6 0.103
i 60004,7 1.727 60004,8. 0.084
Tl 60004,3 2.886 60004,4 0.224
E2 60003
&
£
e 60003,3 2.974 60003,4 0.190
»,_;_,v 60002
.'{?0/%
0" 60002,5 3.136 60002,6 0.198
2| 2= 60002,3 1.461 60002,4 0.248
!5l «— 60001 60001,13 2.004 60001,12 0.159
(AN = 60001,3 0.738 60001,4 0.110

Figure 16-9.- Early allocations from Apollo 16 drill string.
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Sample 60004: The matrix from the upper sample, (60004,5), con-
sists of brownish grey, poorly cohesive, very fine sand to silt, which is
fairly well sorted, with about 1 percent very fine reflecting surfaces
(metallic or glass?), and about 1 percent, 0.2 - 0.5 mm diameter whitish
granules. The coarse fraction (60004,6) from this interval consists of
irregular, cohesive, whitish, splintery-rock fragments, blocky to sub-
rounded medium grey lithic fragments, and spatter glass.

From the base of 60004, the fines are neutral brownish-grey, mod-
erately cohesive, very fine sand to silt, moderately sorted, with "pepper
and salt" appearance due to about 3 percent whitish granules under 0.5 mm
diameter. The corresponding coarse fraction has a wealth of rock types
including very dark grey, hackly 1ithic fragments, metallic grey, faceted
rock fragments, spatter glass, glass beads, splintery and nodular whitish
fragments, and brownish grey blocky Tithic fragments.

Sample 60003: The matrix of this sample is brownish grey, moderately
cohesive, very fine sand to silt, moderately to poorly sorted, with a
trace of larger granules, most of which are whitish and rounded. The
coarse fraction ?60003,4) includes mostly irregular, angular, grey lithic
fragments with irregularly planar faces. Whitish particles, of similar
shape to grey lithic fragments (as distinguished from rounded whitish
particles), and spatter glass are present also.

Sample 60002: Matrix of this interval is 1ight grey, "salt and
pepper" textured, poorly cohesive, very fine sand to silt. The coarse
fraction, 60002,4 is distinctive in that all rock fragments are rounded
to subrounded, with more-or-less regular surfaces. Most are dark to
very dark grey Tithic fragments. The remainder are similar-shaped whitish
fragments.

Sample 60001: Layering in the bit was not directly observed, but
through description of the coarse fraction, appears to be relatively
thin (on the centimeter level), and characterized by major changes in
mineralogy of the coarse fraction. The early allocation sample from
the bit is relatively fine-grained with a coarse fraction comprised prin-
ciply of whitish nodules and greenish feldspar cleavage fragments.

PRELIMINARY THOUGHTS ON APOLLO 16 DRILL STEM SAMPLE

According to Carrier (1972, informal communication), there are
three competing hypotheses that have been advanced to explain the sample
disturbance in the Apollo 16 drill stem. The three hypotheses, simply
stated, contend that the disturbance that produced this result occurred
either after, during, or before the drill stem was separated into two
three-section segments on the Tunar surface for Earth return.
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HYPOTHESIS 1: AFTER SEPARATION

This hypothesis suggests that the original core recovery was
roughly 80 percent; i.e., that the drill stem was initially full to
approximately 4-1/2 sections, leaving a void of 1-1/2 sections in the
top three sections when the drill stem was separated. Later, during
1ift-off, zero g, re-entry, splashdown, transport to, and handling in
the LRL, the sample migrated up the sections, finally ending up being
distributed in various states of compaction over a length of 2-1/2
sections.

Evidence for this hypothesis is: The proposed initial core recovery
is consistent with the apparent soft soil (high penetration rate). Mi-
gration of this sort is not without precedence, as it also occurred in
an Apollo 11 core tube.

A preliminary depth relationship based on Hypothesis 1 is shown in
Figure 16-10. This relationship assumes that the stratigraphic sequence
has been preserved in the top three sections, which is not necessarily
a safe assumption. Soil fabric has undoubtedly been altered.

HYPOTHESIS 2: DURING SEPARATION

The second hypothesis suggests that the original core recovery was
approximately 100 percent; i.e., that the drill stem was initially full
to its present height of 5-1/2 sections. Then, when the stem was being
separated, some of the sample fell out the bottom of the top three sec-
tions and was Tlost.

Evidence for this hypothesis is: John Young noticed some sample
was falling out while Charlie Duke was separating the sections and
attempted to call this to his attention. Duke evidently did not hear
his remark and!did not recall that any sample had spilled. There may
have been additional spillage which Young did not notice.

A preliminary depth relationship based on Hypothesis 2 is shown in
Figure 16-10.- The length of the gap in the sample recovery has been
computed assuming the original density of the soil in the third section
was 1.5 g/cc and then calculating how much volume the remaining 76 g
would have occupied in the third section and the bottom of the second
section. This implies that there are approximately 29 cm missing.

HYPOTHESIS 3: BEFORE SEPARATION

The last hypothesis suggests that the original percent core recovery
was also approximately 100 percent, but that the majority of the sample
fell out when the power head was used to "burp" the drill stem while it
was still in the ground to help loosen it. This implies that the
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missing 29 cm of soil occurs at the bottom of the drill stem, rather
than in the middle.

Evidence for this hypothesis is: This sort of behavior has been
experienced in simulation exercises.

A preliminary depth relationship based on Hypothesis 3 is shown in
Figure 16-10.

DISSECTION AND SAMPLING OF DRILL STEM 60007
Lunar Surface Procedures and Related Information

The deep drill, including sections 60001 (drill bit) through 60007
{uppermost section of drill string) was recovered by astronauts
J. W. Young and C. M., Duke on 28 April, 1972, on EVA 1; 5 days, 1 hour
and 25 - 44 minutes into the Apollo 16 mission. The actual drilling
was performed at the ALSEP site (station 10) located approximately
105 m southwest of the LM landing area. Figure 16-2 indicates the
location, as of the most current photographic reconstruction of the
samp}ing site (Butler, et al. 1972, revised from USGS Prelim. Rept. 51,
1972).

The core was taken in a flattish spot in an area of gently rolling
topography, with abundant but subdued, 4 to 6 m craters. There were
also sparse 1 to 2 m craters, some of which showed fresh-looking un-
impacted ejecta deposits. Although there was an area of deep, loose
soil located a few meters to the East of the drilling site, soil in the
immediate vicinity of the drill appeared to be fairly compact, with
blocks of up to 10 - 15 cm abundant (USGS Rept. 51, p. 19). Lunar Mod-
ule Pilot Duke used the electric rotary percussion drill to obtain the
core, sections of which are 44 cm long, with an inside length of 40 to
42 cm. Before and during sampling, sections were joined to the drill
in pairs; but after sampling was completed, the entire string was broken
into two sections of three stems each. A Teflon cap was placed on both
ends of each section on the lunar surface. The drill sections were then
placed in a special return container, and placed in the LM; during return,
the cores were subjected to cabin and terrestrial atmospheric conditions
for a period of approximately 7 days.

Samples were removed from the lunar return container on 4 May, 1972,
under sterile nitrogen atmosphere conditions in the LRL, weighed, and
photographically documented by 8 May, 1972, at which time each core
section was triple bagged in 5 mil Teflon and transferred to the Sample
Processing and Packaging Laboratory. A1l subsequent processing has been
under nitrogen atmosphere conditions, in special, high-cleanliness glove
cabinets.
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Figure 16-10.- Preliminary depth relationship for Apollo 16 deep drill core.
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PRELIMINARY DESCRIPTION OF THE DRILL STRING

X-radiographs provide considerable information on textural and
stratificational properties of the cores, by recording size,-shape,
sorting and distribution of many rock fragments, and by giving a clear-
cut indication of the abundance of metallic objects which appear opaque
to X-rays. The packaging and completeness of distribution of soil in
the core tube shows up clearly by X-ray. X-radiographs, for example,
showed that the Apollo 16 drill string was not completely filled with
soil missing from near the middle of the drill string.

The following statement summarizes the condition of the Apollo 16
drill string, as found by X-radiography in May of 1972 (Fig. 16-8).
60007 was only about 60 percent filled, but the sample was well-compacted,
showing no evidence of sliding or disturbance, and contained six recog-
nizable stratigraphic units. 60006 showed considerable slumping and
fracturing of soil near both ends, but within the core, it was possible
to define 12 stratigraphic zones, on the basis of abundance of rock
fragments, matrix density, and type and shape of opaque particles.

60005 was completely disturbed, with the soil loosely partially filling
the entire length of the core. No units could be distinguished within
60005, and the entire drill stem was placed as number 28 in the sequence.
The upper three stems were returned from the moon coupled together as
one section; similarly, the bit and Towest three stems, 60004 through
60001, were returned as one. Slippage and disturbance were confined

to the upper section, and the lower section was almost completely
filled, with very little slumping, and weli-defined stratification. The
bit and Tower part of 60002 were much coarser than the upper 6 cm of
60002 or 60003 and 60004. Basal coarse layers were numbered 1 through
6; with the middle finer-grained sequence comprising layers 7 through
27. An opaque particle in Tayer 11 of 60003 is distinctive because it
is an order of magnitude larger than most opaques; near it lies a 'arge
but indistinct spherule.

DISSECTION AND STRATIGRAPHY

Much of the descriptive information concerning cores is gained
from detailed examination of the samples during dissection, as well as
examination of the peels and pre-impregnational surface. This informa-
tion is summarized in Figs. 16-11 and 16-12 with stratigraphic informa-
tion in Fig. 16-11, dissection and sample location data in Fig. 16-12.
Most samples listed in Fig. 16-12 are routine splits, indexed with re-
spect to LCL sample inventory, as well as unit and depth below lunar
surface. Attention is also called to special samples, which were dealt
with separately because of unique properties of the sample, or because
of a special purpose of study.

A variety of special samples have been removed from Apollo 16 drill
stems. Because the bit was short and thick-walled, and because of the
need for early allocation of samples from it, the soil was extracted in
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standard 0.5 cm increments, from the bottom end of the bit, removing
all soil from the core. Fragments larger than 1 mm were identified,
extracted, and packaged separately; the less than 1 mm fines were
passed through a .350 mm sieve. A major portion of these finest fines
were used for biomedical experimentation soon after return from the
moon.

Red Tight samples, taken for differential thermoluminescence
studies, were never exposed to white light; the outermost rind of soil
was scraped away under red light illumination, and an 0.5 cm increment
extracted from the inner part of the core. A special procedure designed
to reduce the lead contamination from the drill stem required. Soil to
be extracted with special acid-cleaned tools in sample increments. Some
particles from 60002 were found to be oxidized, and rusty in appearance;
these were extracted, photographed, packaged and allocated separately.
Several large platelets of material adjacent to the wall of the core
tube were extracted and impregnated separately for study of the primary
structures and small-scate strata they contained.

TIMELINES

The drill bit and uppermost section (60007) were dissected in
May, 1972, immediately after return from the moon. 60006 and 60004
were dissected in October and November of 1972. Processing of the
Apollo 16 drill string was again interrupted in 1973, for preliminary
examination of the Apollo 17 core material, and for development of pro-
cedures for core stabilization. Processing was resumed in early 1974,
with dissection of 60002, and 60003 was completed by the third quarter
of 1974. Both 60002 and 60003 contained distinctive particles and posed
special problems which slowed processing. 60005 was completed in
December, 1974.

SPILLAGE ACCIDENT

There was an accidental spillage of samples from 60001 and 60007 on
9 June, 1972, caused by the inadvertent placement of a vacuum on the
FTH containers during transfer. As a result, tops of 60 of the 85 FTH
containers popped open, with some overturning of containers and spillage
of sample. Samples which remained intact, with no opening of tops, are
indicated by an asterisk on Figure 16-13. Likewise, samples with opened
tops but little evidence of contamination are not marked, but samples
with weight loss or gain through cross-contamination are specially desig-
nated. Allocations have been made from samples which were either un-
affected by the accident, or which showed no evidence of cross-contamination
during the spillage.

STRATIGRAPHIC SUMMARY

A stratigraphic summary of the Apollo 16 drill string is presented
in Fig. 16-11, based on information collected during dissection.
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Although a total of 46 layers was recognized, it should be noted that
the lower part of 60006 and 60005 was slumped, incompletely filled, and
appeared massive and homogeneous probably because of mixing and disrup-
tion of strata. In 60005, the X-rays showed no massive units. During
subsequent handling the core material became again lightly packed.
Technifues for recognizing primary structures improved with experience
of the dissection personnel, so structures are better defined and des-
cribed in later dissections such as 60002 and 60003 than in earlier
studies. Because of an exceptionally good peel, a wealth of fine struc-
tures were also noted in 60007. 60003 split Tongitudinally during re-
moval of the upper half of the drill stem, revealing an extensive suite
of structures that would have otherwise been missed.

In gross terms, the Apollo 16 drill string can be subdivided into
three major subdivisions. The uppermost zone takes in lithostratigraphic
units 39 - 46, including all of 60006 and 60007, the middle subdivision
occupies 60005, 60004, 60003 and the upper 7 cm. of 60002, including
units 13 through 38, and the basal zone takes in the rest of the core,
including units 1 through 12.

A11 units of the uppermost subdivision have in common, an abun-
dance of fresh-appearing crystalline anorthosite and plagioclase cleav-
age fragments, and are relatively coarse-grained. The surficia! abundance
of fresh material suggests that this subdivision may be related to the
relatively recent North Ray or South Ray Craters; however the thickness
of this interval -43 to 55 cm- cannot be accounted for by primary ejecta
from these craters, and is either from an additional source, or fresh
material from these craters subsequently reworked by action of
secondaries.

In addition to being much finer-grained, the middle subdivision is
intraclastic in nature, with almost all units dominated by particles
such as soil breccias or agglutinates, which originated as intraclasts
within the regolith, rather than as allochems derived from external
sources. Coarse units, such as No. 20 or 33, are packed with large
agglutinates and may be deposits from glass-bottomed craters. Other-
wise, large rock fragments are relatively rare and bedrock material is
especially fine-grained and highly comminuted. Such evidence points to
either slow accumulation of this interval, or an episode of extensive
reworking by small impacts.

In contrast, the lowest part of the core is coarse-grained, being
especially rich in higher-grade breccias such as melt-matrix breccias
and black-and-white breccias. Crystalline rock fragments are abundant
in some layers, whereas large agglutinates and glass droplets are un-
common. Such textural and compositional properties suggest faster ac-
cumulation or deeper cratering than is the case for the middle subdivision.
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unit (numeral)

APPARENT DISTANCE
BELOW LUNAR

DRAWING OF ENTIRE unit thickness SURFACE (CM.) SAMPLE INTERVAL DOCUMENTATION PHOTOGRAPHS -
X-RADIOGRAM _ X-RAY DRILL STRING samples in unit DISSECTED| CORE :STROCTURES INENTORY) _ couor COHESIVENESS, FRACTURE PATTERNS TEXTURE COMPOSITION OF COARSE FRACTION DISTINCTIVE FINES SUB-UNITS, PRIMARY STRUCTURES (NASA photo number)
0.0 % ’
L 46 60007, V 18.0 —* . Crystalline anorthosite a
46 2.0 om. thick RS == 10 YR 4/1 to Loose, fine-textured, tending to Sandy siltsoil, with up to 50% very Plagioclase cleavage fragments .1 Approx. 5% whitish granules, B. 17.5-19.9. relatively fine-grained, rich in melt- §-74-17345
3 # N4 medium neu- slump into 1 - 3 mm <+ umb-Tike clumps fine sand, moderately well sorted, Anorthositic breccia . Ly, fine-sand size; 1 - 2 minute matrix breccia
Nos. ,83-,92 30 = tral grey rather than prismati. blocks; 40% to matrix support, tr. to 5% rock frag- Fresh glass droplets . !l feldspar cleavage fragments A. 19.0-19.5. relatively coarse-grained polymict.
- 2.0 19.5 — 90% single-grain d4i-.jgregation. ments, most common in basal layer. Fresh glass agglutinates . -2
* g’ Dark melt rock and breccia matrix ., .5
o 45 20.0 — SotT BEEOEHS <o mmmbminuign snminmorbias .2
d 20.5 — Total Particles Counted .....
2.0 —
b 60007, 1V 2.5 —
44 8.7 cm. thick 2.0 —
Nos. .47 -,82 22.5 — 5-74-17362
" 23.0 =~ Approx. 1% sand-sized 0. 19.5-21.0. massive, relatively fine-grained $-74-17342
- 235 Mixed, inconsistent cohesiveness, as whitish anorthosite C. 21.0-24.0. indistinct horizontal fabric, bedding &
s 10 YR 4/1 to over-all unit collapses readily, but Very fine sandy siltsoil, poorly Plagioclase cleavage fragments .. .3 granules; 1 - 3% fine- plane at 22.7 §-74-17359
4 240 — N4 medium neu- into large clumps as much as 8 mm sorted, with enough clay for fair Anorthositic breccia ....... ol sand sized feldspar 8. 24.0-24.5. indistinctly but thinly stratified.
e 5 2.5 tral grey diameter, clumps hold cast of core cohesiveness, small, but variable Fr{!Sh glass agalutinates . B cleavage fragments A. 24.5-28.2. massive, relatively coarse-grained.
g tube to some extent. Relatively rock component (ave. 2%), and with Soil Breccia . -8 with strong reflect- 5-74-17359
25.0 — slight degree of collapse into matrix support throughout. Total Par ing surfaces
2.5 lumps, and only approx. 10% dis-
P aggregates into single grains.
43 6.0 —
26,5 —
27.0 —
215 -
10.8 a0 =
. 8.2 — o
= Moderately cohesive, sTumping into 2
8 0 0:01T5; L 4 ggg g;"’g“ﬂy P"‘SH‘&]@;C bioc:s :5 ’;‘“Ch ﬁ . Rock-bearing, clayey, sandy silt- Anorthositic breccia o Q?g;gx;‘n?t‘.::‘":nzi[‘d’ S-78-17381
1.8 cm. thick Fe 8= N4 medium X5 mm, as well as spherical, pellet- s0il, moderately to poorly sorted, Fresh glass agglutinates . ol « . _74.
L 29.5 — neutral grey l!ke Tumps, and vrregu\gr, "umg‘ and moderately corpacted, with a Dark melt rock and breccia matrix . 25.0 thosite granules, 1 - 2% 28.2 bedding plane 5-74-17361
Nos... 539( <446 like fragments. Approxjmately 10% high precentage of rock fragments $077 Bretelal ma sisscnimesis .16.7 feldspar cleavage 5-72-39046
30.0 — disaggregates into single, fine-sand- (ave. 7%) but with matrix support. Total Particles Counted ..... fragments -72-3%0
42 13.0 30.5 — sized grains.
60007, I1 3.0 — Distinctively incoherent and very Crystalline anorthosite v 2 - 5% silt to fine- B. 30.5-31.0. indistinct but thinly laminated
N N5 10 YR 4/1 to loose, slumping into irregular 0 to Fine sandy siltsoil, moderately Plagioclase cleavage fragments 3 sand sized anorthosite ) $-74-17363
43 3.2 cm. thick RR = H4' medium neu- 3 mm crumb-like fragments, less com- well sorted and well compacted, Anorthositic breccia ........ 5 .0 granules, 1 - 2% feld- A. 31.0-33.2. massive
Nos 28 -.38 32.0 — tral r: i pacted than above or below, and at with very sparse rock fragments. Fresh glass agglutinates ....... <l spar cleavage frag- 33.2 bedding plane
2 * grey least 30% disaggregates into indi- Dark melt rock and breccia matrix . A ments .
= vidual, fine-sand-size grains. Total Particles Counted .....
15.7 =
- 6. 33.2-34.5. indistinct fabric shows $-74-17360
— F. 34.5-36.5. massive
36.0. distinct bedding plane
41 - E. 36.0-36.5. two sets of very fine laminaes $-74-17343
60007, 1 — 5 - 10% silt to sand- the upper of which truncate the lower
6.7 cm. thick sized anorthosite D. 3A.5-38.0. thin sub unit with indistinct
; ’ = 10 YR 5 to Relatively coherent, slumping less Sand and rock bearing clayey Plagioclase cleavage fragments i) granules; Tr - 1% subhorizontal fabric
42 Nos. ,2 -,27 o N 5.5 medium than 3 mm, and breaking into irreg- siltsoil, very poorly sorted, Anorthositic breccia ....... 55.5 feldspar cleavage C. 37.5-38.0. finely laminated sub-unit $-74-17358
drab grey ular, prismatic clumps up to 3 X 6 with an average of 8% rock Fresh glass agglutinates . 14.8 fragments 38.0¢ irregular bedding plane
= (strong con- mm that show a cast of the core tube fragments, most with long axis SO BrRcCla .. .commeminsioinins ..18.5 B. 38.0-38.5. irregular dark lamina, smooth
i trast to over- wall very distinctly. There is horizontal, with matrix sup- Total Particles Counted ..... 29 upper surface 5-74-17344
lying beds) almost no disaggregation into indi- port, possible framework con- A. 38.5-40.0. indistinct fabric marked by
== vidual grains. centration at top of bed. anorthosite granule concentration
s 5-74-17359
22,5
40 -
- 5-74-17824
- 5-72-53894
60006, 111 e H. 0.4-3.0. massive
11.8 cm. thick Crystalline anorthosite v 343 3.0 bedding plane §-73-20363
N 91 -.133 = Plagioclase cleavage fragments 38.3 . 6. 3.0-4.0. massive . $-73-20364
os. ,91 -, _— Relatively coherent, appears sim- Granular sandy siltsoil; mod- Anorthositic breccia .. 26.6 Abundant whitish anor- F. 4.0-5.0. indistinct fabric shows gradual (coated agglutinate)
ilar to base of 60007, with 5:% erately to poorly sorted but Fresh glass droplets .. 3.1 thosite granules, and changes in inclination
= 10 YR 5 medium single-grain disaggretation, breaks with scattered large rock frag- Fresh glass agglutinates . 10.1 plagioclase cleavage s 5.0 irregular bedding plane $-72-53894
= drab grey into 2-6 mm reticulate surface ments, more than 1 cm in diam- Fresh glass chips ........ 1.5 fragments, reflective E. 5.0-6.0. massive
39 blocks that further disaggregate eter, most of coarse fraction Da“k melt rock and breccia matrix . 9.1 particles common to 0. 6.0-6.5. very thinly laminated 5-74-17823
41 = into equant pellet-like Tumps. is sparsely distributed but Grey and white breccia 1.5 rare | <9 6.5~10.0._md_istinct_fabric shows gradual
— some intervals are almost packed. Soil Breccia &z 05 changes in \nglmatwon
Total Particles Counted B. 10.0-11.0. massive
= A. 11.0-12.2. very thinly laminated
= $-72-53895
- 5-74-17822
38 =
34.5 e
37 =
- Crystalline anorthosite . 4.8
—_ Plagioclase cleavage fragments 37.8
60006, ITI Anorthositic breccia .. oo 26.6
2 = Moderately crumbly with approximately Finely granular-clayey siltsoil; Fresh glass droplets .. 2.9 $-72-53896
8.2 cm. thick _— 5-10% single-grain disaggregation generally moderately to poorly Fresh glass agglutinates . . 6.9 Abundant anorthosite
Nos. ,50 -,90 o fractures into fine equant clumps less sorted with relatively sparse Fresh glass chips i Tr granules and plagio- Massive, with indistinct fabric; original .
40 than 2 mm in diameter, weakly holds coarse fraction, most fragments Dark melt rock and breccia matrix ....11.1 clase cleavage frag- stratification possibly disrupted by 5-74-17821
A cast of core tube. of which are fine-grained. Grey and white breccia 4.0 ments; reflective slumping
Soil Breccia ........ . 5.7 particles common to )
- Total Particles Count rare. $-72-53897
— 5-74-17820

20.4—

Fiqure 16-11.- Stratigraphic summary of the Apollo 16 deep drill string.
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THIS CORE APPARENT DISTANCE

unit (numeral) BELOW LUNAR DRAWING OF
DRAWING OF ENTIRE unit thickness SURFACE (CM.) DIAGRAM OF PRIMARY SAMPLE INTERVAL DOCUMENTATION PHOTOGRAPHS 16-37
X-RADINGRAM  X-RAY DRILL STRING  samples in unit Max.  Min. DISSECTED CORE STRUCTURES  (LCL INVENTORY)  COLOR COHESIVENESS, FRACTURE PATTERNS TEXTURE COMPOSITION OF COARSE FRACTION DISTINCTIVE FINES SUB-UNITS, PRIMARY STRUCTURES (NASA photo number)
42,9 2.9 8 20.4
I_ 21.0 —
[ 2l.5 =
0 — 22.0 —
[:) I-— 22,5 —
32 I_ 23.0
OO |- 23,5 —
bt PUD $-72-53097
I 24.5 Crystalline anorthosite
(o} — . Plagioclase cleavage fragments
a O — 25,0 — Does not hold cast of core tube but Sandy, granular siltsoil; generally moder- Anorthositic breccia .. Abundant anorthosite gran- : 5-72-53891
I 10 YR 5 Medium maintained 0.5-1.2 cm face during ately sorted. Sparsely rock fragmental, Fresh glass droplets .. ules and planioclase Sample mot subdivided: core appeared struc-
— 25.5 — drab grey dissection collapses into 0.5-2 mm with many fresh-appearing fragments. Fresh glass agglutinates . cleavage fragments; com- tureless and slumped,and showed no distin-
= 26,0 — equant blocky fragments with 5-20% Fresh glass chips ........ mon dark or reflective guishable composition trends. §-72-53898
31 60006, I 5 26.5" single-grain disaggregation. Dark melt rock and breccia matrix . particles.
39 12.1 cm. thick* o [P s = Grey and white breccia
Nos., -,16 -,57 P [ Soil Braccia ... $-72-53899
I 27.5 Total Particles Counted .....
n drill T
stem drill stem d— 28,0 — $-72-53900
partially partially I 28.5 —
void void = e Composition of coarse fraction not significantly
structures d— 29,0 — different from that of overlying units in 60006
probably I_ 29.5 —
destroyed o
29 by — 30.0 —
slumping 0.5
. _40.0
55.0  55.0 @ 0.0°
S-74-32549
— 18,5 —
— 20.0 —
$-74-32548
== 21—
drill stem
partially
void, — 22.0 —
appears
0MOgeneous ,|
structures [|— 23.0 —
probably
destroyed 2
by = &) = Crystalline anorthosite .. . 0.4%
60005, 1 slumping Plagioclase cleavage fragme 5.4% $-78-32547
8 " Anorthositic breccia .. 9.4%
28 38 14.9 cm. thick — 25,0 — Fresh glass droplets .. 4%
Nos. ,4 - ,93 Fresh glass agglutinates . 11.8%
Cohesive enough to retain cast of Appears similar to average texture of Fresh glass chips ........ 0.4% Anorthosite granules and $-74-32546
— 26.0 — Medium to dark core tube where contact was made; 60004 rather than of 60006, but is Dark melt rock and breccia matrix ....21.3% plagioclase cleavage frag-
drab gray 2.5R  breaks into irregular clumps up disturbed and slumped. In general is Grey and white breccia 9.2% ments are rare to present;
5/1 to 5 mm long, but most ave. 1-2 mm: a gravelly siltsoil with abundant 5011 Breccid .vceesinsses .37.9% dark reflective particles
== 270 — 5-10% single-grain disaggregation. large intraclastic agglutinates, Total Particles Counted ..... 688 are common $-74-32545
sparse quantities of granular ma-
terial present in 60006 and 60007 Note: Figures represent a numerical per-
— 28.0 — centage of particles counted; large 5-74-33190-
| agglutinates account for a higher $-74-33192
weight present of total than rep- 3 4
— 20.0 — pesented bare, Distinctive large agglutinates.
Composition of coarse fraction resembles STA-32544
|— 30.0 — that of underlying units in 60004,
== 30 —
|— 32.0 — $-74-32543
— 38,0 —
|" 1.0 —
— 350 —
L ol = EXPLANATION OF  COMPOSITION  SYMBOLS
... @ -5
3R 0 Py XX
— 38.0 — CRYSTALLINE ~ PLAGIOCLASE  ANORTHOSITE ~ VESICULAR GLASS DARK, MELT-  DARK AND WHITE SOIL
ANORTHOSITE CLEAVAGE BRECCIA  AGGLUTINATES DROPLETS MATRIX BRECCIAS (POLYMICT)
* equivalent thickness in slumped intervals was — 139.0 — FRAGMENTS BRECCIAS BRECCIA
calculated on basis of weiaht of soil in core.
104.2  69.9 20.0 —

Fiqure 16-11.- Stratigraphic summary of the Apollo 16 deep drill string (continued).
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APPARENT DISTANCE

unit (numeral) BELOW LUNAR DRAWING OF DOCUMENTATION PHOTOGRAPHS
DRAWING NF ENTIRE unit thickness SURFACE (CM.) DIAGRAM OF PRIMARY SAMPLE INTERVAL [ 16-39
X-RADIOGRAM ~ X-RAY DRILL STRING  samoles in unit Max.  Min. DISSECTED CORE STRUCTURES  (LCL INVENTORY) COLOR COHESIVENESS, FRACTURE PATTERNS TEXTURE COMPOSITION OF COARSE FRACTION DISTINCTIVE FINES SUB-UNITS, PRIMARY STRUCTURES [ NASA photo number )
711/ /
teflon teflon
plug’, plug
104.2 69.9 1.9
2.5 —
60004, X Relatively cohesive, does not slump "Clayey"-fine sandy siltsoil; mod- Anorthositic breccia .. Anorthosite granules very §-72-52254
5.5 cm thick 3.0 — Dpark Drab to and holds cast of core. Ist breaks erately to poorly sorted, sparsely Fresh glass droplets .. abundant, reflective par-
Nos. ,330-,345 3.5 — Dark Gray to equant blocks up to 8 mm, then to rock-fragmental, less than 10% Fresh glass agglutinates . ticles, and droplets and S-74-18347
4.0 — 10Y 4N vari-sized crumb-like particles. 5 - coarse fraction, which is sub- Dark melt matrix breccia . 5% dark shards are present
2 10% single-grain disaggregation. rounded and equigranular. So1] Breectd ...mmsnrsmedione . 8% to common
3.5 — Total Particles Counted ..... 5-74-18380
ol = 5-72-52253
108.6  74.3 5.5 —
6.0 —
4 BoB, = Incoherent, crumbly, poorly cohe- Fine-sandy siltsoil, moderately Anorthositic breccia .. ) .
60004, IX Dark Drab to sive, with 25% slump, 20-25% single- well sorted, Toosely compacted, Fresh glass droplets .. .10% Anorthosite granules are C. 5.5-6.5 Light-colored sub-units, separated $-74-18345
3.6 cm thick 7.0 — Dark Gray grain disaggregation, remainder sparsely rock fragmental, angular Fresh glass agglutinates . .10% abundant; reflective par- B. 6.5-7.0. by distinct bedding planes
Nos. ,314-,329 7.5 — oY an breaks to 2-4 mm crumbs. Relatively to fragmental texture. Dark melt rock and breccia matrix . % ticles are common to A. 7.0-9.1. Relatively dark, finer-grained §-72-52252
: planar basal contact. Soil Breccia abundant.
8.0 — Total Particles Counted ..... 73
B —
na2.2 77.9 T8
9.5 _
60004, VIII 10,00 — Crystalline anorthosite . 1% . .
> Dark Drab to Relatively cohesive to crumbly, Fine sandy-clayey siltsoil, sparsely Anorthositic breccia .... .46%  Anorthosite granules and D. 9.1-9.5. Relatively light-colored $-72-5225
3.9 cm thick 10.5 —  Dpark Gray upper part holds cast of core rock fragmental uncompressed, an- Fresh glass agglutinates . . 8%  dark particles are abun- C. 9.5-10.0 Marbled, light clods in dark matrix
Nos. ,296-,313 11.0 _ 10Y 4N tube, 5-10% single-grain dis- gular to subangular. Dark melt matrix breccia . . 4% dant; reflective particles B. 10.5-11.0 Relatively light colored, indistinctly
aggregation. Sail Breccia ... s uviesains .20% are common. laminated. $-74-18349
n.s — Total Particles Counted . A. 11.0-13.0 Massive characters of unit
1210 —
128! =
116.1 81.8 13.0 —
13.5 —
14.0 — % . . : " £ 545 .
50004, VII Relatively cohesive, holding cast Clayey, fine-sandy siltsoil, mod- Anorthositic breccia .66%
4.5 o thick Dark Drab to of drill stem, holds 1.5 om face, erately to poorly sorted, sub- Fresh glass droplets .. . 8% Anorthosite granules and C. 13.0-14.0. Characters of unit
Nos. ,279-,295 Dark Gray 5-10% single-grain disaggregation, rounded, sparsely rock fragmental. Fresh glass agglutinates . . 8% dark particles are abun-
07 4N st breaks to sharp-edged prisms Dark melt rock and breccia matrix . 6%  dant: reflective par- B. 14.0¢ Laminae of anorthosite granules
up to 4 mm (arc 1-2) thence is pul- Soil Breccia 7% ticles are common.
16,0 = verized to pellet-like crumbs. Total Particles Counted ..... 103 A. 14.0-17.0. Massive, characters of unit. §-72-52250
16.5 — $-74-18344
1240 —
120.6  86.3 17.5 —
18.0 —
165 — Relatively crumbly, first breaking . Crystalline anorthosite .
60nna, v1 & Dark Drab to to square or equant blocks up to 7m, Sandy siltsoil: bimodal, moder- Anorthositic breccia .... % Anorthosite granules and 0. 17.0-17.5. Indistinctly laminated.
4.1 cm thick " 19.0 — Dark Gray thepce breaks to 0.5-3mm eqnant»pel- ate lq yell sorted, with areas Fresh glass agglutinates‘A . .18% reflective particles are C. 17.5-19.0. Sub-units separated by distinct
Nos. ,260-,278 19.5 — 10y 4/1 let!ferqus clumps, with 5-20% single- containing framework packing. Dark melt rock and breccia matrix . 5% present to common, bedding
o grain disaggregation. Soil Breccia ... S 4 B. 19.0-20.0. Planes $-74-18348
20.0 — Total Parti A. 20.0-21.6. Sub-unit rich in coarse anorthosite
20.5 — granules. §-72-52249
21i0 =
124.7 90.4 21.6 — X . . i E Anorthositic breccia X
Booo4, v 22.0 — Dark Drab to Cohesive, holding cast of drill stem Clayey siltsoil, poorly to moder- Fresh glass agglutinates . .27% Anorthosite granules are
1.9" cm thick Dark Gray and 1.5 cm face, further broken into ately sorted, compact, distinctly Dark melt rock and breccia matrix . . 6% very abundant, reflec-
o 5T /oKy 22.5 — 107 4/ 0.5-1.5 mm blocky clods, with 15-20% angular, very sparingly to moder- Soil Breccia ... 6%  tive particles are rare
T & & 2300 == single-grain disaggregation. ately rock fragmental. Total Particles Counted ..... to present.
126. % 23.5
6 92.3 Crystalline anorthosite ...
60004, TV 23.9 — Dpark Drab to Very crumbly and non-cohesive, 10% Fine sandy siltsoil, moderately Anorthositic breccia .. Anorthosite granules are B. 23.0-23.5 Rock fragment concentration
2.6 cm thick 24,5 — Dark Gray single-grain disaggregation, breaks well sorted, mostly sparsely rock Fresh glass droplets .. abundant; other distinc- $-72-52248
Nos. ,239-,250 10Y 4/1 into 2-4 mm pellet-like clods and fragmental but becomes coarse up- Dark melt rock and breccia matrix . tive particles rare. $-74-18346
25.0 — fragments. ward, relatively few, but large Soil Breccia A. 23.0-26.1 Sparsely rock fragmental.
25.5 — rock fragments. Total Particles Counted
129.2 94.9 26.1
26.5 — D. 26.1+ Dark fine-grained lamina. §-72-52250
21.0 —
Very cohesive, holds cast of drill Crystalline anorthosite ... C. 26.1-27.0. Rich in droplets, sharp bedding plane
27.5 — Dpark Drab to stem, dissected with difficulty, Ist Clayey, fine-sandy siltsoil, mod- Anorthositic breccia .. at base.
60004, 111 28.0 — Dark Gray broken to 1-3 cm. coarse fines, then erately to poorly sorted angular, Fresh glass droplets .. ) Anorthosite granules are
"-{3 cm tg;g" it 19Y 411 to irregular Tumps 1 + mm, 5% or less sparsely-rock fragmental, Fresh glass agglutinates. .13%  abundant, and reflective B. 27.0-29.0. Rich in agglutinates; sharp bedding
os. ,216-, 28.5 — single-grain disaggregation. S0il breccia .......... 7% particles are present. plane at base.
29.0 — Total Particles Co
A. 29.0-30.9. Rich in glass droplets, bedding plane
29.5 — at base.
30.0 —
05 =
138.0  99.7 30.9 =
.5 =
32,0 = S-72-52247
32.5 — . Crystalline anorthosite ... .. 5% B. 30.9-36.0. Characters of entire unit generally
3.0 Very cohesive, holds cast of drill Clayey-fine sandy siltsoil; poorly Anorthositic breccia .35% poorly sorted and sparsely rock fragmental; $-74-18343
60004, 11 + Dark Drab to stem, crumbles only with strong con- sorted, subangular to subrounded, Fresh glass droplets . . 7% Anorthosite granules are indistinct bedding plane at base. B
6.1 cm thick 33.5 Dark Gray tact, with 5 - 10% single grain dis- sparse to very sparce rock frag- Fresh glass agglutinates .. L1g abundant, and reflective
Nos. ,193-,215 38.0 10Y 4N aggregation, reworked broken Ist to ments . Dark melt rock and breccia matrix . particles present. A. 36.0-37.0. Rock fragment concentration
. 1 cm prisms, then grain-coated Soil Breccia §-72-52246
0.5-1 mm crumbs. Total Particles Counted
36.0 —
36:5 —
140.1  105.8 37.0 —.
37.5 — Very cohesive, holds cast of drill Pla
gioclase cleavage fragments . . 5%
60004, 1 38.0 — Dark Drab to stem as well as 2 cm face during Very fine siltsoil, est'd 5% Anorthositic breccia g .21% Anormosxtebgr:nule; are Massi 54 e " s §-74-18342
2k5 cm t?ézk g . Dark Gray dissection, 10% or less single fine sand, poorly sorted, sub- Fresh glass agglutinates ex C:r“sndFDt? u:.antt ut unitve texture and composition distinguishes this
RS, #195%, "(2) — 8.5 — oy a4 grain disaggregation, fractures angular to subrounded, sparse Fresh glass chips ....... 5% :reerar;s bl : 5-7
142.6  108.3 388 = naturally into cm-sized longitudinal to very sparse rock fragments. Dark melt rock and breccia matrix . ¥ ~12-52285

@
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prisms, thence to grain-coated
0.5-1m crumbs.

Soil Breccia

Fiqure 16-11.- Stratigraphic summary of the Apollo 16 deep drill string (continued).
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APPARENT DISTANCE

ARG O o unit (numeral)  BELOW Ll(JNAR) DRAWING OF DOCUMENTATION PHOTOGRAPHS "
G E unit thickness SURFACE (CM. DIAGRAM OF PRIMARY SAMPLE INTERVAL 2 ( h 6-39
X-RADIOGRAM ~ X-RAY DRILL STRING samples in unit  Max. Min. DISSECTED CORE STRUCTURES (LCL INVENTORY) COLOR COHESIVENESS, FRACTURE PATTERNS TEXTURE COMPOSITION OF COARSE FRACTION DISTINCTIVE FINES SUB-UNITS, PRIMARY STRUCTURES [ NASA photo number )
17/ /
teflon teflon
plug plug
104.2 69.9 - 1.9
— 2.5 —
60004, X 2 I Relatively cohesive, does not slump "Clayey”-fine sandy siltsoil; mod- Anorthositic breccia .. Anorthosite granules very $-72-52254
5.5 cm thick e — 3.0 — park Drab to and holds cast of core. 1st breaks erately to poorly sorted, sparsely Fresh glass droplets .. abundant, reflective par-
Nos. ,330-,345 — 3.5 — Dark Gray to equant blocks up to 8 mm, then to rock-fragmental, less than 10% Fresh glass agglutinates . ticles, and droplets and S-74-18347
I 4.0 10y 4N vari-sized crumb-like particles. 5 - coarse fraction, which is sub- Dark melt matrix breccia . 5% dark shards are present
= o 10% single-grain disaggregation. rounded and equigranular, S0l Bregtia con. st onsdimas v . 8% to common.
I_ 4.8 — Total Particles Counted ..... 93 $-74-18380
= bl §-72-52253
108.6  74.3 /—\—I— e —
— 6.0 —
\ 6.5 Incoherent, crumbly, poorly cohe- Fine-sandy siltsoil, moderately Anorthositic breccia .. . .
60004, 1X 3 I“ “® T Dark Drab to sive, with 25% slump, 20-25% single- well sorted, loosely compacted, Fresh glass droplets .. Anorthosite granules are C. 5.5-6.5 Light-colored sub-units, separated $-74-18345
3.6 cm thick —————M— 7.0 — Dark Gray grain disaggregation, remainder sparsely rock fragmental, angular Fresh glass agglutinates . .10% abundant; reflective par- B. 6.5-7.0. by distinct bedding planes
Nos. ,314-,329 _ 7.5 — 10V 4N breaks to 2-4 mm crumbs. Relatively to fragmental texture. Dark melt rock and breccia matrix . ticles are common to A. 7.0-9.) Relatively dark, finer-grained $-72-52252
I 2 planar basal contact. 501) BPECCHA wussvonwesionamuine abundant.
— 8.0 — Total Particles Counted .
b= BB
2.2 779 9.1 —
L BUh
I 1050 —. Crystalline anorthosite . 1%
60004, VITI Dark Drab to Relatively cohesive to crumbly, Fine sandy-clayey siltsoil, sparsely Anorthositic breccia .... .46%  Anorthosite granules and D. 9.1-9.5. Relatively Tight-colored $-72-52251
3.9 cm thick 10.5 —  Dpark Gray upper part holds cast of core rock fragmental uncompressed, an- Fresh glass agglutinates . . B  dark particles are abun- C. 9.5-10.0 Marbled, light clods in dark matrix
Nos. ,296-,313 I 10Y 41 tube, 5-10% single-grain dis- ular to subangular. Dark melt matrix breccia . . 4% dant; reflective particles B. 10.5-11.0 Relatively light colored, indistinctly
TS i U gle-g g 9 =
aggregation. Soi1 Brectla vvasanswasins .20% are common. laminated. 5-74-18349
— 1.5 — Total Particles Counted . A. 11.0-13.0 Massive characters of unit.
l_ 240
ST — 12,6 —
116.1 81.8 = I— 13.0 —
— 13.5 —
I— 14.0 — . . . o = . £ 5
$0004, VII G Relatively cohesive, holding cast Clayey, fine-sandy siltsoil, mod- Anorthositic breccia .66%
4.5 ow thick Dark Drab to of drill stem, holds 1.5 om face, erately to poorly sorted, sub- Fresh glass droplets .. . 8¢ Anorthosite granules and C. 13.0-14.0. Characters of unit.
Nos. ,279-,295 Dark Gray 5-10% single-grain disaggregation, rounded, sparsely rock fragmental. Fresh glass agglutinates . 74 dark particles are abun-
’ . 10y 4N 1st breaks to sharp-edged prisms Dark melt rock and breccia matrix . 61  dant: reflective par- B. 14.0+ Laminae of anorthosite granules
up to 4 mm (arc 1-2) thence is pul- Soil Breccia 7% ticles are common.
= 80 = verized to pellet-like crumbs. Total Particles Counted ..... 103 A. 14.0-17.0. Massive, characters of unit. $-72-52250
P4 —_ I._ 16.5 — 5-74-18344
I gy 7 - = 1740 —
Ya. I
120.6  86.3 < — — 17.5 —
8 | . — -
Sos 18.0
= g I_ 18.5 — Relatively crumbly, first breaking Crystalline anorthosite .
60nna, vIi o 5 Dark Drab to to square or equant blocks up to 7m, Sandy siltsoil: bimodal, moder- Anorthositic breccia .. Anorthosite granules and D. 17.0-17.5. Indistinctly laminated.
4.1 cm thick - iid s f—fF— - —jf— 9.0 — Dark Gray thence breaks to 0.5-3mm equant pel- ate to well sorted, with areas Fresh glass agglutinates . L18% reflective particles are C. 17.5-19.0. Sub-units separated by distinct
Nos. ,260-,278 O - I__ 1915 == 10y 4/1 letiferous clumps, with 5-20% single- containing framework packing. Dark melt rock and breccia matrix . . 5% present to common, bedding.
o < = grain disaggregation. Soil Breccia ... . 41 B. 19.0-20.0. Planes $-74-18348
@ O — 20.0 — Total Particles Counted ..... A. 20.0-21.6. Sub-unit rich in coarse anorthosite
o, e 3 . I_ 20,5 — granules. §-72-52249
o &l 2 '
q @ T I'— 2140 =
124.7 90.4 a» > -M— 21.6 — Anorthositic breccia 3 .
Booo4, v = = P — 22.0 — Dark Drab to Cohesive, holding cast of drill stem Clayey siltsoil, poorly to moder- Fresh glass agglutinates . .27% Anorthosite granules are
1.9 cm tﬁick "!g; I Dark Gray and 1.5 cm face, further broken into ately sorted, compact, distinctly Dark melt rock and breccia matrix . . 6% very abundant, reflec-
ﬁos 251~ 259 ’b — 22.5 — 0y 4N 0.5-1.5 mm blocky clods, with 15-20% angular, very sparingly to moder- Soil Breccia ... 6% tive particles are rare
L * @) I__ e single-grain disaggregation. ately rock fragmental. Total Particles Counted ..... to present.
) ~ - M— 23,5
126.6 92:3 = E Crystalline anorthosite ... . .
60004, TV I R — 23.9 — Dark Drab to Very crumbly and non-cohesive, 10% Fine sandy siltsoil, moderately Anorthositic breccia .. . Anorthosite granules are B. 23.0-23.5 Rock fragment concentration
2.6 cm thick i I__ 24.5 — Dark Gray single-grain disaggregation, breaks well sorted, mostly sparsely rock Fresh glass droplets .. 3 abundant; other distinc- §-72-52248
Nos. ,239-,250 ®o oy 10y 4/ into 2-4 mm pellet-like clods and fragmental but becomes coarse up- Dark melt rock and breccia matrix . .26% tive particles rare. 5-74-18346
ow »T— — 25.0 — fragments. ward, relatively few, but large Soil Breccia 12y A. 23.0-26.1 Sparsely rock fragmental.
®2 “H— I_ 25.5 — rock fragments. Total Particles Counted
129.2 94.94% & ool 2.
-0 g... = }— 26.5 — D. 26.1+ Dark fine-grained lamina. §-72-52250
DAt ' = -~ 27.0 —
®o ® I}_ Very cohesive, holds cast of drill Crystalline anorthosite ... C. 26.1-27.0. Rich in droplets, sharp bedding plane
o @ @ R— — 27.5 — Dpark Drab to stem, dissected with difficulty, Ist Clayey, fine-sandy siltsoil, mod- Anorthositic breccia .. at base.
60004, I'TI (=3 all _—_ 28.0 — Dark Gray broken to 1-3 cm. coarse fines, then erately to poorly sorted angular, Fresh glass droplets .. P Anorthosite granules are
4.8 cm thick awa B § 10Y 4/1 to irregular lumps 1 + mm, 5% or less sparsely-rock fragmental. Fresh glass agglutinates. 13%  abundant, and reflective B. 27.0-29.0. Rich in agglutinates; sharp bedding
Nos. ,216-,238 o — 28.5 — single-grain disaggregation, Soil breccia ... 7%  particles are present. plane at base.
D~ s soefll= 20000 = Total Parti
& I A. 29.0-30.9. Rich in glass droplets, bedding plane
& = |— 29.5 — at base.
» @
— — 30.0 —
°o_e®° I
; L == 304 =
138,00 99.7M0s 2| e T30 S
(3= e —
. .
/ == l—— 32.0 — §-72-52247
3 . — — 32.5 — Crystalline anorthosite ... .. 5% B. 30.9-36.0. Characters of entire unit generally
=330 Very cohesive, holds cast of drill Clayey-fine sandy siltsoil; poorly Anorthositic breccia .35% poorly sorted and sparsely rock fragmental; 5-74-18343
60004, 11 * & I : Dark Drab to stem, crumbles only with strong con- sorted, subangular to subrounded, Fresh glass droplets .. . 7% Anorthosite granules are indistinct bedding plane at base. =X
6.1 cm thick F=il — 33.5 Dark Gray tact, with 5 - 10% single grain dis- sparse to very sparce rock frag- Fresh glass agglutinates .. 113 abundant, and reflective
Nos. ,193-,215 o] ol — 34.0 1oy 4/ aggregation, reworked broken 1st to ments . Dark melt rock and breccia matrix . .92 particles present. A. 36.0-37.0. Rock fragment concentration
o : 1 cm prisms, then grain-coated Soil Breccia s 32% 5-72-52286
q 02 0.5-1 mm crumbs, Total Particles Counted
SR
(o] S
:"EC:% u —~ f_3%0 _
— 36:5 —
= .
140.1  105.8 9 o B _ I__ S0 =~
8
— — 37.5 — 5
o * Very cohesive, holds cast of drill Plagioclase cleavage fragments . . 5% i
62050 ; tr’a ll( B‘ P I_ 38.0 — Dark Drab to stem as wel] as 2 on 1ace'during Very fine siltsoil, est'd 5% Anorthositic breccia .... -21% lc\::;‘;,:l‘o:;t:bg:;::::e;u:re Massive texture and composition disti ishi thi SAIRGE
= cm 1;2 162 e %5 Dark Gray dissection, 10% or less single fine sand, poorly sorted, sub- Fresh glass agglutinates 16X Gther distinctive types un P SVIngEines s
0S.  S184=, ® o0 = e = JOV §/1 grain disaggregation, fractures angular to subrounded, sparse Fresh glass chips ....... 58 ire rare $-72-52245
142.6 108.3 — 38.9 — naturally into cm-sized Tongitudinal to very sparse rock fragments. Dark melt rock and breccia matrix . ) o

teflon i ‘teflon,
plug / plug
LLL1 ! L1111

prisms, thence to grain-coated
0.5-1m crumbs.

Soil Breccia

Fiqure 16-11.- Stratigraphic summary of the Apollo 16 deep drill string (continued).
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THIS CORE RPPARENT DISTANCE
unit {numeral) BELOW LUMAR DRAWING OF
unit rl.hiclmess SURFACE (CM. } DIAGRAM OF PRIMARY S.N'( LE ;NTER\I’N. DOCUMENTATION PHOTOGRAPHS 16-41
samples in unit Maxz.  Min. DISSECTED CORE STRUCTURES  (LCL INVEWTORY) COLOR COMESTYEMESS, FRACTURE PATTERNS TEXTUR QMPOSITION OF 6=
L ERURE I R e DISTINCTIVE FINES SUB-UNLTS, PRIMARY STRUCTURES {Nasa phota number)
Wz 8.3 W Fr77 777, ik —
- 5 : i K Mgderately to extremely crumbly, in- Crystalline anorthosite ..
n_ - 1.6 — ) creasing n friability upwards, col- Clayey sand soil; very poorly Anorthositic breccia .. 1 - i
U003, AV - =0 1.6 — Medium Drab lapsing tnto wedge-shased polygons sorted relatively coarse-grained Dark melt matrix breccia . :?:;:z::i:: E;:::,e: ?:: - BE i sestvn et 5-74-27778
4.4 cm. thick : Gray 56Y 5/1 averaging 7 mu in diameter, with sand soil with sparse Sut large Grey and white breccia . ments are ‘hn““? ,epgc_ 3
Nos. .184-,196 2.0 — single-grain disaggregation Incress- rock fragments. Sofl Breccia ..viaen.s tive particles are rare to 5.-74- 28006
;;2 upward from trace guantities to Total Particles I:cmnted o a5 present. A. 4.3-4.0. basal concentration of seil
e breccia
4.0 —
147.0 :; —  Irreqularly i;zii:llé:t:ﬁ:"‘?““ T; H'H' ?:r:{lnh'w -.i‘(h Tight- co}nred Tens
; interbedded Cohwsive, splitting into two sub- Interlaminated dark, well-sorted T Reflective particles and B 8GR L 1196, in, NORGentuls: | aniny
6 070 03, X1V 4.9 Dark Olive equa) positions, with a tending to fine sandy silt soil with authi- :"“: ql“" agglutingtes . glass droplets are abun- & E'éié‘?l ??;:E "g‘:c.}.‘.n“i’n{:m'll planar laminated
2.7 ¢m, thick 5.1 Gray 10Y 4/1 fracture into rhomboidal clods genic agglutinates and lighter S DIAST SRR o dant; anorthosite gran- E e R n (aRnatadl. Thin. subrun it
Mos. ,166-,183 5.6 —  Medium Drab averaging | mm in diameter: 5% moderately poarly sarted clayay G" "'ﬁd"‘:f“ x breccia .. ules are common to 0. 6.0-5.8 light, internally planar-laminated sub-unit
g,g Gray f;BY 41 single-grain disaggrecation. sand soil with sparse polymict S;? ;mc‘ te breccia . abundant . E' Elz.glg. 'Iig*t. r“"'-@‘""”l‘ n:ssw:. Titchy sub-unit
x iewe . = .b=h &+ dar thin, 1
. 6.4 -l HERraTES: Total Porticied toiited ... 404 A 7.0-6.6: light, Eunar.h:i':n;: Hhin subunit
149.7 ?g = S Ln:nhlry. n;gstl. ?f s0fl :o‘llap?e: Maﬁwsn;iﬂe'g?m“ sandy silt Anorthositic breccia .
60003, xI11il . - Dar ve oyt of tu nto equant to glob- sell; erately sorted, moder- Fresh glass chips ..., . Reflective particles and €. 8.1-7.0. moderately 1ight, massive sub-unit
1 om. thick 1.6 — Gray 10Y 371 |Ia6ar ‘{‘-’3"3?"‘i 1 -5 mm dianeter: ately cn:r;e-q_raine:i with abun- Dark melt matrix breccia . angrthosite granules are B. B8.6-8.1. indistinct dark lanina at top of {A) 5-784-271777
Nos. ,158-,165 8.1 — ms;“:;grr‘\zn!-qrm dint authigenic agglutinates. Soil EF:C;J: Sharpe et et common to abundant. 4. 9.1-8.6, moderately dark, massive interval
14 . ota articies urted .....
B.6 —
- 151.8 9.1 — Intraclastic Crumbly; ‘n_mr_. of soil collapsed Intraclastic silty sand soil: Crystalline anorthosite ..
§0003, X11 9.6 — |Matrixis out of tute into massive, rec- poorly sorted with sparse rock Anorthositic breccia . Reflective particles and 9.6-9.1 s011-chip breccia, sub-units based on
]ﬁ? om, :2;“ ?E;kaﬂ'ﬁ.m :.:-;3:;: poiﬂqun%g.ii;‘g? e in Ir:‘?e;n;:ir?:t?bly ;a:p -2 re- ;v.:n g: :u ch:psb.. : anorthosite granules are B. 10.2-9.6 relative abundance of friable soil 5-714-28014
05, - 157 = / t t 10 - e-grain o a1 agglutinates. ark melt matrix breccia . ; n iti
. " 10.2 33 g;?m Olive disaggregation, o3l Braceta. . o). commor to abundant A, 10 B-10.2. fragments and compositional succession
153.5 - Total Particies “Counted ...
0.8 —
Né — . Cohesive, with approximately 1/3 Massive sandy silt soil; mod- Crystalline anorthosite ..
60003, X1 Dark Olive of soil remaining in upper half of erately sorted, with sparse Anorthositic breccia ... D, 10.8+ very thin dark, sorted, fine-grained lamina
2.7 em. thick 12.0 — Gray 10¥ 3/1 tube. Soil tends to crumble into but large rock fragsents, Dark melt matriz breccia . Reflective particles are €. 2.0-10.8. massive, crystallines predominant
Nos. ,140-,151 126 = equant polygons approx. 1 mm max. relatively coarse-grained. 5011 Breccia .ooopavnrnnns abundant . B, 12.5-12.0. massive, high-grade breccis predominant
x 5 n-‘n |s‘cliam¢tur:‘I 5T single- Total Particles Counte A, 13.5-12.5 massive, soil breccia predominant
13.0 — grain disaggregation.
156.2 13.5 —7  Irregularly J. . dark lamina, irreqular Tight patches
8.1 laminated Very cohesive, fracturing into two Varies betwean laminae from Anorthositic breccia ... Droplets and reflective par- 1. Tight Tamina
14,3 Light-colored subequal portions, with slight in- poorly sorted clayey sand- Fresh glass droplets , ticles are comon to abun- M- dark lanina 5-74-28013
14 arsas.  Light ternal crumbling into 1 - 2 mm 5011 with common rock fragments Fresh gl ;l‘ tinate dant in dark laminae and & Light Jadiay
A . t -2 o X resh glass agglutinates i ant 1 r 4
60003, }gz —  Gray 56Y §/1 equant fragments, little single- to moderately well sorted fine Fresh glass chips ... < angrthosite granules are E', ; s:::ﬂ::allloti‘l‘:; k:m}:‘gh:dl:m 1 over rock S-78-27776
!“iun. ﬂa‘a“!n . g?t_.rlxé Dark grain disaggregation, grained dark sandy silt soil, Dark melL matria breccia . 15.2% rare: a}‘ are rare in 0. " thin, but massive 5 i-unit, 1?'“ in color
. -y 15.5 — ive Gray SoA BPCEIR i i va i s 27.9% Tight-colored laminae. C. . dark lanina
16.0 — oy 41 Total Particles Counted ., B, Tight, thin lamina
165 — LN derk, clean, fine-grained lamina
}gz =/ Crystalline anorthosite ..
160.0 £ = . Angrthositic breccia ...
17,3 — Dark 01fve Intraclastic sandy silt soil; Fresh glass agglutinates 1
. 5 . 1 h
50003, TX 7.8 — Gray 10Y 4/1 Very cohesive fracturing into two mederately well sorted, packed Dark melt matrix breccia . E;??;é'{?;:;;:;c?;:::r
2.0 em, thick s :lllbaTqmntIpor:.ions r:ryililt'lr -;Ith irreqular clasts of un- Grgy and vd:nu breccia . very abundant; anorthosite massive unit 5-74-28011
Nos. ,108-,117 3 = single-grain disaggretation. ithified Tight-colored soil. Soil %NCII:I; Sniaan granules are common.
18.7 — otal Particles Counted ..
162.0 127,71 :;g - Matrix as Very cohesive, fracturing cleanly Intraclastic sandy silt soil; Angrthositic breccia | O %4
60003, V111 2= above: 10V into two equal portions, very moderately well sorted, packed Fresh glass aggluti Lo Reflective particles and n. thin, dark, clean, fine-grained lamina  §-74-27775
i Ehick iy = 4/1 Intra- little single-grain disaggregation. with irregular clasts of un- Dark melt matrix breccia | JA1.6% anorthosite granules are [ rich in intraclasts
Wos. 98 -,108 5 clasts: Light Tithified Tight-colored soil, Soil Breccia . . ..., ea E3.4% abundant; droplets are E. sparse in intraclasts
208 — Drab 5GY 6/1 Total Particies (ointed 1100 present to common, A rich in intraclasts 5-74-28010
164 %:i :/ lﬂod,egal_el,*_v:nl‘vesi\'el:| ﬁpr\;:i gs Dis:.ir;:twe!y ?aar?eAgrn:nﬂ Anorthositic breccia .
. remaining in upper half of tube; rock-fragmental silt soil; Fresh glass droplets | - i i
R LT i = Dark Olive Fracturas Ints wadge shaped. chunks R ersiany to poorli surted aar 91.55 .ggq“‘m. nnnrmns!le granules are B, 21.4-21.2. thin, dark, clean, fine-grained lamina
¥ ] Gray 10Y 4/1 k s ’ n L 9 & abundant; reflective par- 5-74-2905%
2.3 om. thick 275 ¥ up to B mm in diameter; 10 - 152 with framework of authigenic Dark melt matriz breccia ticles are coemon A, 21.5-21.4. massive unit §-74-20056
Nos. .86 - .97 = single-grain disaggregation, glass-coated large aggluti- Soil Breccia .....coniens ' e
23 — na ysogmé‘g n;g:s with dust Total Particles Counted .....
® 5 : - :
166.2 131, 23.5 —
L) W0 — Mostly Medium Most crumbly unit in core, frac- Rock-fragmental sandy silt Anorthesitic breccia ...
a4 Drab SGY 4/1 tures into elongate prismatic s0il:  moderately poorly Fresh glass agglutinates Glass droplets and anor- B, 24.0-21.5, thin, dark, clean, fine-grained lamina
5 3 i M Scattered blocks up to 1.5 c» long, approx. sorted with framework of sofl Dark melt matrix breccia thosite granules are abun-
3050 f. .h_\fkl 25.0 — dark laminse 10% single-grain disaggregation, breccia at base of unit, Soi1 Breccia ......veieas dant; reflective particles
’-mt . ;1‘5 & 255 — 56Y 3/1 abundant very fine fines, Total Particles Counted ..... 409 are present, A, 27.0-24.0, massive unit 5-74-28009
26.0 —
26.5 —
169.7 135 4 7.0 —~ Crumbly but slightly more cohesive Intraclastic sandy silt soil, Anorthesitic breccia T
60003, ¥ 271.5 — ad! um-Dark ;n:n ;l;rr:und‘ng units; frachures maderately sorted with sparse Fresh glass agglutinates .30 Glass droplets, reflective D. 27.5-27.0. indistinctly planar laminated sub-unit
B0 i ANt 28.0 Orab 561 31 inta blocky chunks up to 8 mm in rock fragments that include Fresh glass chips ...... . 4.8 partizles and anorthosite C. 28.0-21.5, massive sub-unit, darker color 5-74-27774
e e M= diameter, 5 - 10% single-grain some light-colored soil Dark melt matriz breccia i 4 granules are abundant. B, 28.5-28.0. massive sub-unit, relatively light coler
(I} . 28,5 — disaggregation. intraclasts. Soil ?“E:i.la‘ s ¢ 9z A, 29.0-28.5. massive, coarse-greined sub-unit
o artt !5
M7 1374 29.0 — T — =
hinly lamirates Relatively crumbly, fracturing into Alternating moderately well Anorthositic breccia i i
i e ] F -29, . -
60003, 1V 9.5 Medium-Dart Crab elongate prismatic blocks as much sorted dark sandy silt soil Fresh glass agglutinates .. Glass droplets, reflective C-E eqia ﬁAzg's :'H:;..f:'[k‘ cl::n gﬂ:"r?r::“ﬁ:g]fﬂ‘
157 om, thick 0.0 — 56Y 3/1 Medium- a5 1.2 tm long; up to 103 single- and lighter-colored poorly Dark melt rock and breccia matrix . particles and anerthosite T amina B vRrY et s
Nos. ,52 - ,59 Light Drab 56Y  grain disaggregation. sorted clayey sand soil, Soil Breccia ... granules are abundant, B. 30.5-30.0. Tight, thin lamina
R ﬁ? 2= an Total Particles Counted . A 10.7-30.5 dark. Janina
N0 —
e Moderately split urequally but Massive, sparingly clayey silt Anorthositic breccia
60003, 111 3?.0 —— E::;:Pg:‘:?:j;f;g&:»‘qal::;]e soil: ‘mr:“{l)’ W1: iﬂrltd. Ere:h q;nss agg'lu:inﬂ:l‘n Glass droplets and reflec- . 31.5-30.7. continuation of massive unit
3.6 em, thick 0= b eoat sparsely rock fragmental; aver- ark melt matrix breccia tive particles are abun- B. 31.%: anorthosite rock fragment and fillet S-14-27780
Hos, .30 - .51 Drab 561 411 a?e abundance of coarse frac- E"ﬁ and white breccia dant: anorthosite granules 5.74-28008
tion, ol Breccia ... ard comman. A, 34.3-31.5. massive unit
Total Particies Counted .
17
7.0 1427 Laminae of Moderately cohesive, split nearly :I:I||nliﬂl;‘;’:?:e:“:?ﬂ‘:;:EMM' Anorthositic breccia ......ooeiinins g
50003, 11 E:;ks?;i:m e\;::lls‘gn ng::':?‘"s-t single- Taniriap modaratety: poorly. torted; Fresh glass agglutinates .. . 6.3 Glass droplets and reflec- 0. 34.5-34.3. dark thin laming
2.2 em, thick Light Drab g aggretation. sbundant rock fragnentss dark Dark melt matriz breccia 15,18 tive particles are abun- L. 38,7-34.5. lght thin leming 5-74-28007
Ros. .26 - 38 553 i al laminae better SDP‘KEG. apuear Sm]TBre?c;a |I ........ ... 09 &% dant; anorthosite granules B 14.8-3.7, dark thin Ia-iv:ﬂ
€' be finer-grained, atal Particles Counted ..... 191 are common, A 36.0-34.8. dark, relatively thick Tamina
178.2 144,99 36.5 —
60003, 1 370 — 1 Silty fine sand soil: moder- Flagicclase cleavage fragments .
2.8 em. thick 378 —  Medfum-Dark Conesive, split evenly across the ately to poorly sorted, very Anorthositic breccia Glass droplets and reflec-
Nos. .16 - 25 Drab SGY 4/) core very I‘_Lllt single-grain sparinaly rock fragmental, Fresh 91“5 agglutinates tive particles are common massive unit 45-78-27779
> . 38.0 — disaggregaticn. fewer coarse fines than aver- Fresh glass chips | i to abundant, anorthosite
Sils age. Dark melt matrix breccia . granules eare.
= S0f1 BRELEIR: o'y s vanipnn pin .
Total Particles Counted . 106
182.0 a7 39.3 —
Fiqure 16=11.- Stratigraphic swmary of the Apollo 16 deep drill string (continued).



THIS CORE APPARENT DISTANCE
unit (numeral) BELOW LUNAR DRAWING OF
DRAWING OF ENTIRE unit thickness  SURFACE (CM) .DIAGRAM OF PRIMARY SAMPLE INTERVAL
X-RADIOGRAM  X-RAY DRILL STRING samples in unit Max. Min. DISSECTED CORE STRUCTURES (LCL INVENTORY) COLOR COHESIVENESS, FRACTURE PATTERNS TEXTURE N = E § . - - DOCUMENTATION PHOTOGRAPHS 16-43
COMPOSITION OF COARSE FRACTION DISTINCTIVE FINES SUB-UNITS, PRIMARY STRUCTURES ( NASA photo number)
182.5 148.2
0.6 —
1.0 =
15— D. 0.6-3.0, clumps of crushed anorthosite
248 5 6.8 breccia with interdigitations into
Plagioclase cleavage fragments .. .. 6.8% . surrounding soil characterize this
60002, X11 .2'5 Dark Drab = . Anorthositic breccia oo 6.6% Anorthosite granules and sub=untt.
6.6 cm (in 60002) 3.0 — 56y 6/1 ""?E'ﬂteﬂ friable, fr:cturing into Very fine sandsoil to siltsoil; Fresh glass droplets and agglutinates .. 6.1 reflective particles are C. 3.0-6.4. frothy to vesicular spattered
Nos. ,21-,57 0.1 - 0.6 cm, & -r-snaped flat  moderately sorted, and sparingl Dark, melt-matrix breccia . 32.6% conmon 1lassy agglutina are especially
Tnied paringly j1a55y ay
3.5 = piatelets; "0 = 2-grain rock fragmental, generally finer Dark gray and white brecci 9.1% abundant in t Jub-unit.
13 0] == disaggregation. than the rest of the core S011 Breccia ....ceeceenives s 36k B, 6.4-6.7. fine ned, equant fragments
Total Particles Counted ..... 339 A. 6.7-7.2. fine-grained, with flake
45 — shaped rock fragments. $-78-22087 through
5.0 — 22091
5.5 —
6.0
6.4 —
6.7 —
7.2
189.7 155.4 7.4 —
Ll = 1. 7.2-7.4. very coarse-qrained, packed
8.0 — H. 7.4-7.7. fine-grained, flake-like rocks 5-78-23413
& 3 — < 7.7
. .1020 0 g. X1 ?-. = Medion Neutrat » - ) . i o ) ) ) G. 7.7-8 O light, moderately coarse
Ld 4.2 em thick 3.9 G Moderately cohesive, fracturing into Thinly laminated, laminae of e © ITEECIA oot OB &% Vartably intermediate in F. 8.0-8.3. fine-grained, equant rock fragments
Nos. ,58-,83 r)} NS to Ny5‘5 0.4 - 1 cm, platelets and chunks; sandy to sparsely rock-fragmental Dark, melt-matrix breccia <0.4: reflective particles, E. B8.3-8.5. moderately coarse-grained
9.4 10% single-grain disaggregation. siltsoil. Sorting varies from Datk, gray and white breccia . 5.8% anorthosite granules are D. 8.5-9.1. marbled texture
#s7 poor to Soil breccia .........co..e -.54.4% common to abundant. €. 9.1-9.4. fine-grained, flake-like rocks
good, generally better ;
iy g o ot S L Total Particles Counted ..... 744 B. 9.4% whitish lamina, fillet from
o in coarsest- : resd anorthositic rock fragment
5 e SEER St S ise: A. 9.4-11.4  massive, moderately coarse- $-74-22903
16558 o 1B 0. grained. 22904
. . Tug =
60002, X 12.0 i
a Dark Drab Cohesive, fracturing into 1 to 4 cm Gravelly siltsoil; poorl ted Plagwclgsg c]eavage FEEQURRLE v 5,08
B 3»’1250" L;;E‘,(gg 12.5 — 56y 5/1 to prisms, Jess than 5% single-grain itk frgmework of'rgck F{a;:&:nis’ Anorthositic breccia ....... 8.7% Reflective particles are €. 11.4+.  thin lamina, fine-grained, darker
= K =5 5GY 6/1 disaggregation. - Dark, melt-matrn} breccm_ 46.1% abundant, anorthosite than underlying soil, well-sorted. 5-74-22909
13 = gaflln gray and white breccia 3{.91 q;an:lez are common to B. 11.4-13.2. representative of unit. 22910
011 BYeCCIa .cucinuenios s ..31.8% abundant. A. 13.2-14.4, marbled texture
13:8 — Total Particles Counted .
196.0 162.6
4.4 —
60002 I3 8.9 — Plagioclase cleavage fragments .. .. 4.5% . . . . D. 14.4-14.9. fine-grained dark lamina
10 2.8 cm thick & g Medium Neutral ~ Cohesive, fracturing into 1 to 4 cm Sandy siltsoil; moderately to Anorthositic breccia .......... 25.6%  Variably intermediate in €. 14.9-16.1. representative of unit as
s 96-.108 > Gray prisms, less than 5% single-grain poorly sorted, sparse in rock Fresh glass chips and fragments . 3.4% reflective particles, which a whole $-74-22605 th
T 6.1 — disaggregation. fragments, many of which are Dark, melt-matrix breccia .. 26.3%  are common to abundant; B. 16.1-16.6. fine-grained, dark lamina %908 roggh
4 rounded, notable in this core Dark gray and white brecci 13.2% anorthosite granules are A. 16.6-17.2. representative of unit <
6.6 = . Sotl Dreteia: «ouuyasviswonnion ..23.1% present to common. as a whole
7.2 Total Particles Counted ..... 896
199.7 165.4 g =
g 1.4 ==
60002 VIILI :ég — Medium Neutral Cohesive, fracturing inot 1 to 4 cm Gravelly to clayey siltsoil; Plagioclase cleavage fragments .. < R.7%
2.8 cm thick . Gray ( N 5) prisms, Tesg than 5% single-grain moderately sorted, with fewer Anorthositic breccia .. 36.3% Anorthosite granules are 2. thin dark fine-grained
9 Nos. ,109-,120 18.5 with whitish disaggregation rock fragments at top of unit Dark 1t-matrix bi 14.8 flecti e AL T Gl g
- » e i . 5 ark, melt-matrix breccia .8% common; reflective well-sorted lamina _74-234 h
19.0 particles garl; gray and white breccia 22.2% particles are rare to A. 17.4-20.0. graded unit, finer So2k 534}; thicaugh
011 Breceial cuouavsgvionve ..15.5% present. toward the top of the unit t herule)
9.5 — Total Particies Counted ..... 657 (rusty saterule
202.5 168.2 20.0 Anorthositic breccia 9.4% i i
& s . . " 5 .7 B. 20.0-20.5. fine- d, dark, ted
60002, VITI 20.5 Dark Drab Cohesive, fracturing onto 1 to4 cm Gravelly siltsoil; poorly Dark, melt-matrix breccia 9.9% Anorthosite granules and lamina aFEHs oy BOTE $-74-23035 through
3 1.7 cm thick - . 5GY 5/1 prisms, less than 5% single-grain sorted, with abundant rock fragments Dark gray and white breccia 11.3% reflective particles are A. 20.5-21.7. representative of unit as 23037 4
Nos. ,121-,126 Nb = disaggregation. packed to form a framework texture. SO1T Dreccta: .cuvvoosehneuss ..66.4% rare to present. a whole
T Total Particles Counted ..... 333
J X 21.7 —
60007,VI 5 5
5 Dark Drab Cohesive, fracturing into 1 to 4 cm Gravelly cl s 1 A hositi i 48.1% 2 £ i
1.4 cm thick n s 9 4 avelly claysoil; very poorly northositic breccia .. .48.1% B. 21.7-22.4. fine-grained, dark, sorted
7 Nos. . 127-.131 22.4 — 5GY 5/1 prisms, less than 5% single-grain sorted, with abundant rock fragments Dark, melt-matrix brecc 9.0% Anorthosite granules and L1amina ¢ N i
i 2 205.6 171.3 disaggregation. packed to form a framework texture. Dark gray and white breccia 25.5% reflective particles are A. 22.4-23.1. representative of unit as
. - 23.1 — SOT1 Dretein’ coiwswvarevaans ..10.9% abundant. a whole, rich in fresh but broken glass
60002, V o Total Particles Counted ..... 270
1.9 cm thi 23.7 Crystalline anorthosite .. T
6 cm thick 28.1 s % i = .
Nos. ,132-,139 2 Medium Neutral  Cohesive, fracturing into 1 to 2 cm Silty sandsoil; moderate to good Anorthositic breccia .. J2.9% Reflective particles are €. 23.1-23.7. thinly laminated
20,6 — Gray prisms, less than 5% single-grain sorting, very sparsely rock fragmental. Dark, melt-matrix breccia 23.6% abundant; anorthosite B. 23.7-24.1. relatively fine-grained
207.5 173.2 25.0-.1— N 5 disaggregation. garl; gray and white breccia g};}f granules are common to A. 24.1-25.0. relatively coarse-grained
2524 — N\ 011 DrRECiA; uvvs v v wasy s ..34.1% abundant.
= Total Particles Counted ..... 436
600021V 25.6-.5— \ =
5 2.6 cm thick — 2.0 — park prab Cohesive, fracturing nto 0.5 cm Gravelly to sandy siltsoil; mod- Anorthositic breccia ... ..21.9% 5 P E. 25.0-25.2. dark, fine, sorted lamina
Nos. ,140-,152 _26.5 — 10Y 5/1 to blocks, less than 5% single-grain erately sorted, some sub-units Dark, melt-matrix breccia 23.6%  Anorthosite and reflective . 25.2-25.8. sub-units B,C, and D are similar
10Y 6/1 disaggregation. packed with rock fragments to form Dark gray and white breccia 21.1% particles are common to C. 25.8-26.0. in composition, but are inclined
2t a framework texture. Soil breccia ............... ..31.3% abundant. B. 26.0-26.5. at different angles
50002 TT T 2101 175.8 25,6 = Total Particles Counted ..... 564 A. 26.5-27.6. massive sub-unit
4 0.9 cm thick 28.1 — Medium Drab Moderately crumbly, fractures into Gravelly claysoil; poorly sorted, Plagioclase cleavage fragments .. - &
Nos. ,153-,156 5130 176.7 28.5 10Y 5/1 0.3 cm rhomboidal blocks, 5 to 10% with sparse rock fragments. * Anorthositic breccia .......... . S-74-21005
& 2 . single-grain disaggregation. Fresh glass chips and fragments . 2.5% Anorthosite granules are 21096
—29.0 — Dark, melt-matrix breccia .... 27.2% abundant; reflective
Dark gray and white breccia 11.5% particles are present,
60002, 11 = = Soil breccia ... 29.8%
3 4.4 cm thick 30.0 — Total Parti
Nos. ,157-,173
.5 —
. Crystalline anorthosite 4.5% E. 28.5-00.§ i 1 § ¥
3.1 Medium Drab Very crumbly and friable, fractures Gravelly to sandy claysoil; Anorthositic breccia ... 43.9% i nd i 35 relatively dark gravelly silisof]
v : Anorthosite granules a with abundant glass droplets
107 5/1 into 0.1 to 1.2 cm transverse blocks moderately to poorly sorted, with Dark, melt-matrix breccia 11.9%  reflective particles are D. 29.5-30.0. light, rich in rock fragments
31.8 with 25% single-grain disaggregation. sparse rock fragments, mostly not Dark gray and white breccia 10.7% rare to present. bounded by crantlate anovthosite: laming.
2e — packed in framework texture. Soil breccia s..ousssvinouis ..27.9% C. 30.0-30.5. bounded by anorthosite lamina
Total particles counted . B. 30.5-31.5. light, coarse, marbled
215.4 181.1 32.9 — A. 31.5-32.9. fine-grained, Tight sub-unit
60002, 1 3 = ﬁ:i?iﬁll:i?fﬁ;ﬁ??i“e . : 8. 32.9-33.9. coarse-grained, framework S-74-21339
5 . . & seeea northosi ti nul
2.6 cm thick 33.9 — Medium Drab Extremely cohesive, disaggregates Gravelly claysoil; poorly sorted, Dark, melt-matrix breccia Hectiv € 9"‘.“ 5 a:d A ﬁ”f“re' marbled color 21340
174- z 3 reflective particles are .9-35.5. relatively light color, very
2 Nos. ,174-,181 10y 5/1 only when cut by a spatula. with some parts of unit packed with Dark gray and white breccia abundant. cohesive, sparse rock fragments with §-74-21091,
rock fragments. Soil ?;i:?‘s”ndesmtd associated anorthosite laminae 21092
un te
i 5-74-21128
218.0 183.7 ,
X e AEE 21129
Early (P.E.T.) split
of 0.5 cm 218.5 184.2
— 08 —
I— 1.0 =
S p—
60001, 1 I._ 5 —
Y ’ . X Plagioclase cleavage T ts .. A
o 5,“25‘"“ ;'”E"A — 2.5 — 7.58 8/2 to Not comparable to milled sections, Granular sandy siltsoil; sparsely rock frag- Anogthositic brecrgs rmg”ens 19.2% Plagiactase clenvage frag:
i1 and- ’]3 _'31 ibsrsciSan I_ S8 — 5B 7/1 Dark soil moderately crml?ly, easily mental, most rock fragments seem angular, Fresh glass chips and fragments . 5.8% ments appear to be abur_|- ) Photos could not be taken
1 most of'N— 1‘6— 18 procedure : grey cut by spatula but did not collapse sorting not observable. Dark, melt-matrix breccia . 34.6% dant, but da_rk reflectives No textural sub-units observed. during dissection of drill
L s 2 16-, s B spontaneously. N 5 and anorthosite granules bit f
: -,20-,22-,24-,26 prevented I z Soil Breccia ....... 9.6% are-relatIvely Fara it from end.
and-,28 were com- observation®— 4.0 — M1sc.T::1<lﬂeg:|€!e? e - 1.7% 4 .
bined in bio-prime of B e
allocation structures I_ 4.5 —
T
— I
= B0 ==
224.0 189.7

Figure 16-11.- Stratigraphic summary of the Apollo 16 deep drill string (continued).



DRILL STEM 60007 SAMPLE LOCATION INFORMATION 16-45

SAMPLE INTERVAL FINE FRACTION COARSE FRACTION SPECIAL SAMPLES

be]ESPTEunar)_ (LCL inventory)sample Vial Sample  Sample Vial Sample  Sample Vial Sample Sample
el 2surface, cm.) No.  No.  Wt. No.  No.  Wt. No.  No.  Wt.  Type
17.5 —
60007 - 4 8.5 90 8-1536 0.970 92  8-1558 0.041 91  86-1466 0.025 red light
v ]8'5 88 8-1441 1.106 89 8-1460 0.004
]9‘0 |85 81495 1.003 86 8-1522 0.001 87  86-1498 0.025 red light
195 —| 83 8-1850 0.754 84  8-1502 0.069
20'0 80 8-1472 2.231 82 8-1484 0.019 81 86-1638 0.025 red light
2.5 . 79 8-1463 1.856
20.5 78 8-1486 2.021
;:g 76 8-1510 1.842 77 8-1749 0.131
22'0 73 8-1561 0.862 74  8-1532 0.007 75 86-1148 0.025 red light
60007 - 22'5 71 8-1511 0.617 72 8-1479 0.053 283 10-5901 0.220 air fines, pre-impreg.
Iv : 69 8-1464 1.314 70  8-1428 0.030 284  10-5910 0.320 air fines, pre-impreg.
;gg 68 8-1767 0.983 285  10-5911 0.350 air fines, pre-impreg.
24'0 |66 8-1635 0.806 67 8-1473 0.052 286  10-5920 0.440 air fines, pre-impreg.
o |64 8-1480 1.260 65 8-1544 0.011 287 10-5934 0.450 air fines, pre-imprea.
7.5 28 T[Tz _e1ass 1coa || 63 1459 0.120 || 288 10-5992 0.500 air fines, pre-inpreg.
25'5 |59 8-1559 1.413 60 8-1430 0.131 61  8-1434 0.174 spillage (289*)
|57 8-1503 1.378 58 8-1553 0.023 290  10-5955 0.500 air fines, pre-impreg.
;gg " [ 55_8-1985_1.002 56 8-1461 0.023 || 291 10-5959 0.450 air fines, pre-impreg.
270 —|—53 81440 1.065 54 8-1497 0.002 292 10-5965 0.510 air fines, pre-impreg.
i 51 8-1723 1.068 52 8-1885 0.029 293 10-5975 0.430 air fines, pre-impreg.
28.0 — |49 81716 0.308 50 8-1458_0.022 294 10-5982 0.820 29.0 - 27.5 Soil at RF
0 T[4 81576 0.232 78 8-1892 0.006
60007 - 10.8 ggg 45 8-1611_0.104 76 8-1517 0.118 316 9-1540 2.170 Vitreous Bx RF
’ 43 8-1538 0.611 44 86-1020 0.025 red light
I11 29.0 —
295 —|—41_8-1491 0.508 42 8-1621_0.085 295 10-5990 0.640
5.5 30'0 |39 8-1807 1.370 40 8-1845 0.087
’ 30'5 |38 81533 1.301 296  10-5993 0.860 Lge. spatter Aggl. 30.5-29.5
13.0 3]'0 36 B8-1682 1,423 37 8-1482 0.027 297 10-6014 0.440 air fines, pre-impreg.
60007 - 3]‘5 34  8-1819 1.262 35 8-1564 0.004 298 10-6015 0.275 air fines, pre-impreg.
I1 ’ 32 8-1806 1.218 33 8-1555 0.051 299 10-6017 0.390 air fines, pre-impreg.
32.0 —
32'5 |30 81718 1.083 31 8-1777 0.069 300 10-6019 0.370 aiv fines, pre-impreg.
by 29 8-1964 1.185 301 10-6020 0.350 air fines, pre-impreg.
30.3 28 8-1585 0.550
57 335 "_H:H%% 0.710 307 10-6039 0.470 air fines. pre-jmpreq. ‘
. S — 1724 1,004 26 8-1802 0.051 303 10-6041 0.270 air fines, pre-impreg
34.5 e 23 8-1860 0.364 24 8-1852 0.480 304 10-6049 0.550 Rounded Bx frag.
60007 - 15 35'0_ 21 8-1873 1.352 22 8-1839 0.091 305 10-6055 0.360 air fines, pre-impreg.
I ’ -y 19 8-1613 1.044 20 8-1871 0.123 306 10-6059 0.470 air fines, pre-impreg.
35'0 17 8-1446 0.664 18 8-1797 0.030 307 10-6066 0.330 air fines, pre-impreg.
35'5 15 8-1646 1.346 16 8-1700 0.403 308 10-6068 0.350 air fines, pre-impreg.
37'0 13 8-1506 0.621 14 8-1884 0.010 309 10-6080 0.270 air fines, pre-impreg.
37'5 11 8-1665 0.941 12 86-1465 0.025* red light
g 9 8-1726 1.596 10 8-1573 0.151 311 10-6095 0.310 air fines, pre-impreg.
38.5 8 8-2199 1.010 312 10-6102 0.220 air fines, pre-impreg.
39'0 = 6 8-1607 0.888 7 8-1856 1.454* air fines, pre-impreg.
e 4 8-1560 1.330 5 8-1636_0.028 314 10-6116 0.420 air fines, pre-impreg.
526 40'0 B 2 8-1705 1.410 3 8-1591 0.044 315 10-6122 0.440 air fines, pre-impreg.
’ ’ 289 10-5952 0.490 25.5-25.0 pre-impreg.
*310 10-6987 0.330 37.5-70 pre-impreg.
*313  10-6111 0.310 29.0-85 pre-impreg.

EXPLANATION  OF  COMPOSITION  SYMBOLS

@ oy
O 3™ -0 @ &
CRYSTALLINE PLAGIOCLASE ANORTHOSITE VESICULAR GLASS DARK, MELT- DARK AND WHITE SOIL
ANORTHOSITE CLEAVAGE BRECCIA  AGGLUTINATES DROPLETS MATRIX BRECCIAS {POLYMICT)

FRAGMENTS BRECCIAS BRECCIA Figure 16-12.
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(below Lunar) v,

UnNIT (surface, cm.)
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DRILL STEM RODOE SAMPLE LOCATION

INFORMATION 16-47

SAMPLE INTERVAL
(LCL inventory)

FINE FRACTION COARSE FRACTION SPECIAL SAMPLES

Sample Container Sample Sample Container Sample Sampl Container Sample
No. No. Wi, No. No. WL No. No. Wt.
0.4 —
131 8-253 3.174 || 132 8-257 0.161|[ 133 86-1465  0.450 red light
— 1.2
2a  g-2556 2.787 || 130 8-2560 0.233
Ay 127 8-2569  1.840
- 2.5 — 128 8-2555 0.447
I 125 B8-2545 1.269 126 86-1527  0.50 red light
= ;2 123 _8-253 1.760|] 124 8-2537 _0.162
: 122 8-2523 1.359
- 10 121 8-2519  0.677
120 8-2516 1.892
4.8 ne_s2s ol
P :2 116 8-2498_ 1.659 i i 17 86-1383  0.80 red light
g 2497 1.
= & 15 82497 1.970W 144 g.pa96 0.276
o 13 8-2495 1.917
; 111 8-2487__1.460
L. — - 2494 0.246
;'g o5 s-oa78 1.3e8]| |2 2 O TI0  86-1379  0.65 red Tight
L= 107 8-2474 1.552|| 108 8-2477 0.276
“5’ 105  8-2467 1.815]] 106 8-2470 0.312
85 71™03 sas53 1.298]| 104 8-2050 0.946
3"5’ 101 8-2451 1.894|| 102 8-2452  0.063
— 10.0 99 8-2428 1.5021] 14 g.2433 0.657
. 97 8-2423 1.614 98 86-1285  0.60 red light
-3 95 8-2411 1.584|| 96 8-2422 0.348
:12 93 8-2408 1.904|| 94 B8-2409 0.122
) 91 8-2395 2.205|| 92 8-2398 0.123
- 2.2
= | ” 8982380 1.345]]
12,5 87 s2a 1.340|| 20 8281 0.008)TeTgg 277 0.82 red light
= :;g |85 82366 1.630]| 8 8-2371 0.060
. 83 B8-2353 1.853]| - 84 8-2354 0.080
= }:2 |8 8233 1.a7a|| 82 8-2337 0.817
i 79 8-2323 1.933|| 80 8-2327 0.148
:Z‘s’ 7_s03 zaA|l ot T
: 75  8-2300 1.43 g & . 76 86-1233  0.60 red 1ight
[ ::‘5’ ’ 73 8-2294 1.863|| 74 8-2298 0.121
2 | m sesz 1.4s7)] 72 8-285 0.09
17.0 69 8-2191 1.676|| 70 8-2271 0.132
V2.5 7 _eom el o T
[ 1848 55 8-1982  1.621 i * 66 86-1225  0.56 red 1ight
185 63 8-1930 1.282|| 64 8-1951 0.129
P 10 61 81002 2.039|| 62 6-1908 0.063
- 19.5 —
> 59 8.1853  1.899
N ;g'g T[T _samas _.ze|| 0 81862 0.2
: 56 8-1829 2.340|| 57 8-1840 0.343 _
2.0 54 8-1826 1.971 55 86-1217  0.93 red light
» ;; —aimr aaal] 5 8% 0.0
~ s |0 smn z3sll 51 ee13 0.123
: 48 8-1805 2.583|| 49 8-1808 0.082
- 28.0 - =]
46 8-1789  1.936
= - a7 817 ]
Gem (- 2% [ @ sum 2am 7 819 0.3 I3 047 0.65 red Tight
partially 2.0 42 8-1781 2.379 43 8-1783 " 0.098
void - - 225 -
- a0 8-1772 2.388|| 41 8-1773 0.086
- 5.0 -
- | 38 81736 2.310]] 39 8-1750 0.104
8.5 ~1736 gan7_2.m7|| 3 81731 _0.050
sample 26.0 34 8-1679  2.595
not in M~ 55 — 3 8-1707  0.257
original ||~ 32 8-1569  1.830 33 86-1081  1.23 red light
position ™ 2;-‘5’ |30 81545 z.o06]| 31 s-1554  o0.087
i ;' | 28 1520 2.108]] 29 81537 o0.185
B -0 % sasos el
TS T4 sse 1.578 - : 25 86-1026  0.78 red light
2.0 T[T 81437 1.606]| 23 8-1447_0.243
£9:3 20 81391 1.561|| 21 8-1433 0.070
30.0 18 8-1351 1.872|| 19 8-1366 0.192
- 0.5 -
16 81309 3.377|| 17 8-1333 0.203|| 138 8-2575  1.873 sweepings
3.2
EARLY ALLOCATIONS
4 8-1572 7.735 (7.5 - 9.0 cm from base; 2.75 gm removed in 8 early allocations)
3 8-1606 1.477 (7.0 - 7.5 cm from base of drill stem)

*An unknown amount of slumping and de-densification has disturbed 60004 below 20.4 cm; accordingly, the entire
diameter of the core was dissected from 20.4 cm to the base. Because of possible mixing during de-densification,
depth below Lunar surface for the lower part of the core is computed only for the interval as a whole.

EXPLANATION OF COMPOSITION  SYMBOLS

oD g 0 g

PLAGIOCLASE  ANORTHOSITE  VESICULAR GLASS DARK, MELT-  DARK AND WHITE SoIL
CLEAVAGE BRECCIA  AGGLUTINATES DROPLETS MATRIX BRECCIAS (PoLYMICT)
FRAGMENTS BRECCIAS BRECCIA

Figure 16-12.- (continued).



DRILL STEM 60005 SAMPLE LOCAT10N INFORMATION 16-49

DEPTH SAMPLE INTERVAL

(below Lunar) (LCL inventory) FINE FRACTION COARSE FRACTION SPECIAL SAMPLES
(surface, cm.) Sample  Vial Sample Sample Vial Sample Sample Vial Sample  Sample
No. No. Wt. No. No. Wt. No. No. Wt. type
55.0 cm .- TT T
"M b s s i e s . s s e = r- R e e i R
4 9-1606  4.800 5 9-1630 0.145 94 9-5470 1.000 table sweepings
0 (entire contents of (same as #4 - both
drill stem between may include metal 95 10-4482 0,003
0.0 cm and 18.5 cm) and teflon from
milling)
6 9-1679 7 9-1709 0.385 96 9-3050 2.679 (bulk spillage from cap,
prior to dissection)
g
V
Vi
A- 18.5 -~
8(U) 9-1767 0.485 9(u) 9-1777 0.090
51(1) 9-4002 1.185 52(L) 9-4007 0.057
~ 20 =
8 (as above) 9 (as above)
- 53(L) 9-4020 0.829 54(L) 9-4026 0.015
' 8 (as above) 9 (as above)
55(L) 9-4024 0.913 56(L) 9-4029 0.044
- 20 8 (as above) 9 (as above)
57(L) 9-4031 1.024 58(L) 9-4032 0.029
= 23,0
10 U; 9-1797  0.995 11(u) 9-1827 0.195
59(L) 9-4041 1.003 60(L) 9-4072 0.038
- 240 - 10 (as above) 11 (as above)
61(L) 9-4076 0.942 62(U) 9-4084 0.105
= 250 =
12(U) 9-1854 1.295 13(U) 9-1867 0.080
63(L) 9-4086 0.873 64(L) 9-4088 0.354 65(L) 9-4091 0.001 Metal Particle
drill 26D 14(U) 9-1869 1.350 || 15(U) 9-1981 0.075
stem 66(L) 9-4123 0.992 67(L) 9-4129 0.109
partially 27.0 —
void g 16(U) 9-1995 1.655 17(u) 9-2057 0.125( 18(U) 9-2082 0.012 Shocked Plagioclase
68(L) 9-4137 1.131 69(L) 9-4128 0.039 w/Metal Inclusion
T 2.0 TIT9(U) 9-2093 1.700 || 20(u) 9-2213 0.390
70(L) 9-1445 1.117 71(L) 9-4152 0.043
= 290 =
21(U) 9-2219 2.270 22(U) 9-2226 0.190
72(L) 9-4160 1.057 73(L) 9-4168 0.070
= 30:0 =
23(U) 9-2236 2.227 24(U) 9-2233 0.407
74(L) 9-4176 0.970 75(L) 9-4209 0.092
= 3.0 =
25(U) 9-2237 2.735 26(U) 9-2261 0.295
76(L) 9-4224 0.941 77(L) 9-4233 0.163
- 32,0 =
27(U) 9-2268 2.250 28(U) 9-2279 0.246
78(L) 9-4245 0.920 79(L) 9-5281 0.082
830 29(U) 9-2296 2.575 31(U) 9-2439 0.180 30(U) 87-2598 0.260 Red light
80(L) 9-5288 0.980 81(L) 9-5290 0.002
= B0 -
32(U) 9-2475 2.760 33(U) 9-3001 0.275 34(U) 9-3021 0.191 Frothy Agglutinate w/soil
82(L) 9-5294 0.945 83(L) 9-5297 0.058
= 360 =~
samp!e 35(U) 9-3022 2.372 36(U) 9-3025 0.127 37(U) 9-3027 0.156 Frothy Agglutinate w/soil
not in 84(L) 9-5019 1.040 85(L) 9-5101 0.165
original - 36.0 -
position . 38(U) 9-3033 2.729 39(U) 9-3034 0.188 40(U) 9-3036 0.069 Fragment of glass droplet
86(L) 9-5117 1.114 87(L) 9-5150 0.076
= 3.0 -
41(U) 9-3048 2.668 43(U) 9-3051 0.273 42(U) 87-2799 0.400 Red light
88(L) 9-5183 1.065 89(L) 9-5209 0.020 44(U) 9-3055 0.043 Frothy Agglutilate w/soil
= 38.0 =
45(U) 9-3060 2.714 46(U) 9-3070 0.214 47(U) 9-3074 0.324 Frothy Agglutinate w/soil
90(L) 9-5257 1.060 91(L) 9-5289 0.005 48(U) 9-3076 0.057 Frothy Agglutinate w/soil
T 39.0 —
49(U) 9-3077 3.665 50(U) 9-3089 0.178
9.9 i 92(L) 9-5291 1.140 93(L) 9-5299 0.040
’ V777777777 ~ 40.0 —
teflon Entire diameter of drill stem was excavated, in two phases. Upper
plug portion removed, as shown here, is designated (U); lower portion,
LLLLELLL approximately 1/4 to 1/3 of interval, is designated (L).

Figure 16-12.- (continued).



DRILL STEM 60004 SAMPLE LOCATION

UNIT DEPTH:
below Lumr;
surface, cm.
Max.
104.2

60004-
X

Min.
69.9

nz2.z 71.9

600NY -
VIITI

6.1 81.8

60004 -
ViL 1

120.6

60004 -
VI

86.3

24.5
25.0

26.1
26.5

27.&

134.0

140.1
600NY -
I

142.6

EXPLANATION

ap

ANORTHOSITE
BRECCIA

PLAGIOCLASE
CLEAVAGE
FRAGENTS

CRYSTALL INE
RIORTHOSITE

SAMPLE INTERVAL
(LCL inventory) pryye FRACTION

sample container sampie

INFORMATION

COARSE FRACTION

sample container sample sample

SPECIAL SAMPLES

container sample
- wt.

16-51

14.0

16.0
16.5
17.0
17.5
18.0
18.5
19.0
19.5
20.0
20.5
21.0
21.6
22.0
22.5
23.0
23.5
23.9

25.5

27.0

28.0
28.5
29.0
29.5
30.0
30.5
30.9
31.5
32.0
32.5
33.0
33.5

of

VESICULAR
AGGLUTINATES  DROPLETS.

no. no. wt no. no.
341 B-257n 2.0M4e 345 8-2320 0.091
342 8-2548 1.994 343 8-2559 0.059
_ 339 8-2511 2.022 34n 8-2518 0.226 341 £7-31€3 0.48 red light
L33 8-2448 1.782 338 8-2480 0.071
334 8-2432 1.939 335 8-2434 0.055 336 87-5125 0.65 red light
332 8-2425 2.432 333 8-2430 0.161
330 8-2407 1.529 331 8-2421 0.070
328 8-2401 1.942 329 0-2406 0.078
325 8-2376 1.124 326 8-2386 0.095 327 87-1473 0.39 red Tight
o 323 8-2293 2.342 324 8-2315 0.132
320 8-2572 1.327 321 8-2284 0.040 322 87-5118 0.94 red 1ight
318 8-2568 1.615 319 8-2571 0.052
316 £-2557 2.670 317 8-2564 0.020|
314 £-254F 2.098 315 £-2547 0.039
312 8-2539 1.660 313 £-2540 0.054
309 8-2528 1.850 310 8-2533 0.080 mn 87-5118 0.65 red Tight
. 8-2524 1.601 308 8-2525 0.055
305 £-2514 1.956 30€ 8-2517 0.11%
: 303 8-2510 1.714 304 8-2513 0.031
| 300 8-2505 1.673 301 8-2508 0.055 302 87-1582 0.55 red 11ght
298 8-2502 2.352 299 £-2503 0.065
29€ B-2492 1.638 297 €-2499 0.043
294 8-2484 1.987 295 8-2489 0.069
|29 8-2482 2.120 292 8-2483 0.065 293 87-2571 0.60 red light
289 8-2479 1.435 290 8-2481 0.100 inner core, possibly Pb-free
287 8-2471 5.526 288 8-2473 0.108 outer, wall contact sample
284 8-2465 2.793 285 8-2468 0.024 286 87-5440 0.87 red light
| 282 8-2461 1.195 283 8-2463 0.031
279 8-2455 1.335 280 8-2457 0.073 281 87-5435 0.51 red light
276 8-2447 1.FN0 277 8-2450 0.004 278 87-5315 0.52 red light
274 8-2445 1.224 275 8-2446 0,013
272 8-2438 2.134 273 8-2444  0.004
| 269 £-2436 1.817 270 8-2437 0.009 271 87-5313 0.57 red 1ight
| 267 8-2427 1.928 268 8-2435 0.139
| 265 8-2425 1.944 266 8-2426 0.015
263 8-2418 1.7N6 264 8-242¢0  0.005
260 8-2414 2.602 261 8-2417 0.280 262 87-5392 0.80 red light
__| 258 8-2410 1.673 259 8-2412  0.032
= ’_25_6 8-2402 1.618 257 £-2404 0.047
_ | 254 8-2397 1.484 255 8-2299 0.006!
251 8-2394 1.512 252 8-2396 0.005) 253 87-5296 0.66 red 1ight
249 8-2392 1.884 250 8-2393 0.091
46 8-2188 2.222 247 8-2391 0.016 248 87-5096 0.60 red light
44 o-zdo4 1.374 243 b-¢303 0.0
_ | 242 8-2379 1.706 243 8-2382 0.123
239 8-2377 _2.081 240 8-2378 0.4:8 241 87-5095 0.56 red light
237 8-2372 1.261 238 8-2373 0.064
234 8-2369 1.815 235 8-2370 0.105 236 87-5295 0.55 red 1ight
232 8-2367 1.724 233 8-2"68 0.193
1 229 8-2360 1.858 230 8-2362 0.065 231 87-5080 0.30 red light
227 8-2357 1.669 _0_228 8-2358 0.101
225 8-2352 1.794 226 8-2356 0.024
223 8-2349 2.327 224 8-2351 0.004
220 B8-2344 1.664 221 8-2347 0.057 222 B7-5196 0.58 red light
218 8-2342 2.092 219 8-2343 0.191
216 8-2332 1.811 217 8-2336 0.017
214 8-2322 1.293 215 8-2330 0.094
211 8-2318 2.334 212 8-2321 0.147 213 87-5020 0.51 red light
209 8-2313 1.634 210 8-2316 0.575
207 8-2311 1.990 208 8-2312 0.120
205 8-2308 1.847 206 8-2309 0.030
202 8-2299 2.897 203 8-2301 0.181 204 87-5197 0.63 red light
200 B-2295 1.356 201 8-2297 0.072 inner core, possibly Pb-free
198 8-2291 4.947 199 8-2292 0.205 outer, wall contact sample
195 B-2280 1.579 196 8-2289 0.131 197 87-5060 0.61 red light
193 8-2278 1.971 194 8-2279 0.120
190 8-2274 1.871 191 8-2276 0.052 192 87-5107 0.62 red 1ight
188 8-2269 1.829 189 8-2273 0.002
186 8-2266 1.772 187 8-2267 0.038
184 8-2263 1.763 185 8-2264 0.064
EARLY ALLOCATIONS
(taken from both ends of this core, because of void and disturbed sample in overlying core)
3 8-1427 2.886gm. O - 0.7 cm. from base, finer than 1 mm
4 g-1451 0.224gm. 0 - 0.7 cm. from base, coarser than Imm
5 8-1454 2.165gm. 0 - 0.5 cm. from top, finer than 1 mm
6 8-1481 0.103gm. 0 - 0.5 cm. from top, coarser than 1 mm
7 B-1465 1.727gm. 0.5 - 1 cm. from top, finer than 1 mm
8 8-1490 0.084gm. 0.5 - 1 cm, from top, coarser than 1 mm
COMPOSITION  SYMBOLS

a3 D g -e

GLASS.

oN D

DANK, MELT-
WATRIZ

DARK. ANO WHITE

BRECTIAS

BRECCIAS

sotL
(poLYNICT)
BRECCIA

Figure 16-12.- (continued).



DRILL STEM 60003 SAMPLE

LOCATION

16-53

INFORMATION

UNIT DEPTH Tcidy 777/ SAMPLE INTERVAL
(BeTow Lunar) / ke (LCL inventory) FINE FRACTION COARSE FRACTION SPECIAL SAMPLES
(surface, cm.) /// vhl/q Sample  Vial Sample Sample Vial Sample Sample Container Sample Sample  Distinctive
Max. Min. [T No. o Wt No No. Wt. No. Wt. Interval  Features
142.6 108.3 ||| & 2 B.é 195 9-2485 2.329 196 9-2500 0.155
Gemgof” 10 193 9-2459 1.552 194 9-2467 0.176
© wi— " 18— = -
60003 - o & 1 190 0-1944 1,088 || 191 9-1991 0.147|| 192  87-1075 0.280 2.0-1.5 Red Tight
Xy Fepe. " “" T | 188 o9-193¢ 1.e80 || 189 9-1940 0.8 JTER
o
2.163 187 9-1923  0.375 INNER
512 T05 _ G-1061_ 0.165
147.0 M2.7 1,508 183 G-1825  0.036
0.417 181 9-1753_ 0.034
60003 - 0,798 179 9-1735__0.072
XIv 0.360 177 _9-1672__0.070
0.181 175 _9-1637 _0.004
115 3 91570 0.143
0,289 Al = 1587 U.0d
0.857 69 9-1506 0.136
0.674 67 9-5278  0.064
1497 115.4 1.011 65  9-5269 0.116
60003 - 7.136 763 9-5065_ 0.414
X111 1.434 761 9-5260  0.140
1.592 159 9-5252  0.143
151.8 117.5 1.232 157 9-5246  0.063
60003 -
X11 1.509 155 9-5240  0.092
12
. 1.522 152 9-5225 0.179|| 153 9-5230  0.022 10.6 Intraclast
153.5 119.2 149 9-5220  1.409 150 9-5221  0.168
& =
60003 - p 14795217 1.158 || 148 9-5218 0.170
K1 o | 1e5  9-5207 0.906 146 9-5210  0.508
| 143 9-5054 0.853 || 144 9-5204 0.167
2 — |9z o678 741 9-5035_ 0.090|| 142 _ 87-1539 _ 0.230 13.5-13.0 Red 1ight
’ 3 4228 0.948 139 9-4223 0.0
156.2 121.9 1] = 2 04___0.446 } 7 'ﬁ 27 0.0
60003- 5= - -
X é = 4755 0.566 T3 = 0.05
e _ | 128 s-a1e3 o.788 129 9-4136 0.168
0 — 6 9-4124  0.893 27 9-4132  0.162
T 494120 0.97 25 9-4122 0.134
’ 2 9.1 0.25 23 9-4107 0.0
ol = 683075 0.3 e85k
g . 8 9-4057 _0.27 19 9-4068_ 0.010
60003 jE T o 116 9-4038 0.888 17 9-4045 0.090
1 ¥ 14 9-4017 0.951 115 9-2022  0.060
© _ [z sz o.ees 113 9-a015 _ 0.095
"3 — | 109 9-2343 0.2l 11 9-2358_ 0.0%8][ 110 9-2348  0.002 19.0 Rusty particle
162.0 127.7 s _ | 107 9-2318 o0.458 108 9-2325 0.028
60003 - 3 104 9-2312 0.779 105 9-2317  0.087)] 108 9-2314  0.175 19.9-19.5 Light area
VIII 'R 102 9-2291 0,945 103 9-2305  n.086/| 100 9-2880  0.308 21.2-21.0 Dark soil
o |98 9-2274 o0.635 101 9-2289 0.043]] 99 9-2275 _ 0.034 21.2-21,0 Light clasts
163.9 129.6 s _ |96 9-2257 .60 97 9-2265__0.083
60003 o 94 9-2240 1.461 95 9-2252 0.106
VII '5 | 9v 92199 1.483 92 9-2200 0.149 93 9-2223  0.292 22.7-22.0 Glass spherule
' 88 9-2196 1.758 89 9-2197  0.41
‘5 | e seter 19 87 _9-2195_ 0.307
166.2 131.9 0|8 92102 1.6 85 9-2193 0.215
) 82 9-2190 1.315 83 9-2191  0.35
60003 - 5 —
V1 0| 80 s9-218e 1.5%9 81 9-2189  0.173
s | 78 9-2is6 1.660 79 9-2187  0.231
= 75 9-2184  1.526 76 9-2185 0.228 77 87-1433 0,040 26.0-25.5 Red light
3 73 9-2182  1.288 74 9-2183  0.306
5 —
o |11 92180 1.729 72 9-2181  0.421
169.7 135.4 i 69 9-2178 1.663 70 9-2179  0.109
60003 - JR 1.516 68 9-2177 _0.168
v P 585 66 _9-2175 _0.170]| 65 _Foil pan 0.080 28.5-28.1 Impgd. An. Agg]
0 — |80 1.491 £1 9-2171  n.s45 64 9-2174 _ 0.047 28,5-28,1 Adi, soil
Nn.7 137.4 ) ’ 58 1.159 59 9-2169  0.122 63 =217 y .5 L 4 1
6000317 13 “a b2 — 5 2 9-2173  0.005 29 An intraclast}
v fagst b 56 9-1993 1.9 57 9-1996  0.175
2°a:3,°) =y 54 9-1982 1,064 55 9-1987 0.174
- SO T3 T 52 91oz o.ses 53 _0-1973 _0.062
173.4 139.4 < — 30 — 50 9-1947 0.774 5] 9-1964 0,137
60003 o & :5 = 48 9-1925 1,166 49 9-1946 0.101
- g o 45 9-1909  1.376 46 9-1918  0.168 47 Foil pan 0.318 32,0-30,9 Impgd. Agg. |
B! ! 43 9-1886 2.53 a1 9-1902 0.280 OUTER
41 9-1799  1.962 42 9-1829 0.227 INNER
0= 33 9-1785_1.159 30 06-1788__0.119
- 37 9-1775 0.781 38 9-1783 0,035
177.0 142.7 3 35 9-1712 _0.360 36 9-1773 0,025
60003 - i3 33 9-1706 _ 0.155
11 i = 32 9-1680  0.904 33 9-1691 0.266
= 30 9-1666  1.173 31 9-1674__ 0.323
o _| @ 91660 1.333 29 9-1664 0.127
179.2 1449 0|26 91648 1.320 27 9-1649  0.122
60003 - s |2 91618 0.93 25 9-1639  0.063
I ; 21 9-1594 0,990 22 9-1617 0.073 23 87-5286  0.570 38.0-37.5 Red light
‘e 19 9-1591  0.919 20 9-1592  0.046
5 16 9-1553  0.86- 17 9-1568 0041 18 9-1582  0.011 38.7 Plag. clump
182.0 147.7 ’
EARLY ALLOCATIONS
3 8-1489  2.974gm. 0 - 0.5 cm. from base, finer-than 1 mm
4 8-1605 0.190gm. 0 - 0.5 cm. from base, coarser-than 1 mm
EYPLANATION OF  COMPOSITION  SYMBOLS
@ 3 O g -0 Pk SO
CRYSTALLINE  PLAGIOCLASE ANORTHOSITE AR GLASS I3 T- A 0 WHITE 01L
MOTHOSITE  CLEAVAGE  BRECCIA WATES ORGPLETS s (o
FRAGHENTS BRECCIA

Figure 16-12.- (continued).



DRILL STEM 60002 SAMPLE LOCATION IHFORMATION 16-55

UNIT DEPTH SAMPLE INTERVAL

(below Lunar) (LCL inventory) FINE FRACYTION COARSE  FRACTTON SPECIAL SAMPLES
(surface, cn.)f’//natal / le Vial Sample Sample Vial Sample Sample Container Sample Sample Distinctive
Max.  Min. /, t*be Sal;‘\gie !f:. am‘e ‘Ng. No. 'lt’. No. Wt. Interval Features
- 182.5 148.2 / 3 /{
0.6
P B 21 G-5001 _ 0.561 22 9-5002 _0.012
1. 23 9-5003 2.636 24 9-5005 0.088
|l 2.0 25 9-5006  1.890 26 9-5007  0.128
2.5 27 9-5008 2.236 28 9-5009 0.159
60002 - L 3.0 29  9-5010 2.437 30 9-5011 0.104
2T _ 3.5 31  9-5012  1.515 32 9-5014 0.280 33 87-5351 0.470 3.5- 3.0 Red light
I 34  9-5015  2.242 35 9-5017 0.175
a5 36 9-5018 1.623 37 9-5020 0.198
. 5.0 38 9-5021  2.274 39 9-5022  0.114
5.5 40 9-5023 1.950 41  9-5024 0.142 42 87-5048 0.370 5.5- 5.0 Red light
6.0 43  9-5025 1.976 44  9-5027  0.151
.4 -5029 1.296 -5030 0,095 || 47 impg. agg. 0.029 7.1- 6.5 Stratal contact
iy -503] 89 _50. A8 impg. agg. 0.054 7.6- 6.4 Thin laminati
6.7 123 B T8 Thimatat o
189.7 155.4 A -5038 )-5039 497 || 49 impg. agg. 0.02 .2- 7.5 Thin lann'natlon
e 7.7 “_é$ -9040 -5042 72 || 50 impg. agg. U.12 0- 8. b fructurel
Dok - 80 -5043 -504%4 . 181 impg. a 12 - Stratal contact
60002- =~ g3 _| B3 9-5045 0. 5046 0.210 | 67 1935‘ 049 . 5-B.7 Tight marbled
X1 sl s 5 ooy 66 9-5048 1 0008 507 Dack merbled ]
L . o7 169 9-5051 5053 0.1 71 9-5053 300 9.2- 8.5 BAW Bx. R
[ . 9.4 73 9-5057 -2009 0,080 I 72 9-5056 i f ] B i1 Bx, Rf.
§ . 9.7 75 9-5060 -5061 0.281 I 77 5062 377 T0.2- 9. n. BX.
> 0.7 78  9-5053 9-5064 0.974 [|785 impg. agg. 0.056 10.1- 9.4 Marbled structure
]0.9 80  9-5065 9-5066 0.479
] ”.4 82  9-5067 9-5068 0.421 [|186 impg. agg. 0.180 11.2-10.1 Stratal contact
193.9 159.6 : 84  9-5069 9-5070  0.564 86 9-5071 0.682 12.3-11.0 Devit. Glass RF._
60002 - d If.g 87 9-5072 9-5073  0.886 [|187 impg. agg. 0.408 12.5-11.2 Thin lamination
X 5.5 g0 9-5074 2.3C 27 2-0283  N.e11 || 91 87-5146 0.200 13.2-12.5 Red light
’ 92 9-5084 1.959 93 9-5085 0.472 [} 188 impg. agg. 0.180 13.1-12.5 White laminae
94 9-5086 2.048 95 9-5027 0.897 | 189 impg. agg. 0.097 14.3-13.6 Marbled structure
96 9-5089 1.867 97 9-5090 0.343 || 190 impg. agg. 0.11C 15.1-14.5 Marbled structure
98 9-5092 1.893 99 9-5093 0.587
100 9-5094 2.135 101  9-5095 0.610
102 9-5096 2.128 103 9-5097 0.593
104  9-5098 2.170 105 9-5100 0.456
706 _9-5079 o0.911 107 9-5081  0.230 || 108 9-5082 _ 0.001 _17.2 & Rusty cpheriie
n9 -210 0.131 7
10 =2102 1,752 111 9-2103 9
12 -210 2.005 114 9-2106 _ 0.51 113 9-2015 0.530 18.5-18.0 Rext. Glass RF.
115 9-2107 1.540 116 9-2108 0.576 [|191 impg. agg. 0.158 19.1-18.3 Stratal contact
117  9-2109 1.666 118 9-2170 0.614
119 9-2111  2.015 120 9-2112  0.681
121 9-2113  1.458 122 9-2114  0.171
123 9-2115 .1.492 124 9-2116 1.374 |[192 impg. agg. 0.157 21.7-21.0 Marbled structure
125 9-2117 2.758 126 9-2118 0.799
127 9-2119  1.673 128 9-2120 0.448

3 i : 4 I 120 9-2121  2.611 130 9-2122 1.041 '3 9-21231.006 23.1-22.4 Glass-coated An. RF.
205.6 171.3 53,7 132 9-2124  2.384 133 9-2125  0.660
60002- o 134 9-2126_1.370 135 9-2127  0.305
v : 136__9-2128_1.782 137__9-2129, 0.499
2.6 717138 9-2130 1190 || 139 9-2131 0.476
25.0-1 140 9-2132__0.391 141 9-2133_ 0.033
207.5 173.2 gg'éu T a2 92130 1732 143 9-2135  0.949 [1193 impg. agg. 0.602 26.6-25.0 Inclined laminae
60002 - © %00 144 9-213¢ 1.492 || 145 9-2137 _0n.478
v - 146 9-2138  1.697 147 9-2139. 0.547 |[148 87-5147  0.240 26.5-26.0 Red Tight
27'0 149 9-2140 1.692 150 9-2141  0.561
27.5 151 9-2142  1.898 152 9-2143  0.906
IT] 210.1 175.8 i 23.1 153 9-2144  2.038 154 9-2145  0.547
5 155 9-2146_ 1.518 156 9-2147__ 0.307
211.0 176.7 29'0 157 9-2148  1.736 158 9-2149  0.667 3
29'5 159 0-C150  2.04C 160 0-2151  0.597
60902 - 30'0 161 9-2152  2.060 162 9-2153  0.443 [1194 impg. agg. 0.016 30.1-30.0 White laminae
Il .5 163 9-2154 _ 2.338 164 9-2155  0.899
AL 165 9-2156  1.954 166 9-2157 _ 0.436
S 167 9-2158  2.580 168 9-2159  0.57%
e 169 9-2160 1.827 170 9-2161  0.263
> OF 2. 17 9-2162 2.048 172 9-2163 1.459 || 173 87-5148 0.260 32.9-32.2 Red light
T T 5.8 181 . 174 9-2164  1.623 175 9-2165  0.959
60002- 3.4
176 9-2166 _ 2.414 177 9-2167__ 1.065
1 33.9
@o' 179 9-5075 3,245 181 9-5078  0.988 [[178 impg. agg. 0.888 35.5-33.9 Rusty spherule
9@0 i 355 seesd 180 9-5077 0.888 35.5-33.9 Innmer, chem. pure
218.0 183.7 .
/‘gf“‘g“ EARLY ALLOCATIONS
// /7 3 8-1656 1.461gm. 0 - 0.5 cm. from base, finer-than 1 mm
// 4 8-1457 0.248gm. 0 - 0.5 cm. from base, coarser-than 1mm
5 8-1643 3.136gm. 0.5 - 1 cm. from base, finer-than Imm
6 8-1468 0.198gm. 0.5 - 1 cm. from base, coarser-than 1 mm
EXPLANATION OF  COMPOSITION  SYMBOLS
7
@W 20 O gm0 Bk =D
CRYSTALLINE  PLAGIOCLASE  ANORTHOSITE  VESICULAR GLASS DARK, MELT-  DARK AND WHITE SoIL
ANORTHOSITE CLEAVAGE BRECCIA  AGGLUTINATES DROPLETS MATRIX BRECCIAS (POLYMICT)

FRAGMENTS BRECCIAS BRECCIA Figure 16-12.- (continued).
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DRIVE TUBE 60009

Drive tubes 60009/60010 were collected on 21 April, 1972, at the
ALSEP site during EVA 1 of the Apollo 16 mission, but were stored until
1975 awaiting technology to extrude the soil from the drive tube into
the study receptacle. 60009, the lower of the two drive tubes, was the
first large diameter core to be opened; it was extruded on March 14,
1975. Initial removal of the smeared surface against the core wall
showed that this core contained a suite of structures never before
recognized in a Tunar core. To define genetic units and examine the
exposure history before dissection, a preliminary examination team
was formed, with S. Nagle preparing a lithologic description and
G. Crozaz, D. Morrison and G. Blanford performing a preliminary analysis
of galactic and solar cosmic ray tracks. At the same time, dissection
of the upper increment of the extrusion receptacle was undertaken.

Initially, a zone containing approximately 15 percent of the core's
volume is dissected along the entire length of the core; subsequently,
the process can be repeated, allowing a three-dimensional sampling of
the core to be obtained. At this writing, two levels have been dis-
sected and documented, as reported herein.

Location

The double drive tube was taken on the edge of a 1 m crater rim in
a level area (Fig. 16-2) in the vicinity of the ALSEP site, approximately
65 m southwest from the Lunar Module, 50 m northeast from the deep drill
string, and an equal distance southeast from another double drive tube,
60014/60013. To aid in correlation, a penetrometer section was run
between)the dri1l string and 60010/60009 (Carrier et al. 1972, p. 8-7
to 8-13).

Preliminary Examination by X-radiography

Shortly after return from the moon, the cores were X-rayed to give
a preliminary idea of stratification and to provide a permanent record
of major features. Orthogonal stereopairs in two orientations enable
one to distinguish many rock fragments and metallic particles.

The X-radiograms of 60009 have been described in the Apollo 16
Preliminary Examination report (1972, p. 7-49).

Four units were recognized on the basis of X-radiography, (Fig. 16-6)
a basal fine-grained unit approximately 8 cm thick, overlain by a very
coarse-grained interval, 14.5 cm thick, in turn succeeded by a fine-
grained unit 2.5 cm thick finally followed by a medium-fine unit 6.5 cm
thick. Unit 2 is especially notable in its content of very large rock
fragments, much larger than those generally found in lunar cores. The
finer-grained units generally corresponded adequately to stratigraphic
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units found after the core was opened. In contrast, units found during
dissection showed little relationship to the coarse-grained part of the
X-radiograph; nevertheless, the X-ray study was very valuable in locating
these large fragments.

Compaction During Extrusion

The core was extruded from the drive tube into the dissection recep-
tacle on 14 March, 1975. Following extrusion, the core was 31 cm long,
instead of the 34 cm pre-extrusion length. Because the drive tube was
completely filled immediately before extension, it is certain that the
3 cm shortening of section is due to compaction which took place during
extrusion.

Because of the presence of notable "landmarks" in the core, it was
possible to ascertain the specific amount of compaction in each part
of the core. The following points of comparability were found and noted
after dissection. (1) The base of the upper dissection unit is located
approximately 5 cm below the top of the core; this corresponds to the
base of the relatively transparent unit at the top of the X-radiograph
which is also at 5 cm, indicating no measurable compaction. (2) The
top of dissection unit 9 is relatively fine-grained and somewhat inclined;
it can be picked out at 8.5 cm in dissection and 9 cm in the X-ray, indi-
cating 0.5 cm compaction. (3) The base of unit 9 is at 11.2 cm on the
exposed core, but at 12.5 cm on the X-ray, indicating a compaction of
1.3 cm. (4) The top of the largest rock fragment is at 17 cm in the
dissected core, 19 cm in the X-ray, indicating a 2 cm compaction.
(5) The base of the coarse zone in unit 4 is at 26 cm in the dissected
core, and at 28.5 in the X-ray, indicating a compaction of 2.5 cm.

Figure 16-13 shows that compaction is not uniform along the length
of 60009, as there is almost no compaction at the top of the core, even
though the X-radiogram shows the top of the core was originally less
compacted than the lower part. The greatest increase in compaction
occurs between 5 and 12 cm; where the rate of compaction is approxi-
mately 2 mm per cm of core. Below 12 cm depth there is a relatively
uniform rate of compaction of approximately 1 mm per cm. The compaction
is greatest at the base of the core, where pressure was exerted by the
extruder piston against the resistance of the entire core.

Preliminary Examination of Exposed Core

Following extrusion of the core, longitudinal streaking indicated
smearing of the outside of the core, next to the tube wall, but differ-
ences in texture and color of the smeared material pointed to the possi-
bility of extensive structure inside the core. The outer 1 mm of smeared
soil was carefully scraped away, revealing a suite of mottled and appar-
ently inclined stratification of a type never before seen in lunar cores.
To help develop a reasonable sampling plan, the surface 1lithology along
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Distance below top reference landmark
of extruded core
0 -

) (tr. base of re-worked unit)
\

\
\
-

10 4 \

\( 1/2 cm, top of fine-grained unit)

\
___1 (1 1/3 cm, top of coarse-grained unit)

\

\
\
\
\ (2 cm, top of large rock fragment)
\
\
20 - \
\
|
\
\
\
\
\ (21/2 cm, base of coarse layer)
\
\
\
30 A
31.5) \ (3 cm, base of core)
T
cm. 0 1 2 3 (cm. of compaction)

Fig. 16-13 Compaction attributed to extrusion, Drive Tube 60009.
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the core was described in situ on the basis of binocular microscope
study (Nagle, Fig. 16-14).  To attempt to determine the signifi-
cance of the different strata, especially the inclined-appearing
unit, a series of samples was taken for preliminary examination

of particle track abundances (Crozaz, Morrison, and Blanford, Fig.
16-15); these studies were completed before the inclined interval
was dissected. Location of these samples are given in Fig.16-14
and track abundances are presented in the facing diagram, Fig.16-15.

The Towest sample shows a great spread of points, suggesting
mixing of fresh and pre-irradiated soil. In contrast, the next
overlying sample No. 26 from an anorthosite clast near the base
of the coarse white layer shows extremely low track abundances,
suggesting that this material was unirradiated when it was de-
posited and had Tittle subsequent irradiation. In contrast,
sample 27, from the dark, agglutinate-rich layer at the top of
the marbled zone, shows extremely high irradiation with the ma-
jority of particles saturated with solar flare tracks to give
the crystals a "measled" appearance. The track abundances sug-
gests high irradiation and reworking, which is consistent with
the abundance of agglutinates and glass droplets in this soil.

Tracks from samples of pure anorthosite in layers 7 and 8
show less spread of points than those from bulk soil, apparently
indicating that the anorthosite had less pre-irradiation. In
general, track abundance is low through the inclined zone, and
there is a weak trend of increase upward in the section. The
increase is interpreted as a pattern graded by deep-penetrating
galactic cosmic ray tracks, not solar flare tracks, supporting
the hypothesis that the interval was deposited at one time and
has remained undisturbed since. As discussed later, evidence
uncovered during dissection suggests that the apparent stratal
inclination is an artifact of sampling.

The uppermost unit, represented in sample #35, shows a great
spread of points, representative of mixed material, and is consis-
tent with the petrographic observations that this is the basal
part of an accumulation sequence, mostly consisting of material
reworked from immediately below the unit.

Exposure data (Fig. 16-15) supports the stratigraphic in-
terpretation that the Tower three levels are part of one accum-
ulation unit, with the lower soils having a low degree of exposure
suggesting penecontemporaneous accumulation and the dark soils of
level 3 having a mixed but somewhat higher exposure, indicating surface
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distance below

distance on photo CULOR
top of core, cm, scale, om. MATRIX

10Y §/1

30 medium drab

29

28

a

26

25

24

23
0¥ 4/1

2 mediunm érab

2

20

19 10Y 4/1

medium drab

16 5 GY 51

10Y 4/1

medium drab

0

CLASTS

10CY 9/1
off-white
anorthosite

dark drad

10GY 9/1
1ight lemina
and clasts

modium drab-gray

10Y 4/1°
dark laminae

TEXTURE AND COMPOSITION

sandy siltsoil with atundant
sand-sized grains, 0.5 -.2™m
sparse very fine (ines,
abundant droplets, An. Px,
dark-matrix breccia, plag.

sparsely intraoclastic siltsofil
with large irtraclasts of

5, 8, 8, 3, and 2om ciameter
scattered in unit, nuch less
send-sized material than cbove,
seems texturally less cature,
with more matrix and fire fires,
less sand-2ized and cozrse
matorial; composition of rock
fragrents as above but plag.
sheds dust more resdily.

gravdlly sandly siltsoil, pcorly
sorted but relatively ccarse
with very sbundunt senc-sized

particles. Lipht intraclnsts are

present, plapioclase fragnents
are cbundant to ccmmon, finaly

divided plagloclaco, in zbundarce,

gives 1ight zray color to soil.

sandy siltsoil; moderately pooely
sorted, with nbundunt 0.5-2mm
particles, relatively sparse
very fine fines, plagioclase and

derk breccia common, anorthosite rare

intraclastic breccia siltsoil, very
poorly sorted, most clasts, of soft

ooil, are in 2 - 6mm renge, are
subequant, but interpenetrate end

seem to be scmewhat crushed. FRock

fragments of dark breccia, plag.

FABRIC AND STRUCTURE

veak horizontal alignment of
rock {regzents

coated agglutinated on surface
creculate surface marks change
ir compesition and texturel units.

iva, plucs in pudding fabrie,
1sst contacte are sharp and
- s are well
Frosed to trose
ich ere irregular
y crushed,

g

indistinct clasts or strata

contact tetween derk soll and light
,» but crenclate
2d on & liarge scale

boundaries within grey area are
inclired at epproxizately 56 end
terd to be indistinct or creaulate

sharp contact, slightly vavy but
on a broad scale, not crenulate

clasts &re rounded with sharp
boundaries, but dark soil interfingers
wvith clast unit

clssts tend to be aligned with a
Lerizontal fabric

clests chaotically aligned, with

frugments are present to conmor, £aé indistinct, interfirgering, crenulate

reflective particles are coamern to
Groat amount of to soil.

abundant in fines.
very fine fines.

clayey siltsoil, with very sparse
coarse material, especially rare

n 0.5-1mm fraction, cormon darl
%racci_, Bparse nriactiv::- ark

8 5Y 3/1
;oaziif drab dark clasts
7 motiled with
10Y 5/1
6
56Y 5/1 -
56Y 6/1
5 light grey-drab
56Y 7/1 -
5CY 8/1
4 1light gray clasts
3
2 5GY 7/1
1light laminae
56Y 3/1
1 dark drab

mergins, giving a marbled appearance

distinct and sharp boundaries, base
of unit appees scoured, with one layer
truncatirg the underlying lemina

besal unit ia massive and appears
structureless

Fig, 16-14 Preliminary description and location of preliminary examination splits, Core

60009.
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1HARY SCALE DEPTH IN
ATION DISSECTION ON COLUMNAR CORE  SAMPLE SAMPLE 2 TRACK . DENSITY
LEVEL UNIT PHOTOS SECTION (CM.) NUMBER  TYPE (tracks/cmé; each point represents counts of one crystal.)
= 0
Z Z no. of particles with
* ey track abundan- 5 4 0% 15 2x105  sx |1o5 w6 2x106  5x 106 o' 2 x 1107
; = y | : ! no. of parti-
; | 1 | cles with
6 10 | ) | . | track abund-
| : 3 ance G;
v | ! | 2 X107,
1 \ ! ;
35 dark soil | : | : | :
(bulk savnp]e)é_| i : . . L I.,. wle o 7
! ' |
5 ; | i I
y I X
] 12 | ! '
; , I i
36 dark soil 1 5 I : 5
(bulk sample) . | ' ¢ oqen enen } 8
I : : i
| : 5 | :
' | ' I
: ¢ | ;
8 I | i | '
An. clast e sne e 22 ol o !
(pure 1ith.) I . | i |
| I : ‘ $
very X | y I . ] '
5 dark soi A ! .
33 (bulk sample) [ ' | . 3T A :..‘ : . .
32 ‘moderatély | ® A * i !
dark soil | . | 3 | v
4 7 (bulk sample) 3 S '
” | ! ' i | )
" | : ! 1 | :
29  An. layer | 3 | ' oz 2 H
15 Nl (-ure 1ith.) " ' | ' P
- i) 30 An. layer : e c H
1 _(oure 1ith.) note: chystals if this sample.were tqo small o make an accurate copnt. i
3 mg:ﬁ;asts}{ | "8 . . R . . . /
» (bulk sample) | | ‘ | ;
28 moderately ! ' . e ! o s
— L dark soil | . | RCETR B ’
. |
P ” (bulk sample) . : | : | .
3 ‘xﬁ' 27 very | ! | & o I 3 ;l >7
= BT ( dark soil | 4 i s :
5 (bulk sample) | . | Y I .
—_— | ! | '
| ; | ! :
! 1 !
¢ ' ' ! |
| ' ' .
2 | ! l 1 | )
i 1 .
I : | ! | '
3 I | | ! g
| ! ! |
ey : 2% An, clast . o b oa oy A "
2 (pure 1ith.) | ; ! |
2— | ' | : | |
37 very i ¢ ® L I ) p »
1 1 ! dark soil ] } | :
u (buTk sample) | ! | ! | :
N i 1 1

EXPLAWATION  OF  COMPOSITION  SYMBOLS

@ T O gm0 P

CRYSTALLINE  PLAGIOCUASE  ANORTHOSITE  VESICULAR GLASS DARX, MELT-  DARK AND WHITE <  SOIL
ANORTHOSITE CLEAVASE BRECCIA  AGGLUTINATES DROPLETS MATRIX BRECCIAS (PoLYNICT)
FRAGMENTS BRECCIAS BRECCIA

Fig.16-15. Track abundances, preliminary examination of 60009.
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residence and reworking after the unit was laid down. The profile of
levels4 and 5 appears to be relatively simple, indicating the same
amount of galactic exposure after deposition of the unit and no evidence
of surface exposure. The wide spread of values in the base of level 6
is consistent with the level being a zone of material reworked from
below.

DISSECTION

Following preliminary examination, an overall sampling plan was
prepared which was subsequently somewhat modified as dissection pro-
ceeded. A detailed listing of dissected samples is found in Fig. 16-16
A,B, and C. Samples normally are taken in 5 mm increments along the
length of the core, except at obvious contacts or changes in Tithology,
where smaller increments are extracted to obtain a sample which is not
cross-contaminated. Where marbled or mottled lithology was encountered
in 60009, small samples of pure material were taken from each soil type,
and the remainder was included in general interval samples through the
inclined interval in the middle of the core. Right and left halves were
dissected separately to provide a comparison of lithologic and depth
variations. During dissection. samples were sieved with a 1 mm stainless
steel mesh to obtain coarse and fine size fractions. A different 1 mm
screen was used for each interval to avoid cross-contamination. Orien-
tation of large rock fragments was sketched and photographed as part of
the dissection procedure. Rock fragments recovered in the screen are
classified and photographed as a group for each interval. By comparing
data from all dissection increments it was possible to subdivide the
core into 10 stratigraphic units.

Designation of Units

For reference purposes, the core is generally subdivided into units,
which by convention, are numbered from the base of the core up. As
studies proceed, criteria for defining units become more precise and
complete, and it hecomes necessary to re-number and redefine the strati-
graphic units making up the core. Fig. 16-17 shows the succession of
unit designations, for reference purposes and for historical comparison.
Only four units were recognized in 1972, during the preliminary exami-
nation (LSPET, 1972, p. 7-49) because the major textural changes near
the middle of the core were partially obscured by the Targe rock frag-
ments. During examination immediately after extrusion, strata were
assigned the term level, to distinguish them from the potentially dif-
ferent intervals that might be recognized after dissection. Based on
dissection descriptions, 60009 was subdivided into 10 1ithologic units,
which represent the maximum number of distinct subdivisions that can be
recognized on the basis of textural and compositional changes (Fig. 8).
It may be possible to further subdivide these units on the basis of more
detailed criteria, such as exposure studies. Dissection units and sam-
pling increments (Figs.16 & 17 ) are entered in the Lunar Curatorial
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LOCATION OF SAMPLES. UPPER DISSECTION, DRIVE TUBE 60009
Alternate coarse 3
Alternate interval samples fraction Unit i Interval samples Coarse fraction Special samples
Sample Vial Sample  Sample Vial Sample Sample interval Sample interva) Saiple Vial Sample  Sample Vial Sample  Sample  Vial  Sample Sample
No. No. Wt. to. No. Wt. (LCL inventory) (LCL inventory) No. No. Wt. No. No. Wt. No. No. Wt. Type
0.5
15 40 9-1002  .719 41 9-1003 .078
"5 42 9-1005__ .656 43 9-1006 .041 4 10-4770 015 An. clast
by 45  9-1007 .859 46 9-1008 .039
2'5 47 9-1009  .952 48 9-1010 .136
3'0 49 9-1011 .813 50 9-1012 .173
. 51 9-1013 .862 52 9-1014 .107
3.6
e ~53  9-1015  .950 54 9-1016 .165
55 9-1017  .588 56 9-1018 .041 o 57 91020 339 58 9.1021 148
59 9-1022 .225 60 10-4886  .005 8 €1  9-102. .464 62 9-1026 .218
e 63 9-1028 .688 64 9-1029 .20
5.5
65 9-1030  .906 69 9-1034 .092 66 9-1031 _.034 __ An. clast
&8 Ina0 158 €0 70 9-1035  .€67 71 9-1036 .155 67 9-1033 .140  An. clast
Dark clast 6i5 = = = 2 LA
7'0 72 9-1037 .63 73 9-1038 .10
7% 74 9-1039  .903 75 9-1040 .169 76 10-10050 .045  dark clast
. 71 9-1041  .685 78 9-1042 .218
54 73 9-1043 804 80 9-1045 .121
€3 BE B4 9-1051 .072 gg 81 9-1047  .623 82 9-1048 .062
£ £ 8  9-1054 025 o 87 9-1055 .564 88  9-1056 .016 €9 9-1057 .081  &n. clast
5o 90 9-1059 .684 91 9-1060 .048
i 92 9-1062__.650 93 9-1065 0%
94  s-1086  .16] 95 ~ 9-1067 .4%0 : 96 9-1069  .655 97 9-1070 .038
Pura i i f 43 xe L i t ~
ure,inside of clast 4ixed outside of clast| 11.0 o 9-1071 651 99 6-1072 .04Z =
Wsd T00__0-1074__.344 01 6-1076 083
102 9-1077  .15% 103 9-1081 .CI7 1 04— 9-1083 826 105 5-T038 0.1
- 106 9-1085 .216 107 9-1086 .129 108 9-1088 204 DK, fines
Sir = ” = = 12.6
141 255 léz -~ 9-1357 .042 13.0 109 9-1090  .170 110 9-1091 _.239 m 9-1093  .010 _ Pure dk. soil
1e2 <505 |} 144 9-13600 .028 112 9-1094  .437 114 9-1098 .070 13 9-1097 .027  An. from clast
15 -462 || M6 8-1369 .067 }ig 5 9-1099 431 W6 9-1215 018
147 .424 148 9-1377  .162 14'5 117 9-1225  .288 118 9-1255 .021
125 381 150 9-1381 032 e Mg 9-1258  .467 120 9-1262 .024
131 .350 151 9-1401 .14 15‘5 121 9-1280 .342 122 9-1283 .051
153 .42¢ 156 9-1405 041 ]6'0 123 9-1293  .366 124 9-1302 .395
155 695 156 9-1416 074 16'5 125 9-1303  .398 126 9-1305 .138
157 084 white layer 76 127 9-1307 .41 128 9-1310 .106
153 ) 159 9-1423 053 S 129 9-1312 4N 130 9-1315 .202
= 265 161 9-1429 009 . 131 9-1317  .405 132 9-1320 .014
152 EA 163 9-1433 092 16.0 133 -9-1324  .362 134 9-1336 .036
168 .22 165 9-1438 022 }:'Z 135 9-1338  .319 136 9-1339 .09
155 .091 167 9-1441  .009 1508 137 9-1343  .167 138 9-1345 .096
168 .341 169 9-1445 023 139 9-1346  .165 140 9-1353 .031
;g" 770__9-1448 475 T7T 9-1452 200
i 172 9-1455  .653 173 9-1456 .135
51 174 9-1457 _.781 175 9-1458 .189
22-3 76 9-1459 858 178 9-1365 217 177 5-1264 Th. clast
181 9-1470 .222 Lt. gray lith. i 179 9-1468 702 182 9-1473 .073 180 9-1469 2ark 1ithelogy
. 183 9-1477  .591 185 9-1482 .061 184 9-1478 An. clast
igg 186 9-1484 .84 187 9-1486 .251
190 440 191 9-1490 179 22.0 188 9-1487 .281 169 9-1488 .025 (Dark 1itholocy)
134 498 195  9-5009 /108 . 192 9-1496 .282 193 9-1639 .CE0 ||
128 457 199 9-8020 .210 ::g 196 9-8015  ..20 197 9-2014 .061 ||
202 9-8037 .230 203 9-8040 .106 25'5 200 9-8024 477 201  9-8026 .042
206 9-8045 436 208  9-8065 .299 25'9 204 9-8041  .434 205 9-8043 .040 207 9-853  .055  An. clast
25'5 209 9-8066 .748 211 9-8078 .158 210 9-8069 .209  Dark litkology
e 212 9-8093  .806 214 9-8119 .1%9 213 c-2118  .C33
27‘5 215 9-2084 651 216 9-8121 .147
220 9-8141  .503 221 9-8143  .049 za.o 217 9-8131 .485 218 9-8136 .030 2 ,029
224 9-8153 .210 Dk. Tithology ' 222 9-8149 .515 225 9-8154 .127 223 52 .31
231 9-8193  .277 229 9-8169 .212 A gg 226 9-8157 .682 230 9-8185 .033 227 9-8161 .06
. = i 237 9-8301 _.397 233 9-5309 038 723 9-3166 101
(276 CEKE VY] 23 9836 093 [ 29.3 ; R LT
738 9-3352 .214 279 9-8370 038 goi 234  9-832 .201 235 9-8333 .016 (Dark litnology)
s 240 __9-8394__.935 747 9-5304 .05
30'5 262 9-8415  .762 243 9-8424 .295
g 204 9-8429 1.194 245 9-8465 .1C2
31.5 206 9-8474 1.100 247 9-8476 .178
Fig. 16-16 (A). Dissection summary of Drive Tube 60009.
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LOCATION OF SAMPLES,

Alternate coarse
Alternate interval samples

Interval samples

SECOND DISSECTION

Loarse fraction

ORIVE TUBE

60009

fraction Special samples
Sample  Vial  Sample  Sample Vial SampleSample interval Unit Sample intervalSample Vial ~Sample Sample Vial Sample Sample  Vial  Sample Sample
No. No. Wt. No. No. Wt. (LCL inventory) (LCL inventory) No. No. W No. No. Wt. No No. Wt. Type
0.5
1000 9-1101 0.941 || 1001 9-1107 0.068 || 1018  9-1150
1:0 1002 9-1108 0.874 || 1003 9-1109 0.142
I:8 1004 9-1120 1.059 || 1005 9-1121 0.109
20 1006 9-1123__1.176 || 1007 _9-1125_ 0.076
28 1008 9-1126__1.027 || 1009 9-1130__ 0.15]
1010 9-1132_ 0.948 || 1011 9-1135 0.179
above contact, in unit 10 55 1012 9-1140  1.126 ][ 1013 9-1142  0.170
1014 9-1143  0.504 || 1015 9-1144 0.055 40 1016 9-1145  0.909 [[ 1017 9-1147 0.337]] 1018 9-1150  0.095 An. clast
454 TT0l9 91160 0.990 || 1020 9-1167 0.124
%0 1021 9-1169  0.968 || 1022 9-1172 0.154
545 1024 9-1174 0.941 || 1025 9-1175 0.155 || 1026  9-1183  1.062 An. clast
6:0 1028 9-1187 0.946 || 1029 9-1191 0.182|| 1027 _ 9-1185 _ 0.318 Dark clast
‘:g 1030 9-1193_ 0.908 || 1031 9-1194  0.256
fors 1032 9-1203__1.101 || 1033 9-1204 0.178]] 1038 9-1211 _ 0.038  Dark clast
: 1035 9-1212_ 0.922 || 103 9-1214 0.057
8:0 1037 9-1217 1.235 1038 9-1219 0.108
818 039 9-1239  1.320 || 1080 9-1256 0.161
Bl 1041 9-1264 1.229 1042 9-1274 0.146 [ 1043 9-1279 0.108 An. clast
928 1044 91282 0.991 || 1045 9-1287 0.072
10:4 1046 9-1294  0.794 || 1047 _9-1298  0.082]] 1051 9-7104 _ 0.164 An. clast
16.5 1048 9-7101  1.556 || 1049 97102 C.091|| 1050 _ 9-7103 _ 0.015 Rusty particle
below contact, in unit 7 18 1052 97105 1.117 || 1053 9-7106 0.173
1057 9-7110  0.735 || 1058 9-7112 0.097 .5 "Ty0s4 97107 0.796 || 1055 9-7108 0.084|| 105 9-7109 0.130 An. clasts
ledd 1059 9-7113_ 0.368 || 1060 9-7114  0.190
12:5 1061 9-7116  1.061 || 1062 9-7117 0.091
18,0 1063 9-7120 1.122 || 1064 9-7121 0.119
13.3 1065 9-7123  1.229 || 1066 9-7125 0.210
1.0 1067 9-7126  1.285 || 1068 9-7128 0.229
V4.5 7069 9-7129 0.801 || 1070 9-7130 1.289
L 1071 9-1131 1.146 || 1072 9-7133 0136 || 1073 97138 0.744  An. clast
1323 1074__9-7135__0.883 || 1075 9-7136_ 0.216
::2 1076 9-7137__0.787 [| 1077 9-7138_0.143|| 1157 9-7140  0.326 _ An. clast upper half
107897142 1.818 || 107997143 0.105]| 1158 9-7141 _ 0.174 An. clast lower half
H.9 1080 9-7145  1.245 || 1081 9-7146  0.214
179 1082__9-7147__0.678 || 1083 9-7149_ 0.070
18.0 1084 9-7152_ 0.585 || 1085 9-7154 0.182
18.5 1086 9-7156_ 0.489 || 1087 9-7158 _ 0.068
b 1088 9-7161 0.762 || 1089 9-7163 0.077 || 1090 9-7164  0.217 An. clast
19:6+ 77051 97165 0.685 || 1092 97166 0.089
20:0 1093 9-7167__0.440 || 1094 _9-7168_ 0.051
ECH 1095 9-7169  0.827 || 1096 9-7170 _0.28¢
€0 1097 _9-7173__1.057 || 1098 9-7174__ 0.319
4l 1099 9-7175 0.959 || 1100 9-7176  0.123
2.0t TT01 9177 0.824 || 1102 9-7178 0.247|] 1103 97179 0.326 Dark soil
2B 105 9-7181 0.704 || 1106 9-7182 0.151|| 1104 9-7180 0.528 Crystalline An. fgm.
LIGHT LITHOLOGY 23.0
1107_9-7183__0.921 || 1108 9-7184 0.282]| 1105 9-7185  1.327 Crystalline An. fam
110 9-7186  0.628 || 1111 9-7187 0.357 23.5 12 9-7189 0.302 || 1113 9-7190 0.037
114 9-7191_ 0.519 || 1115 9-7192  0.485 24.0 M6 97193 0.415 || 1117 _9-7192  0.047
1118 9-7196  0.382 || 1119 9-7198 0.142 e 1120 9-7199 0.612 || 121 9-7200 0.073
1122 97202 0.863 || 1123 9-7203 0.090 8.1+ T 97008 o621 || 1125 97206 025
112 9-7208__0.673 || 1127 _9-7209 0.181 26.5 128 9-7211 0.589 || 1129 97213 0.132
N30 9-7214  1.200 || 1131 9-7216 0.162 £5:0 32 97217 0.392 || 1133 9-7218  0.016
2.5+ TT\3 o721 1.414 || M35 97222 0.109
:;2 1136 9-7223__1.662 || 113797224 0.177
556 138 97225 1.5 | 1139 9-7226 0.080
1140 97227 1.311 || 1141 9-7229 0.150]] 1142 9-7231 _ 0.370  An. clast
2.5+ TT7743 97232 1.181 || 1188 97234 0.196 || 1145 97235 0.229 An. clast, upper half
£3:18 1147 97238  1.33 || 1148 9-7239 0.076 || 1146 9-7237  0.260 An. clast, lower half
29-5 9729 9724z 1.709 || 1150 97243 0.094
30.0 1151 9-7244  1.305 || 1152 9-7245 _ 0.286
2025 1153 9-7247 _1.516 || 1154 9-7248 _ 0.156
3.0 1155 9-7249 1.419 || 115 9-7250 0.179

Fig.16-168




LOCATION OF

SAMPLES,

THIRD

INTERVAL SAMPLES

SAMPLE INTERVAL Sample Vial Sample

DISSECTION,

DRIVE TUBE

SPECIAL SAMPLES

Sample Vial

Sample Sample Sample

600089

Unit (LCL inventory)No. No. Wt. No. No. Wt. Type Interval
0.5
Sl 2000 9-7257 0.990
15 2001 9-7259 1.329
20 —| 2002 9-7262 1.503 ]
=i 2003 9-7263 1.743
55 2004 9-7264 1.712
S 2005 9-7265 1.540
4.0 2006 9-7266 1.607 U 2097 9.7267 0.548 BxRF 046-35
5 2008 9-7268 1.263
o 2009 9-7269 1.316
= 2010 9-7272_1.645
S 2011 9-7273 1.541
e 2012_9-7276_1.904
o 2013 9-7278 1.869
5% 2014 9-7281 1.515
g 2015 9-7282 1.527
8.5 2016 97283 1.132 1 o515 97286 0.256 ek 090-80
4.0 2017 9-7284 1.224 el tBx
by 2019 9-7288 1.365
Fga 2020 9-7289 1.588
e 2021 9-7290 1.550
g 2022 9-7291 1,433
e 2023 9-7292 1.421
s 2024 9-7293 1.556
353 2025 9-7294 1.647
13.0 2026 9-7295 1.3 I p008 9-7297 0.476 Sobix 136-25
kg 2027 9-7296 1.314
St 2029 9-7298 1.146
g 2030 9-7299 1.672
g 2031 9-73121.009
g 2033 9-7319_0.963
g 2034 9-7320 0.652 || 2032 9-7318 0.274 An clast  163-50
g 2036 97341 1124 || 2038 9-7323 5.083 MeltBx's  179-44
gl 2037 9-7345 1.552
2038 9-7370 1.732
18.0
2039 9-7802 1.101 || 2069 83-  23.690 Meltsx  210-71
19.0 (large rock fragment)
_ 2040 9-7403 0.93
20.0 SAl e i
by 2042 9-7405 0.827
P 2043 9-7406 1.416 || 2044 9-7407 0.554 MeltBx __ 210-04
o 2085 9-7410 1.529
oy 2046 9-7411 1.135
g 2047 9-7413 0.766
o 2048 9-7414_0.990
g 2089 9-7415 0.773
o 2050 9-7416_0.947
A 2051 9-7418_1.435
e 2052_9-7420 1.014
o 2053 9-7421 1.352 ||
5.0 2054 9-7422 1.301
i 2055 9-7423 1.272
2.0 2056 9-7426 1.415
P 2057 9-7428 1.257
Wil 2058 9-7429 1.342
poge 2059 9-7433 1.397
58 6 2060 9-7434 1.870
i 2061 9-7435 1.327
s 2062 9-7438 1.384
s 2063 9-7440 1.408
e 2064 9-7442 1.555
g 2065 9-7445 1.402

Fig.16-16C

16-67
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Fig. 16-17. Comparison of unit designation, drive tube 60009, for X-radiography,
for Preliminary Examination, and for Initial Dissection.

X - Ray Unit P, E; T Post-dissection
Level Unit

_ note: Core is shorter following dissection because of
i compression during extrusion, and appears narrower
because top layer does not intercept as much cross-
section as does X-radiogram.
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STRATIGRAPHIC SUMMARY,

APOLLO CORE 60009

UNIT  DEPTH SAMPLES CHARACTERISTICS SUB-UNITS
Fine-grained polymict unit with abundant C. 0.5-2.5, Detrital interval
intraclasts and authigenic agglutinates,
0.5- 60009,40-60 wide range of exposure, B. 2.5-4.0, Agglutinate interval
5.0 cm
10 A. 4 to 5.0, fine-grained interval
" sharp contact with truncated and agglutinate-coated An. Breccia.
C. 4.0-7.5, chaotic to vertical fabric
upward increasing size of clasts.
Friable breccia unit, moderately coarse
9 4.0- 60009,57-84 grained with an abundance of rounded soil B. 7.5-8.5, fine-grained laminar fabric
9.7 cm and anorthosite breccia clasts, moder-
ately high galactic cosmic ray exposure. A. 8.5-9.7, inclined-laminated with flake-

A

7

-
21.0 6

shaped clasts

transitional boundary marked by increase in size and sorting, compositional change from anorthositic to soil breccias

9.1-

12.3 cm

11.3-

20.0 cm

20.0-
21.7 cm

60009,88-103

60009,100-163

60009,170-175

4/——- transitional boundary

Fine-grained dark unit with scattered
armored anorthosite clasts, moderate
galactic cosmic ray exposure.

___—sharp contact, marked in part by authigenic agglutinates

Apparently coarse-grained unit consist-
ing of relatively discrete domains of
dark, fine-grained soil, irregularly
crenulate anorthosite clasts, partially
dispersed fractured rock fragments and
anorthosite laminae, all somewhat dis-
turbed and moved by sampling. Low
galactic cosmic ray exposure.

g Apparently sharp planar contact

Dark, very cohesive, fine-grained in-
terval, rich in breccia fragments,
poor in crystallines, with high exposure

Indistinctly stratified unit with equant,

22.0 21.7- 60009,176-185  rounded soil clasts.
5 23.0 cm

23.0 —— indistinct, crenulate subhorizontal boundary

-

24.0 Unit is very coarse-grained, comprised

< 4 23.0- 60009,186-208 of very large, somewhat crushed soil

26.0 om clasts.

25.0

26.0 crenulate to transitional boundary.

-f— Unit contains sparse light-colored soil

25.6- 60009,209-225 clasts and anorthosite clasts in a poorly

27.0 3 28.5 cm sorted very light, anorthosite-rich ma-

-

1

28.0 ,q/zss

trix, very low exposure.

crenulate to transitional boundaries above

29.5 cm

29.5-
31.5 cm

Fig.16-18.

60009 ,226-237

60009,238-247

Mixed lithologies, similar to overlying
and underlying units

f_.‘()_’/(—" planar to crenulate boundaries below

Dark, relatively sorted unit with in-
distinct stratification, common agglu-
tinates at base, low-grade breccias
throughout plus increasing anorthosite
upward.

Not subdivided.

Not

Not

N

o
b

Not

Stratigraphic summary, Apollo core 60009.

11.3-12.7
12.7-17.5+, Alternating light-dark domains

15.5-17.5, Darker soil with rounded clasts
immediately above anorthosite

16.0-18.0+, Anorthosite lamina

16.5-17.5+, Darker part of unit immediately
above rock

17.5-20.0, Soil which was squeezed around
large rock fragment

subdivided

subdivided.

Light-colored clast is very coarse, con-
sists mostly of crushed crystalline
anorthosite

Dark clast is fine-grained with scattered
small breccia fragments.

subdivided

subdivided
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Laboratory's Lunar Sample Inventory. If an investigator wishes to study

a sample from a certain unit, he can compare the unit to the depth scale
designated "sample interval, LCL inventory" to determine the specific

split number that corresponds to the depth interval. This scale corre-
sponds to the numerical scale etched onto the dissection receptacle, and
represents the earliest quantitative depth designation that can be directly
applied to all parts of the core.

Stratigraphic Summary

Ten textural and compositional units have been identified and veri-
fied as a result of two dissections of 60009 (Fig. 16-18). These units
are interpreted to represent two major accumulation sequences (Units 1-6
and 7-9) and one episode of reworking (Unit 10). In general the sequences
grade from reworked, poorly sorted soil with agglutinate fragments to
poorly sorted coarse-grained soil with abundant crushed, fresh, rock
fragments to finer-grained soil with rounded soil clasts, capped with an
agglutinate rich reworked zone. Tracks increase upward in each sequence.
Unit 10 is finer-grained, richer in agglutinates, better sorted, but con-
tains a mixture of small clasts similar to those immediately below and
seems to be reworked from the underlying regolith.

Study by Principal Investigators

Allocations from the upper dissection increment are listed in
Table A 16-6, p. A-29 of the appendix.
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APOLLO 17 CORES

GENERAL

Cores were taken at six separate locations on the Apollo 17 mission,
and range from a deep drill string at the ALSEP site (70001-70009) to a
last-minute grab sample at the LM site (70012). A single drive tube was
taken at station 6 (76001), and double drive tubes were used to profile
the coarse ejecta at van Serg Crater (79002/79001), the orange and black
soil at Shorty Crater (74002/74001) and the light mantle (73002/73001).
73001 was placed in the vacuum container(CSVC)immediately after sampling;
the others have been handled by standard procedures.

APOLLO 17 DEEP DRILL STRING

The drill string, consisting of eight detachable stems and a drill
bit, contained a total section of approximately 294.5 cm, representing
the deepest lunar core yet sampled.

Sample collection took place at the ALSEP site, 180M west (azimuth
of 285°§ from the LM (Fig. 17-1). The location is approximately one
crater diameter east from the 700M crater Camelot, and lies near the
northwest margin of the central cluster ejecta; deposits from both
crater sequences, as well as older regolith, were expected to occur in
the drill string.

LUNAR SURFACE PROCEDURES

The Apollo 17 deep drill core was collected on 11 December, 1972,
3 1/2 to 4 hours into EVA 1, concurrently with deployment of the ALSEP
experiments. After drilling the neutron probe was inserted into the
empty hole. HNine separate hardware items comprised this drill string;
these included seven standard 40 cm. stems, plus a shortened bottom
stem, 36 cm. long, to which was attached a 6.5 cm. drill bit.

Sections were added two-at-a-time during the drilling operation.
Despite the fact that TV coverage during drilling was Timited, it was
possible to ascertain that the penetration rate varied. According to
notes supplied by the crew, drilling the lowest 20 cm. was very difficult
because the basal material was very cohesive and contained abundant
rock fragments.

Upon completion of the drilling operation, Cernan and Schmitt ex-
tracted the core with great difficulty, and returned to the LRV 1 where
it was disassembled into three sections consisting of: wupper three
stems, 70007-70009, the middle two stems, 70006 and 70005, and the
lowest three stems plus the bit, 70004 through 70001. Sections were
capped on the LRV with minimal Toss of material from open ends of the
drill stems, and securely tied into a specially constructed beta cloth
bag for return to earth. Thus contained, the drill string was found
to be in secure and undisturbed condition when initially opened in the
laboratory.
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INITIAL LABORATORY PROCEDURE

Samples were removed from the beta cloth bag on the laminar flow
bench in the Clean Room of the LRL (photo documentation, NASA S-72-56449
through 56454) early on 22 December, 1972, and immediately transferred
to the Core Tube Freparation Cabinet of the SSPL*. All stems were un-
coupled, weighed, and triplebagged in teflon, the same day, in prepara-
tion for X-radiography and Preliminary Examination.

PRELIMINARY EXAMINATION OF THE DRILL STRING

Preliminary examination of the Apollo 17 drill string included;
(1) X-radiography, (2) determination of mechanical properties, (3) re-
moval of limited amounts of lunar soil from the upper ends of each stem,
for early allocation and study, (4) dissection of the drill bit, 70001,
for early allocation and biomedical analysis, and (5) dissection of
70008, the section that would provide critical early data on abundance
of short-lived radionucleides.

X-radiography

X-radiography was performed on 27 December, 1972, according to the
procedure outlined in Chapter 1, p. 20, under conditions listed in
Table III. Description of the X-radiographs commenced the same day;
results are presented in Fig. 17-3 and covered in detail in LSPET, 1973,
p. 777-25 through 7-36. Compositional control was provided through ex-
amination of the X-radiographs and early samples, the Apollo 17 drill
string appears to contain three major stratigraphic intervals: a Tower
zone of alternating coarse and fine basaltic and breccia material, 131.5 cm.
thick, a middle, fine-grained zone 56 cm. thick, high in anorthosite,
and an upper, coarse-grained, basaltic unit, 107 cm. thick.

Mechanical Properties of the Drill String

Mechanical properties, summarized in Table XVII-i, were originally
calculated by D. Carrier, immediately after the cores were weighed and
after it was possible to determine the length of soil in each core from
the X-radiographs. (Apollo 17 Preliminary Science Report, P. 8-7). More
accurate data are now available for drill stems 70007-70009, following
opening of the drill stems and direct measurement of the length of soil
in each core tube. In general, bulk density of the Apollo 17 drill string
is greater than that of the Apollo 15 and 16 cores (Fig. 17-2) and differs
somewhat in pattern. Whereas the Apollo 16 core shows a steady increase
in density with depth, and the Apollo 15 core a series of wide fluctuations,
the lower part of the Apollo 17 deep drill core is relatively constant
(1.79£0.05 gm/cc) with a dense layer (2.11 gm/cc) rich in unshocked cry-
stallines, occurring just below the lunar surface.

Within the 1imits of measurable error, core recovery was essentially
100 percent. On return, voids inside the drill stem were found to total
approximately 30 cm., agreeing with the Tength of undrilled core on the

*Sample Storage and Preparation Laboratory, Curatorial Facility, Johnson
Space Center.
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Bulk density of lunar soil in drill stem (g/cc)
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Figure 17-2.- Comparative density, Apollo 15, 16, and 17 drill strings.




Top

Bottom

TABLE XVII-1. - PRELIMINARY DATA ON APOLLO 17 DRILL STEM SECTIONS

Drill LRL Returned Returned Returned Original Original Drill Percent
Stem Sample Sample Sample Bulk Sample Bulk Stem Core
S/N No. Weight Length Density Length Density Depth Recovery
g cm g/cc cm g/cc cm
061 70009  143.3  25:2 1.75:0.14 1022 (F),
067 70008  260.9  3glc) 2.11 39.9 % 1.99:0.05
i |
063 70007 179.4 30.5 1.80 39.9 j :
065 70006 234.2 39.9 1.80 39.9 1.80 i
069 70005 240.6 39.9(a) 1.85 39.9 1.85 > 305+1 95% - 97%
!
066 70004  238.8  39.90%) 1.8 39.9 1.84 |
i
062 70003 237.8 39.9(a) 1.83 39.9 1.83 j
i
070 70002 207.7 (e) /
42.0 1.74 42.5 1.74
179
(Bit) 70001 29.8
Total: 1772.5 292+2
(a) Nominal length of core is 39.9 cm:
(b) Based on a sample diameter of 2.04
(c) Approximately 2 cm void at top of stem.
(d) Approximately 6 cm void at top of stem.
(e) Nominal length is 42.5 cm: 0.5 cm fell out of bottom of drill stem on Tunar surface.
(f) Core tube rammer-jammer was inserted to a depth of 30:2 cm before drill stem withdrawn from soil.

G-LL



17-6

moon, and with the depth Cernan inserted the plug into the top of the
drill stem immediately after sampling. Because the plug did not func-
tion, soil inside the upper three sections was unconfined, and showed

a distribution indicating some shifting of soil upward in the drill
string. Decrease in void space at the top of 70009 is compensated by
the presence of void at the junction of 70007 and 70008. The original
plug, inserted on the lunar surface, was found at the top of the 70009
drill string, indicating at least one inversion of the core. On return
drill stems 70007 and 70008 were found to be partially unscrewed.
Slippage during inversion, plus atmospheric-induced movement at the

partially opened junction of 70007 and 70008 is believed to have caused
the void at this location.

Early Sampling of the Core Junctions

Because the plug had been inserted intothe bottom ends of the cores
during uncoupling, soil was removed from the top, and a plug inserted
into this void. Preliminary examination allocations required 2.75 grams
of soil finer than 1 mm. from each core. Accordingly, soil was ex-
tracted from the tops of the cores in 1/2 cm. intervals; until the re-
quired amount of fine fines was obtained; at the same time, coarse
particles were picked out and stored separately; 3 gm. of unsieved soil
was then extracted for cold storage and posterity study. The list of
photographs taken during separation and early sampling of the ends of
the drill stems, is found below (Table XVII-II).

TABLE XVII-II. LIST OF PHOTOGRAPHS TAKEN
DURING PRELIMINARY EXAMINATION OF APOLLO 17 DRILL STRING

SAMPLE NO. OPERATION PHOTO NOS.
70001,1 Top end of core after disassembly........ [ S-73-15051 ]
[S-73-15052 ]
70002,1 Top end of core after disassembly........ [S-73-15049]
[S-73-15050]
70002,4 Rock fragments from top of core.......... [S-73-15195]
70003,1 Top end of core after disassembly........ [S-73-15046]
70003,4 Rock fragments from top of core....... «..[S-73-15194
70004,1 Top end of core after disassembly........ [5-73-15047 ]
70004,4 Rock fragments from top of core.......... [S-73-15196]
70005,1 Top end of core after disassembly........ [S-73-15042]
70006,1 Top end of core after disassembly........ [S-73-15043]
70006,4 Rock fragments from top of core.......... [S-73-15193]
[70007,1] Open ends of both cores shown together,
[70008,1] after disassembly. c.sinsevassnsnannpessss [S-73-15044]
70008,1 Top end of core after disassembly........ [S-73-15045]

70009,1 Bottom end of core, after disassembly....[S-73-15048]
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Figure 17-3.- X-radiograph of Apollo 17 deep drill core.
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Unit

UNIT9 Depth: TDS, 286.5 to 289 cm; lunar surface, 259.5 to 262 cm  Thickness: 2.5 cm

Thin interval with scattered mottles.

Matrix: 95 percent; moderately transparent, indistinctly granular, with a trace of pinpoint opaques.

Coarse fraction: 5 percent; semiopaque, indistinct outline, 2- to 5-mm crenulate mottles scattered randomly throughout
the interval.

UNIT 8 Depth: TDS, 289 to 290 cm; lunar surface, 262 to 263 cm  Thickness: 1 cm

Thin bed with small, sorted rock fragments.

Matrix: 80 percent; high transparency with pinpoint opaques, as in unit 7.

Coarse fraction: 20 percent; semiopaque with moderately distinct outline, 1 to 3 mm in diameter, well sorted, chip-shaped
fragments with relatively straight margins and anqular corners. A few fragments show an indistinct outline on one
side.

UNIT7 Depth: TDS, 290 to 291 cm; lunar surface, 263 to 264 cm  Thickness: 1 cm
Fine-grained thin bed with transparent matrix.
Matrix: 100 percent; as in unit 4, uniformly finely granular, high transparency, and a trace of pinpoint opaques.

UNIT 6 Depth: TDS, 291 to 293 cm; lunar surface, 264 to 266 cm  Thickness: 2 cm

Thin bed with large rock fragments.

Matrix: 60 percent; high transparency, as in unit 5, but with no pinpoint opaques.

Framework: 40 percent; 30 percent is semiopaque rock fragments with distinct outline, bimodal sorting, and large frag-
ments, 0.8 to 1.2 cm, are equant and lumpy as in unit 2, and 2- to 4-mm chip-like fragments as in unit 5; 10 percent
is semiopaque mottles, 1 to 3 mm in diameter, with indistinct but smooth, not crenulate, outlines.

UNIT 5 Depth: TDS, 293 to 301 cm; lunar surface, 266 to 274 cm  Thickness: 8 cm

Thick interval with transparent matrix and small, sorted rock fragments.

Matrix: 90 percent; high transparency with traces of pinpoint opaques as in unit 4.

Coarse fraction: 10 percent; semiopaque rock fragments with distinct outline, slightly elongate to chip shaped, 2 to 4 mm
in diameter, sorted, with straight edges and angular corners.

UNIT 4 Depth: TDS, 301 to 305 cm; lunar surface, 274 to 278 cm  Thickness: 4 cm

Fine-grained unit with transparent matrix.

Matrix: 100 percent; distinctly less dense and opaque than underlying unit, featureless except for a trace of pinpoint
spherical opaques.

UNIT 3 Depth: TDS, 305 to 310 cm; lunar surface, 278 to 283 cm  Thickness: 5 cm

Medium-thin bed with dense matrix and indistinct mottles.

Matrix: 85 percent; relatively high opacity, somewhat granular in appearance, with a distinct fairly planar upper bound-
ary and a tendency to an indistinctly mottled appearance, but with no opaque particles.

Coarse fraction: 15 percent; traces of opaque, 1-mm fragment, subrounded blocky fragment; 15 percent is semiopaque,
indistinct outline with highly crenulate widely sized mottles scattered throughout the entire length of the interval,
no distinct layering.

UNIT 2 Depth: TDS, 310 to 316 cm; lunar surface, 283 to 289 cm  Thickness: 6 cm

Medium-thick interval with poorly sorted rock fragments.

Matrix: 70 percent intermediate transparency with trace of shard-like opaques.

Framework: 30 percent; traces of 1-mm-diameter, equant, globular opaques; 20 percent is semiopaque rock fragments
with distinct outline, 2 to 9 mm in diameter, average =3 mm, poorly sorted, equant to slightly elongate, mostly with
irreqular lumpy appearance, subordinate number with smooth straight outline; 10 percent is semiopaque, indistinct
outlined equant mottles with vaguely crenulate outlines as much as 8 mm in diameter, but averaging 2 to 3 mm.

UNIT1 Depth: TDS, 316 to 322.5 cm; lunar surface, 289 to 294.5 cm  Thickness: 5.5 cm

Fine-grained unit with sparse rock fragments. Comprises all of 70001, the drill bit. Because of the thick walls, it is not
possible to distinguish many soil characteristics.

Matrix: ~90 percent; reveals no texture except that it appears fine grained.

Coarse fraction: ~10 percent; appears to contain scattered, 1- to 3-mm, well-sorted rock fragments (equant, semiopaque
to X-rays, but with distinct subrounded outline).

X-radiograph symbols

Granular matrix

I ndistinct fragments
% Void space

Opaque particles

{Qm Distinct rock fragments
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UNITS 18 to 22 Depth: TDS, 252 to 258 cm; lunar surface, 225 to 231 cm  Thickness: 6 cm

Alternation of rock fragments and finely mottled thin beds.

Rock fragmental layers:

Matrix: 50 to 60 percent; low opacity, appears to be homogeneously fine grained with only a trace of opaques, near
limit of resolution.

Framework: 40 to 50 percent; consists of ~40 percent rock fragments with distinct outline, 2 mm to 1.3 cm, poorly
sorted, generally smooth to slightly irreqular outline; 10 percent is mottled rock fragments, indistinct outline, as
much as 3 mm in diameter, generally fading out evenly over smooth edges rather than over crenulate edges,
suggesting breccia fragments.

Fine-grained layers:

Matrix: 100 percent; semitransparent with =10 percent mottling, near limit of resolution, no opaques.

UNIT 17 Depth: TDS, 258 to 259.5 cm; lunar surface, 231 to 232.5 cm  Thickness 1.5 cm
Thin fine-grained interval with transparent matrix.
Matrix: 100 percent; high transparency, nearly homogeneous with a suggestion of indistinct motties, no opaques.

UNIT 16  Depth: TDS, 259.5 to 262 cm; lunar surface, 232.5 to 235 cm  Thickness: 2.5 cm

Semiopaque matrix zone with mottles and rock fragments.

Matrix: 85 percent; moderately opaque with 10 to 15 percent density concentrations and semidistinct mottles, 1 mm in
diameter to limit of resolution.

Coarse fraction: 15 percent; 5 percent is semiopaque rock fragments with distinct outline, well sorted, 1to 2 mm in diam-
eter, equant and subangular; 10 percent is semiopaque density concentrations with vague outline, equant to elongate,
as much as 5 mm in diameter, fading out along smooth rather than crenulated edges.

UNIT 15  Depth: TDS, 262 to 272 cm; lunar surface, 235 to 245 cm  Thickness: 10 cm

Transparent matrix zone with scattered small rock fragments.

Matrix: 95 percent; relatively transparent with 5 percent finely granular 0.5-mm to pinpoint mottles and density concen-
trations.

Coarse fraction: 5 percent semiopaque fragments with distinct outline, well sorted, all fragments are 2 to 4 mm in diam-
eter, equant to chip shaped with relatively smooth outline, subangular corners. Traces of 1-mm opaque ovoids and
spherules.

UNIT 14 Depth: TDS, 272 to 274 cm; lunar surface, 245 to 247 cm  Thickness: 2 cm

Thin bed of mixed rock fragments and transparent matrix.

Matrix: 80 percent; less opaque than that of unit 13, distinctly less grainy, but also with no fine-grained opaques.
Coarse fraction: 20 percent; as in unit 13, with a variety of equant to anqular, irreqular rock fragments.

UNIT 13  Depth: TDS, 274 to 283 cm; lunar surface, 247 to 256 cm  Thickness: 9 cm

I nterval with mixed rock fragments and moderately opaque matrix.

Matrix: 75 percent; moderately opaque to semitransparent but grainy and finely indistinctly mottied with no opaques.

Coarse fraction: 25 percent; 20 percent is semiopaque rock fragments with distinct outline, tending to be irreqular,
1to 11 mm in diameter, poorly sorted, equant with subangular to anqular corners; 5 percent is semiopaque mottles,
varied sizes as much as 0.5 mm, tending to be equant, with relatively even outline, suggesting breccia fragments
rather than irreqular clods.

UNIT12  Depth: TDS, 283 to 284 cm; lunar surface, 256 to 257 cm  Thickness: 1 cm

Thin bed with well-sorted rock chips.

Matrix: 80 percent; as in unit 11, relatively high transparency with sparse, fine mottles and a trace of pinpoint opaques.

Coarse fraction: 20 percent; semiopaque rock fragments with semidistinct outline, 2 to 3 mm in diameter, well sorted,
elongate to chip-shaped fragments, straight margins, angular corners on some edges fade to indistinctness on other
margins.

UNIT 11  Depth: TDS, 284.0 to 285.5 cm; lunar surface, 257.0to 258.5 cm  Thickness: 1.5 cm
Thin fine-grained interval with transparent matrix.
Matrix; 100 percent; relatively high transparency, sparingly mottled with traces of pinpoint opaques.

UNIT10  Depth: TDS, 285.5 to 286.5 cm; lunar surface, 258.5 to 259.5 cm  Thickness: 1 cm

Thin bed with mixed rock fragments.

Matrix: 75 percent; moderately transparent, indistinctly granular, with no pinpoint opaques.

Framework: 25 percent; 15 percent is semiopaque rock fragments with distinct outline, poorly sorted, 1to 5 mm in diam-
eter, equant to elongate but with polygonal blocky outlines, subangular to angular corners; 10 percent is semiopaque,
indistinct outline, 1- to 3-mm diameter crenulate mottles.

Figure 17-3.- X-radiograph of Apollo 17 deep drill core (continued).



Depth,

cm

Unit

220

70003 = 70004

25

o |2

iegt]

17-9

UNIT29  Depth: TDS, 209.5 to 212.5 c¢m; lunar surface, 182.5 to 185.5 cm  Thickness: 3 cm

Uniformly finely mottled zone.

Matrix: 100 percent; moderately opaque with a trace of pinpoint opaques and an abundance of uniformly distributed
coarse granules as much as 0.5 mm in diameter.

UNIT 28  Depth: TDS, 212.5 to 215.5 cm; lunar surface, 185.5 to 188.5 cm  Thickness: 3 cm

Coarsely mottled interval.

Matrix: 70 percent; as transparent matrix in unit 27, uniformly fine with no noticeable granules or opaques.

Coarse fraction: 30 percent; semiopaque indistinct mottles or clods as much as 1 cm in diameter, very poorly defined,
with fairly crenulate outline, one blocky rock fragment.

UNIT 27 Depth: TDS, 215.5 to 219 cm; lunar surface, 188.5 to 192 cm  Thickness: 3.5 cm

Thinly laminated interval with afternate laminae of relatively transparent and opaque soil.

Matrix: Transparent intervals 100 percent consisting of uniform very finely granular featureless matrix, relatively
opaque intervals 90 percent) are finely to 1-mm granular, with a trace of pinpoint to 0.5-mm blocky opaques.

Coarse fraction: 10 percent; in relatively opaque intervals, semiopaque clod-like motties with indistinct outline,
poorly sorted, 2 to 5 mm in diameter.

UNIT26 Depth: TDS, 219 to 231 cm; lunar surface, 192 to 204 cm  Thickness: 12 cm

Thick bed with scattered rock fragments and mottles.

Matrix: 85 percent; moderately transparent with very fine, light granularity and trace of (1 percent) pinpoint to 0.5-mm
spherical opaque.

Coarse fraction: 15 percent; 5 percent is semiopaque, distinct outline, 2- to 4-mm, subequant polygonal, subrounded
to blocky rock fragments, many with at least one indistinct edge; 10 percent is semiopaque indistinct outline, 1- to
4-mm density concentrations, fading out evenly over apparently smooth edges.

UNIT25  Depth: TDS, 231 to 235 cm; lunar surface, 204 to 208 cm  Thickness: 4 cm

Fine-grained interval and high opacity matrix.

Matrix: 100 percent; moderately, densely opaque with very fine granularity and =1 percent pinpoint to 0.5-mm spher-
ical opaques.

UNIT 24  Depth: TDS, 235 to 240 cm; lunar surface, 208 to 213 cm  Thickness: 5 cm

Medium-thick interval with scattered 5-mm rock fragments.

Matrix: 75 percent; moderately dense and relatively highly opaque with very fine granularity and traces of scattered
pinpoint opaques.

Coarse fraction: 25 percent; 15 percent is semiopaque with distinct outline, 3 to 5 mm in diameter, moderately well
sorted, subequant rock fragments with semismooth outlines and subangular corners; 10 percent is semiopaque
with indistinct outline, moderately well sorted, 2- to 4-mm density concentrations, most commonly with one well-
defined smooth side, fading out more or less evenly el sewhere.

UNIT 23  Depth: TDS, 240 to 252 cm; lunar surface, 213 to 225 cm  Thickness: 12 cm

Massive fine-grained zone with scattered small rock fragments.

Matrix: 90 percent; moderately transparent with indistinct granularity only slightly coarser than film graininess and
with traces of pinpoint opaques, near limit of resolution, apparently spherical.

Coarse fraction: 10 percent; 5 percent is semiopaque rock fragments, 2 to 3 mm in diameter, well sorted, equant to
owoid, with subangular corners; 5 percent is semiopaque density concentrations with indistinct outline, as much
as 4 mm in diameter, appear to be evenly sized; however, =2.5 mm in diameter, fading out over smooth outlines,
suggesting well-sorted breccia fragments.

Figure 17-3.- X-radiograph of Apollo 17 deep drill core (continued).
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UNIT 38  Depth: TDS, 174.5 to 178.5 cm; lunar surface, 147.5to 151.5cm  Thickness: 4 cm

Medium-thin interval with abundant, small, well-sorted rock fragments.

Matrix: 70 percent; moderate to high transparency, with less than 10 percent fine mottles and only a trace of pinpoint
opaques, near limit of resolution.

Framework: 30 percent; 20 percent is semiopaque rock fragments with distinct outline, 2 to 4 mm in diameter, well
sorted, blocky to wedge shaped with nearly straight sides and angular to subangular corners; 10 percent is semiopaque
density concentrations with indistinct outline, 2 to 4 mm diameter, fading out over relatively straight and even edge,
suggesting breccia fragments.

UNIT 37  Depth: TDS, 178.5 to 183 cm; lunar surface, 151.5to 156 cm  Thickness: 4.5 cm

Densely granular interval with sparse rock fragments.

Matrix: 95 percent; more opaque than unit 36, densely and finely granular with traces of minute spherical opaques.

Coarse fraction: 5 percent; semiopaque with indistinct outline, appearing as equant density concentrations 1 to 3 mm
in diameter, with reqular and even fadeout, sorting and type of semitransparency suggest breccia fragments rather
than clods.

UNIT 36  Depth: TDS, 183 to 190 cm; lunar surface, 156 to 163 cm  Thickness: 7 ¢cm

Massive interval with sparse rock fragments and abundant opaque fragments.

Matrix: 90 percent; uniformly fine grained and noticeably transparent with =1 percent spherical opaques, 0.5 mm to limit
of resolution.

Coarse fraction: 10 percent (decreasing upward); 5 percent is semiopaque rock fragments having distinct outline, moder-
ately well sorted, 2 to 3 mm in diameter, best sorting at top of bed, continuous gradation upward; 4 percent is semiopaque
mottles, 1to 4 mm in diameter with crenulate fadeout; 1 percent is opaque fragments, averaging 1 mm in diameter, blocky
equant to comma shaped.

UNIT 35  Depth: TDS, 190 to 194.5 cm; lunar surface, 163 to 167.5 cm  Thickness: 4.5 cm

Rock fragmental zone with relatively transparent matrix.

Matrix: 60 percent; decidedly less dense in appearance than underlying unit with =1 percent spherical opaques, 0.5 mm
in diameter to limit of resolution; matrix becomes progressively more transparent upward.

Framework: 40 percent; rock fragments, similar in appearance to unit 34, =30 percent is semiopaque rock fragments with
distinct outline; 10 percent is crenulate mottles with indistinct outline.

UNIT 34  Depth: TDS, 194.5 to 200 cm; lunar surface, 167.5 to 173 cm  Thickness: 5.5 cm

Rock fragmental zone with relatively opaque matrix.

Matrix: 65 percent; relatively opaque to X-rays, compared to unit 35, but appears to be uniformly dense throughout with
no distinct mottles or opaque fragments.

Framework: 35 percent; 25 percent is semiopaque rock fragments with distinct outline, 2 to 11 mm in diameter, poorly
sorted, equant to slightly elongate, polygonal, relatively straight sided, subangular corners; 10 percent is semiopaque
with indistinct outline, appears as indistinct mottles, 1 to 4 mm in diameter with finely crenulate fadeout.

UNIT 33  Depth: TDS, 200 to 202.5 cm; lunar surface, 173 to 175.5 cm  Thickness: 2.5 cm

Moderately thin bed with abundant rock fragments.

Matrix: 80 percent; intermediate transparency with some granules as unit 32.

Coarse fraction: 20 percent; 10 percent is semiopaque rock fragments with distinct outline, 2 to 5 mm in diameter,
moderately well sorted, elongate-equant polygonal with straight edges, subangular corners; 10 percent is semiopaque
with indistinct outline, 2- to 5-mm-diameter clods or mottles, fading out irreqularly, but not on a crenulated margin.

UNIT 32  Depth: TDS, 202.5 to 205 cm; lunar surface, 175.5to 177 cm  Thickness: 1.5 cm

Thin bed with scattered rock fragments.

Matrix: 90 percent; intermediate transparency with =5 percent granules, 0.5 mm to limit of resolution.

Coarse fraction; 10 percent; semiopaque rock fragments with distinct outline, 2 to 3 mm, well sorted, ovoid and sub-
rounded.

UNIT31  Depth: TDS, 204 to 207 c¢m; lunar surface, 177 to 180 cm  Thickness: 3 cm

Transparent matrix interval with scattered rock fragments.

Matrix: 95 percent; nearly uniformly transparent with only a trace of granularity or pinpoint opaques.

Coarse fraction: 5 percent; semiopaque, indistinct outline, 0.5- to 2-mm elongate mottles, resembling shard-like
rock fragments, but indistinct.

UNIT30 Depth: TDS, 207 to 209.5 cm; lunar surface, 180 to 182.5 cm  Thickness: 2.5 cm

Finely mottled zone with sorted rock fragments.

Matrix: 70 percent; similar to unit 29 in being moderately opaque and finely mottied throughout.

Coarse fraction: 30 percent; 10 percent is semiopaque rock fragments, well sorted, 2.5 to 5 mm in diameter, elliptica!,
subangular to subrounded with even surfaces; 20 percent is semiopague, indistinct to partially distinct outline,

1to 6 mm in diameter, fading out over irregular but not highly crenulate edges.

17-3.- X-radiograph of Apollo 17 deep drill core (continued).
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T UNIT48  Depth: TDS, 146.5 to 148 cm; lunar surface, 119.5 to 121 cm  Thickness: 1.5 cm

Fine-grained thin bed with transparent matrix.

Matrix: 100 percent; uniformly fine grained with a trace of widely scattered and evenly distributed pinpoint mottles, near
51 limit of resolution, no opaques.

UNIT 47  Depth: TDS, 148 to 151 cm; lunar surface, 121 to 124 cm  Thickness: 3 cm
Medium-thin bed with moderately opaque matrix and scattered rock fragments.
— Matrix: 85 percent; intermediate transparency because of 10 percent granularity and pinpoint density concentrations,
but with a noticeable absence of opaques in contrast to unit 46.
Coarse fraction: 15 percent; semiopaque rock fragments with distinct to semidistinct outline, well sorted, 2 to 4 mm in
diameter, equant to polygonal with relatively straight edges and subangular corners, slightly lumpy and irregular
(not crenulate) fadeout on semidistinct edges.

UNIT 46  Depth: TDS, 151 to 154 cm; lunar surface, 124 to 127 cm  Thickness: 3 cm
Transparent matrix and fine-grained interval with abundant opaque fragments.
49 Matrix: 100 percent; noticeably more transparent than in unit 45 with less than 5 percent pinpoint semiopaque density
concentrations (in contrast to 20 percent of unit 45), 2 percent opaque particles, equant, subrounded polygons with
a suggestion of straight edges or spheroids, less than 1 mm in diameter to limit of resolution.

UNIT 45 Depth: TDS, 154 to 156 cm; lunar surface, 127 to 129 cm  Thickness: 2 cm
_ Moderately opaque interval, as in unit 44, but with no rock fragments.
Matrix: 100 percent; moderately opaque with ~20 percent indistinct pinpoint mottles, near limit of resolution to 0.5 mm,
but with no opaque spherules; contact with overlying bed appears very distinctly as an irregularly planar surface, with
striking decrease in density in overlying unit 46.

b

UNIT 44  Depth: TDS, 156 to 160 cm; lunar surface, 129 to 133 cm  Thickness: 4 cm

Moderately opaque interval with small, scattered, sorted rock fragments.

Matrix: 85 percent; moderately opaque with ~20 percent indistinct equant mottles, near limit of resolution to 0.5 mm, 1
percent opaque spherules less than 0.5 mm in diameter.

Coarse fraction: 15 percent; semiopaque with partially distinct outline (probably partially concealed by density of matrix),
3 to 5 mm, well sorted, equant to owid, subrounded particles, long axes tend to be alined horizontally.

~ UNIT43 Depth: TDS, 160 to 164 cm; lunar surface, 133 to 137 cm  Thickness: 4 cm
5 Rock fragmental unit fractured at top of core.
Matrix: 70 percent; appears similar to that of unit 42, but is strongly permeated by cracks and fractures, contains
_ =20 percent finely granular mottles, traces of opaque spherules, near limit of resolution.
Coarse fraction: 30 percent; clumps or rock fragments with distinct outline, 2 to 11 mm in diameter, subowvoid to
polygonal with irregular angularly wavy edges most commonly defined by cracks in matrix.

44 UNIT 42  Depth: TDS, 164 to 166 cm; lunar surface, 137 to 139 cm  Thickness: 2 cm
Thin bed with moderately opaque matrix and small sorted rock fragments.
Matrix: 80 percent; intermediate opacity, finely mottled with 20 percent pinpoint mottles, less than 1 mm in diameter,
— but no opaques.
Coarse fraction: 20 percent; semiopaque rock fragments with moderately distinct outline, 1 to 4 mm in diameter,
average 2.5 mm with few fragments being much smaller or larger, fragments with one or two relatively straight

'._ 43 margins, but fading out along crenulate margins on other side of fragment.

UNIT 41  Depth: TDS, 166 to 170 cm; lunar surface, 139 to 143 cm  Thickness: 4 cm
— Fine-grained interval with scattered fine mottles and sparse rock fragments.
Matrix: 95 percent of intermediate to low opacity, with 5 to 15 percent motties under 1 mm in diameter and ~1 percent
spherical opaques, limit of resolution to 0.8 mm.
— Coarse fraction: 5 percent; semiopaque rock fragments with distinct outline, blocky slightly elongate with relatively
straight edges and angular corners.

UNIT 40 Depth: TDS, 170 to 170.5 c¢m; lunar surface, 143 to 143.5cm  Thickness: 0.5 cm

Thin rock layer.

Matrix: 60 percent; moderately transparent and uniformly fine grained.

Framework: 40 percent; semiopaque rock fragments with distinct outline, 1 to 4 mm in diameter, moderately well sorted,
equant to slightly elongate, with smoothly faceted to blocky outline, subangular to angular corners.

UNIT 39  Depth: TDS, 170.5 to 174.5 cm; lunar surface, 143.5 to 147.5 cm  Thickness: 4 cm

Fine-grained interval with indistinct granules.

Matrix: 95 percent; moderately high transparency, but with 2 percent opaques, ranging from spheroids at limit of
resolution to shards 1 mm long; elongate opaques tend to have long axes alined horizontally.

Coarse fraction: 5 percent; semiopaque density concentrations with indistinct outline, 1 to 3 mm in diameter with
regular and even fadeout as in unit 37.
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Figure 17-3.- X-radiograph of Apollo 17 deep drill core (continued).
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UNITS57  Depth: TDS, 110.5 to 115 cm; lunar surface, 83.5 to 88 cm  Thickness: 4.5 cm

Medium-thin bed with sparse small rock fragments and abundant opaques.

Matrix: 90 percent; intermediate to high transparency and with 10 to 15 percent semiopaque granules, 1 mm in diameter
to limit of resolution, =1 percent blocky to spherical opaque fragments as much as 1 mm in diameter.

Coarse fraction: 10 percent; 5 percent is semiopaque rock fragments with distinct outline, well sorted, 1to 2 mm in
diameter, equant and blocky with angular corners; 5 percent is semiopaque mottles, 2 to 3 mm in diameter with
crenulate fadeout as in unit 56.

UNIT56  Depth: TDS, 115to 119 cm; lunar surface, 88 to 92 cm  Thickness: 4 cm

Medium-thin bed with small well-sorted rock fragments.

Matrix: 80 percent; intermediate to high transparency with less than 10 percent fine granularity, only trace amounts
of spherical opaques, near limit of resolution.

Coarse fraction: 20 percent; 15 percent is semiopaque rock fragments with distinct outline, well sorted, mostly 2 to 4 mm
in diameter, blocky and equant to bladed and elongate with relatively straight sides and angular corners; 5 percent is
semiopaque density concentrations with indistinct crenulate fadeout. These fragments range from 1to 5 mm in
diameter and are randomly distributed throughout the unit.

UNITS55  Depth: TDS, 119 to 122.5 cm; lunar surface, 92 to 95.5 cm  Thickness: 3.5 ¢cm

Thin bed packed with basalt fragments. (2.5 cm of this unit are in core 70007, and 1 cm is in the base of core 70007.)

Matrix: 30 percent; relatively transparent, very finely granular with no opaques.

Framework: 70 percent (examined during end sampling for early allocation); packed with semiopaque rock fragments with
distinct outline, equant, poorly sorted, blocky fragments with nearly straight edges; on examination of actual speci-
mens, they turned out to be coarsely crystalline basalt fragments with 15 to 20 percent vesicles as much as 5 mm in
diameter. No other rock types were present.

UNIT54  Depth: TDS 122.5 to 127 cm; lunar surface, 95.5 to 100 cm  Thickness: 4.5 cm
Massive unit with mixed rock fragments and relatively transparent matrix. |n X-radipgraph, this unit appears to be
very similar in composition to unit 52.

UNITS53  Depth: TDS, 127 to 129 cm; lunar surface, 100 to 102 cm  Thickness: 2 cm

Thin bed, packed with rock fragments.

Matrix: 50 percent; relatively transparent, sparingly mottied, apparently as in unit 52, but mostly concealed by abundant
rock fragments.

Framework: 50 percent; 45 percent is semiopaque rock fragments with distinct outline, moderately well sorted, 2 to 9 mm
in diameter, but mostly 5 +1 mm, blocky, smooth-edged and subangular fragments, similar to those of unit 52, but
much more abundant; 5 percent is semiopaque mottles, averaging 2 to 3 mm in diameter with irreqular lumpy to
indistinct outline.

UNIT52  Depth: TDS, 129 to 134 c¢m; lunar surface, 102 to 107 cm  Thickness: 5 cm

Massive unit with mixed rock fragments and transparent matrix.

Matrix: 70 percent; relatively transparent with =5 percent fine semiopaque mottles less than 1 mm in diameter, a trace
of spherical opaques, near limit of resolution.

Coarse fraction: 30 percent; 20 percent is semiopaque rock fragments with distinct outline, poorly sorted, ranging from
1to 8 mm in diameter, tending to be blocky to wedge-shaped equant fragments; 10 percent is semiopaque density con-
centrations with indistinct outline, 2 to 5 mm.in diameter, fading out over an irreqular to lumpy outline as in unit 51.

UNIT51  Depth: TDS, 134 to 138.5 cm; lunar surface, 107 to 111.5 cm  Thickness: 4.5 cm

Massive interval with granular matrix and abundant clods and rock fragments.

Matrix: 70 percent; moderately opaque with =20 percent pinpoint to 0.5-mm semiopaque granules scattered throughout,
traces of opaque spherules less than 0.5 mm in diameter.

Coarse fraction: 30 percent; 5 percent is semiopaque rock fragments with distinct outline, 2 to 5 mm in diameter,
moderately poorly sorted, blocky outline with straight to nearly straight edges; 25 percent is semiopaque mottles
or clods with indistinct outline, ranging up to 8 mm in diameter, but very poorly sorted. Fragments, possibly
breccias, tend to have a lumpily irreqular appearance and are not crenulate. Entire interval appears to be reverse
graded and is roughly coarser at the top.

UNIT50 Depth: TDS, 138.5 to 140 cm; lunar surface, 111.5to 113 cm  Thickness: 1.5 cm
Fine-grained thin bed with high transparency matrix.
Matrix: 100 percent; as in unit 48, uniform with trace of pinpoint motties and opaques.

UNIT49  Depth: TDS, 140 to 146.5 cm; lunar surface, 113 to 119.5cm  Thickness: 6.5 cm

Medium-thin bed with moderately opaque matrix and scattered rock fragments.

Matrix: 85 percent; intermediate transparency with 10 percent granularity, but with noticeable absence of opaque frag-
ments or density concentrations.

Coarse fraction: 15 percent; semiopaque rock fragments with distinct to semidistinct outline, moderately well sorted,
2 to 5 mm in diameter, equant to polygonal with generally straight edges and subangular corners, even fadeout areas
where edges are indistinct.

Figure 17-3.- X-radiograph of Apollo 17 deep drill core (continued).
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UNIT 64  Depth: TDS, 15 to 18 cm; lunar surface, 0to 3 cm  Thickness: 3 cm

Fine-grained unit with transparent matrix and scattered opaque spheroids.

Matrix: 100 percent; high transparency with ~ 10 percent density concentrations and semiopaque granules less than 1 mm
in diameter; 1 percent opaque shards and spheroids ranging from 1 mm in diameter to limit of resolution. On the
X-radiograph, the unit appears to fade out over a 2-cm distance along the upper margin because of slumping.

UNIT 63  Depth: TDS, 18 to 23 cm; lunar surface, 3 to 8cm  Thickness: 5 ¢cm

Massive fine-grained unit with coarse but indistinct mottles.

Matrix: 100 percent; intermediate to high background transparency, but with 50 to 60 percent indistinct mottles as much
as 2 mm in diameter, granular density concentrations generally less than 1 mm in diameter.

UNIT 62 Depth: TDS, 23 to 26 cm; lunar surface, 8to 11 cm  Thickness: 3 cm

Fine-grained interval with sorted small rock fragments and clod-like particles.

Matrix: 75 percent; relatively opaque because of granularity, represented by 30 percent semiopaque density concentra-
tions less than 1 mm in diameter, but with no opaques.

Coarse fraction: 25 percent; 15 percent is semiopaque rock fragments with distinct outline. Rock fragments are well
sorted, 1.5 to 4 mm in diameter, equant to subequant with irreqular lumpy outlines; 10 percent is semiopaque cren-
ulate mottles less than 5 mm in diameter.

UNIT 61  Depth: TDS, 26 to 29.5 cm; lunar surface, 11 to 14.5 cm  Thickness: 3.5 cm

Medium-thin bed with abundant, mixed rock fragments.

Matrix: 55 percent; moderately opaque (but noticeably less opaque than unit 60) with 20 percent semiopaque granular
density concentrations, less than 0.5 mm in diameter, no opaques.

Framework: 45 percent; 35 percent is semiopaque rock fragments with distinct outline. (Of the semiopaque rock frag-
ments, 25 percent is represented in equant rock fragments with irregular, lumpy, subangular to subrounded outline.
These fragments are poorly sorted, ranging from 1 to 9 mm in diameter. The other 10 percent of distinct-outlined
rock fragments is elongate chips, splinters, and blocky rock fragments with straight edges and angular to subangular
corners, but these fragments are as poorly sorted as the equant fragments). Remaining 10 percent of framework
consists of semiopaque crenulate mottles 2 to 6 mm in diameter.

UNIT 60 Depth: TDS, 29.5 to 32.5 cm; lunar surface, 14.5t0 17.5 cm  Thickness: 3 cm

Fine-grained interval with clod-like coarse fraction.

Matrix: 80 percent relatively opaque, distinctly granular with 30 percent semiopaque granular density concentrations,
less than 1 mm in diameter, a trace of pinpoint spherical opaques.

Coarse fraction: 20 percent; semiopaque crenulate mottles and density concentrations, 2 to 5 mm in diameter, with
fairly even size distribution, indicating good sorting if these particles represent rock fragments and not soil clods.

60

UNIT 59  Depth: TDS, 32.5 to 106 cm; lunar surface, 17.5to 79 cm  Thickness: 61.5 cm

Note: Soil in unit 59 consists of 38 cm in 70008, 16 cm in 70007, and 7.5 cm in 70009. The 16 cm of soil in 70007 com-
prised 6 cm of drill stem packed with sample and 20 cm of drill stem averaging 50 percent full; thus, a total of 16 cm.

Massive unit packed with poorly sorted, large rock fragments.

Matrix: 50 percent; moderate to low transparency with 30 to 50 percent fine semiopaque granules less than 1 mm in
diameter, a trace of opaque spherules, 0.5 mm in diameter to limit of resolution.

Framework: 50 percent; 45 percent is semiopaque rock fragments with distinct outline, 1 mm to 2.5 cm in diameter.
Fragments are very poorly sorted, mostly equant to ovoid-elongate with blocky or irregular polygonal outline, angular
to subangular corners; 5 percent is semiopaque density concentrations with indistinct outline, but fading out smoothly
to slight unevenly, not fading out over crenulate margins.

1n 70008, there are especially large rock fragments at approximately 16 and 30 cm from the top; otherwise, character-
istics of the unit seem to apply throughout.

70007 = 70008

UNIT 58  Depth: TDS, 106 to 110.5 cm; lunar surface, 79 to 83.5cm  Thickness: 4.5 cm

Medium-thin bed with abundant, small, well-sorted rock fragments.

Matrix: 70 percent; moderate transparency with approximately 25 percent finely granular texture, granules semiopaque,
less than 1 mm in diameter, a trace of spherical opaques, near limit of resolution.

Coarse fraction: 30 percent; 25 percent is semiopaque rock fragments with distinct outline, well sorted, all fragments
being 2.5 +1 mm in diameter; most fragments are slightly elongate rectangular polygons to chips with sharply curved
edges and angular corners. The other 5 percent is semiopaque crenulate mottles 1 to 3 mm in diameter, possibly
breccia fragments.

Figure 17-3.- X-radiograph of Apollo 17 deep drill core (continued).
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Early Sampling of 70008 and 70008

: Although stratigraphic information is detailed subsequently, it
should be noted here that 70001 and 70008 were dissected at the time

of preliminary examination to provide material for biomedical study

as well as analysis of fast neutrons and short-lived unstable isotopes.
As with the other early splits, allocation from 70001 required only

very fine fines, hence, incremental splits from 70001 were passed
through a .125 mm sieve until the 12 gm. biomedical allocation was com-
pleted. The coarser-grained remains were further split at 1 mm., and
are currently stored in the Lunar Curatorial Laboratory.

Two early allocations were extracted from 70008 immediately after
opening and prior to dissection in order to study short half life un-
stable isotopes before their abundance diminished below measurability.
The remainder of the core was dissected according to standard procedures.

DISSECTION AND DETAILED SAMPLING OF THE DRILL STRING

Dissection of the drill string takes place according to the standard
procedure outlined in Chapter 1. Hence, only salient dates and special
modifications to procedure for individual cores will be listed in this
chapter. Information obtained during dissection provides a basis for
defining stratigraphic units and interpreting their origin. The pre-
liminary surface description, conducted immediately after opening,
yields data on color, cohesiveness and fracture patterns, surface tex-
ture, and gives an idea of composition on the basis of visually esti-
mated abundance of components. Quantitative data on coarse size frac-
tions, and abundance of each component in the coarse fraction is col-
lected during dissection, and has been reduced and compared by computer
for the Apollo 17 drill string.

ANALYSIS OF DATA

The collected quantitative data consists of the weights of the fine
fraction and coarse fraction of each interval, plus the weights of
special samples. In addition, frequency counts of particles in the
coarse fraction were taken in three size ranges-1.2 mm., 2-4 mm,, and
greater than 4 mm. For most cores, each size range is also subdivided
into seven compositional types. Frequencies are computer-normalized to
the standard interval width and average unit weight. Normalized fre-
quencies are plotted by interval in four groupings: by compositional
type for the combined size ranges; by combined compositions for the
1-2 mm. size range; by combined compositions for the 2-4 mm. size range;
and by combined compositions for the combined size ranges. The three
size ranges are combined using an 8:1 factor between adjacent size
ranges. It should be noted that some bias is introduced by the size
of the tube relative to the size of large rock fragments.

PARAMETERS USED IN ANALYSIS

A number of parameters are analyzed in order to stratigraphically
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distinguish different layers within the core, and to gain evidence upon
the origin of the soil. These parameters include: Color, grain size
and sorting, angularity, packing, composition, and cohesiveness with
its corollary, tendency to disaggregate.

Color

Color, of all samples, is matched to chips on Munsell's color chart,
during examination under fluorescent house lights. It should be noted
that hues and values appear different under variations in lighting con-
ditions. Accordingly, an attempt has been made to standardize vicinity
condition as much as possible, to maximize reproducibility. In general,
the Apollo 17 core appears to be somewhat darker than A 15 and A 16
cores, probably reflecting high mafic content.

Grain Size and Sorting

Measurements of size classes greater than 1 mm. are determined during
dissection in order to obtain quantitative data not otherwise available
because textural allocations and studies are generally made only on the
fine size fraction. Although complete size analyses are not available
from these data, some size and sorting trends can be determined from
the quantitative measure of coarse fines combined with visual estimates
of fine fines. Furthermore, bimodality of sorting, an indicator of
texturally immature or inverted soils can be established from the
available data.

Angularity and Packing

Shape of most rock fragments in lunar soils is closely related to
composition; for instance, crystalline or fractured glassy particles
tend to be sharply angular, whereas friable, low-grade breccias are
almost always well-rounded. Exceptions to these tendencies are noted,
as they are evidence for distinctive conditions during deposition.
Likewise, most Tunar soils are sparse in rock fragments, which tend to
be "floating" in a matrix of fines; a framework texture, with rock frag-
ments packed, and in contact, is noted as evidence of unusual conditions
of deposition.

Compositional Descriptions

Descriptions used herein differ in detail from those of large rocks
described by LSPET because the scale of features in small rocks found
in the cores does not always allow for comparable descriptions. For
instance, foliated or coarsely vesicular rocks cannot be recognized in
fragments that could fit into cores, but finely crystalline basalts
or glassy agglutinates are easily distinguished. By coincidence, seven
categories of rock types appear to be common in the coarse fraction of
the Apollo 17 drill string, but these are not exactly comparable to the
seven major categories of rock types described in the Apollo 17 Pre-
liminary Science Report, Chapter 7. Rock types that appear to be



17-17

comparable include basalts (BSRF), glass-bonded agglutinates (AGGL),
and brecciated gabbroic or anorthositic rocks (ANBX). Other categories
of glassy particles noted in the cores, devitrified or partially cry-
stallized glass (PXGL) and vesicular glass (VSGL), as well as recry-
stallized breccias (RXBX) and soil breccias (SOBX) are not exactly
comparable to the dark matrix breccias, vesicular green-gray breccias,
blue-gray breccias, and layered to foliated 1light gray breccias re-
ported in descriptions of larger rock fragments (LSPET, 1973, p. 7-5).

The category "basalt rock fragment" includes all particles which
are polycrystalline, relatively mafic, but with plagioclase and pyroxene,
and which do not appear to be recrystallized. There seems to be an in-
tergradational suite of polycrystalline rocks in the cores, most of
which seem to represent fragments of rock types listed in the Preliminary
Science Report, Chapters 6 and 7, but most of which are too small to
definitively characterize. In practice, some of the smaller particles
which are classified as basalts may be monomineralic. Also, many par-
ticles are soil coated or glass coated to the point of being barely
recognizable. Some soil coated BSRF's may have been misclassified as
soil breccias. Most BSRF's occur as fairly equant chunks with coarsely-
textured surfaces. When the rough "pockets" in the surface are filled
with soil matrix, they are easily mistaken for the equant, smooth-sur-
faced soil breccias. Effort was taken to remove as much loose soil as
possible from the supposed soil breccias without significantly damaging
the normally friable soil breccias in the process. Also, some BSRF's
have shocked plagioclase or anorthositic material.

"Soil breccia" refers to particles of cohesive soil matrix. Along
with basalt fragments, soil breccias represent the most common coarse
particle types found in the Apollo 17 drill string. Many soil breccias
in the Apollo 17 drill string contain abundant black glass droplets,
and may be partially welded by heat, pressure, small amounts of molten
glass, or may simply reflect heavy compaction. Some soil breccias are
partially coated with shiny, vesicular glass, and are arbitrarily de-
fined as soil breccias if the glass is massive, not spindly, and occupies
less than half of the particle. (Spindly or amoeboid glassy particles
are classified as agglutinates, although such particles characteristi-
cally have soil adhering to one side. Soil breccias are usually friable,
and occasionally break open to reveal an interior of crystalline "mash".
Other simply disintegrate when broken. Some particles of other categories
maybe misclassified as soil breccias because of heavy soil coating. Soil
breccias, as well as fresh glassy agglutinates and similar particles
originate within the regolith, in contrast to crystalline rocks and high-
grade breccias, and a predominance of soil breccias points to a shallow
regolithic source and/or high degree of reworking.

Vitreous rock types include devitrified glass and three categories of
fresh glass, characterized by a fresh, lustrous surface, but occurring in
genetically distinct agglutinates, droplets, and vesicular fragments.
Agglutinates consist of soil welded together by dark glass, and restricted,
by definition, to particles of irregular, amoeboid to spindly shape. Al-
though relatively rare in the coarse fraction, such particles may make up
a significant portion of finer grain sizes. In conjunction with textural
properties, relative abundance of agglutinates provides an idea of soil
maturity; furthermore, condition of agglutinates reflects amount of re-
working. When frothy or shiny surfaces are consistently up, and fragments
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are not internally fractured, agglutinates are probably in situ, reflect-
ing no reworking since depos1t1on whereas when soil-coated and shiny sur-
faces are randomly oriented and overturned, and agglutinates fragmented,
reworking has taken place.

Droplets formed by condensation during flight, and tend to occur higher
in a depositional sequence than agglutinates. Although common in some cores,
droplets over 1 mm. have not been found in upper sections of the Apollo 17
drill string.

The third morphological type of fresh glass is "vesicular glass", a
frothy, finely bubbly glass which may occur as crusts on rock fragments or
soil, or as equant fragments, chips, or shards. This glass is usually dark,
may be banded because of mixing with regolith components, and is distin-
guished from devitrified glass by the fresh vitreous appearance. The abun-
dance of fractured pieces of vesicular glass can give an idea of the amount
of reworking, because a great abundance of fractured glass indicates re-
working than an abundance of whole, unbroken particles.

"Partly crystallized glass" or devitrified glass is described as "vit-
reous breccia, black aphanite, or melt breccia" in other core reports. It
is a dark gray to blackish substance which may have vitreous inclusions,
but is characteristically not clearly crystalline, and it may have relict
conchoidal fracture. This category encompasses an intergradational se-
quence of rock types, and includes glass in all stages of devitrification,
with or without breccia inclusions, and with or without micrycrystallinity,
although vitreous luster is not present. In general, this "catchall" cate-
gory includes material that probably represents comminuted fragments of
breccias that at one time held a melted matrix; as such tihis category prob-
ably encompasses a number of LSPET rock types that cannot be further class-
ified because fragments in the cores are too small. Interpretive possibil-
ities of this rock type are relatively Timited because of the large range
of potential sources and indeterminate nature of disintegration during re-
working.

In the Apollo 17 drill string, the ANT suite seems to be represented by
crystalline anorthosites or anorthisitic gabbros, and by internally pulver-
ized material, referred to as anorthosite breccia. Most of these rock frag-
ments are less than 2 mm. in diameter, and tend to be rounded. Crystalline
anorthosite and anorthositic gabbros is coarse-grained, and in core fragments,
appears much richer in plagioclase than subfloor basalts and gabbros. Anor-
thosite breccias are crumbly in texture, chalky in appearance, equant and sub-
rounded, and may or may not contain dark inclusions. Anorthositic rocks are
believed to originate on the massifs, although it is possible to have pockets
of locally anorthositic material in the valley floor. However, small par-
ticle size and tendency for good rounding point to a relatively distant
source, and suggest that abundance of such particles can be used as an indi-
cator of massif contribution to the local regolith.

"Recrystallized breccia: occurs as angular particles which tend to be
waxy in appearance, and has the appearance of material reconstituted from
anorthositic or soil breccia. This category may be called microcrystalline
melt breccia in other core reports, and may include some of the blue-gray and
green-gray breccias of the Preliminary Science Report. In general, this cate-
gory is hard to characterize, and may include some indefinite particles; how-
ever, such particles are not common and show little effect on the overall
composition of the core.
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DRILL STEM 70009

Drill stem 70009 was only partly filled since it was the uppermost
part of the drill string. The teflon follower that was inserted on
the Moon in order to contain the soil slipped in the tube when temper-
ature changes caused it to contract to the point where sufficient plug-
to-tube contact could not be maintained. Hence, an indeterminate amount
of slumping took place. The follower plus was subsequently replaced
and the soil reconfined. This was done in a nitrogen cabinet on
27 February 1973. During reconfinement, some soil lodged around the
new follower plug. Although the soil in this drill stem was unconfined
during return, at least 60% was relatively undisturbed. This is evi-
denced by the intact drilling rind in the lower portion of the core.
In contrast, many bits of teflon were found within the soil of the upper
eight centimeters, where the rind was not intact and the core otherwise
disturbed. (One piece of teflon was found in the soil of the Tower por-
tion, but it was apparently scraped off the tube joint by the rock frag-
ment to which it adhered.) Further indication of the validity of this
assumption is the presence of sharp compositional frequency peaks in the
lower portion, rather than random scattering.

Pre-Dissection Description

From X-radiographs of drill stem 70009, six units were interpreted
on the basis of size distributions and inferred compositions. (See the
attached chart.)

On 28 March 1975, processing of the drill stem began by splitting
the tube longitudinally using a milling machine. After being affixed
in the dissection table, the upper half of the tube was 1ifted off and
set aside. Reference scales were placed so that the lower plug/soil
interface was aligned with the 40 cm. mark. The upper interface then
became established at 14.9 cm.

Examination of the exposed surface of the core revealed no apparent
color or tonal differences. Consequently, no layering could be inferred
based on that parameter. The overall color was 10y 3/1 on Munsell's
color chart.

Variations in the gross surface texture (development of a rind of
compacted soil) give some indication of changes in physical properties
of the soil. At the Tower end of the core, from 40 cm. up to about
30 cm., the rind is well-developed and nearly complete. A deep fissure
occurs from 38 to 40 cm. The rind is also well-developed between 25
and 28 cm. The rest of the surface has rind "platelets" scattered ran-
domly or has no rind whatsoever.

Under binocular observation, possible textural changes were placed
at 21.2, 24.4, 27.9, and 30.1 cm. These divisions were based on both
gross surface texture and observable large particles.

Special Processing Procedures

Dissection commenced at the upper end of the core. The first in-
terval consists of soil slumped and packed around the follower from
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Premilling, top
Premilling, bottom

Followers

Predissection
Predissection

Peel & Preimpreg.
Peel & Preimpreg.

Peel
Prepeel

TABLE XVII -3.

S-73-19382
S-73-15048
S-73-19381
S-75-24316
S-7

to - 315
S-75-27895
S-75-28108

to - 115
S-75-28107

S-75-28116
to - 122

Coarse Fraction Photos

Sample Number

Photo Number

S-75-24759
24761
24760
24871
24870
24867
24869
24866
24856
24868
24858
24857
25103
25819
25817
25818
25887
25888
26566
26567
26568
26570
26569
26515
26517
26527
26526
26524
26525
26516
26660
26659
26658
26657

LIST OF PHOTOGRAPHS OF CORE 70009

Overall Shot)

(

(Stereo Series)
(Overall Shot)
(
(
(

Stereo Series)
Overall Shot)

Stereo Series)

Sample Number

72
74
76
78
80
81
82
84
86
88
89
90
91
92

Photo Number

S-75-26656
26655
26654
27023
27024
27025
27026
27027
27028
27029
27022
27021
27020
27019
27018
27017
27016
27015
27014
27044
27043
27042
27041
27040
27039
27037
27036
27038
27032
27031
27030
27009
27012
27013

Sample

124
126
128
149
130

Photo

S-75-27011
27010
27008
27007
27006
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12.3 to 14.9 cm. The soil confined between plugs from 14.9 to 40.0 cm.
was dissected in standard half centimeter intervals down to 80% of the
tube diameter. A 6 mm. interval was taken from 14.9 to 15.5 cm. in
order to even up the interval numbering system. Two half-standard in-
tervals were taken between 21.0 and 21.5 cm. due to an apparent change

in the nature of the core as indicated by the surface texture. Red
light and "inside/outside" samples were taken from 28.5 to 30.0 cm.

after the outer rind was removed. Only one of each was taken along the
entire length of the stem due to the coarseness of the remaining material
and the disturbed nature of the finer upper intervals. Unusual particles
or large particles transcending interval boundaries were set aside as
separate samples. (Fig. 17-5)

The soil matrix is coarser than that of the Apollo 16 deep drill
string--Tike that of a fine silt compared to a clay. Large amounts of
glass impart a sparkling appearance to the soil. Fracture faces on soil
clods have a phyllitic-1ike sheen. Dark particles account for a "salt-
and-pepper" appearance under magnification.

Interpretation of Stratigraphic Units (Fig. 17-4)

Before milling, the soil in the drill stem was pushed up about five
millimeters when the securing hardware forced the teflon tube plug back
into its proper position. Consequently, the X-radiograph interpretation
depth markings are different as compared to the scale markings used in
dissection. Also, photo distortion may have caused slight misalignment.
Any attempt at precise correlation between the X-radiograph interpre-
tation and the dissection interpretation should keep these facts in
mind.

The dissection interpretation that follows uses grain size frequency
variations and trends as its basis. (See appendices.) Compositional
variations and other properties are used as additional aids in inter-
pretation. Matrix percentages were determined by weight. The matrix
material in all units was less tightly-packed and less cohesive than that
of the Apollo 16 drill string. Vertical faces along interval boundaries
were difficult to maintain during dissection.

Unit VI (14.9-18.5) is composed of nearly 100% fine fines. The few
particles larger than 1 mm. are mostly welded clods of matrix (soil
breccias) or an occasional basalt rock fragment.

Unit V (18.5-21.0) is 95% matrix. A sharp rise in the frequency of
particles in the 1-2 mm. size range places the break at 18.5 cm. This
break was placed at 18.0 cm. by the X-radiograph interpretation. No
break was indicated by surface texture interpretation.

Unit IV (20.5-23.0) is 90% matrix. An increase in both the 1-2 mm.
and 2-4 mm. size ranges places the break at 20.5 cm. The contact be-
tween units IV and V is apparently sloped. X-radiograph interpretation
combined units IV and V whereas surface texture interpretation placed a
break at 21.2 cm.

Units IV, V, VI are in a zone of slumping and may reflect sorting
from this source. Taken as a single unit, all properties are uniform
except for a coursening downwards.
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STRATIGRAPHIC UNITS IN DRILL STEM 70009

DEPTH Unit
(below lunar) Sample Interval Thickness Characteristics
(surface,cm.)  (LCL inventory) Samples
70009,VI
Very fine-grained
3.6 cm. (over 99% FTI mm) crumbly
Nos.-,7-,20 siltsoil, rich in agglutinates.
---------------------- Transition
70009,V (
X Fine-grained (96% FTI mm)
2.5 cm.thick crumbly siltsoil, rich in authigenics
Nos.,21-,30 (agglutinates and soil brecciasg
---------------------- Transition
70009, 1V Moderately fine-grained, (90% FTI mm)

relatively cohesive sandy siltsoil
with abundant agglutinates, soil breccias
droplets and reflective particles.

2.0 cm.thick
Nos.,31-,40

---------------------- Distinct textural change from cohesive
to crumbly

70009,I11
4.5 cm. thick
Nos.,41-,62

Coarse-grained unit (55% FTI mm)
Poorly sorted gravelly sandsoil
polymict composition

---------------------- Distinct textural change from
relatively cohesive to crumbly

70009,11
5.5 cm.thick
MNos., 63-,84

Moderately fine-grained
sandy siltsoil (75% FTI mm)
with small rock fragments
dominated by basalt and
soil breccia

--Transition

70009,1
7.0 cm. thick
Nos.,85-,130

Very coarse-grained, poorly

sorted rock fragmental unit with
65% rock fragments, compositionally
with internal transition from
basalts at base to glass-coated
rock fragments at top.

teflon
plug

EXPLANATION OF LITHOLOGIC SYMBOLS

4mm® Recrystallized glass
@ Basalt .
@ Vesicular glass Soi] breccia (may include obscuring

Vesicular glass coating soil coating)
(superimposed over
other 1ithology)

Figure 17-4, Stratigraphic Units, drill stem 70009

b

. 23.0-25.0

. 26.0-37.5

Sub-Units

not subdivided

not subdivided

21.0-21.5 Relatively cohesive holding cast of
core tube, and relatively rich in ba-

salt.

ST1ightly less cohesive polymict but
with abundant glass-coated soil
breccia.

21.5-23.0

Coarse-grained, with crumbly surface
polymict, but with agglutinaceous
soil breccia common ?as opposed to
very rare in sub unit A) relatively
crumbly

Transition
25,0-27.5 Very coarse-grained,polymict,with
breccia fragments common, surface
becomes more cohesive downward
breaks to equant 2-5 mm polygons.

27.5-30.0 Coarser than sub unit A, with more
basalts and agglutinates, less co-

hesive with crumbly surface.

30.0-33.0 Sparse in rock fragments, surface
is relatively cohesive, breaks to

elongate prisms.

33.0-36.0 Glass-fragment sub unit, with abun-
dant soil breccias and crystallines,
nearly all of which are coated with

vesicular to agglutinaceous glass.

Polymict sub unit with soil breccia
as well as mare basalt abundant;
vesicular spatter glass common.

Transition

37.5-40.0 Basaltic sub unit, with coarse-
grained gabbro ("Subfloor basalt")
predominant.
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Unit III (23.0-27.5) is 55% matrix. The rind is continuous over the
main portion of this unit. The break at 23.0 cm. is indicated by a de-
crease in the 1-2 mm. size range frequencies accompanied by an increase
in the greater than 4 mm. size range frequencies. The variation in
grain sizes may have allowed greater compaction, hence the well-preserved
rind and possibly the creation of a barrier to slumping. Another indi-
cation of less disturbance is the presence of a suite of frothy-glass-
topped soil breccias and vesicular glass in the 26.0 to 27.5 interval,
yet no evidence of their presence appears elsewhere until 31.0 cm.
X-radiograph interpretation placed the break at 29.5 cm. and subdivided
the unit a 26.0 cm. into units 61 and 62. Surface texture interpretation
placed the break at 27.9 cm.

Unit II (27.5-33.0) is 75% matrix. At 33.0 cm. the 1-2 mm. size
range frequencies increase as well as becoming more uniform. The overall
coarseness decreases. X-radiograph interpretation placed the break at
32.5 cm. and the surface texture interpretation placed it at 30.1 cm.
Although the X-radiograph shows a large indistinct blotch from 27.5 to
29.5 cm., no large particle(s) were encountered during dissection. It
may be that a dense particle is located below dissection depth (as is
indicated on the side view X-radiograph).

Unit I (33.0-40.0) is 35% matrix. It is poorly sorted as indicated
by variations in the size frequency distributions. The basalt content
is relatively low after a large peak at the bottom of Unit II. Towards
the bottom (38-40) basalt frequencies increase again. Frothy-glass-topped
soil breccias and/or vesicular glass frequencies seem to increase in re-
sponse to decreases in basalt. Abundances of partially crystallized or
devitrified glass and recrystallized breccias are relatively high and
peaks occur seemingly in response to low basalt abundances. The same
relationship generally holds for soil breccias also. Soil breccias,
however, may in fact be soil-coated particles of different composition.
This unit continues in drill stem core 70008.

Origin of Strata

Units IV, V, and VI may have been one unit which was physically sorted
by movements during the period of unconfinement. Overall, these units are
fine-grained with no outstanding features. They may represent a long
period of slow accumulation from various sources or they may have been
derived from Unit III either before or after the core was drilled.

Unit II is fine-grained, yet coarser than Units IV, V, and VI. Soil
breccias constitute most of the coarse fraction with a strong peak of
basalt rock fragments at the bottom. It may represent slow accumulation
and/or reworking of Unit I. Like Unit II, it has a peak of basalt rock
fragments at its base with mostly soil breccias above. It probably rep-
resents a small or distant cratering event.

Unit I is a continuation of the upper portion of the 70008 drill stem
core. Both soils have poor sorting with an abundance of large particles.
Unit I has less matrix and larger particles than Unit III, also more com-
plex 1lithology. At the top of the unit, reworked materials such as re-
crystallized breccias occur in greater frequencies. Many basalt rock
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Unit DEPTH SA'PLE INTERVAL  FINE FRACTION COARSE FRACTION SPECIAL SAMPLES
Thickness (below Tunar CL inventory) Sample Vial Sample Sample Vial Sample Sample Vial Sample Sample Distinctive
Samples surface, cm) plu No. No. Wt. No. No. Wt. No. No. Wt. Interval Features
}g-g 7 9-1555 1.560 8 9-1585 0.008
9 9-1615 1.810|] 10  9-1623 0.005
e Y 160 11 9-163 1.883]] 12 9-1653 0.012
Nos. ,7 - ,20 16.5 13 9-1658 1.930|| 14  9-1665 0.006
17.0 15 9-1668  2.025|| 16 9-1677 0.014
i 17 9-1678 1.982|| 18  9-1701 0.036
3.6 :Z:g 19 91715 1.845)] 20 9-1720 0.0
21 9-1740 1.783|| 22 9-1749  0.067
L :z:g 23 9-1770_2.010]| 24 9-1774_ 0.047
Nos. ,21 - ,30 25 9-1792 1.721|| 26  9-1805 0.070
2.0 27 9-1819 1.931]| 28 9-1845 0.065
no B LmI % SE o
70009. 1V 21,3 VT 3 | A
Gl w Sl g;'g 5 9-1986  2.054]| 36 9-1990 _0.215
ol , : 37 9-2202 1.614|| 38 9-2204 0.184
8.1 g 39 9-2217 1.718|| 40  9-2224 0.234
izzg 41 9-2228  1.445|| 42 9-2245 0.191
43 9-2253 1.475|| 44 9-2281 0.232
0 45 9-2284 1.624|| 46  9-2300 0.138
oo, Wl j::Z 7 9-2302 1.591|| 48  9-2320 0.256
Nos. .41 - ,62 a9 9-2321 1.249|| 50  9-2324 0.163
= 51 9-2336 1.428|| 52  9-2339 0.402 || 59  9-4047 0.820  264-48  RXBX
e84 53 9-2369 0.955]| 54 9-2376 0.135 || 60 9-4048 0.345  267-58  BSRF
- 55 9-2382  1.522|| 56  9-2390 0.166 || 57  9-4004  0.800 _ 272-61 _ BSRF
12.6 e 61  9-4050 1.402]| 62  9-4051 0.200 || 58  9-4034 0.150  272-64  VSGL
AR5 63 9-4056  1.675]| 64 9-4063  0.205
52'2 65 9-4074 1.745|| 66  9-4104 0.126
’ 69 9-4125 4.367|| 70 9-4131 0.347 || 67  87-2300 0.380 RL
7g?ggém.léhick 68  9-4108 1.013 Low lead
Nos. ,63 - ,84 30.0
71 9-4148 1.887|| 72  9-4146 0.150 || 81  9-4201 0.360  326-20  BSRF
- 73 9-4149 1.9%]| 74 9-a159 o0.158 || 82 9-4207 0.330 331-27  BSRF
31.0 75 9-4173 1.814|| 76  9-4178 0.135 || 89  9-5219 0.067  340-356  SOBX
318 77 9-4179 1.817]| 78 - 9-4180 0.174 || 90  9-5028 0.418  340-29  VSGL
32.0 79 9-4184 1.535|| 80  9-4189 0.127 || 93  9-5238 0.165  346-40  SOBX
18,1 S2S 83 9-4211 2.014|| 88  9-4240 0.225 || 94 9-5239 0.380 347-39  RXBX
33.0 85  9-4249 1.485|| 86  9-5099 0.100 || 97  9-5249 0.126  351-47  VSGL
Ss 87 9-5103 2.060|| 88 9-5134 0.333 || 98  9-5268 0.134  351-45  SOBX
%4 91  9-5233 1.940|| 92  9-5236 0.361 || 101  9-5283 0.505  363-48  SOBX
i3 95 9-5241 1.574|| 96 9-5242 0.267 || 102 9-5284 0.255  359-51  RiBX
22:2 99 9-5275  2.295|| 100 9-5280  0.460 || 111 9-1118  2.810  372-55  SOBX
oy 103 9-5402 0.904) 104 9-5410 o0.184 || 112 9-1119  0.303  374-68 _ BSRF
70009, 1 105 9-5498  0.745][ 106 9-1102 0.192 || 113 9-1131  0.155  376-70  VSGL
el o, Ehieh 2b.0 107 9-1104 1.232|| 108 9-1111 0.518 || 114 9-1133 0.075  375-70 _ VSGL
Nos. .85 - ,130 70
T 109 9-113 1.970){ 170 9-1116  0.504 |} 121 9-1124  3.440  390-73  SOBX
260 115 9-1146 1.080]( 116 9-1153  0.400 || 122 9-1134 0.280  388-78  WSRF
g 17 9-1110 0.926][ 118 9-1114 o0.450 || 123 9-1136 0.311  391-86  PXGL
119 9-1122- 1.438][ 120 9-1127 0.123 || 124 9-1137  0.365  397-89 _ BSRF
§Z'Z 125 9-1148 1.170|| 126 9-1154  0.302 || 129 9-1157 0.090 396-90  BSRF
25.1 300 127 9-1155_ 2.493] 128 9-1156 0.420 || 130 9-1159 1.037  397-90  BSRF
14.9-12.3 | 5 9-1531 1.005|| 6 9-1545 0.005 || Soil from around follower
teflon
plug

Figure 17-5,

Drill String 70009 Sample Location Information
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fragments have chalky white "anorthositic" material replacing plagio-
clase. A nearby and/or large cratering event most 1ikely formed this
unit.

DRILL STEM 70008

Special Processing Procedures

Four early samples were removed for critical radiation counting early
experimentation from the basal 0.5 cm., from 26.5 - 26.0 cm. from the top,
from 13.5 - 13.0 cm. from the top, and 2.7 - 2.2 cm. from the top. These
samples were distributed before further dissection took place.

Two intervals (26.5 - 27.5 and 20.5 - 21.5 cm. from top) were sampled
in 1 cm. intervals, instead of the usual 0.5 cm. intervals, because the
abundance of large rock fragments prevented the recovery of a sufficiently
large sample in a normal interval.

Selected samples were passed through a 125u screen, similar to the pro-
cedure for 70001, to determine comparativeness of size distribution, in
light of the superabundance of coarse particles. In these same intervals,
the larger fragments were sized according to minimum diameter and each
size class (1 - 2 mm., 2 - 4 mm., etc.) weighed separately, in order to
provide supplimentary sorting information on these bimodally-distributed
samples.

Finally, after dissection and removal of coarse particles, small
amounts of additional material were removed to a depth of 0.5 mm. with
specially-constructed depth-controlled spatulas. Sample interval for
these samples was 2 mm., rather than the usual 0.5 cm.; and quantities
of soil removed from each interval were comparable to standard 2 cm.
intervals.

General Relationship to Drill String

In terms of the drill string as a whole (Fig.17-3), the interval rep-
resented by 70008 is part of Unit 59; that is, the 59th recognizable
stratum from the base of the Apollo 17 drill stem. Unit 59 is notably
coarse-grained, with no distinct stratification evident; this massive bed
continues downward to include the upper 16 cm. of 70007, and upward to
include the Towest 7.5 cm. of 70009. Many large rock fragments are evi-
dent in the X-radiograph. The most distinctive are oriented with long
axis parallel to the wall of the drill stem, and are centered at 16 and
31 cm. below the top of the drill stem. Other rock fragments over 1 cm.
in diameter appear at approximately 10 to 11 cm., and 29 cm. from the top
of the drill stem.

Stratigraphic Summary (Table XVII-3)

The transitional nature of all units is evident in Figure 17-6, which
shows the orientation and distribution of all particles larger than 4 mm.
(Particles between 1 and 4 mm. were studied in similar detail, but it was
not feasible to illustrate them in this figure.)
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Apparent distance
b g el
inventory
Surfacel plug ) X Characteristics Sub-units
(em) Samples in Unit
25.1 2 3.0
: 70008,VI1 Very crumbly gravelly siltsoil
A 3.7 cm thick with abundant basaltic rock
¢ 4.0 fragments (40% coarser than 1 mm)
) Nos.-,9-,19 Not subdivided
< M 5.0 -,161-,164-,166-,167
¥
28.8 o ,‘ 6.0 Distinct change in texture
75
7.0
(" 8.0 70008,V
§ : 15.5 cm thick
A Nos.-,7-,8 Crumbly gravelly siltsoil with
: 9.0 -.84-.150 abundant rock fragments (45% coarser
ol i i than 1 mm mare basalts and crystalline
-,170-,175 rock fragments predominant.
10.0 Not subdivided
but shows a
1.0 transitional increase
upward in abundance
of crystallines,
12.0 and a corresponding
decrease in glassy-matrix
breccia.
‘ 2'M13.0
| 2]
14.0
=/ 814.4
EXPLANATION OF COMPOSITION SYMBOLS
@ |14.9
@ Z @ Crystalline Basalt Recrystallized Breccia
15.9 Devitrified Glass-Matrix
Breccia
16.9 O Anorthosite Breccia
~ 17.1
( ) Soil Breccia
18.1
7
¢ 19.1
& 20.0
@ 20.5
4.3 ’w 21.5 Transition
&
22.0
70008,1V Somewhat crumbly sp?rsew
5 gravelly siltsoil, (similar
(< 23.0 st B WK to Unit 11 but coarser) Not subdivided
g\ Nos.-,65-,83 with abundant flake-shaped fragments of
dark recrystallized glassy
7§ 24.0 breccia.
L @ W20
>
_& L 26.0 Transition
26.5
27.5 70008, 111 Crumbly gravelly siltsoil
28.0 6.5 cm. thick with abundant mare basalt
d fragments stuffed into core
Nos.-,5-,6 by drilling action (possibly remains
DS 29.0 -,40-,64 of one rock) only 50% FTI mm. Not subdivided
-4 165-,169
30.0
AN
X7] g31-0
. 32.0
— B L4 3.6 Sharp textural change-abrupt increase in
cohesives below contact.
o‘ 33.1 70008, 11 Cohesive sandy siltsoil, with Not subdivided
23 1.6 cm thick 85% finer than 1 mm, polymict with
56.9 ﬁ. 33.6 Nos,-,34-,39 more glass-matrix breccias than Unit I,
SR P g rock fragments mare angular.
DQ’ 34.5 Transition
D 35.0
, 70008, Cohesive,
% 36.0 6.2 cm thick Sparingly gravelly siltsoil with B. gradually coarser-
: Nogox Bl 75% finer than 1 mm, relatively grained with large
SRS R abundant soil breccia, most fragments of soil
@ 37.0 -,11-,33 rock fragments distinctively rounded. breccia increasing in
i) abundance.
ED 38.0
C A. Basic composition of unit.
D 39.0
63.1 40.3 base of core
teflon
] r,].igi Figure 17-6. Stratigraphic Units, drill stem 70008
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Although of differing sizes in different intervals, coarsely cry-
stalline vesicular basalt rock fragments are common through the entire
core, reflecting the ubiquitous subfloor stamp on soils of the area.
Otherwise, there is a definite succession of rock types; and any par-
ticular rock shows greatest size and abundance in its distinctive unit.

In Unit I, the Towest 6.2 cm. of the core, the dominant rock type is

soil breccia, or lithified soil, with minute glass spheres occupying

about 5 percent of the surface of the breccia fragments. This zone

grades upward to Unit II, basically a fine-grained thin bed with flakes

of dark to black aphanite. Unit III, extending from 26.0 - 32.5 cm.,

is packed with very large, coarsely crystalline, vesicular basalt frag-
ments. Because some of these fragments are longer than the diameter of
the drill stem, it is possible that the fragments are pieces of a larger
rock that was disintegrated by the drilling action. Unit IV, with a
thickness of 4.5 cm., appeares to be a repeat of Unit II, being relatively
fine-grained, and dominated by flakes and chips of black aphanite or

black devitrified glass. Unit V, extending from 6.0 - 21.5 cm., is nearly
packed with basalt fragments as well as with an abundance of distinctive
anorthositic gabbro with powdery-appearing plagioclase. Some breccia

and aphanite fragments are also present. Unit VI, with a thickness of

3.7 cm., is packed with a variety of crystalline rock fragments; it is
noticeably sparse in breccias and aphanite, and is believed to represent
ejecta from fresh bedrock.

The entire section of drill stem 70008 is extremely coarse-grained
and texturally immature, and appears to represent fresh ejecta, from the
central cluster of Camelot Crater. It is mapped as lying near the edge
of the cluster ejecta complex (Apollo 17 Preliminary Science Report,

p. 6-45) and shows low exposure ages consistent with cluster ejecta (Crozaz
et. al. 1974. p.2488). On the other hand, the section lies less than one
crater diamter from the 700 M crater, Camelot, and represents the principle
thick deposit of coarse material near the top of the core, as would be
expected with Camelot ejecta, and the compositional succession is more in
keeping with a single rather than polygenetic mode of deposition, further
evidence for ejecta from Camelot. However, no criteria have been found
that can exclude one or the other possibility.

Basalts and fragments of basalts indicate an origin within the Tocal
valley floor, commonly referred to as the subfloor, in contrast to more
anorthositic crystallines and poikilitic breccias, derived from the massifs.
A tentative stratigraphic synthesis (LSPET, 1973, p. 6-40) suggests that it
is possible to relate rock type to depth of crater penetration, with coarser
crystalline material ejected from larger, deeper craters and lower-grade
breccias ejected from smaller, shallower craters. Although the composi-
tional succession in 70008 seems to support the stratigraphic interpre-
tation in the Preliminary Science Report, field data are too incomplete
for strong inference of this successional interpretation.
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LOCATION OF SAMPLES. DRILL STEM 70008
Unit DEPTH FINE FRACTION COARSE FRACTION SPECIAL SAMPLES
Thickness (below lunar Sample Vial Sample Sample Vial Sample Sample Vial Sample Sample Sample
Sample Hos. surface,cm) No. No. Wt. No. No. Wt. No. No. Wt. Interval Type
teflon
plug
25,1 i o
= 9 B-2676 1.599 10 8-2682 0.836
— | e 163 8-3077  1.692 || 164 8-3075 0.904 || 213  8-3108  1.833 04-02
8.7 o tHiEk d B 4.0 160  8-3074 1.211 || 161 8-3076 0.558 || 162  86-1348 0.360 Red Light
Nopisadeell U 158 8-3072 0.720 || 159 8-3073 o0.872 || 177  8-3113  1.303 Rock Frag.
1166 - 167 I_ 5'0 155 8-3068 0.874 || 156  8-3071 0.366 || 157  86-1532 0.220 Red Light
e 153 8-3064 1.244 || 156 8-3066 0.881 || 212 8-3041  2.258 06-04
28.8 B 4 151 8-3060 1.038 [| 152 8-3061 0.701
| s' 149 8-305%6 1.517 || 150 8-3057 0.143 || 176  8-3110  0.310 Rock Frag.
B 7'2 147 8-3048 1.154 || 148 8-3052 0.361 || 211 8-3029  1.816 08-06
ik 144 8-3044 1.297 || 145 8-3047 0.613 || 146  86-1430 0.180 Red Light
i 142 8-3038  1.406 || 143 8-3042 0.925
| 8.0 140 8-3035 1.230 || 141 8-3037 0.485
" I E;Z 138 8-3032 1.238 || 139 8-3034 1.675 || 210 8-3023  0.951 10-08
; 135 8-3022 1.374 || 136 8-3027 0.648 || 137  86-1354 0.270 Red Light
(/ §— 9.5 = — T
l_ ’ 133 8-3020 1.071 || 134 8-3021 0.795 || 175 8-3100 1.511 Rock Frag.
18,0 131 83018 1.411|| 132 8-3018 1.291
N 5 I :?Z 129 8-3001 0.630 || 130 8-3006 0.138 || 209  8-3017 _ 1.623 2-10
15.5 cm thick / =7 W s 126 8-2995 1.260 || 127 8-2996 0.406 || 171  8-3106  2.070 Rock Frag.
ND?}&-J@B B o 124 8-2089  1.297 || 125 8-2091 0.753
70 2 (14 > | s 122 8-2985 1.275 || 123 8-2987 0.300 || 173  8-3104 1.974 12.9-11.7 Rock Frag.
I.._ ]3'0 120 8-2975 1.090 || 121 8-2976 0.542
; 118 8-2970 0.923 || 119 8-2974 0.303 || 208  8-3004  1.377 18-12
- B 116 8-2959 _0.918 || 117 6-2965 0.534
/ _ :Z-‘: 114 B-2956  1.436 || 115 8-2957 0.308 || 772 8-3100  1.200 15.1-13.7 Rock Frag.
- |_ ’ 112 8-2951  0.796 || 113 8-2955 0.328
[ M 10 822945 1.231 || 111 8-2948 0.582 || 207  8-3000  1.890 16-14
/"\ B 1:3 108 8-2943 1.006 || 109 8-2944 0.192 || 171 8-3097 _ 3.850 16.8-15.3 Rock Frag.
j - 105 8-2934 1.029 || 106 8-2942 0.187 || 107 87-5199 0.220 Red Light
B }g-g 103 B8-2931 1.162 || 104 8-2932  0.533
(R 101 8-2929 0.446 || 102 8-2930 _ 0.501
B s 99 B-2922 1.561 || 100 8-2924 0.335 || 206 B-2999 _ 2.202 18-16
L e 97 8-2920 1.597 || 98 8-2021 0.697
V\ I_ '6 95 8-2017 1.394 [| 96 8-2019 0.346
M 93 8-2913  2.211 94 8-2915 0.370 || 170  8-30905  1.143 19.4-18.0 Rock Frag.
'_ 19:0 91  8-2911 1.489 || 92 8-2912 0.734 || 205 8-2968 1.214 20-18
— ;gg T 8 82900 1.373|| 90 8-2910 0.997
I_ o 87 8-2898 1.794 || 88 8-2899 0.221
4.3 84 8-2804 2.364 || 85 8-2896 1.727 || 8  87-5188 0.640 Red Light
— 21.5
B 82 8-2891 1.165|| 83 8-2893 0.941 || 204  8-2953  0.892 22-20
<20 80  8-2886 1.966 || 81 8-2888 1.345
70008, 22.5 - —
4.5 o éx,-ck o 78 8-2881 1.275|| 79 8-2885 1.024
Nu;-s -165- 23'5 76 8-2877 1.754 77 8-2878 1.279 || 203  8-2916  1.318 24-22
= e 74 8-2871_1.030 || 75 8-2872 0.544 -
i 72 8-2866 1.446 || 73 8-2867 0.768
;g'g 70  8-2858 1.767 || 71 8-2859 0.689 || 202  8-2895  1.667 26-24
oy 67 B8-2852 0.992 || 68 8-2854 0.457 || 69  87-5338  0.560 Red Light
48.8 ; 65 82847 0.789 || 66 8-2851 0.244
:g 63  8-2836 0.650 || 64 8-2846 0.314 || 201 8-2802  2.304 28-26
A ’ 169  B8-3094  0.237 27.5-26.3 Rock Frag.
) 61 8-2829 2.180 || 62 8-2832 0.731 || 168  8-3091  0.652 27.9-26.7 Rock Frag.
27.5
/ 55 59 82819 0.672| 60 8-2821 0.358
= \( : 57  8-2813 1.480 || 58 8-2816  0.096 || 167  8-3087  1.223 28.5-27.3 Rock Frag.
70008, 111 28.5 7 E
6.5 o thick i 55 8-2809  0.971 56 8-2811  0.181 || 166  8-3084  1.787 29.4-27.9 Rock Frag.
Nos. -5 -,6 - e 53 8-2802 1.384 || 54 8-2803 0.184 || 200 8-2800  0.624 30-28RF
s i v 51 82799 0.972|| 52 8-2801 0.158 || 199
» » i .
/ \ 49 8-2797 1.066 || 50 8-2798 0.190
| \ 803 47 8-2793 0.925|| 48 B-2795 0.159 || 165  8-3082  5.800 31.8-29.3 Rock Frag.
’\J 1.0 45 8-2790 1.193 || 46 s8-2791 o0.255 || 198 8-2868  1.040 32-30
3.5
e 42 8-2785 1.090 || 43 8-2789 1.346 [| 44  87-5209 0.410 Red Light
55.3 ’ 40 8-2781  1.907 41 8-2783  0.560
70008, 11 §§? 38  8-2770 1.789 || 39 8-2772 0.339 || 197  8-2825  1.008 332
Yoo eme LAIEK Y 3  8-2766  1.661 [| 37 8-2768 0.228
T 3:? 34 8-2758  1.676 || 35 8-2763 0.167
56.9 2 32 8-2755  1.743 || 33 8-2756_ 0.320
% 30 8-2744 1.358]| 31 8-2748 0.438 [[ 196  8-2824 1.312 36-34
35'5 28 8-2737  1.942 || 29 8-2738 0.401
. 26 8-2735 1.323|| 27 8-2736 0.202
70008, 1 36.0 =
6.2 em thick g 23 8-2727__1.539 || 24 8-2733 o0.446 || 25 87-5214 0.510 Red Light
Has, -3 -8 ; 21 82723 1.693|| 22 82726 0.138 || 195 8-2795 1.839 -38-36
“al} =533 =70 19 82712 2.085|| 20 8-2713 0.217
973 17 8-2705_ 1.504 18 8-2710  0.067
=80 15 8-2700 2.209|| 16 8-2703 0.253
;g'g 13 82696 1.518 || 14 8-2697 0.234 |[ 194 8-2773  o0.654 40-38
. 11 8-2690 1.451 12 8-2605 1.472
63.1 89.7 3 82581 1.513 7 B-2585 0.136
tefl 40.0 Special samples include bulk soil samples taken under red light conditions for thermoluminescence
:1ugn analysis, rock fragments too large to package under a particular interval, and bulk samples from

2 cm. intervals, taken to complete excavation to desired depth.
Figure 17-7.- Drill string 70008 sample location information.




TABLE XVII-4., LIST OF PHOTOGRAPHS OF CORE 70008

During disassembly of drill string
$-73-15044, 15045 (B&W)

Pre-dissection
S-73-16428 through 16437 (B&W)
S-73-16441 through 16449 (C)

During dissection, rocks-and surface features
$-73-17110, 17111 (B&W)

S-73-16735 through 16749 (B&W)

S-73- 16995 through 16707 (C)

S-73-16426 (B&W)

Post-dissection, with rocks in place
$-73-17990 through 18002 (B&W)
S-73-18068 through 18083 (C)

17-29

Post-dissection, representative coarse fractions and distinctive rock

fragments, samples No.

70008, 12, 16, 20, 24, 31, 35, 60, 66, 73, 77, 81, 100, 117, 132, 145,

152, 166, 167, 170, 171, 174, 176, 177.

S-73-16734, 16747, 16748 (B&MW)
S-73-16703, 16708, 16709 (C)
S-73-18025 through 18045 (B&W)
$-73-18005 through 18025 (C)

Post-dissection, following removal of rocks
S-73-18235 through 18240, 22792 (B&W)
S$-73-18548 through 18554
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DRILL STEM 70007

Sample History

Drill stem 70007 is the third section from the top of the Apollo 17
drill string and contains approximately 30.5 cm. of core. The top of this
section of core is from 62.7 cm. below the lunar surface.

This core was only partly filled. A void of about 10 cm. at the top
allowed slumping to disturb natural stratification down another 8 cm.
according to the X-radiograph interpretation. The exact cause of the void
cannot be determined, but it is thought to be related to a partly uncoupled
joint between 70007 and 70008. The lower 2 cm. of 70008 was also void.

The poor sorting and coarseness of 70008 may have provided plug resistance
during extraction on the moon, while the finer soil of 70007 allowed move-
ment.

Before the drill stem was opened by milling, the soil was confined by
inserting a hollow teflon plug and aluminum foil stay at the upper end.

For this operation, the drill stem was oriented vertically. The plug was
pushed in until moderate resistance was felt at 9.5 cm. below the tube
opening.

The lower end of the tube was capped by a hollow teflon flight cap.

It was necessary to replace this cap by an internal-fitting teflon tube plug.
Although the soil in the flight cap was loosely packed, the solid tube plug
penetrated the tube only about 5 or 6 mm. of the required 26 mm. The 20 mm.
or so of soil obstructing the proper placement of the plug was pushed into
the tube by screw compression during mounting of the drill stem in the mill-
ing machine. It was felt that the soil was very loosely packed by the upper
plug emplacement, and that more compaction was desirable for the rigors of
milling. The soil in the Tower end was also loosely packed due to the 26 mm.
void created when the male end of 70006 was uncoupled from the lower end of
70007. The flight cap, being hollow,. did not fill this void.

On August 1, 1975, drill stem 70007 was longitudinally split on a
milling machine. After being affixed in a troughed dissection table, the
upper half of the tube was lifted off and set aside. Soil remained in
the upper split half along the Tower 4 cm. and tapering up another 2.5 cm.
This soil was tightly compacted by insertion of a tube plug. Reference
scales were mounted so that the lower plug/soil interface was aligned with
the 40 cm. mark and that the upper end of the tube was aligned with the
zero cm. mark. The upper plug/soil interface then became established at
9.5 cm.

Pre-Dissection Description

From X-radiographs of drill stem 70007, four units were interpreted on
the baiis of size distributions and inferred compositions. (See the attached
chart.

Examination of the exposed surface of the core revealed no apparent
color or tonal differences. Consequently, no layering could be inferred
based on that parameter. The overall color was between 10 yr 3/1 and 5 yr
3/1 on Munsell's color chart.
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Variations in the gross surface texture (development of a rind of com-
pacted soil) give some indication of changes in physical properties of
the soil. Between 9.5 and 21.5 cm., the surface is a nearly unfissured,
continuous rind with pockets of relatively coarse shiny particles. The
overall appearance is speckled. At 21.5 cm. a transverse crack in the
rind marks the beginning of a less continuous rind with many Tongitudinal
fissures. The overall appearance is sheen-like. It may be that slumping
began at 2.15 cm. and that the transverse crack is the overlap formed by
reconfinement.

Only minor compositional changes could be seen in the coarse particles,
none of which were larger than 2 mm. in mean diameter. No orange glass was
noted as was in 70008 and 70009. The matrix m