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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).



26

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.
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Figure 12-1.- Location of Apollo 12 cores from the Mare Procellarium area.
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than 1 mm diameter in the half of the core sample
dissected

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
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