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APOLLO 12 LUNAR-SAMPLE INFORMATION

By Jeffrey Warner, Compiler
Manned Spacecraft Center

SUMMARY

The second manned lunar landing occurred on November 19, 1969, when the
Apollo 12 lunar module touched down on the Ocean of Storms. The scientific data ob-
tained between November 25, 1969, and January 30, 1970, during the preliminary ex-
amination of the lunar samples returned from the Apollo 12 mission are presented in
this report. Descriptions of the sample-collecting tools and techniques and of the con-
tingency, selected, documented, and tote-bag samples are given. A preliminary
search was conducted to determine the localities and orientations of the samples on
the lunar surface; however, much work remains to be done to complete this task.
Mineralogical /petrological, chemical, gamma-ray spectrometry, noble gas, total
carbon, organic mass-spectrometry, and organic-monitor analyses were performed
on the lunar samples, and the results are given and discussed.

Photographs and detailed descriptions of the samples, plots and descriptions of
the samples and controls that were subjected to organic analysis, and details of the
organic-contamination monitors and controls are presented. Photographic documenta-
tion is presented in (1) a log of all photographs taken both on the lunar surface and in
the Lunar Receiving Laboratory, (2) an index of photographs by sample number and an
index of samples by photograph number, and (3) a cross-reference of samples with the
lunar-surface collection locations, photographs, and chronological sequence.

The major findings of the preliminary examination of the Apollo 12 lunar samples
can be contrasted with the major findings of the samples from the first manned lunar
landing (the Apollo 11 mission which landed on the Sea of Tranquility on July 20, 1969)
as follows.

1. Although still old by terrestrial standards, the Apollo 12 rocks are approxi-
mately 1 billion years younger than the Apollo 11 rocks.

2. Whereas microbreccias comprised approximately one-half of the Apollo 11
samples, the Apollo 12 suite contained only two breccias in the 45 rocks returned.

3. The regolith at the Apollo 12 site was approximately one-half as thick as that
at the Apollo 11 site.

4. Considerably less solar-wind material was found in the Apollo 12 fines than
in the Apollo 11 fines.



5. The crystalline rocks in the Apollo 12 collection, in contrast to those from
the Apollo 11 mission, displayed a wide range in both modal mineralogy and primary
texture.

6. Chemically, the ''nonearthy'' character (high refractory and low volatile-
element concentrations) of the Apollo 11 samples was evident in the Apollo 12 samples
but to a lesser degree.

7. The chemical composition of the Apollo 12 fines equaled that of the breccias
but did not equal that of the crystalline rocks; this was not observed in the Apollo 11
samples.

Much of the sample information given in this document was collected under less
than optimum conditions and in a short time; therefore, all data should be considered
preliminary.

INTRODUCTION

This document is a rapid compilation of the scientific data about the lunar sam-
ples returned by the Apollo 12 crew. The purpose of this report is to provide the
lunar-sample Principal Investigators and other scientists with general information
concerning the total lunar samples returned and with specific information about individ-
ual samples that were distributed for detailed analyses. It is hoped that this document
will aid the Principal Investigators in putting the samples they receive into the larger
context of lunar science. This report is a companion document to the NASA Apollo 12
Preliminary Science Report.

The following information is contained in the appendixes: (1) Mineralogical/
petrological descriptions of the samples (appendix A); (2) results of the total carbon
and organic analyses (appendix B); (3) the organic monitors (appendix C); (4) a com-
prehensive photographic index (appendix D); and (5) major updates to July 31, 1970
(appendix E).

The data contained in this report were collected in the Lunar Receiving Labora-
tory (LRL) at the Manned Spacecraft Center (MSC) by the lunar sample Preliminary
Examination Team (PET) and the Lunar Field Geology Experiment Team during and
immediately after the Apollo 12 mission. Team members are as follows.

CHEMICAL ANALYSIS AND X-RAY GROUP:

J. H. Allen, Brown and Root- J. R. Martin, BRN

Northrop (BRN) W. B. Nance, BRN
A. D. Bennett, BRN S. R. Taylor, Australian National
J. B. Dorsey, BRN University

P. H. Johnson, BRN
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P. R. Bell, MSC G. D. O'Kelley, ORNL
R. S. Clark, MSC W. R. Portenier, BRN
J. S. Eldrige, Oak Ridge National M. K. Robbins, BRN

Laboratory (ORNL) R. T. Roseberry, ORNL
J. E. Keith, MSC E. Schonfeld, MSC

FIELD GEOLOGY GROUP:

D. H. Dahlem, United States E. M. Shoemaker, California Institute
Geological Survey (USGS) of Technology

E. N. Goddard, University of G. A. Swann, USGS
Michigan R. L. Sutton, USGS

M. H. Hait, USGS A. C. Waters, University of California

G. G. Schauer, USGS at Santa Cruz

D. L. Schleicher, USGS

INORGANIC GAS ANALYSIS GROUP:

J. Barber, State University of New C. M. Polo, BRN
York, Stony Brook (SUNY) O. A. Schaeffer, SUNY

D. D. Bogard, MSC L. A. Simms, BRN

J. Funkhouser, SUNY R. Warasila, SUNY

W. R. Hart, BRN R. B. Wilkin, BRN

W. C. Hirsch, BRN J. Zdhringer, Max-Planck-Institut,

D. R. Moore, BRN Heidelberg, Germany

LUNAR RECEIVING LABORATORY GROUP:

A. J. Calio, MSC W. A. Parkan, MSC

R. B. Erb, MSC J. Prejean, MSC

R. McKinney, MSC K. L. Suit, MSC

T. M. McPherson, MSC D. R. White, MSC

M. Novotny, MSC R. Wright, MSC

LUNAR SURFACE PHOTOGRAPHIC LOG GROUP:
R. Batson, USGS K. Larson, USGS
MINERALOGY/PETROLOGY GROUP:

. J. Allen, BRN R. Fryxell, Washington State
. H. Anderson, MSC University

E. Anderson, BRN K. Gibson, MSC

R. Brett, MSC E. Giddings, Jr., BRN
Butler, Jr., MSC P. Gilmore, BRN

. C. T. Chao, USGS M. Greene, BRN

E. Cornitius, BRN . R. Greenwood, MSC
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Frondel, Harvard University H. Heiken, MSC
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D. W. Hutchinson, BRN
R. W. Irvin, BRN

. Lee, BRN

Light, BRN
Lindsay, MSC
Locke, BRN
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COE =0
PO

ORGANIC GAS ANALYSIS GROUP:
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R. Hebert, MIT
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THE APOLLO 12 MISSION

The primary purpose of the Apollo 12 mission was to demonstrate a pinpoint

landing capability on the lunar surface.

The crewmembers were Charles Conrad, Jr.,

Commander (CDR), Richard Gordon, Command Module Pilot (CMP), and Alan Bean,

Lunar Module Pilot (LMP).

The space vehicle was launched from Kennedy Space Center, Florida, at
11:22 a.m. e.s.t. on November 14, 1969. The lunar module (LM) landed in the
Ocean of Storms (fig. 1) at 110: 32: 35 ground-elapsed time, approximately 200 meters
from the Surveyor III spacecraft (fig. 1(d)). The landing coordinates were 2.45° S

latitude and 23. 34° W longitude.
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(b) General.
Figure 1. - Apollo 12 lunar-landing site.



(d) Local.
Figure 1. - Concluded.



Extravehicular Activity

The extravehicular activity (EVA) on the lunar surface was divided into two
4-hour traverses separated by an 8-hour eat/rest period. The length of each EVA
was dictated by the capabilities of the life-support system. Four types of samples
(contingency, selected, documented, and tote bag)were collected from the lunar surface
and returned to the LRL. The sample return is listed in table I.

TABLE I. - LUNAR-SAMPLE RETURN

Type c}f )sample Weight, g
a ’

Contingency sample

Fines 1102
Chips 9
Rocks (4) 821
Total 1932

Selected sample

Fines 2 716
Chips 50
Rocks (20) 11 940
Core tube (19 cm) 101
Total 14 807

Documented sample

Fines plus chips 650
Rocks (6) 6 124
Documented bags (13)

Fines plus chips (7) 1 353

Rocks (11) 2 288
Core tube

Double tube (40 cm) 246

Unopened 80
Lunar-environment sample container (LESC) 269
Gas-analysis sample container (GASC) 57
Total 11 067

Tote-bag sample

Fines 21
Chips 10
Rocks (4) 6 488
Total 6 519
Summary
Fines and chips 5911
Rocks (45) 27 661
Special samples 753
Total return 34 325

Fines are less than 1 centimeter, chips are between 1 and 4 centimeters, and
rocks are larger than 4 centimeters.



In addition to collecting samples, the main scientific tasks to be accomplished
during the extravehicular activities were (1) photographing rocks, the lunar surface,
and the moonscape; (2) deploying the Apollo lunar-surface experiments package
(ALSEP) during the first EVA; (3) collecting parts from the Surveyor III spacecraft
during the second EVA; and (4) deploying and retrieving the solar-wind foil. The
ALSEP contained a central-power communication station and five experiment units:
the passive seismometer, the cold-cathode ion gage, the suprathermal ion detector,
the solar-wind spectrometer, and the magnetometer.

Sample-Collecting Tools and Techniques

To obtain samples of the lunar surface, the Apollo 12 crew used the sample-
collecting tools and techniques described in the following paragraphs. The tools were
designed of material that was durable enough to accomplish the tasks yet light enough
to conform to the weight and space limitations of the LM stowage area. The limitations
imposed on the movements of a crewman while wearing a pressurized space suit also
had to be considered; therefore, the tools were designed with quick-disconnect fittings
to enable the crewman to attach or detach components with minimum difficulty. Knurled
or roughened areas were provided on many tools to improve the crewman's grip, and
an extension handle was provided to lengthen the crewman's reach. Prime considera-
tion was given to the selection of the metals and lubricants used in the construction of
the tools to avoid elements and isotopes (such as lead (Pb), strontium (Sr), et cetera)
that might contribute to serious geochemical contamination of the lunar material.

The contingency-sample container (fig. 2(a)) consisted of a small Teflon bag
and a jointed aluminum handle that was approximately 84.5 centimeters long in the
fixed extended position. The Teflon bag measured 5.2 by 12.7 by 17.8 centimeters.
The contingency-sample container was used to obtain a lunar sample during the early
stages of the first EVA.

The two Apollo lunar-sample-return containers (ALSRC) (fig. 2(b)) were portable,
sealable aluminum containers. Each ALSRC weighed approximately 6. 8 kilograms,
measured 20.3 by 26.7 by 44.5 centimeters, and had a capacity of 0.023 cubic meter.
Before the lunar landing, the containers housed the core tubes and other related equip-
ment. On the lunar surface, the astronauts opened, filled, and closed the containers.
The three seals on the hinged lids (one of indium (In) and two of Viton) preserved the
samples in a vacuum environment during transportation back to the LRL.

(a) Contingency-sample container. (b) Apollo lunar-sample-return container,

Figure 2. - Sample-collecting equipment,



The hammer (fig. 2(c)) was made of tool steel suitable for impact use. The head
was coated with vacuum-deposited aluminum to minimize solar heating. The handle
was offset slightly so that the crewman could strike a direct blow despite the encum-
brance of the pressurized space suit. One end of the hammerhead was shaped for use
as a pick or chisel; with the extension handle attached, it could have been used as a
hoe for trenching or digging. The hammer also could have been used for driving the
core tubes into the subsurface by striking the end of the extension handle.

The tongs (fig. 2(d)) were constructed of anodized aluminum and were used to re-
trieve samples of pebble size and larger. This tool consisted of a set of opposed
spring-loaded fingers attached to a 66-centimeter-long handle. The tongs were oper-
ated by squeezing the handles to actuate the cable that opened the fingers.

(c) Hammer. (d) Tongs.
Figure 2. - Continued.

The large scoop (fig. 2(e)) was constructed of anodized aluminum. The length
of the scoop and handle was 39.4 centimeters and could have been extended an addi-
tional 58. 4 centimeters by use of the extension handle. The large scoop was used
during the lunar EVA to collect the selected sample.

The small scoop (fig. 2(f)) was 29.8 centimeters in length. The pan of the scoop
had a flat bottom that was flanged on both sides and a partial cover on the top to pre-
vent loss of contents. It was used to retrieve sand, dust, or other lunar material too
small for the tongs. The small scoop was made of anodized aluminum with a steel-
alloy inset on the front edge that was suitable for cutting cohesive material. The
handle had a quick-disconnect mount for attaching the extension handle.

(e) Large scoop. (f) Small scoop.

Figure 2. - Continued.



The ccre tubes (fig. 2(g)) were constructed of anodized aluminum and were used
to obtain samples from the lunar surface in such a manner that the near-surface
stratigraphy was preserved. The core tubes were 41.3 centimeters long and could be
attached to the extension handle. Four tubes were used on the Apollo 12 mission.

The extension handle (fig. 2(h)) increased the crewman's reach by adding
58.4 centimeters of handle length to various tools. The lower end of the extension
handle had a quick-disconnect mount and lock for tool aitachment. The upper end was
fitted with a sliding T-handle to facilitate torquing operations.

(g) Core tubes. (h) Extension handle.

Figure 2. - Concluded.

The gnomon was a stadia rod mounted on a tripod and was constructed so that
the rod would right itself and point vertically when the legs were put down on the lunar
surface. The gnomon was an indicator of the gravitational vector and provided ac-
curate vertical reference and calibrated length for determining the size and position of
objects in near-field photographs. The shadow cast by the staff indicated the solar
position. The gnomon had a finish painted in shades of gray ranging in reflectivity
from 5 to 35 percent in 5-percent increments and a color scale of blue, orange, and
green. The scales were provided as a means of accurately determining colors in
color photographs. The rod was 45.7 centimeters long, and the tripod base folded
for compact stowage in the modularized equipment-stowage assembly.

The individual sample bags also were known as the documented sample bags or
as the '"Dixie cups.'" The bags were made of Teflon and had an aluminum crimping
ring. Each bag could hold approximately one-third liter.

Lunar Samples

The Apollo 12 sample return and inventory are listed in tables I and II. The
mass distribution of the samples is shown in table III.
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TABLE II. - LUNAR-SAMPLE INVENTORY

nsjé?géi Mass, g Typezasode Remarks
Selected samplesb

12001 2216.0 D Less than 1-cm vacuum fines

12802 1529. 5 B Olivine dolerite® — vacuum?

12003 300.0 D Fines and chips

12004 585.0 A Olivine basalt — vacuum

12005 482.0 A Olivine basalt — vacuum

12006 206. 4 AB Olivine basalt with radiating

feldspar laths

12007 65. 2 A Basalt

12008 58.4 AB Cumulate (ilmenite)

12009 468. 2 A Porphyritic olivine (feldspar) basalt,
' large depression — vacuum

12010 360.0 A Basalt — vacuum

12011 193.0 A Olivine basalt — vacuum

12012 176. 2 AB Olivine basalt — vacuum

12013 82.3 A Igneous breccia — vacuum

12014 159. 4 B Olivine dolerite — vacuum

aType A, fine-grained vesicular crystalline igneous rocks; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,
chips.
bThe S-ALSRC contained 40 to 60 microns of pressure when returned to the LRL.
“Dolerite is a rock of basaltic composition with an intermediate crystal size.

dSamples 12002 to 12022 labeled "vacuum' were exposed to 1 atmosphere of
nitrogen (N) for at least 2 hours.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Continued

fggggi Mass, g Type(aciode Remarks
Selected samplesb - Concluded
12015 191.2 A Porphyritic olivine basalt, large
depression — vacuum
12016 2028.3 AB Basalt — vacuum
12017 53.0 AB Glass-coated basalt — vacuum
12018 787.0 B Olivine dolerite — vacuum
12019 462.4 A Basalt — vacuum
12020 312.0 A Olivine basalt — vacuum
12021 1876.6 B Pigeonite dolerite, pegmatite —
vacuum
12022 1864.3 B Olivine dolerite — vacuum
Special samples
12023 269.3 D LESC
12024 56.5 D GASC
12025 56.1 D Core 2010 (second EVA — top of
double tube)
12026 101.4 D Core 2013 (first EVA)
12027 80.0 D Core 2011 (second EVA — unopened
as of Jan. 1, 1970)

a'I‘ype A, fine-grained vesicular crystalline igneous rocks; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,
chips.

bThe S-ALSRC contained 40 to 60 microns of pressure when returned to the LRL.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Continued

Sample

Type code

- Mass, g (@) Remarks
Special samples - Concluded
12028 189.6 D Core 2012 (second EVA — bottom of
double tube)
12029 6.5 D Fines with Surveyor scoop
Documented satmplese
12030 75.0 D Bag 1-D — fines
12031 185.0 B Bag 3-D — olivine dolerite
12032 310.5 D Bag 4-D — fines
12033 450.0 D Bag 5-D — fines
12034 155.0 C Bag 6-D — crystal breccia with glass
12035 71.0 B Bag 7-D — olivine dolerite
12036 75.0 B Bag 8-D — olivine dolerite
12037 145.0 D Bag 8-D — fines
12038 746.0 A Bag 9-D — bhasalt
12039 255.0 B Bag 10-D — olivine dolerite
12040 319.0 B Bag 10-D — olivine dolerite
12041 24.8 D Bag 11-D — fines
12042 255.0 D Bag 12-D — fines
a

Type A, fine-grained vesicular crystalline igneous rocks; type B, medium-

grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,

chips.

®The D-ALSRC contained approximately 0.5 atmosphere when returned to the
LRL. All of the documented samples were processed in nitrogen cabinets in
room 1-126 of the LRL.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Continued

nsfrglgéi Mass, g ’I‘ype(ac;ode Remarks
Documented samplese - Concluded

12043 60.0 A Bag 14-D — basalt

12044 92.0 D Bag 14-D — fines

12045 63.0 A Bag 15-D — basalt

12046 166.0 A Bag 15-D — basalt

12047 193.0 A Bag 15-D — basalt

12048 2.0 D Bag 7-D — fines

12050 1.0 E Chip for organic analysis

12051 1660.0 AB Olivine basalt

12052 1866.0 A Olivine basalt

12053 879.0 A Olivine basalt

12054 687.0 B Dolerite with glass splash and
shatter structure

12055 912.0 B Basalt

12056 121.0 AB Basalt

12057 650.0 DE Fines and chips from bottom of
D-ALSRC

aType A, fine-grained vesicular crystalline igneous rocks; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,
chips.

®The D-ALSRC contained approximately 0.5 atmosphere when returned to the
LRL. All of the documented samples were processed in nitrogen cabinets in
room 1-126 of the LRL.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Concluded

Sample Mass, g Type code -
number (@)
Tote-bag samplesf
12060 20. 17 D Fines
12061 9.5 E 10 chips from tote bag
12062 738.7 AB Basalt; has depression with raised
cone with radial cracks
12063 2426.0 A Olivine basalt
12064 1214.3 B Dolerite with cristobalite
12065 2109.0 AB Pigeonite porphyry consisting of
plagioclase, pigeonite, and ilmenite
Contingency samplesg
12070 1102.0 D Fines
12071 9.16 E Chips
12072 103.6 A Basalt
12073 407.65 C Breccia — originally samples 12073
and 12074 (361.0 + 46.65 g)
12075 232.5 A Olivine basalt
12076 54.55 Basalt
12077 22.63 A Basalt

aType A, fine-grained vesicular crystalline igneous rocks; type B, medium -
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,

chips.

fStudied in nitrogen cabinets; handled by personnel in Crew Reception Area
(CRA) for 20 minutes.

€Studied in nitrogen cabinets.
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TABLE III. - LUNAR-SAMPLE MASS DISTRIBUTION

Mass, g Sample number Mass, g Sample number
1.0 12050 206. 4 12006
9.16 3120m 232.5 12075
9.5 312061 255.0 12039

20.7 312060 255.0 2312042
22.63 12077 269. 3 212023
24.8 212041 300.0 312003
46. 65 12074 310.5 312032
53.0 12017 312.0 12020
54. 55 12076 319.0 12040
56.1 312025 360. 0 12010
56. 5 312024 4017. 65 12073
58. 4 12008 450. 0 312033
60. 0 12043 462. 4 12019
63.0 12045 468. 2 12009
65. 2 12007 482.0 12005
1.0 12035 585. 0 12004
75.0 312030 650. 0 3120517
5.0 12036 687.0 12054
80.0 312027 738.17 12062
82.3 12013 746.0 12038
92.0 312044 787.0 12018
101. 4 312026 879.0 12053
103.6 12072 912.0 12055
121.0 12056 1102.0 312070
136.0 312048 1214.3 12064
145.0 312037 1529.5 12002
155.0 12034 1660.0 12051
159.4 12014 1864. 3 12022
166.0 12046 1866. 0 12052
176. 2 12012 1876. 6 12021
185.0 12031 2028. 3 12016
189. 6 312028 2109.0 12065
191.2 12015 2216.0 312001
193.0 12011 2426.0 12063
193.0 12047

a 3 ’ :
Lunar fines or fines and chips.




Contingency sample. - The contingency sample (table I) was collected early during
the first EVA to assure that some lunar material would be returned in the event that the
extravehicular activities were aborted. The CDR collected the contingency sample
10 meters southwest of the LM. Approximately five scoops were made to collect the
2 kilograms (including four rocks) of material.

Selected samples. - The selected samples (table I) replaced the '""bulk'' samples
of Apollo 11 and were collected northwest of the LM (up to 300 meters away) during the
last part of the first EVA. Seventeen rocks were collected with the tongs and placed in
a large Teflon bag. Three large rocks (about 2 kilograms each) were collected with the
tongs-and placed in a second large Teflon bag, which then was filled with lunar fines
using the scoop. One core tube was driven. The two Teflon bags and the core tube
were sealed on the lunar surface in the ALSRC containing the selected samples
(S-ALSRC).

The pressure in the S-ALSRC at the time of probing was 40 to 60 microns. Ni-
trogen (N) and oxygen (O) were the major gases present, with small amounts of heli-
um (He), argon (Ar), and carbon dioxide (C02). The N/Ar ratio was essentially that

of air. The O/N ratio appeared to be greater than air and possibly signified S-ALSRC

leakage within the Apollo spacecraft. Water was quite low and may have been partially
absorbed by the lunar material. No organic components above the background level

were observed.

Documented samples. - The documented samples (table I) were collected during
the second EVA while the astronauts were on their 1. 5-kilometer geological traverse
(fig. 3). The samples were documented by photography. During the traverse, the
astronauts filled 13 individual sample bags with 11 rocks and seven lunar-fines sam-
ples. These samples were collected with a scoop and the tongs. Ten additional rocks
were collected with the tongs. Two core tubes were driven, one of which was a double
tube. The two special samples for the gas-analysis sample container (GASC) and the
lunar-environment sample container (LESC), which were designed to be sealed individ-
ually, were collected. All of these samples except the four largest were sealed on the
lunar surface in the ALSRC containing the documented samples (D-ALSRC).

The pressure in the D-ALSRC at the time of probing was not measured; however,
all indications are that the sample box was at a significant fraction of atmospheric
pressure. The N, O, and Ar gases were in essentially atmospheric proportions. Com-
pared to N, O was lower and water was higher in the D-ALSRC than in the S-ALSRC.
Some amount of excess He was evident. No organics or Freon compounds were
observed.
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Tote-bag samples. - A tote-bag sample was not collected on Apollo 11. The
Apollo 12 tote-bag samples (table I) were the four rocks that were not sealed in the
D-ALSRC. The rocks were placed in a large Teflon bag.

All four sample containers were taken into the LM, bagged, and, after rendez-
vous, transferred to the command module (CM). The S-ALSRC and the D-ALSRC were
returned by air to the LRL on November 25, 1969. The contingency and tote-bag sam-
ple containers were returned to the LRL in the Mobile Quarantine Facility on Novem-
ber 30, 1969.

LUNAR RECEIVING LABORATORY OPERATIONS

The configuration and operations of the biological barriers in the LRL remained
essentially the same as for Apollo 11 (ref. 1). The selected samples were opened and

studied in vacuum (generally about 10.6 torr). The documented, contingency, and

tote-bag samples and the core tubes were opened and studied in dry-nitrogen glove
cabinets. Approximately 50 grams of core-tube material and 450 grams of fines and

rock chips from the documented and selected samples were designated for biological

testing. The compositions of the early and regular biological test samples are shown
in table IV.

- TABLE IV. - EARLY AND REGULAR BIOLOGICAL TEST-SAMPLE COMPOSITIONS

Sample :
sl Weight, g Remarks
Early biological sample
12028 10.00 Bottom of core tube
12026 47.23 Longitudinal split of core tube
Total 57. 23
Regular biological sample
12057 50. 72 Documented-sample fines and chips
12052-2 61.03 Chip from rock
12032 20. 00 Fines; documented bag 4-D
12033 30. 00 Fines; documented bag 5-D
12003 18. 40 Selected-sample chips
12001-3 260. 00 Selected-sample fines
12006 24.90 Chip from rock
12007 5.10 Chip from rock
Total 470.15
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FIELD GEOLOGY

Geological Setting

The Apollo 12 LM landed on the northwest rim of the 200-meter-diameter Sur-
veyor Crater (the crater in which Surveyor III landed on April 20, 1967) at 2.45° S
latitude and 23. 34° W longitude, about 120 kilometers southeast of the crater Lansberg.
The site is on a broad ray of the crater Copernicus.

The landing site is characterized by a distinctive cluster of craters ranging in
diameter from 50 to 400 meters (fig. 3). The informal names given to these craters
for use during the mission also are used in this report. The EVA traverses generally
were made on or near the rims of these named craters and on deposits of ejecta from
them.

The lunar surface at the Apollo 12 landing site is underlain by fragmental mate-
rial (the lunar regolith) which ranges from particles too small to be seen with the naked
eye to blocks several meters across. Along many parts of the traverse made during
the second EVA, the astronauts found fine-grained material of relatively high albedo
which, at some places, was at the surface. This light-gray material possibly may be
part of a discontinuous deposit observed through the telescope as a ray of the crater
Copernicus.

The darker regolith material that generally overlies the light-gray material is
only a few centimeters thick in some places; however, it is probably much thicker on
the rims of some craters. The darker material varies from place to place in the size,
shape, and abundance of the constituent particles and in the presence or absence of
patterned ground. Most of the local differences are probably the result of local cra-
tering events.

Beads and small irregularly shaped fragments of glass are abundant both on and
within the regolith; glass also is spattered on some of the rocks at the surface and is
found in many shallow craters.

The larger craters at the landing site probably differ widely in age. The age
sequence from oldest to youngest is interpreted as follows.

1. '"Middle Crescent'' (''1000 foot'') Crater

2. "'Surveyor'' and '"Head'' Craters

3. '""Bench'' Crater

4. '"'Sharp,'' '"Halo,'' and '""Block'' Craters

When looking down into Middle Crescent Crater, the astronauts noticed huge
blocks on the wall which probably originated from the local bedrock. The large rock

fragments in this crater probably have been exposed the longest and represent the
deepest layers excavated at the Apollo 12 landing site.
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Both rounded and angular blocks litter the surface of the rims of Head and Bench
Craters. Some rocks appeared to be coarse grained to the astronauts; the crystals
were clearly visible. Many rocks on the rim of Bench Crater were reported to be
spattered with glass.

Samples were collected from three small, very fresh, blocky-rimmed craters
that apparently penetrate through the regolith into the underlying materials. The three
craters are Sharp Crater (approximately 14 meters across and 3 meters deep), Block
Crater (approximately 13 meters across and 3 meters deep), and an unnamed crater
(2 meters across and 0. 5 meter deep) that lies on the south rim of the Surveyor Crater
just north of Halo Crater.

Sharp Crater has a 66.7-centimeter-high rim that is composed of material with
a high albedo. The material has been splashed radially around the crater and is softer
than the normal regolith. A core tube driven into the rim of the crater penetrated the
ejecta without difficulty. Samples collected at this location may show the youngest ex-
posure ages. Sharp Crater appears to have just penetrated the regolith; a terrace on
the floor probably is controlled by the subregolith bedrock.

At Block Crater, located high on the north wall of Surveyor Crater, almost all
the ejected blocks are sharply angular, which indicates that the crater is very young.
Many blocks clearly show lines of vesicles that are similar in appearance to vesicular
lavas on earth. The blocks probably are derived from an older coarse blocky ejecta
deposit underlying the rim of the Surveyor Crater.

The 4-meter blocky crater on the crest of the southern rim of the Surveyor Cra-
ter may have been excavated in an old rim deposit at a depth of less than 0.5 meter.
The regolith at this location may be very thin.

One notable difference between the rocks from the Apollo 12 site and those from
the Apollo 11 site is that the Apollo 12 rocks are predominantly crystalline, whereas
approximately half of the Apollo 11 rocks were crystalline and half were microbreccia.
The difference probably is due to the fact that the Apollo 12 rocks were collected pri-
marily on or near crater rims. The regolith on the crater rims is thin or only weakly
developed, and many of the rocks are probably from craters that have been excavated
in bedrock well below the regolith. The Apollo 11 site, in contrast, was located on a
thick mature regolith where many of the observed rock fragments were produced by
induration of regolith material and ejected from craters too shallow to excavate
bedrock.

Lunar-Soil Mechanics
The properties of the Apollo 12 regolith may be presented best by a comparison
with the properties of the Apollo 11 soil. The two sites were similar in the following
respects.
1. Lunar module touchdown: Similar penetrations were observed under similar

landing conditions, indicating that the soil-bearing capacities at the two sites are of the
same order of magnitude.
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2. Astronaut boot prints: The depth of the boot prints of the Apollo 12 astronauts
was of the same order observed for the Apollo 11 astronauts; that is, less than 1 cen-
timeter in the immediate vicinity of the LM and in the harder soil areas and up to sev-
eral centimeters in the soft-soil areas, especially in the rims of small and relatively
young craters.

3. Color, grain size, adhesion, and cohesion: Most of the Apollo 12 soil sam-
ples are visually identical to the Apollo 11 soil samples. The similarities of these
properties are discussed further in the section on fines.

The two sites were significantly different in the following respects.

1. Lunar-surface rocket-exhaust erosion: The Apollo 12 astronauts experienced
greater loss of visibility because of soil erosion during the LM landing than did the
Apollo 11 astronauts. Further analysis is necessary to determine whether the loss of
visibility was caused by different soil conditions, by a different descent profile, or by
both.

2. Core-tube penetration and trenching: The Apollo 12 astronauts were able to
drive the core tubes to the full depth (approximately 70 centimeters for the double core
tube); whereas the Apollo 11 astronauts were able to drive the tubes only about 15 cen-
timeters. A different bit design was used on the Apollo 12 core tubes which probably
helped in driving them. The Apollo 12 trenches were dug to a depth of 20 centimeters,
and the astronauts reported that the trenches could have been extended to a consider-
ably greater depth without difficulty. The Apollo 11 astronauts could dig only about
10 centimeters.

3. Color and grain size: The differences in the color and grain size of the lunar
soil are discussed in more detail in the section on fines.

A preliminary comparison of the photographs taken by the Apollo 12 astronauts
at the Surveyor III site with the photographs relayed to earth by Surveyor III in
April 1967 suggests that the lunar surface has undergone little change in the past
2-1/2 years. The trenches excavated by the Surveyor III soil-mechanics surface sam-
pler and the waffle pattern of the Surveyor III footpad imprint appear much the same in
the Apollo 12 photographs as when they were formed. The astronauts reported that
Surveyor III was coated with a thin layer of dust.

SAMPLE LOCATIONS

A preliminary search was made to determine the localities of the contingency
sample, the selected samples collected during the first EVA, and the documented and
tote-bag samples collected during the second EVA. The contingency sample was well
documented with Hasselblad photographs taken by the CDR and with 16-millimeter
time-sequence photographs taken from the right-hand window of the LM. The scoop
marks can be seen clearly in these photographs. Two rock fragments collected as
part of the contingency sample have been tentatively identified in the photographs.
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Each selected-sample collection site generally was photographed once. A very
preliminary search has been undertaken to identify the selected samples in these photo-
graphs; however, much work remains to be done to complete this task. Three of ap-
proximately 20 sample sites have been tentatively identified.

The collection of samples during the second EVA was planned to be documented
by a series of four photographs: three (including a stereopair) to be taken before col-
lection and one to be taken after collection to record the site from which the sample
had been removed. This photographic plan was fcllowed in only a few cases, and the
documentary record of the samples returned from the second EVA is not sufficient for
identification of all the samples. Thus far, eight individual rocks have been identified
in the Hasselblad photographs taken during the second EVA. Four samples have been
tentatively identified, and the locality of another four samples is fairly well known.
The locality of approximately 10 samples is not known.

SAMPLE IDENTIFICATION AND ORIENTATION

The identification and orientation of the samples were based on the comparison of
the photographs taken in the LRL with the photographs taken on the lunar surface before
and after the samples were collected. Two sample identifications (samples 12052 and
12054) were verified in the LRL by reorienting the samples under a photographic lamp
to duplicate the characteristic shadows shown in the EVA photographs. More samples
will be verified this way.

Contingency Sample

The contingency sample was collected in full view of the sequence camera on and
near the southeast rim of a 6-meter-diameter crater approximately 15 meters north-
west of the LM (figs. 3 and 4(a)). The sample was collected in six distinct scoop mo-
tions and consisted of a total of 1.9 kilograms of selected rock fragments (three of
which were more than 5 centimeters in the longest dimension), fine-grained material,
and at least one glass bead. The locations of the areas that were scooped (fig. 4(a))
were identified in the sequence-camera photographs taken from the LM windows before
the first EVA. All six sample scoop marks are documented on surface photo-
graphs AS12-46-6719 to AS12-46-6723.

The first and sixth scoops included rock fragments that were visible from the LM
windows before sampling; these fragments may be samples 12075 and 12073, respec-
tively. These samples, which are shown in Hasselblad photograph AS12-48-7031
(fig. 4(a)), were collected from a group of small rocks alined roughly northeast/
southwest between two small craters located 15 meters northwest of the LM. Most of
the rocks appear to have fillets banked against them. The surface near the line of
rocks has numerous small craters that may have contributed to the fillets; however,
it has not been determined whether any of the rocks were the projectiles that caused
the craters. The suggested selenographic orientations of samples 12073 and 12075 are
shown in figures 4(b) and 4(c).
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(a) Contingency-sample collection area showing the sequence and direction of the
six scoops and the positions of the samples before collection (AS12-48-7031).

(b) Suggested selenographic orientation of sample 12073 (NASA-S-69-61060).

Figure 4. - Extravehicular activity photograph and orientation diagrams
of Apollo 12 contingency samples.
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(c) Suggested selenographic orientation of sample 12075 (NASA-S-69-61490).

Figure 4. - Concluded.

Selected Samples

The identification and orientation of the presampling position of three selected
sample rocks (samples 12004, 12021, and 12022) have been tentatively determined.
Three other rocks (samples 12006, 12008, and 12014) have been tentatively identified,
but the orientation in the surface photographs has not yet been determined. The areal
distribution of the selected samples (table V) was determined from the study of surface
photographs and from the verbal transcript of the EVA communications. Specific sam-
ple numbers are given for several other rocks where identification was aided by the

astronaut's description.
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TABLE V. - AREAL DISTRIBUTION OF SELECTED SAMPLES

Location Type of sample Sample number
Small mound north of ALSEP Rocks (2) 12017(?)
Large mound south of ALSEP Rocks (5) 12008(?)
12021(?)
12022(?)
On or near rim of Middle Crescent Rocks (7) 12004(?)
Crater 12006(?)
12014(?)
12015(?)
12016(?)
Intercrater area near ALSEP and Rocks (6) (?)
northwest of LM Fines with
glass (1)

Sample 12004. - Sample 12004 has been tentatively identified in Hasselblad photo-
graph AS12-47-6936 (fig. 5(a)), which was taken at the photographic panoramic site

(@) Sample 12004 before collection (AS12-47-6936).

Figure 5. - Extravehicular activity photographs and
orientation diagrams of Apollo 12 selected
samples.
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near the rim of Middle Crescent Crater. The rock appears in the photograph as an
isolated rock fragment that is standing on end approximately half embedded in the lunar
regolith. The specimen was correlated with NASA photograph S-69-62023. The sug-
gested selenographic orientation of sample 12004 is shown in figure 5(b).

(b) Suggested selenographic orientation of
sample 12004 (NASA-S-69-62023).

Figure 5. - Continued.

Sample 12021. - Sample 12021 has been tentatively identified in Hasselblad photo-
graph AS12-47-6932 (fig. 5(c)), which was taken from the area near the eastern base of
the large mound located between Head Crater and the ALSEP site. The rock specimen
was correlated with NASA photograph S-69-61986. A model of sample 12021 under sim-

ulated lunar conditions is shown in figure 5(d). The suggested selenographic orientation
is shown in figure 5(e).
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(c) Sample 12021 before collection (d) Photograph of model of sample 12021 under
(AS12-47-6932). simulated lunar conditions.

— Piece broke off in LRL
before model was made

cm

(e) Suggested selenographic orientation of sample 12021
(NASA-S-69-61985).

Figure 5. - Continued.
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Sample 12022, - Sample 12022 has been tentatively identified as the rock shown
just beneath the tongs in Hasselblad photograph AS12-47-6933 (fig. 5(f)). If correctly
identified, the sample is a piece of embedded crystalline rock that was collected ap-
proximately 66.7 centimeters from the top of the large mound north of Head Crater.
The rock may not be representative of the bulk of the mound material, which appears
to be composed predominantly of aggregates of fine particles. The mound may be a
large clot of regolith material that was ejected from a nearby crater. The specimen
was correlated with NASA photograph S-69-61999 on the basis of the diagnostic triangu-
lar shape and the chipped depression at the small end of the rock. The suggested sele-
nographic orientation of sample 12022 is shown in figure 5(g).

(f) Sample 12022 before collection
(AS12-47-6933).

(g) Suggested selenographic orientation of
sample 12022 (NASA-S-69-61999).

Figure 5. - Concluded.
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Documented Samples

The areal distribution of all samples collected during the documented sample
traverse of the second EVA is shown in table VI.
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TABLE VI. - AREAL DISTRIBUTION OF DOCUMENTED SAMPLES

Location Type of sample Sample number Container
On or near the Rocks (4) 12031 Bag 3-D
rim of Head 12034 Bag 6-D
Crater 12052 D-ALSRC
12055 D-ALSRC
Fines (2) 12030 Bag 1-D
12033 Bag 5-D
On or near the Rocks (6) 12035 Bag 7-D
rim of Bench 12036 Bag 8-D
Crater 12038 Bag 9-D
12039 Bag 10-D
12040 Bag 10-D
12053 D-ALSRC
Fines (3) 12032 Bag 4-D
12037 Bag 8-D
12041 Bag 11-D
On or near the Core tube 12027 Core
rim of Sharp Lunar environment 12023 LESC
Crater Gas analysis 12024 GASC
On the rim of Core tube 12025 Double core 1
10-m crater Core tube 12028 Double core 2
south of Halo
Crater
On or near the Rocks (11) 12043 Bag 14-D
rim of Surveyor 12045 Bag 15-D
Crater 12046 Bag 15-D
12047 Bag 15-D
12051 D-ALSRC
12054 D-ALSRC
12056(?) D-ALSRC
12062(?) Tote bag
12063(?) Tote bag
12064(7?) Tote bag
12065(?) Tote bag
Fines (2) 12042 Bag 12-D
12044 Bag 14-D




Sample 12030. - Sample 12030 consists of the group of fragments that are shown
in Hasselblad photographs AS12-48-7043 and AS12-48-7044. The sample was collected
by the LMP from a crater (approximately 1 meter in diameter) located on the outer
northeast flank of the rim of Head Crater. The LMP passed this small crater as he
traversed from the LM to join the CDR on the north rim of Head Crater; the precise
position has not been determined accurately. The sample includes part of the frag-
mental lining of the 1-meter crater. Most of the lining appears to consist of weakly
coherent aggregates of regolith material and resembles the lining observed in experi-
mentally produced secondary craters. The LMP reported the collection from the cra-
ter of several small fragments that were partly glass covered. Other fragments that
he attempted to pick up with the tongs were soft and crumbled. The fragments with the
glass coatings may have been embedded in the regolith at this site or may have been
part of the projectile that formed the 1-meter crater.

Sample 12031. - Sample 12031 has been identified in Hasselblad photo-
graphs AS12-49-7189, AS12-49-7190, and AS12-48-7048 (fig. 6(a)), taken before col-
lection, and in Hasselblad photograph AS12-48-7050, taken after collection. The
identification of this sample is precise because photographs were taken both before
and after collection and because the sample was put into a prenumbered bag (3-D)and
identified when it was picked up. The sample was collected from a small cluster of
rocks about 2 meters southeast of the trench that was dug in the northwest rim of
Head Crater and was almost half buried in the fine-grained regolith. There is the sug-
gestion of a small fillet banked on the north and northeast sides of the rock. Other

(a) Sample 12031 before collection (AS12-48-7048).

Figure 6. - Extravehicular activity photographs and
orientation diagrams of Apollo 12 documented
samples.
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nearby rocks have fillets with predominantly similar orientations, indicating a possible
source of material to the north or northeast. The selenographic orientation of sam-
ple 12031 is shown in figure 6(b).
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(b) Suggested selenographic orientation of sample 12031.

Figure 6. - Continued.
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Sample 12032. - Sample 12032 includes soil and small rock fragments. The sam-
ple has not been identified in Hasselblad photographs, but the astronauts indicated that
the sample was taken from the north rim of Bench Crater. The astronauts noted light-
gray material just below the surface at this locality that was similar to the material
which they had observed at the Head Crater trench site.

Sample 12033. - Sample 12033 is a soil sample that was collected approximately
15 centimeters below the surface in a trench dug on the northwest rim of Head Crater
near the site of sample 12031. The material that was sampled from the trench was
noticeably lighter gray than the surface of the regolith at this site or than the material
noticed by the astronauts in the vicinity of the LM and the ALSEP deployment area.
The trench, at several stages of excavation, is portrayed clearly in Hasselblad photo-
graphs AS12-49-7191 to AS12-49-7196 (taken by the CDR), and AS12-48-7049,
AS12-48-7051, and AS12-48-7052 (taken by the LMP).

Sample 12034. - Sample 12034 is a specimen of microbreccia that was dug from
the bottom of the trench on the northwest side of Head Crater where soil sample 12033
was taken. After excavation, the specimen was placed on the surface near the trench
and photographed by the CDR (Hasselblad photographs AS12-49-7195 and AS12-49-7196).
The site where the specimen was placed and later removed is shown in Hasselblad
photographs AS12-48-7051 and AS12-48-7052 (taken by the LMP). When unpacked in the
laboratory, the specimen was coated with the light-gray fine-grained regolith material
in which it was buried in the trench.

Sample 12035. - Sample 12035 consists of six principal fragments that were broken
from a fractured almost-buried rock on the northwest rim of Bench Crater. The frac-
tured rock is shown clearly in Hasselblad photographs AS12-49-7336 and AS12-49-7337
(taken by the CDR) and AS12-48-7034 (taken by the LMP). The rock appears to have
impacted the surface at this site relatively recently and to have broken on impact. The
impact of the rock produced a small crater that is much more freshly formed than
other craters on the rim of Bench Crater and is not, therefore, related directly to
Bench Crater. Small pieces broken from the rock in the LRL were found to be weak
and friable; the original rock was apparently very weak and may have been partly
crushed by shock during ejection from some moderately distant crater. It does not
appear possible to determine the field orientation of any of the individual fragments re-
turned or to relate them to the individual parts of the original rock in the lunar-surface
photograph.

Sample 12036. - Sample 12036 is an individual rock specimen that was collected
near the site of sample 12035 on the northwest rim of Bench Crater. On the basis of
their field observations, the astronauts believe this rock fragment at some time may
have been broken from the fractured rock from which the pieces of sample 12035 were
collected. Sample 12036 has not yet been identified in the photographs but may be rec-
ognized after further study.

Sample 12037. - Sample 12037 is a soil sample that was collected and placed in
the bag with the rock fragment of sample 12036.

Sample 12038. - Sample 12038 is a rock fragment that was collected from the
west rim of Bench Crater. The specimen may be shown in Hasselblad photo-
graphs AS12-49-7240 and AS12-49-7241 (taken by the CDR) but has not yet been
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identified. At this locality, abundant coarse rock fragments occur that probably were
excavated from beneath the regolith and ejected from Bench Crater.

Samples 12039 and 12040. - Samples 12039 and 12040 are rock specimens collected
from the west rim of Bench Crater near the site of sample 12038. These rocks may be
shown in Hasselblad photographs AS12-49-7240 and AS12-49-7241 (taken by the CDR be-
fore sample collection) but have not yet been identified. The specimens were picked up
from the surface and then laid down near the tool carrier and photographed by the CDR
(Hasselblad photographs AS12-49-7242 and AS12-49-7243) before they were placed in
the sample bag. The astronauts tried to be selective in choosing rocks that they thought
most likely represented material ejected from the bottom of Bench Crater. Sam-
ples 12038, 12039, and 12040 represent the rocks brought back from this selection.

Sample 12041. - Sample 12041 is a soil sample collected a short distance east of
Bench Crater on the traverse between Sharp Crater and Halo Crater. The material
consists mostly of fine particles but includes a 6. 4-millimeter-diameter glass sphere.
The locality was not documented by photographs.

Sample 12042. - Sample 12042 is a soil sample taken on the outer flank of the
Surveyor Crater rim, about 50 meters northwest of Halo Crater. The general site
from which the sample was taken is shown in Hasselblad photographs AS12-49-7282 to
AS12-49-7284 (taken by the CDR)and AS12-48-7072 to AS12-48-7076 (taken by the LMP).
This area was noted by the astronauts as being different in texture from the other parts
of the lunar surface over which they had walked. The surface was strewn with abundant
cohesive clots or aggregates of fine-grained regolith material ranging in diameter from
1 to 2 millimeters to a few centimeters. Many of the clots occupied small pits that
probably were formed by the impact of the clots on the surface. The area is evidently
a small patch or ray of secondary particles, but the probable source of the particles
has not been determined. The precise spot from which the sample was taken apparently
was not photographed after sample collection.

Samples 12043 and 12044. - Sample 12043 is a rock specimen collected on the south
rim of the Surveyor Crater during the traverse between Halo Crater and the Surveyor III
spacecraft. The rock appears to be resting mostly on the surface and has no clear-cut
genetic relation to any of the surrounding surface features. Sample 12043 is the largest
of three specimens collected at a spot where the astronauts observed a prominent dou-
ble glass bead on the surface.

Sample 12044 is a soil sample that includes a double bead of glass. The glass has
been identified in Hasselblad photographs AS12-48-7082 and AS12-48-7083 (fig. 6(c))
(taken by the LMP). The bead is 3 centimeters long and initially was included with the
sample that was assigned the number 12044 after removal from sample bag 14-D in the
LRL.
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(c) Samples 12043 and 12044 before collection (AS12-48-7083).

Figure 6. - Continued.

Samples 12045, 12046, and 12047.- The sample locality for these three rock
specimens was the northeast rim of Block Crater. The three samples probably are
shown in Hasselblad photographs AS12-48-7148 to AS12-48-7150 (taken by the LMP)
but have not been recognized so far. The locality is on the ejecta rim of a very fresh
crater (Block Crater) that has been formed on the north wall of the Surveyor Crater
and is characterized by abundant angular fragments. Most of the fragments probably
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were derived from Block Crater, which was excavated, in turn, in the ejecta rim of
the Surveyor Crater. Thus, these samples probably were derived ultimately from the

Surveyor Crater and may have come from depths as great as several tens of meters
at this locality on the Ocean of Storms.

Sample 12051. - Sample 12051 is one of the distinctive large fragments collected
during the second EVA. The fragment is part of the blocky ejecta from a fresh
4-meter-diameter crater on the south rim of the Surveyor Crater and is shown clearly
in Hasselblad photographs AS12-49-7318 (fig. 6(d)) and AS12-49-7319 (taken by
the LMP). The sample was picked up by hand by the CDR while the LMP steadied him
with a strap from the tote bag. The site from which the sample was removed is shown
in Hasselblad photograph AS12-49-7320. This specimen is characterized by a sheared
surface on one side that was described by the astronauts. Part of both the sheared sur-
face and the opposite convex surface of the specimen was buried in the regolith. The
suggested selenographic orientation of sample 12051 is shown in figure 6(e).

(d) Sample 12051 before collection (AS12-49-7318).

Figure 6. - Continued.
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(e) Suggested selenographic orientation of sample 12051.

Figure 6. - Continued.
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The surface of sample 12051 exhibits three faces that have distinctly different
shapes and weathering characteristics, indicating different exposure ages. Surface A
(fig. 6(e)) is rounded and covered by many small glass-lined pits; surface B is appar-
ently a fracture surface and displays only a few small pits; surface C is flat and ap-
pears to be a freshly broken surface without pits. At the time of collection, the rock
was standing on the small end approximately half embedded in the regolith.

Surface B on sample 12051 appears to be an older fracture face that probably re-
sulted from another blow by impact at an earlier time. The minor pitting and weather-
ing of surface B indicates postfracture exposure on the lunar surface before the event
that formed surface C and buried surface B.

The rounded heavily pitted appearance of surface A indicates a long period of ex-
posure on the lunar surface for sample 12051. The two broken surfaces of different
ages (surfaces B and C) attest to multiple bombardment and tumbling of the rock at or
near the surface of the regolith.

The occurrence of this rock and other rounded and angular rocks in the rim of the
rocky young crater indicates high probability that sample 12051 represents ejecta from
the small crater — either from a fragmented impacting body or from displaced rego-
lith or subregolith material at the impact site. In either case, the unpitted shear face
probably resulted from the impact that formed the small crater. The angle of the spec-
imen when found suggests that the rock fell into place together with enough surrounding
fine material to hold it in position. Determining the exposure age of the portion of the
flat side which was above the lunar surface might date the small crater.

Sample 12052. - Sample 12052, a large rock rounded on one side, was collected
from the west rim of Head Crater and is shown clearly in Hasselblad photo-
graphs AS12-49-7217 and AS12-49-7218 (taken by the CDR) and AS12-48-7059 (taken by
the LMP). The rock apparently was moved from the original site before the photographs
were taken. Therefore, although the specimen can be oriented precisely with respect
to the position in the photographs, the orientation shown in the photographs probably
does not represent the orientation of the rock before it was disturbed. The lower angu-
lar part of the rock apparently was partially buried in the regolith, but the rock rested
on the surface in the position shown in the photographs. A drag mark near the sample
indicates the place from which the rock was removed. At least two pieces on one side
of the specimen were broken off after the rock was photographed on the lunar surface
and before it was photographed in the LRL. Sample 12052 is shown in figure 6(f) as it
was photographed on the lunar surface and in figure 6(g) as it was photographed in the
- LRL with nearly identical orientation and shadow characteristics.
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() Reconstructed selenographic orientation of sample 12052 (NASA-S-70-22673).

Figure 6. - Continued.
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Sample 12053. - Sample 12053 is an angular fragment collected from the northwest
rim of Bench Crater. The fragment appears to be part of a field of coarse fragments on
the rim that probably were ejected from the crater. The specimen is identified readily
in Hasselblad photographs AS12-49-7234 and AS12-49-7235 (taken by the CDR) and
AS12-48-7063 (taken by the LMP). The rock was rotated out of the original position
before the first photographs were taken; therefore, the original orientation is uncer-
tain even though the site is well documented.

Sample 12054. - Sample 12054 is an unusual glass-coated rock collected a short
distance south of the fresh 4-meter crater with which sample 12051 is associated. The
astronauts believed that the rock may have been ejected from this small fresh blocky
crater. The specimen is shown clearly in Hasselblad photographs AS12-49-7313 to
AS12-49-7315 (fig. 6(h)) (taken by the LMP). In these photographs, the specimen can
be seen to be resting on the surface. Three sides of the rock are coated with glass and
two sides are free of glass. When photographed, the specimen was resting on one
glass-free side; the other glass-free side was oriented toward the southeast. The field
relations suggest that the rock was sprayed with glass in the position in which it was
found on the surface and that the spray came from the west. Because the rock was
found to exhibit shock damage in the LRL, an alternate possibility is that the glass was

(h) Sample 12054 before collection (AS12-49-7315).

Figure 6. - Continued.
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sprayed onto the rock as it was ejected from an impact crater and, by coincidence, the
rock landed on a side not coated with glass. The LRL reconstruction of the orientation
and lighting as seen in the lunar-surface photograph of sample 12054 is shown in
figure 6(i).

(i) Reconstructed selenographic orientation of sample 12054 (NASA-S-70-22696).

Figure 6. - Continued.

Sample 12055. - Sample 12055 is a tabular rock that is shown undisturbed before
collection in Hasselblad photographs AS12-49-7197 (fig. 6(j)) and AS12-49-7198. The
sample was moved slightly from the original position, as shown in photographs
AS12-49-7199 and AS12-49-7200 (fig. 6(k)) (taken by the CDR) and AS12-48-7053 to
AS12-48-7055 (taken by the LMP). - After it was moved, the sample was described by
the LMP as having a distinctly gray tone on the lower half (shown clearly in photoéraph
AS12-48-7055). The color change apparently represented the line of burial; however,
it is interesting to note in the undisturbed photograph (fig. 6(j)) that a fillet almost
covers the northeast side of the rock to a point well above the reported line of color de-
marcation. This implies that the fillet may be relatively young in the exposure history
of sample 12055 in the orientation in which it was collected, because no obvious color
difference was related to the line of fillet burial.
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(j) Sample 12055 (rock A) in undisturbed position before collection (letters A to E
are for location reference in fig. 6(k)) (AS12-49-7197).

(k) Disturbed rock not sampled at site of sample 12055 (letters to are for
location reference in fig. 6(j)) (AS12-49-7200).

Figure 6. - Concluded.
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Sample 12056. - Sample 12056 is a tabular angular rock that has not been recog-
nized in the surface photographs; however, the sampling locality has been tentatively
placed near the Surveyor spacecraft. The rock is believed to be one of the four selected
loose rock fragments described by the astronauts.

Tote-Bag Samples

Sample 12062. - Sample 12062 is tentatively identified in Hasselblad photo-
graph AS12-48-7139, which was taken near the Surveyor spacecraft. The rock is
viewed from the southeast in the surface photographs, displaying the most rounded and
densely pitted side of the rock. The rock appears to be about one-third buried, and a
fillet is well developed on the east side.

Sample 12063. - Sample 12063 was the largest rock returned in the tote bag and,
thus far, has nat been recognized in any of the surface photographs.

Sample 12064. - Sample 12064 is a large rock that has a distinctively vangular
shape. This rock may be the one described by the astronauts as a square rock col-
lected near the Surveyor spacecraft.

Sample 12065. - Sample 12065 has not been identified in the Hasselblad photo-
graphs but may be the ''grapefruit'' rock described by the CDR on the traverse between
the ALSEP site and Head Crater early during the second EVA.

SAMPLE INFORMATION

Mineralogy/Petrology

Most of the large rock samples returned from the Apollo 12 mission are holocrys-
talline and have ranges of textures and mineralogical compositions that are character-
istic of igneous origin. Two breccias also were returned. The crystalline rocks are
similar to the Apollo 11 microgabbros and basaltic rocks in that they consist essentially
of clinopyroxene, calcic plagioclase, olivine, and ilmenite. However, they contrast
with the Apollo 11 suite in that they exhibit wide ranges in modal mineralogy, grain
size, and texture.

Mineralogical composition. - The mineral species identified in the Apollo 12 sam-
ples are similar to those observed in the Apollo 11 materials. Glass, plagioclase, py-
roxene, olivine, low cristobalite, ilmenite, sanidine, spinel, troilite, and iron (Fe)
metal have been identified positively. Tridymite, metallic copper (Cu), and the Fe
analog of pyroxmangite have been tentatively identified. X-ray data are presented in
table VII.

Plagioclase is present in every rock sample and ranges from approximately 5 to
10 percent (sample 12075) to 70 percent (sample 12013). The estimates of composition
were based on extinction-angle measurements and indices of refraction and range from
An50 to An9 0’ with the median value falling near An8 0 Although some plagioclase is
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zoned, most is twinned. Lath-shaped crystals prevail, and pyroxene/plagioclase in-
tergrowths are very common.

TABLE VII. - X-RAY DATA

Olivine
Sample 4 ’ Plagioclase (fayalite X Pyroxene
gurater Pigeonite Diopside anorthite percent) Ilmenite Troilite | Magnetite (unidentified) Monticellite | Quartz
(a)
X-ray data 1
12060 | Very strong Very strong | Weak (40) Moderately Possible
weak
12062 | Very strong Very strong Weak Weak Strong
12063 | Very strong Very strong | Moderately Moderate Strong
weak (40)
12070 | Strong Very strong | Moderately Moderately Weak Possible | Very strong
weak (50) weak
12071 | Very strong Very strong | Moderately Moderately Weak Strong
weak (50) weak
X-ray data 2
b12077 (50)
12077 | Very strong Very strong Strong Weak
512076 (44)
12009 (44) Weak
12012 | Very strong Very strong | (32) Moderate
X-ray data 3
12013 | Strong Very strong Strong
12014 | Very strong Very strong | Strong (36) Moderate
12015 | Strong Very strong | Strong Strong (44) Moderate
12018 | Very strong Very strong | Strong (32) Moderately
weak
12004 | Very strong Very strong | Very strong | Moderately
(32) weak
X-ray data 4
12020 | Very strong Very strong | Very strong | Moderately
(32) weak
12065 | Very strong Very strong Moderate
aNumbers in parentheses indicate percent.
Olivine sample.
Pyroxenes were identified by X-ray diffraction and by optical properties. Pi-

geonite and subcalcic augites are the most common, as determined optically. Refrac-

tive indices indicate that the ratio of Fe to Mg (magnesium) is about 0. 5.
pigeonite phenocrysts occur in porphyritic and coarse-grained rocks.

pies the core of some crystals, and subcalcic augite forms the rim.

augite is a deeper brown than the pigeonite.

Zoned

Pigeonite occu-
The subcalcic

The groundmass pyroxenes are fine

grained, are darker than the phenocrysts, and are not zoned. Pyroxene/plagioclase
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intergrowths are common and range in size from 1-centimeter-long crystals to aggre-
gates in which the particles are only several microns across. Pyroxenes are the dom-
inant minerals in all but three samples.

Olivine was identified by X-ray diffraction and by optical properties. The esti-
mates of composition that were based on optics disagree with those that were based on
X-ray data. The discrepancy was shown by spectrographic measurements to be caused
by a fairly high calcium (Ca)content. The samples for which X-ray, optical, and spec-
trographic data are available indicate a composition of about Ca 05Mg 60Fe 35° Oli-

vine commonly contains inclusions which are filled with devitrified glass or aggregates
of plagioclase, pyroxene, and ilmenite. Some grains contain spherical-glass inclu-
sions. Fayalite grains were tentatively identified by their optical properties. In con-
trast to the Apollo 11 rocks, olivine occurs in almost all of the Apollo 12 samples.

Low cristobalite occurs as interstitial aggregates and as euhedral to subhedral
crystals.

Ilmenite was identified by X-ray diffraction, by morphology, and by optical prop-
erties. The abundance ranges from less than 1 percent to 25 percent. In reflected
light, some grains show intergrowths with an unidentified oxide phase.

The presence of spinel is suggested by the octahedral forms of opaque minerals
of unknown composition that occur in olivine grains and in vugs. At least three other
unidentified opaque phases also are present.

Troilite is a ubiquitous phase in all polished thin sections.

Metallic Fe occurs as interstitial blobs not commonly associated with troilite
grains rather than as blobs in troilite as noted in the Apollo 11 rocks. It is more com-
monly associated with ilmenite than with any other phase.

Metallic Cu, tridymite, and the Fe analog of pyroxmangite were tentatively iden-
tified by optical methods.

Glass occurs as minute interstitial material in some crystalline rocks, as beads
and groundmass in clastic rocks, and as a thin coating on several rocks.

Igneous rocks. - Approximately one-half of the igneous rocks have vesicles pres-
ent, and all have vugs. The vesicles range in diameter from 0.1 to 40 millimeters
and commonly are lined by tangentially or subparallel-oriented crystals of plagioclase,
pyroxene, or olivine. The vugs contain euhedral crystals of pyroxene and olivine and
less well-formed crystals of plagioclase, ilmenite, and spinel. The volume occupied
by vugs and vesicles in any rock is generally less than that in the Apollo 11 rocks. The
vugs are irregular and occur in the coarser rocks at the termination of the sheaflike
aggregates of pyroxene and plagioclase. In one sample, pyroxene crystals appear in
raised relief along a joint surface. Crystals in vugs and along joints are considerably
coarser in grain size than the crystals in the groundmass minerals. Variations in
cooling rates could be an explanation of the variety of grain sizes observed.
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The grain size of the igneous rocks ranges from 0. 05 to 35 millimeters. The
textures show remarkable variations, many of which are common to volcanic and plu-
tonic rocks on earth. Many of the rocks are equigranular gabbros, some are ophitic
to subophitic diabases, and others are variolitic basalts. Feathering sheaves of
pyroxene/plagioclase intergrowths are found in the groundmass of porphyritic rocks
containing phenocrysts of pigeonite. The olivine crystals in more rocks are equant
euhedral grains that are somewhat coarser than the groundmass.

The mineralogical composition of the igneous rocks reflects the high FeO content.
The lower TiO2 contents (compared to the Apollo 11 rocks) are reflected in the smaller

amounts of ilmenite. The textural and mineralogical variations can be explained readily
by fractional crystallization and mineral accumulation during the cooling of basaltic

magmas.

The modal mineralogy shows a wide variation (fig. 7), especially when contrasted
with the Apollo 11 modes. The modes range from peridotites (sample 12075:
50 percent pyroxene, 40 percent olivine, and 10 percent plagioclase), olivine gabbros
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Figure 7. - Apollo 11 and 12 lunar-sample modal analyses.



(sample 12036: 25 percent pyroxene, 40 percent olivine, and 25 percent plagioclase),

and gabbros (sample 12052: 40 percent pyroxene, 30 percent plagioclase, 15 percent

olivine, and 15 percent opaque minerals) to troctolites (sample 12035: 15 percent py-
roxene, 40 percent olivine, and 45 percent plagioclase) to picritic basalts (sam-
ple 12045).

Sample 12013, which consists largely of plagioclase and sanidine, appears to be
a late-stage differentiate on the basis of the modal mineralogy and trace-element
content.

Some rocks show evidence of planar features (such as fractures and lines of vugs)
but the rocks are generally without marked foliation or lineation. All of the rocks are
fresh and show no evidence of the hydration or oxidation reactions common during late-
stage terrestrial magmatic processes.

Breccias. - One rock is a fragmental breccia that is similar to the Apollo 11
breccias (ref. 1). Two breccia chips also were collected. The dominant constituents
of the breccias appear to be pyroxene and plagioclase with accessory olivine and glass.
Lithic fragments also are present. The average mineralogical composition appears to
be less olivine-rich than the majority of rock types collected. The fragmental breccia
appears to have a foliation in which both lithic and mineral fragments are subparallel.
The lithic fragments are as large as 20 by 10 millimeters and are both igneous and
fragmental rocks, indicating several periods of fragmentation and consolidation.

Fines.- The Apollo 12 lunar fines contrast with the Apollo 11 fines in that they
consist of different proportions of phases and, consequently, are lighter in color. The
major constituents (in decreasing order of abundance)are pyroxene, plagioclase, glass,
and olivine. The minor constituents, which total only a few percent, are ilmenite,
tridymite, cristobalite, nickel (Ni) Fe, and several unidentified phases. The Fe analog
of pyroxmangite was tentatively identified.

Glass totals roughly 20 percent of the Apollo 12 fines and includes spheroidal and
dumbbell-shaped objects and angular fragments. The color of the glass ranges from
colorless through pale yellow brown and brown to dark brown; the index of refraction
generally ranges from 1.55to 1.75. Bubbles and solid inclusions are common in the
colored glasses. In contrast to the Apollo 11 fines, feldspar glass, dark to nearly
opaque spheroidal glass, and dark scoriaceous glass fragments are relatively rare.

The pyroxenes, mostly pale yellow to tan and brown, range widely in composition
and include augite, subcalcic augite, and pigeonite. They constitute about 40 percent of
the fines. The range of the indices of refraction is somewhat greater than that of the
pyroxenes of the Apollo 11 fines. Plagioclase has indices of refraction mostly in the
bytownite/anorthite range. A small amount of more sodic plagioclase also is present.
The olivine totals approximately 5 to 10 percent and is more abundant than in the
Apollo 11 fines. The few carefully measured grains fell in the compositional range
F°60—70' Many lithic fragments are present. Low tridymite is in the form of anhedral

grains, and the low cristobalite occurs as microgranular aggregates.

There are two fines samples of notably different character: (1) the light-colored
layers in the double core tube and (2) sample 12033, a documented fines sample
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collected from a trench dug near the northwest rim of Head Crater. The color of both
samples is light gray. Sample 12033 consists of clear, angular grains of feldspar with
some olivine and pyroxene and abundant basaltic glass. The coarser 1-millimeter-
diameter glass fragments are pumiceous, exhibiting well-developed flow structure and
stretched vesicles, and the finer fragments are angular and somewhat vesicular. The
finer shards also show a flow structure consisting of oriented microlites. Sample 12033
is tentatively considered a crystal-vitric ash.

A significant feature of the fines is the presence of numerous very well-rounded
grains that have minutely chipped surfaces and that resemble grains in terrestrial de-
trital sands. Many of the grains are slightly elongate oblate bodies with a beanlike
shape and occur in size to well below 0.1 millimeter. Presumably the result of me-
chanical abrasion, the grains are chiefly glass; however, some are composed of pyrox-
ene, plagioclase, or intergrowths of these minerals.

Rock-surface features. - Most of the larger Apollo 12 crystalline rocks are simi-
lar to the Apollo 11 rocks in that they are rounded on one surface and have glass-lined
pits. Angular fractured surfaces occur on some of the rocks.

Small pits (similar to those described in ref. 1) occur on the rock surfaces; the

density ranges from 1 to 30 pits/cmz. The angular bottom surfaces have few or no
pits. The pits that are visible under a binocular microscope range from 0.1 to 10 mil-
limeters in diameter and the depth-to-width ratios are approximately 1: 5. Most of the
pits are circular; exceptions are the oval-shaped pits in the coarse crystalline rocks
that have the long axis parallel to elongated feldspar or pyroxene crystals. The glass
linings of the pits vary greatly in thickness and vesicularity. Pulverized minerals
form 0. 5- to 1. O-crater-width white halos around the pits on the crystalline rock sur-
faces. Where pit density is high, a 1- to 2-millimeter-thick crust of pulverized min-
erals is formed on the rock surface. Impact pits in glass coatings are surrounded by
radiating fractures. On many of the medium- to coarse-grained crystalline rocks, the
glass linings of the pits are raised slightly above the rock surface. These glass-topped
pedestals appear to be more resistant to erosion than the rock.

Irregular patches of glass are spattered on the rock surfaces. Two types (which
grade into one another) can be distinguished: thin films and thick, highly vesicular
coatings. The thin (less than 0.1 millimeter thick) films are brownish black in re-
flected light and brown in transmitted light, cover a 1- to 16-square-centimeter area,
are usually slightly vesicular, and adhere tightly to the rock surface. The thick (0.1 to
1 centimeter) coatings, which were found on samples from the bottom of a 1-meter cra-
ter, are light to dark brown, have vesicle sizes increasing from 0. 1 to several milli-
meters from the base to the outer surface, and have smooth botryoidal surfaces.
Several highly fractured breccias and fine-grained crystalline rocks are covered with
the thick coating. The fractures in these rocks are filled to a depth of several centi-
meters. The contacts between the glass and the rock are sharp. The glass coatings
locally contain a large number of angular, highly shocked rock chips. Some of the
vesicular glass has been partly devitrified. A light-gray glass fragment of uncertain
origin with pronounced flow structure also was collected.
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Impact metamorphism. - Impact metamorphism in the Apollo 12 samples is simi-
lar to and as common as in the Apollo 11 samples. Impact-fused glass spherules and
beads and shock-vitrified mineral fragments are present both in the fines and in the
microbreccias.

Most of the large crystalline rocks apparently are unshocked or only weakly
shocked; several of the smaller crystalline rocks show evidence of moderate to strong
shock. A thin section of one of the smaller rocks shows extensive fracturing of the
plagioclase and partial vitrification and development of lamellar microstructures. The
coexisting clinopyroxenes have one or two sets of closely spaced lamellar twinning that
are absent in the clinopyroxene of similar unshocked crystalline rocks. Another rock
shows extensive shock vitrification.

Shocked microbreccia also is present in the Apollo 12 samples. Many small
fractured microbreccia fragments are held together by glass spatters. Breccia within
breccia, indicating a multiple-shock history, also was found.

Small pebbles were collected that are either glassy or aphanitic. The pebbles
are highly vesicular and some are vuggy. The pebbles are presumably the result of
melting and fragmentation caused by impact metamorphism. Some of the vesicles are
as large as 10 millimeters in diameter and occupy up to 50 percent of the preserved
fragment.

Chemical Analyses

Chemical analyses of the samples were conducted inside the biological barrier of
the LRL, mainly by optical spectrographic techniques, using an instrument with a dis-

persion of 5.2 A/mm. Three separate techniques were conducted as follows.

1. Determination of silicon (Si), titanium (Ti), aluminum (Al), Fe, Mg, cobalt
(Co), manganese (Mn), chromium (Cr), sodium (Na), and potassium (K) with Sr used
as the internal standard

2. Determination of Mn, Cr, zirconium (Zr), Ni, Co, scandium (Sc), vanadium
(V), barium (Ba), Sr, yttrium (Y), and ytterbium (Yb) and other involatile elements,
using palladium (Pd) as the internal standard

3. Determination of lithium (Li), rubidium (Rb), Pb, boron (B), and other vola-
tile elements, using Na as the internal standard

The procedures were generally similar to those used to analyze the Apollo 11
samples; however, as a result of the experience with the Apollo 11 material, modifi-
cations were made to cope more effectively with the high concentration of the refractory
elements. For example, the ratio of admixed carbon (C) to the sample was increased
from 1:1 to 4:1 for the method using Pd as the internal standard, and the range of pos-
sible intensity measurements was increased by a factor of 3, enabling a wider range of
concentrations to be covered effectively (for example, Ba and Zr). The reduction of a
sample to a powder was done in Spex agate vials in a mixer mill, in contrast to hand-
grinding in agate mortars for the Apollo 11 samples.
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Computer programs were used to provide intensity data from the photoplate den-
sitometer data, in contrast to the hand processing of the Apollo 11 data. The overall
precision of the determinations is +5 to 10 percent of the amount present. Accuracy of
the results was controlled by use of the international rock standard samples (G-1, W-1,
SY-1, BCR-1, AGV-1, GSP-1, G-2, PCC-1, and DTS-1) for calibration. In addition,
the results were compared with the analyses of the Apollo 11 samples.

The spectrographic plates were examined to establish the presence or absence of
all elements that have spectral lines in the wavelength regions covered (2450 to 4950 A

o
and 6100 to 8600 A). Line interferences were checked for all lines (in particular by
elements such as Ti, Cr, Y, and Zr) present in high concentrations compared to most
terrestrial rocks. Wavelengths of the several principal lines were checked for those
elements that were not detected because line interferences caused by common elements
were occasionally visible. Several samples were brought from behind the biological
barrier and analyzed by atomic absorption procedures for Al, Ca, Mg, Fe, Ti, Na, and
K, and by a chemical colorimetric procedure for Si. The data reported for these ele-
ments in sample 12013 were obtained by these methods. The spectrographic data are
presented in tables VIII to XI and the atomic absorption data in table XII. The sample
weights provided for analysis were larger than for the Apollo 11 suites and were typi-
cally 100 to 150 milligrams.

The samples appear to be free from inorganic contamination, either from the
rock box or from the LM. Niobium (Nb), which constitutes 88 percent of the LM
descent-engine skirt, was detected in only two samples, sample 12013 with 170 ppm
and sample 12033 with 44 ppm. This amount is almost certainly indigenous to the rocks
and is geochemically consistent with the high abundance of the geochemically associated
elements Zr and Y. Indium, present in the seal of the rock boxes, was not detected
(the detection limit was 1 ppm). Values for Cu are not reported for the Apollo 12 rocks.
Sporadic contamination of the samples (up to several hundred ppm) was found because of
abrasion of the copper parts of the door mechanisms in the class III biological cabinets
where the sample preparation work was done.

TABLE VIIIL. - EMISSION SPECTROGRAPHIC DATA FOR FINES MATERIALS

(a) Elements

Sample Rb, Ba, K, Sr, Ca, Na, Yb, Y, 2r, Cr, v, Sc, Ti, Ni, Co, Fe. Mn, Mg, Li, Ga. Al St
number ppm ppm ppm ppm percent|percent | ppm| ppm ppm ppm ppm | ppm |percent| ppm ppm |percent ppm percent| ppm ppm | percent | percent
%12060 (2.3 - 0.2(180 - 20| 1000|210 + 20| 7.85 0.30 -- | 100 + 10| 300 + 30(2800 - 100{78 + 5|54 + 5| 2.25 |[110+ 10{38 + 4| 16.3 (2100« 200| 6.0 8+ 2(11+1| 6.9 18
b120"0 3.2+ 0.2(420 + 20( 1500 (170 + 20| 7.1 30 -- | 130 + 10| 670 + 50{2800 + 100{64 + 5(47 «+ 5| 1.85 |200 - 20{42 + 5| 13.2 [1900 + 200| 7.2 |11+ 2| -- 7.4 19.6
(b) Oxides
Sample [ SiOz‘ TlOz. Alzoa. FeO, MgO, CaO, NIZO. KZO‘ MnO, Crzon, ZrOz. NiO. Total
number | percent percent percent percent percent percent percent percent percent percent percent percent percent
*12060 9.2 3.8+ 0.5 13:1 21+ 1 10+ 1 1121 0.40 « 0.05 0.12 + 0.01 0.27+ 0.01 0.41+ 0.02 0.04 + 0.005 0.014 + 0.001 99. 05
blZ(J'IO 422 3.1+0.5 14+ 1 17«1 12+ 1 10«1 .40 + 0.05 18 + 0.01 25 41 09 + 0.005 025 + 0.001 99.5

a‘i‘me-hlg sample.
bConu.ngency sample.
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TABLE IX. - EMISSION SPECTROGRAPHIC DATA FOR SELECTED SAMPLES

(a) Elements

Sample| Rb, | Ba, K, Sr, Ca, Na, |Yb,| Y, | Z2r,| Cr,| V, | Sc, Ti, | Ni, | Co,| Fe, Mn, | Mg, Li, (Ga, Al, Si,
number| ppm | ppm| ppm | ppm|percent| percent|ppm{ ppm| ppm| ppm|ppm| ppm| percent| ppm|ppm|percent | ppm|percent| ppm |ppm | percent | percent
12004 | 0.47| 60| 480 145 7.1 0.35 52| 1705800 | 85 | 45 | 2.0 90|50 | 17.9 |1750| 9.0 4.2 5.6 17.3
12009 .57 65| 520 110 7.1 .38 48 | 150(5200| 77 | 42 | 2.0 6746 | 15.5 |(1450| 7.5 5.5 5.7 19.2
12010 | 2.0 | 180| 1300 145 7.0 .39 87| 3803050 90 | 50 | 2.2 80|39 | 15.2 |1400| 6.6 1 6.1 20
12011 (a) 60| 570 120 7.8 .41 52| 165/4000| 85 | 56 | 2.0 8530 | 16.3 |1650| 5.9 6.2 5.8 19.6
12012 .64 38| 460 110 6.6 .39 40| 120(3900| 65 [ 38 | 1.85 |135|48 | 17.9 [1300| 10.6 3.9 8.7 16.4
12013 |33 2150 1.66| 150 4.5 .51 20 | 240 | 2200|1050 | 13 | 21 .72 | 105|13 1.8 950| 3.6 |100 6.3 28.5
12014 .60 55| 560 100 6.8 .34 40| 125/4000| 80 | 40 | 1.74 [105|52 | 17.9 (1350| 10.6 4.4 5.3 16.4
12015 | 1.0 44| 510 115 7.0 .27 46| 160(3900| 95 | 44 | 1.92 70|47 | 17.1 - 8.4 10 5.8 17.8
12018 .58 70| 520 110 6.2 .29 48 | 155(3500| 82 | 50 | 2.0 65|50 | 15.9 (1500| 10.3 1 5.3 18.2
12020 .37 58| 650 120 6.6 .37 42| 1503800 | 50 | 49 | 1.68 80| 51 16.3 [1450| 9.6 6.0 5.1 18.2
12022 .17 38| 560 160 7.0 .27 62| 1602650 | 65 | 52 | 3.36 4036 | 17.1 (1350 7.8 3.1 5.8 16.8
2Not detected.
(b) Oxides
Sample 5102, TlOz, .uzoa. FeO, MgO, CaO, Nazo, Kzo, MnO, Crzos, z:oz, NiO, Total
number percent percent | percent percent percent percent percent percent percent percent percent percent percent
12004 37 3.4 10.6 23 15 10 0.48 0.058 0.23 0.85 0.023 0.011 100.7
12009 41 3.3 10.8 20 12.5 10 .51 .063 .19 .16 .020 -- 99.1
12010 43 3.7 11.5 19.5 11 9.8 .53 .16 .18 .45 .051 -- 99.9
12011 42 3.4 11 21 9.7 10.7 .55 .069 .21 .58 .022 .011 99.2
12012 35 3.1 10.8 23 17.5 9.3 .53 .055 .17 .57 .016 .017 100.0
12013 61 1.2 11.9 10 8.0 6.3 .69 1.5 .12 .15 .30 .013 99.7
12014 35 2.9 10 23 17.5 9.5 .46 .068 17 .58 .017 .013 99.2
12015 38 3.2 11 22 14 9.8 .37 .062 .33 .57 .022 - 99.4
12018 39 3.3 10 20.5 17 8.7 .39 .063 .19 .51 .021 -- 99.7
12020 39 2.8 9.7 21 16 9.3 .50 .078 .19 .58 .020 .010 99.1
12022 36 5.6 11 22 13 11 .36 .068 .17 .39 .022 -- 99.6
TABLE X. - EMISSION SPECTROGRAPHIC DATA FOR DOCUMENTED SAMPLES
(a) Elements
Sample | Rb, | Ba, K, Sr, Ca, Na, Yb, Y, Zr, Cr, Vs Sc, Ti, Ni, | Co, Fe, Mn, Mg. Li. Ga, Al, Si.
number | ppm (ppm | ppm | ppm | percent | percent [ ppm | ppm| ppm | ppm | ppm | ppm | percent |ppm | ppm | percent | ppm | percent| ppm | ppm| percent | percent
12033 (7.5 | 720 | 3240 | 260 8.2 0.40 12 | 260| 950 | 2100 37| 33 1.56 140 | 34 12.4 6.5 (15 8.5 19.2
12034 -~ | 460 | 3500 -- 7.4 .48 -- | 270 | 2100 | 2400 -] == 1.50 140 | -- 10.3 1400 5.1 -- -- 8.0 22
12038 .70 230 470 230 7.9 .45 68 | 260 | 2200 70| 55 1.92 14 23 13.2 3.9 5.5 6.4 22.9
10240 -- 54 440 -- 5.4 .13 -- 63| 180 | 4800 -=| -- 1.50 170 -- 16.7 2200 10.3 -- -- 3.3 19
12051 .37| 48 470 | 165 8.6 .22 53| 175 | 2200 75| S8 2.96 16| 25 15.5 8.7 4.5 6.4 18.7
12052 .80| 50 570 | 135 1.9 .33 42| 170 3700 | 105 | 52 2.16 32| 42 16.3 6.0 4.5 5.8 19.6
(b) Oxides
Sample SlOz. Ti02. Alzoa. FeO, MgO, Ca0o, Nazo. KZO' MnO, c.-zoa‘ ZrOz. NiO, Total
number percent percent percent percent percent percent percent percent percent percent percent percent percent
12033 41 2.6 16 16 10.7 11.8 0.54 0.39 0.23 0.31 0.13 0.018 99.4
12034 47 2.5 15.1 13.3 8.4 10.4 .65 .42 <19 .35 .28 .018 98.6
12038 49 3.2 12 iy § 6.5 11 .60 . 057 .26 .32 . 035 -- 100.0
12040 41 2.5 6.3 21.5 17.0 7.6 .18 . 053 .28 .70 . 024 . 022 97.3
12051 40 4.9 12 20 9.5 12 .30 . 057 .30 .32 . 024 - 99.4
12052 42 3.6 11 21 10 11 .45 . 069 .31 .54 .023 -- 100.0
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TABLE XI. - EMISSION SPECTROGRAPHIC DATA FOR TOTE-BAG AND CONTINGENCY SAMPLES

(a) Elements

Sample | Rb, | Ba, | K, Sr, Ca, Na, Yb, | Y, 2r, | Cr,| V, 8c, T Ni, | Co, Fe, Mn, Li, 5 Si,
number | ppm | ppm | ppm | ppm | percent | percent | ppm | ppm | ppm | ppm | ppm | ppm | percent | ppm | ppm | percent | ppm ppm | ppm| percent | percent
12082 |>1 100 | 650 | 225 8.3 0.34 - 65 | 180( 2600( 105 | 78 2.8 20| 34| 155 | 2000 7.0 6.3 19.2
12063 100 | 650 | 225 7.9 .32 - 85| 190| 3100 95| 75 | 3.1 30 | 36 16.7 | 2000 7.8 5.8 18.2
12084 .76| 55| 700 | 165 8.8 .31 - 55| 170)| 3000| 100 | 60 | 2.9 15| 40 | 17.0 | 2500 6.7 6.3 18.7
12085 .72| 70| 600 | 135 8.0 .28 - 48 | 180| 3500| 135 | 60 | 2.3 25| 34| 17.1 | 3200 6.0 6.4 18.7
#2071 | 4.5 | 550 | 1800 | 250 8.2 .31 -- | 160 | 1300 2400 42 | 41 1.85 | 140 | 28 12.8 | 1400 25 7.9 19.6
212073 | 4.9 | 510 | 2100 | 230 8.2 .28 -- | 180 | 1200| 2800| 50 | 42 | 1.85 | 350 | 30 | 13.0 |1500 25 7.9 19.1
12077 .66 60| 460 | 120 7.1 .23 -- 40| 130|6200| 100 | 46 | 1.81 | 105 | 54 18.7 | 3200 6.5 5.8 15.4
(b) Oxides
Sample Stoz, ’1‘102, AL,0 FeO, MgO, Ca0, NazO. K,0, MnO, Crzos, ZrOz, NiO, Total
mumber percent percent percent percent percent percent percent percent percent percent percent percent percvent
12062 41 4.6 20 8.5 11.6 0.46 0.078 0.26 0.38 0. 024 -- 98.9
12063 41 5.2 21.5 11 .43 .078 .26 .45 .026 - 99.9
12064 40 4.9 22 8 12 .42 . 084 .32 .44 .023 -- 100.2
12085 39 3.8 22 9 12.8 .38 . 072 .41 .51 . 024 - 99.8
3120m 42 3.1 16.5 11 11.5 .42 .22 .18 .35 .18 018 100.5
212073 41 3.1 16.7 11 11.5 .50 .25 .18 .41 .16 . 044 99.9
12077 33 3.2 24 17.5 10 .31 . 056 .41 .91 .018 .013 100. 4

*Breccia.
TABLE XII. - ATOMIC ABSORPTION DATA
Sample K,0, | Na,0, | CaO, | MgO, | ALO,, | FeO, | TiO,, | MnO, | Cr, a3102,
number percent | percent percent | percent percent percent percent percent| percent percent

12013 1.96 .20 6.30 8.00 12.0 12.6 L. 17 0.19 0.245 61.2
12024

Breccia . 405 .61 10.0 9.53 14.3 15.3 2.5 «193 .24 46.0

Glass . 285 .49 10.0 9.80 12.7 15.3 2.5 .203 .24 45.5
12024 .075 .32 9.0 11.95 8.7 22.5 4.0 +27% .40 43.0
12033 .33 .65 10.2 9.1 14.0 14.4 2.3 .185 . 245 47.2
12034 .42 .65 10.4 8.35 15.1 13.3 2.5 193 .24 47.2
12038 . 057 .66 10.70 6.5 13.2 17.8 3.5 . 245 .245 48.0
12040 . 053 .18 7.6 17.10 6.3 21.5 2.5 « 207 .48 43.5
12051 . 057 .30 10.70 7.30 10.5 19.8 4.67 .274 . 245 46.5
12055 . 060 .285 | 10.60 7.45 10.5 18.7 3.5 .30 . 360 46.5
12057 <12 91 9.70 8.61 11.3 21.6 5.84 .30 .283 41.4
12072 . 060 .215 8.20 | 14.1 9.8 20.6 3.5 .274 .475 45.5
12075 . 051 .19 768 | 15.5 7 20.0 2.3 .245 +515 45.0
Biological .19 . 46 9.9 10.3 13.2 17.0 2.3 .21 .320 45.0

test sample
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The major constituents of the samples are (in order of decreasing abundance) Si,
Fe, Mg, Ca, Al, and Ti. The major silicate and oxide mineral phases present in the
samples indicate that O comprises the major anion. The elements Cr, Na, Mn, and K
are the minor constituents and have concentrations ranging from 0. 05 to 0. 6 percent;
occasionally, Ba and Zr reach these concentration levels. The other constituents are
present mostly at less than 200 ppm (0. 02 percent). The volatile elements (Pb, B,
bismuth (Bi), thallium (T1), and so forth) are generally below the limits of detection of
the spectrographic methods used, although Pb (approximately 30 ppm) and B (approxi-
mately 20 ppm) were detected in sample 12013. Gold, silver, and the platinum-group
elements were not detected in any samples.

The chemistry of the crystalline rocks is distinct from that of the fines material
and the breccias. The rocks are lower in Rb, K, Ba, Y, Zr, Ni, and Li and higher in
Fe and Cr. Several critical element ratios are also distinct. The K/Rb ratio averages
850 in the rocks compared to 450 in the fines. The average Fe/Ni ratio of 3000 in the
rocks (range from 2000 to 11 000) is much higher than the fines material ratio of ap-
proximately 600. The Rb/Sr ratio is very low in the rocks (0. 005) but is higher in the
fines (0. 02).

The fines material and the breccias are generally very similar in composition and
could not have been formed directly from the large crystalline-rock samples. The Ni
content of the breccias and fines material places an upper limit on the amount of mete-
oritic material contributed to the lunar-surface regolith. Using an average meteoritic
Ni content of 1.5 percent, the Ni content of the fines material represents a meteoritic
contribution of the order of 1 percent if all the Ni were extralunar.

The crystalline rocks show minor but significant internal variations in chemistry.
Nickel shows a striking decrease in concentration, by an order of magnitude. Chro-
mium displays a smaller relative decrease in the same direction, and Co shows a slight
decrease. Silicon increases as Mg decreases. Similar trends are shown by V, Sc, Zr,
Y, K, Ba, and Ca, although the variations are small. Critical element ratios (Fe/Ni,
Ni/Co, and Cr/V) decrease, and the V/Ni ratio increases with a decrease in Mg. No
significant trends are shown by K/Rb, Rb/Sr, or K/Ba ratios.

Sample 12013 is chemically unique. It is not analogous chemically to a terres-

trial anorthosite. The sample contains the highest concentration of silicon oxide (SiOz)

(61 percent) yet observed in a lunar rock. The amounts of K, Rb, Ba, Zr, Y, Yb, and
Li are enriched by 10 to 50 times compared to the other rocks. These high concentra-
tions are suggestive of the terrestrial enrichment of elements in residual melts during
the operation of fractional-crystallization processes, and the sample may have crystal-
lized from a small volume of residual melt late in the cooling of a pool of silicate melt.
The ferromagnesian elements (Mg, Fe, Cr, Mn, Ti, Sc, and Co), although low in sam-
ple 12013 in comparison with the other rocks, are not strikingly depleted. Nickel, in
particular, is not depleted as it would be in terrestrial analogs. Sample 12033 from
the light-gray fines material shows some analogs in composition that contain high con-
centrations of Yb, Nb, and Rb.

A comparison of the Apollo 12 samples from the Ocean of Storms with the
Apollo 11 samples from the Sea of Tranquility shows that the chemical characteristics
of the samples at the two maria sites are clearly related. Both suites show the dis-
tinctive features that most clearly distinguish lunar from other material — high con-
centrations of ''refractory'' elements and low concentrations of volatile elements. In
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detail, numerous and interesting chemical differences exist between the Apollo 12 and
the Apollo 11 rocks. The main differences are as follows.

1. The Apollo 12 rocks and fines material have a lower concentration of Ti. The
range is 0.72 to 3.4 percent Ti (1.2 to 5.1 percent TiOz) compared with the range in

the Apollo 11 rocks of 4.7 to 7.5 percent Ti (7 to 12 percent TiOz).

2. The Apollo 12 samples have lower concentrations of K, Rb, Zr, Y, Li, and
Ba.

3. The Apollo 12 crystalline rocks have higher concentrations of Fe, Mg, Ni,
Co, V, and Sc. These concentrations are consistent with the more mafic character of
the Apollo 12 rocks.

4. The significant variation in the Apollo 12 rocks is among the ferromagnesian
elements, entering the principal mineral phases. In the Apollo 11 suite, a much wider
variation existed in the concentration of elements such as K and Rb, indicating a wider
range of crystallization. However, sample 12013 represents a much more extreme
composition (and probable later crystal fraction) than that of any of the Apollo 11 rocks.

5. The fines material collected at the Apollo 12 site differs from that collected
at the Apollo 11 site in that it contains approximately half the Ti content; more Mg; and
possibly higher amounts of Ba, K, Rb, Zr, and Li. The light-gray fines material of
sample 12033 is strongly enriched in Rb, Zr, Yb, and Nb relative to the other fines
material.

The chemistry of the Apollo 12 samples does not resemble that of chondrites.
Nickel, in particular, is strikingly depleted. The samples are closest in composition
to the eucrite class of the basaltic achondrites; sample 12038 shows some similarities
to this class (table X). The possible ''lunar acid'' rock (sample 12013) does not re-
semble terrestrial granites or rhyolites or even tektites in the abundances of most
elements. The Apollo 12 material is enriched in many elements by one to two orders
of magnitude in comparison with estimates of cosmic abundances.

Gamma-Ray Spectrometry Analyses

Operation of the radiation-counting laboratory (RCL) followed the general proce-
dures developed for the Apollo 11 studies (ref. 1). The first RCL sample was received
for measurement on November 30, 1969, and probably would have been received ap-
proximately 1 day earlier if a glove failure had not delayed operations in the vacuum
laboratory. Because of the experience gained during the Apollo 11 analyses, the prep-
aration of samples for the RCL generally was completed more rapidly and at more
regular intervals.

For the RCL analyses, 11 samples were chosen from the contingency sample, the
selected samples, the documented sample box, the documented sample bags, and the
tote-bag samples. Analysis was performed by use of the Nal(T1) low-background spec-
trometer and the on-line computer data-acquisition system described in reference 1.
The samples were mounted in stainless steel cans that had 16. 2-centimeter diameters,
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0. 8-millimeter wall thicknesses, and bolt-type indium seals. Standard containers with
overall heights of 5.6 or 7.6 centimeters were used for all rock samples. The fines
were packaged in a cylindrical container, which was used in searches for magnetic
monopoles.

For this preliminary study, calibrations were obtained with a series of radioac-
tive standards prepared by dispersing known amounts of radioactive material in quan-
tities of Fe powder. Time did not permit recording a library of standard spectra with
the standard sources placed inside the actual steel containers. Therefore, empirical
corrections for the effects of the containers were made; these corrections were least

important for the 40K data and most serious for the 26Al and 22Na data.

The results of the analyses are summarized in table XIII. Because of the pre-
liminary nature of the investigation, rather large errors were assigned. In addition to
the statistical errors of counting, these errors include estimates of possible system-
atic errors caused by uncertainties in the detector-efficiency calibration.

Although many qualitative similarities exist between the RCL data on the Apollo11
and the Apollo 12 samples, some notable differences also exist. The K concentration
of the Apollo 12 crystalline rocks is remarkably constant at about 0. 05 percent, and the
ratio of K to uranium (U) is about 2200. These properties appear to be significantly
lower than for the typical crystalline rocks from Apollo 11; however, the composition

TABLE XIII. - GAMMA-RAY DATA

e - I R N o e .
Crystalline rocks

12002 | 1530 | 0.044 - 0.04 [0.96+ 0.1 |0.24 + 0.033| 72 + 14|53 + 10| **mn, >2mn, *6co, %6sc, 48y

12004 | 502 | .048+ 0.004| .88+ 0.09| .25+ 0.033|112 + 22|65 + 13| *mn, co, *6sc, 48y

12039 255 | .060+ 0.005/1.20 + 0.12| .31+ 0.040| 80+ 16[45+ 9 |°6co, >*Mn

12053 879 | .051+ 0.004| .89+ 0.09| .25+ 0.033| 85+ 17[42+ 9 | ®co, By, 6sc, Smn

12054 | 687 | .052+ 0.004| .77+ 0.08| .21+ 0.030| 43+ 9 |42+ 9 |8y, 56co, S4npn, 465

12062 730 | .052+ 0.004| .81+ 0.08| .21+ 0.030| 65+ 13]34+ 7 |[*By, 58co, Ymn, 46sc

12064 | 1205 | .053+ 0.004| .88+ 0.09| .24+ 0.035| 58 + 12]44 + 9 |%6co, 46sc, 48y, Simp

Miscellaneous samples

12034 154 0.44 + 0.035/13.2 + 1.3 3.4+ 0.4 58 + 12|27 + 6 5“Mn Breccia

12073 | 405 | .278+ 0.022| 8.2+ 0.8 | 2.0+ 0.3 |125+ 25|60 + 12| *6co, **mn, *6sc Breccia

12070 | 354 | .206+ 0.016| 8.6+ 0.6 | 1.5+ 0.2 [140+ 25|65+ 13| °6co, *8y, %6sc, 5w Fines
material

12013 80 | 2.02: 0.016(34.3+ 3.4 [10.7+ 1.6 Feldspathic
differ-
entiate

a‘Weight of sample counted.
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of one of the coarsely crystalline Apollo 11 rocks (sample 10003) very closely resem-
bled the chemical composition of the crystalline rocks shown in table XIII. The ratio

of thorium (Th) to U is approximately 4 for all typical materials in table XIII, the same
as for the materials from the Sea of Tranquility. The concentrations of the radioactive
elements K, Th, and U in the crystalline rocks of table XIII are all remarkably con-
stant and, on the average, much lower than for the comparable Apollo 11 rocks. Be-
cause so few samples from the two sites can be compared, the factor of biased sampling
of the lunar-surface material cannot be discounted.

The breccias and fines are very different from the crystalline rocks in several
respects. The K/U ratio for the breccias and fines is only 1400 to 1500, compared with
an average of approximately 2800 for the Apollo 11 materials. Thus, the Apollo 12
samples show even greater differences from terrestrial rocks and meteorites than did
the surface material from the Sea of Tranquility. Although the Th/U ratio remains at
approximately 4, the concentrations of all radioactive elements are much higher in the
breccias than in the crystalline rocks.

In general, the amount of cosmogenic 26Al and 22Na appears to be saturated but

shows variations that may be related to chemical composition or to cosmic-ray expo-
sure. For example, sample 12034 was collected from a trench dug during the second
EVA and was buried approximately 10 to 20 centimeters. The saturation activities of

26Al and 22Na are reduced by the amount expected because of attenuation of the irradi

ation flux in the lunar soil.

Noble Gas Results

Several samples each of the fines material, breccias, and crystalline rocks re-
turned by the Apollo 12 astronauts have been analyzed for noble gas isotopes. The
analyses were performed by mass spectrometry, and the general procedures were the
same as for the preliminary examination of the Apollo 11 samples (ref. 1). Similar to
the Apollo 11 materials, the Apollo 12 fines and breccias are characterized by large
abundances of noble gases of solar-wind origin, as exemplified by the large relative

abundances of He and by the characteristic 4He/ 3He and 20He/ 22He ratios. Conversely,
the crystalline rocks contain much smaller amounts of the noble gases that arise mainly
from spallation reactions within the samples or from radiogenic decay. The noble-gas
isotopic contents for typical samples of all three types of the Apollo 12 lunar material
are listed in table XIV. The ratios are believed to be accurate to within + 2 percent

(except 4He/ 3He, which has a larger uncertainty) and the abundances to within + 20 per-

cent (except 84Kr (krypton), which is considerably greater).

Despite the general similarity in the noble gas content of the Apollo 12 and
Apollo 11 material, several real and significant differences exist. The noble gas con-
tents (in cc/g at STP) of the Apollo 12 fines and breccias are lower; the fines by a fac-
tor of 2 to 5 and the breccias by an order of magnitude. Using a model of formation of
the fines material by (1) degradation of surface rock, (2) surface irradiation by constant
solar wind, and (3) subsequent burial by additional fines material, the lower gas con-
tent of the fines implies a higher accumulation rate of material. The gas content of the
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TABLE XIV. - RARE-GAS DATA

Sumple T)(;?e W’I;c;tgz;‘lt Rare-gas contents in 10'8, cc/g for —
number | sample | g | 34, | 4pe 2000 | 2lne | 22ne | 3ar |38ar| 40ar | S4kr | 192

12060 Fines -- 2000 | 4 000 000| 70 000 | 200 5 000| 10 000 | 2000 | 10000 | 4 1
12070 Fines 1099 3000 | 7 000 000{100 000 | 400 | 10 000| 20 000 | 4000 | 10 000 |10 3
12034 Breccia 160 100 100 000| 8 000 50 700( 2 000| 300 3 000 i | 1
12071 Breccia -- 800 | 2 000 000| 30 000 100 3 000| 5000|1000 5000 | 5 1
12010

Light -- 90 20 000 100 10 20 20 10 1 000 .01 .02

phase
Dark -- 1000 | 3 000 000{100 000 300 7 000|10 000 | 2000 | 40 000 | 3 1
phase

12004 Rock 585 100 10 000 50 10 10 10 5 1 000 .02 .01
12009 Rock 460 100 30 000 200 20 40 40 20 1 000 .02 .01
12013 Rock -- 40 400 000 100 5 10 10 6 | 800 000 . |
12022 Rock 1858 200 30 000 400 30 60 40 20 800 . 005 .01
12040 Rock 319 200 10 000 80 40 50 20 20 1 000 .06 .02
12052 Rock 1866 100 30 000 200 40 60 60 30 1 000 .06 .03
12054 Rock 687 200 20 000 70 20 30 30 30 1 000 .04 .02
12062 Rock 7217 100 10 000 60 20 30 20 30 1 000 .07 .02
12063 Rock 2420 60 10 000 70 10 20 20 10 1 000 .- .05
12064 Rock 1210 200 10 000 60 30 40 30 30 1 000 .03 .01
12065 Rock 2100 200 20 000 100 30 40 50 40 1 000 .04 .01

Apollo 12 breccias is lower than that of the Apollo 12 fines by approximately a factor of
2, which constitutes a reversal of the trend observed with the Apollo 11 material and
implies that the Apollo 12 breccias were formed from fines material of lower solar-
wind gas content. The breccias apparently were formed at some distance or depth
from the location at which they were collected.

For sample 12034 (a breccia), the total noble gas content is low enough for a
spallation component to be quite evident. Sample 12010 is an unusual breccialike rock
that was identified on the basis of the noble gas content. The rock is characterized by
a large relative abundance of the lithic phase, with the darker fine-grained material
occurring as veins. The dark phase of sample 12010 contains approximately 70 percent
of this fine-grained material, while the light phase is essentially pure lithic material.
The typical breccialike nature of sample 12010, in terms of the noble gas content, is
obvious.

The 40Ar/36Ar ratio in the Apollo 12 fines and breccias (with the exception of
sample 12010) is lower than that for Apollo 11, although the ratio still shows larger

values for breccias than for fines. Theoretical considerations prohibit40Ar/36Ar ratios
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even as large as 0. 6 for the sun, making a solar-wind origin of the 40Ar unlikely. The

amount of 40Ar in the fines is too large to be generated by in situ decay of K; however,
for the breccias, this mode of origin may be possible. The fines material thus appears

to have acquired excess 40Ar of lunar origin. The amount of 40Ar and the 40Ar/ 36Ar
ratio in sample 12010 demonstrate this phenomenon well. Although the lithic phase re-
sembles the other crystalline rocks in Ar content, the fine-grained material shows not

only large amounts of solar-wind Ar but also large excesses of 40Ar.

The crystalline-rock samples discussed in this section are completely interior
chips and contain noble gas several orders of magnitude less than the fines material.

The exceptions are 3He, 21Ne (neon), 4OAr, and some of the lighter isotopes of Kr and

xenon (Xe), isotopes the abundances of which have been greatly increased by spallation
reactions and radioactive decay. By use of the K concentrations obtained for the rocks
by the chemical analysis group of the PET, the K-Ar ages were calculated. Several
crystalline rocks show ages between 1.7 and 2. 7 billion years, with an average age of
2. 3 billion years. Sample 12013 has a unique chemical composition, characterized in

part by much higher abundances of K and U and, consequently, of radiogenic 4He and
40Ar. The sample also contained excess radiogenic 40Ar, rendering the K-Ar age
meaningless. However, the U-4He and Th—4He ages are consistent with a value of ap-
proximately 2. 3 billion years, as is the case for many of these crystalline rocks. This
age is considerably less than that found for the Apollo 11 crystalline rocks, although
the range of ages for the two sites overlaps. At least this portion of the Ocean of
Storms apparently has a more recent crystallization age than the rocks from the Sea of
Tranquility, which implies that lunar maria have a formation history of at least 1 billion
years.

Cosmic-ray exposure ages (that is, integrated exposure time at the lunar surface)
were calculated for several rocks on the basis of 27 geometry and of a 3He production

rate of 1 X 10'8 ccSTP/g/lO6 years. These ages show the much wider range of 1 to
200 million years, with some apparent grouping of ages, and resemble the ages found
for the Apollo 11 rocks. The breccias also show radiation ages in this range.

Spallation-produced isotopes other than 3He are consistent with the 3He ages and with
the special chemistry of the lunar material. Because of the abundances of high-alkaline
earth, Y, and Zr, spallation-produced Kr and Xe are very obvious in the rocks. The
amounts of these gases are also roughly consistent with the chemical composition.

Total Carbon Analyses

The total C content of the lunar samples was determined using O combustion fol-
lowed by gas-chromatographic detection of the CO2 produced. Samples weighing from

50 to 600 milligrams were placed with Fe chips and a copper-tin accelerator in a pre-
burned refractory crucible. The crucible was then heated to more than 1600° C in an
O atmosphere with an induction heater. The combustion products were carried by the
O through a dust filter to remove metal oxides and through a manganese oxide trap to
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remove sulfur (S) gases. Any carbon monoxide (CO) that was formed was converted to
CO2 in a heated catalyst tube. Moisture was removed by an anhydrone trap before the

CO2 was passed into a LECO No. 589-600 Analyser. The CO2

stream into a collection trap. After a fixed collection time, the trap was heated and the
released CO2 was carried by He through a silica-gel column into a thermal-conductivity

measuring cell. The detection method used the difference in thermal conductivity be-

tween He and COZ' The imbalance in the bridge circuit containing the thermal-

conductivity cell was integrated and read directly on a digital voltmeter.

was carried by the O

The system was calibrated using the National Bureau of Standards Steel Stand-
ard 10le. Samples of this standard containing 5 to 50 micrograms of C were run under
the same conditions as the lunar samples. To reduce the background, the crucible was
burned in air at 1000° C for at least 1 hour. Only crucibles from a single burn batch
were used in a sequence of standards and samples. The precision of the method was
evaluated by making replicate runs on sample blanks. A typical standard deviation on
a series of 10 runs was 2 micrograms of total C. At all times, the samples were
handled as little as possible to reduce laboratory contamination. The results for the
standard samples were plotted on linear graph paper, and the C content in the lunar
samples was read directly from the standard linear curve.

The results of the total C analyses are given in table XV. The highest C abun-
dances, as for the Apollo 11 samples, usually are found in the fines. The exceptions
to this generalization are samples 12032 and 12033, which are fines from the bottoms
of trenches. The breccias have more C than the igneous rocks, which (including the
heavily shocked sample 12052) are consistently low in C. A total C abundance of ap-
proximately 40 ppm appears to be indigenous to lunar rocks. Additional C apparently
was added to the fines and subsequent breccias by meteoritic impact, the solar wind,
and possible contamination. The low abundances even in the fines material indicate
that C has not accumulated to any great degree. The total C results alone give no in-
dication of the specific chemical species present.

TABLE XV. - TOTAL CARBON DATA

Sample number Weight, g C, pg C, ppm Remarks
31200 1. 0082 7 7+2 Quartz sand
12003-1 . 1480 20 120 + 10 Fines
.1605 32. 5 200 + 10
.157 29 185 + 20 Fines
.1128 22 195 £ 25
12024-17 .1395 16 115 + 20 GASC
12032-1 . 1519 4 20+ 10 Fines from documented
sample bag 4-D
12032-1 . 3813 9.5 25+ 4

3Control sample.
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TABLE XV.- TOTAL CARBON DATA - Concluded

Sample number Weight, g C, ug C, ppm Remarks
12033 0. 1254 10 80 + 10 Fines from documented
sample bag 5-D;
contaminated
12033-1 .1997 4 20+ 5 Fines from documented
sample bag 5-D
.6014 13.5 22.5+ 2
12034-2 . 2446 16 65 + 12 Light-colored breccia
12038 .1528 7 46 + 10 Rock; contaminated
12040-2 . 2245 10 45 + 15 Coarse crystalline rock
12042-1 . 2452 31 125+ 5 Fines from documented
sample bag 12-D
. 3409 45 132+ 5
12044-2, -1 . 3071 13.5 44 + 5 Fine-grained crystalline
rock
12051 . 1207 31 260 + 20 Olivine basalt; contam-
inated
12052-4 . 44817 11 24.5 + 4 Coarse-grained, shocked
. 3326 11.5 34 + 10
.1261 8. 65 + 15
12057 . 2194 217 120 + 10 Medium-dark breccia
12059-1 .1533 35 230 + 15 Fines
.1270 31 240 + 25
.1336 16 120 + 15 Fines including rock chip
12063 . 2755 9.5 35+ 10
12065 . 4920 14 28.5+ 4
.1438 5.5 38 + 10 Pigeonite porphyry

A complete description of the system used for acquiring and presenting the mass
spectral data from the organic analyses of the Apollo 11 samples is given in reference 1.
The same procedures were used for the Apollo 12 mission with the following

modifications.

1. Because of the problems encountered in the Apollo 11 analyses with the steri-
lization procedures necessary for sample transfer from the various sample-handling
facilities to the mass spectrometer, a different approach was used. All samples were
placed in previously cleaned stainless steel containers that were sealed (gastight) with
aluminum caps. The containers were dry-heat sterilized at 130° C for 30 hours and
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then transferred to the gas-analysis laboratory (GAL). This method eliminated the

previous problems with the peracetic acid and ethylene oxide sterilization agents. The
sample-transfer containers were opened and samples were handled in a clean nitrogen
glove box in the GAL. All samples were put into a single Ni capsule. The same cap-
sule was used for all the analyses, thus eliminating the contamination caused by im-
properly cleaned Ni capsules. To shorten the sample run time, the Ni capsule was

cooled in Freon between runs; this procedure introduced the very slight amount of
m/e 84 and 86 that is apparent in the mass spectra of some samples.

2. New programs were added to the system to allow plotting of a specific mass
intensity as a function of the scan number. Some of these plots are included in appen-
dix B in the data associated with each sample and are labeled with the particular mass
chosen (for example, m/e 44).

3. The summarization plots presented in appendix B give the ion current as a
function of the scan number. The following masses have been deleted from the
Apollo 12 summary: m/e 14, 16 to 20, 23, 26 to 28, 32, 35 to 37, 40, and 44.

Both shallow and deep core-tube samples, coarse- and fine-grained rocks, a
breccia, and other fines material and random chips have been analyzed. The following
statements can be made with respect to all analyses. In general, the samples are very
clean (much cleaner than the Apollo 11 samples), with only one sample (sample 12059-1)
contaminated severely. The most striking feature of all of the organic analyses is the
liberation of relatively large amounts of CO and CO2 during the sample runs. The

characteristics of the evolution of these gases indicate that they are the result of a
pyrolysis process. This feature may have been true of the Apollo 11 samples also;
however, no effort was made to monitor CO and CO2 during the Apollo 11 analyses.

Organic-Monitor Analyses

The analytical results of the various Apollo 12 organic monitors (OM), both from
the ALSRC and from the Ottawa sand used to monitor the LRL processing, are pre-
sented in appendix C. The data in appendix C comprise the most significant informa-
tion available on the Apollo 12 contamination history. All tools used for the Apollo 12
sample processing were cleaned at the NASA White Sands Testing Facility and are as-
sumed to have the same amount and type of contaminants as the Apollo 11 tools.

The principal organic monitors used for the S-ALSRC and the D-ALSRC were the
York-mesh samples. The results given in appendix C include only the data for the cou-
pons removed during the outbound processing. The coupon that remained in each
ALSRC for the entire flight will be analyzed. The organic-contamination potential was
reduced notably during the Apollo 12 lunar-sample processing, as evidenced by the use
of the processing cabinets and by the very low levels (less than 1 ppm) of organic ma-
terial added to the monitors by exposure to the processing cabinets.
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CONCLUSIONS

The major findings of the preliminary examination of the Apollo 12 lunar samples
are the same as the conclusions reached from the examination of the Apollo 11 sam-
ples. The major findings are as follows.

1. The fabric and mineralogy of the rocks divide them into two genetic groups:
fine- and medium-grained crystalline rocks of igneous origin (probably originally de-
posited as lava flows, then dismembered and redeposited as impact debris) and brec-
cias of complex history.

2. The modal mineralogy and bulk chemistry of the crystalline rocks show that
they are different from any terrestrial rock and from meteorites.

3. Erosion has occurred on the lunar surface because most rocks are rounded.
Some rocks have been exposed to a process that gives them a surface appearance simi-
lar to that of sandblasted rocks. There is no evidence of erosion by surface water.

4. The probable presence of the iron-troilite-ilmenite assemblage and the ab-
sence of any hydrated phase suggest that the crystalline rocks were formed under ex-
tremely low partial pressures of oxygen, water, and sulfur (in the range of those in
equilibrium with most meteorites).

5. The absence of secondary hydrated minerals suggests that there has been no
surface water at the Sea of Tranquility or the Ocean of Storms at any time since the
rocks were exposed.

6. Evidence of shock or impact metamorphism is common in the rocks and
fines.

7. All the rocks display glass-lined surface pits that may have been caused by
the impact of small particles.

8. The level of indigenous organic material capable of volatilization or pyroly-
sis (or both) appears to be extremely low (that is, no more than 10 to 200 ppb).

9. Elements that are enriched in iron meteorites (that is, nickel, cobalt, and
the platinum group) either were not observed or were very low in abundance.

10. Of the 12 radioactive species identified, two were cosmogenic radionuclides
of short half-life; namely, >2Mn (5.7 days) and 8V (16.1 days).

11. The uranium and thorium concentrations are near the typical values for
terrestrial basalts; however, the ratio of potassium to uranium determined for lunar-

surface material is much lower than those ratios determined for either terrestrial
rocks or meteorites.

12. The fines material and breccias contain large amounts of all the noble gases
that have elemental and isotopic abundances that are almost certainly indicative of
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solar-wind origin. The fact that interior samples of the breccias contain these gases
implies that the samples were formed at the lunar surface from material previously
exposed to the solar wind.

13. The high 26Al concentration observed is consistent with the long exposure
age to cosmic rays inferred from the rare-gas analyses.

14. No evidence of biological material has been found in the samples to date.

15. The lunar soil at the landing site is predominantly fine-grained, granular,
slightly cohesive, and incompressible. The soil is similar in appearance and behavior
to the soil at the Surveyor landing sites.

The following differences were observed in the examinations of the Apollo 12 and
Apollo 11 lunar samples.

1. The Apollo 12 crystalline rocks show a wide range in both texture and mode,
whereas the Apollo 11 crystalline rocks had essentially one texture (lath-shaped ilmen-
ite and plagioclase with interstitial pyroxene) and similar modes (50 percent pyroxene,
30 percent plagioclase, 20 percent opaque minerals, and 0 to 5 percent olivine).

2. Most of the igneous rocks fit a fractional-crystallization sequence, indicating
that they represent either parts of a single intrusive sequence or samples of a number
of similar sequences.

3. Breccias are of lower abundance at the Ocean of Storms than at the Sea of
Tranquility, presumably because the regolith at the Ocean of Storms is less mature
and thinner than that at the Sea of Tranquility.

4. A complex stratification exists in the lunar regolith that is presumed to be
caused primarily by the superposition of ejecta blankets; at present, the possibility of
a layer of volcanic ash cannot be discounted (for example, sample 12033).

5. The greater carbon content of the breccias and fines compared with that of
the crystalline rocks is presumed to be caused largely by contributions of meteoritic
material and solar wind.

6. The amount of noble gas of solar-wind origin is less in the Apollo 12 fines
and breccias than in the Apollo 11 fines and breccias. The breccias contain less noble
gas of solar-wind origin than the fines, indicating that the breccias were formed from
fines that had less solar-wind noble gases than the fines presently at the surface.

7. The 40K-40Ar measurements on the igneous rocks show that they crystallized

1.7 to 2.7 billion years ago. The presence of nuclides produced by cosmic rays show
that the rocks have been within 1 meter of the lunar surface for 1 to 200 million years.

8. The Apollo 12 breccias and fines are similar chemically and contain only
half the titanium content of the Apollo 11 fines. The composition of the crystalline
rocks is distinct from that of the fines in that the rocks contain less nickel, potassium,
rubidium, zirconium, uranium, and thorium.
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9. The Apollo 12 samples contain less titanium, zirconium, potassium, and
rubidium and more iron, magnesium, and nickel than the Apollo 11 samples. System-
atic variations occur in the magnesium, nickel, and chromium content of the crystal-
line rocks; however, only small differences exist in the potassium and rubidium
content.

10. Sample 12013 has a distinctive composition that is similar to that of a late-
stage basaltic differentiate. The sample contains larger amounts of silicon, potassium,
rubidium, lead, zirconium, yttrium, ytterbium, uranium, thorium, and niobium than
were found in any of the other Apollo 12 samples or in any of the Apollo 11 samples.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, June 11, 1970
914-50-16-08-72
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APPENDIX A
MINERALOGICAL/PETROLOGICAL DESCRIPTIONS

The descriptions presented in this appendix were compiled during the preliminary
examination of the Apollo 12 lunar samples by members of the Preliminary Examina-
tion Team (PET) and the Lunar Field Geology Experiment Team. The name of the
team member who compiled the information is given on the first line of each description.

Selected photographs of most samples are included.
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SAMPLE 12001

SAMPLE NO. 12001.0 WEIGHT 2216 GRAMS

FINE MATERIAL FROM SELECTED SAMPLE BOX
HISTORY
THE SELECTED SAMPLE BOX WAS OPENED IN THE F201 VACUUM SYSTEM ON NOV.26.1968.
WITHIN AN HOUR AFTER OPENING THE CONTENTS OF THE LARGER OF THE 1wW0 TEFLON SAMPLE
BAGS WAS OPENED. THREE LARGE ROCKS WERE REMOVED. AND THE REMAINING FINE
MATERIAL WAS SCOOPED INTO A | CM. MESH SIEVE. LESS THAN 20 GRAMS OF CHIPS
REMAINED ON THE SIEVE. THE REST. WHICH PASSED THROUGH THE SIEVE. WAS SEALED
IN A STAINLESS STEEL CAN AND COMPRISES SAMPLE 12001.
WHILE THIS MATERIAL WAS BEING SIEVED AND CANNED. THE F201 CHAMBER PRESSURE
WAS DECREASING FROM S.3 X 10-6 TORR TO 4.2 X 10-6 TORR.
THE CAN WAS RE-OPENED AT 0800 DEC S AND RE-CANNED IN FOUR SEPARATE CANS.
THE PRESSURE DURING THIS OPERATION CHANGED AS SHOWN BELOW.
0800 3.4 X 10-6
0830 3.9 X 10-5
0900 5.0 X 10-6

THE RESIDUAL GAS ANALYZER SCANS MADE AT TIMES NEAREST TO THESE TIMES
ARE LISTED BELOW.

DATE HOUR H1 H2 C12 NI4 HOH (N2.C02) 02 AR C(CO02

11/26 2030 .09 .22 .012 .028 .33 .11 .21 .,026 .0S!
11/27 0400 .1S .18 .017 .051 .31 .20 .032 .027 .018
12/5 0S00 .11 .1C .014 .072 .33 .27 .021 .026 .004

NOTES ON FINES IN SIEVING (BY R FRYXELL) APPARENT TEXTURE SILTY
FINE SAND TO FINE SANDY LOAM. VERY WEAKLY COHERENT. RETAINS IMPRESSION OF
SCOOP DURING PERIOD BETWEEN INDIVUDUAL DELIVERIES OF MATERIAL TO SCREEN.
WEAK VERY FRAGILE TEMPORARY AGGREGATES TO 1 MM DIAMETER AS MATERIAL IS MOVED.
1.5 CM MAX DIAMETER). COLOR EST. MED. GRAY. SLIGHT BROWNISH HUE. (LOW VALUE.
LOW CHROMA OCCASIONAL SAND SIZE GRAINS APPEAR PRESENT. ONE CHIP ON SIEVE
APPEARS VERY GLASSY. FINES ADHERE TO ROCKS AND RETAIN TOOL MARKS WHEN TOUCHED
WHEN CAN IS TIPPED TO 45 DEGREE ANGLE. FINES REMAIN COHERENT WITHOUT SLUMPING
(PROCEDURE FOLLOWED TAPPING CAN ON CHAMBER FLOOR). NO ACTUAL AGGREGATES OF
CLEARLY LUNAR ORIGIN OBSERVED.

ANALYSES OF FINE MATERIAL IS LISTED IN SEPARATE TABLES

ANALYSIS SAMPLE NUMBER COMMENT

X-RAY DIFF, 12070 CONTINGENCY FINES
EMISSION SPEC. 12033 DOCUMENTED FINES
EMISSION SFEC. 12060 TOTE BAG FINES
EMISSION SPEC. 12070 CONTINGENCY FINES
TOTAL CARBON 12003 SELECTED SAMPLE FINES
TOTAL CARBON 12032 DOCUMENTED FINES
TOTAL CARBON 12033 DOCUMENTED FINES
TOTAL CARBON 12042 DOCUMENTED FINES
RARE GAS ANAL. 12060 TOTE BAG FINES °
RARE GAS ANAL. 12070 CONTINGENCY FINES
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SAMPLE 12002

SAMPLE NO. 12002 MORRISON. WARNER AND ANDERSON

F201 DESCRIPTION OF THE FIRST RCL ROCK 1523.5 GRAMS. 11 X 9 X 6 CM,

THIS IS A SPECKLED MEDIUM BROWN GREY ROCK WITH SOME DUST ADHERING TO THE SURFACE
THE ROCK IS A FINE TO MEDIUM GRAINED HOLOCRYSTALLINE BASALT.

MOOE
PYROXENE S0 0/0 0.08 MM DARK GRAY
PLAGIOCLASE 30 0/0
OLIVINE 1S 070 0.15 MM LIGHT GREEN
ILMENITE 3-4 0/0 0.08 MM OPAQUE

TEXTURE - HOLOCRYSTALLINE GRANULAR

VUGS ARE PRESENT. RARE IN ABUNDANCE. SCATTERED OVER ROCK. THE ROCK IS ROUNDED
TO SUBROUNDED. IT HAS A PROMINENT FRACTURE. NUMEROUS 3 TO 4 MM GLASS LINED
PITS IN EXCESS OF 1 PER SQUARE CM. THIS ROCK IS A BASALT OR A FINE GRAINED
OOLERITE.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

RCL ANALYSIS

NASA-S-69-60369 NASA-S-69-60377

Figure A-1.- Sample 12002,
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SAMPLE 12003

SAMPLE NO. 12003.0 ESTIMATED WEIGHT 300 GRAMS ANDERSON

THIS SAMPLE CONSISTS OF FINE MATERIALS AND THE +1 CM PIECES OBTAINED FROM
SIEVING SN 1200'. ALL FROM THE SELECTED SAMPLE BOX OPENED IN THE VACUUM CHAMBER.
THE FINES WERE GBTAINED FROM THE BOTTOM OF THE SAMPLE RETURN CONTAINER AS WELL
AS THE FINE MATERIAL FROM THE SMALLER OF THE TWO TEFLON SAMPLE BAGS FROM THE
SELECTED SAMPLE BOX (SEE SN 120C1). THERE MAY BE SMALL PIECES OF ALUMINUM
WIRE FROM THE MESH LINING OF THE ALSRC IN THIS SAMPLE.

THE SAMPLE WAS SEALED IN A STAINLESS STEEL CAN IN THE VACUUM SYSTEM AND TRANS-
FERRED TO A STERILE NITROGEN ATMOSPHERE CABINET LINE. SAMPLES OF THE FINLS
WERE TAKEN THERE FOR ANALYSIS AND THE CHIPS WERE REMOVED FOR BIO ANALYSIS. THE
CAN WAS RESEALED BEFORE THE CABINET LINE WAS OPENED TO APPRECIABLE TERRESTRIAL
CONTAMINATION.

SEE TOTAL CARBON ANALYSIS TABLES.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

TOTAL CARBON ANALYSIS
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SAMPLE 12004

SAMPLE NO. 12004 F201 DESCRIPTION WARNER
WEIGHT 9585 GRAMS DIMENSIONS 9 X 8 X 4 CM
SAMPLE BROKE IN TwO IN CAN

1. S5S01.8 GRAM FRAGMENTS (TO RCL]

2. 87.4 GRAMS VACUUM STORAGE

3. 1 GRAM CANNED IN 1-0024 FOR PCTL.
THE ROCKS SHAPE IS PARTLY ROUNDED. IT HAS A FLAT BOTTOM. VERTICAL SIDES. AND A
DOME LIKE TOP. THE SURFACE IS SMOOTH WITH ABOUT 1 GLASS LINED PIT PER CM 2.
FRACTURES PARALLEL TO THE SURFACES (BOTH TOP AND BOTTOMJ) ARE PRESENT.
TEXTURE. THE ROCK IS GENERALLY DENSE. IRREGULAR SHAPED VUGS ARE FOUND ABOUT
THREE PER CM3.
FABRIC. THE SAMPLE IS HOLOCRYSTALLINE WITH MORE OR LESS EQUANT CRYSTALS.
MODE.

PYROXENE. HONEY BROWN 60 PERCENT «3 MM

FELDSPAR. LATHS OR WHITE GRANULAR 18 PERCENT .1 X S MM

OLIVINE. LIGHT GREEN 15 PERCENT <7 MM

ILMENITE. OPAQUE PLATES 7 PERCENT .6 MM
NAME. OLIVINE BASALT

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS

" RARE GAS ANALYSIS
X-RAY ANALYSIS

NASA-S-69-62019 NASA-S-69-62031

Figure A-2. - Sample 12004.
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SAMPLE 12005

SAMPLE NO. 12005 WEIGHT 482 GRAMS DIMENSIONS 10 X S X S CM BUTLER
CHARCOAL GRAY SURFACE WITH WHITE PATCHES AND STREAKS. SURFACE WAS DUST COVERED
WHEN PHOTOGRAPHED AND WAS BRUSHED CFF FOR OBSERVATION. ROCK IS ROUNDED ON A
GRGSS SCALE. BUT IS IRREGULAR IN A FIELD OF 1 TO 2 CM. GLASS LINED PITS RANGING
TO0 4 MM DIAMETER. MUCH OF THE SURFACE CONSISTS OF PULVERIZED OR CRUSHED MINERALS
A CIRCULAR 4 MM PATCH IS COMPOSED OF WHITE POWDER AND FINE GRAINS.
GLASS LINED PITS ON THE SURFACE. RECOGNIZABLE PITS HAVE LINING OF BLACK GLASS.
ARE A CIRCULAR SECTOR OF A SPHERE. ARE MOST COMMONLY 0.5 MM IN DIAMETER AND
RANGE UP TO I MM. DENSITY ON THE OBSERVABLE SURFACE IS GREATER THAN OR EQUAL
TO 10 PER CM2. THE FULLY PRESERVED PITS ARE RAISED FRGM THE SURFACE OF THE
ROCK ON A CIRCULAR MOUND OF ¥HITE POWDER AND SMALL GRAINS. THESE MOUNDS SEEM
QUITE DELICATE AND EASILY DESTROYED WITH HANDLING.
VUGS HAVE AN IRREGULAR DISTRIBUTION BUT THEIR AVERAGE DENSITY [S ABOUT 1 PER
CM2. THEIR SHAPES ARE IRREGULAR BUT ARE ROUGHLY EQUIDIMENSIONAL. THE AVERAGE
SIZE IS 1 TO 2 MM.
HOLOCRYSTALLINE WITH MOST GRAINS OF THE MAJOR CONSTITUENTS IN THE SIZE RANGE
0.2 TO 0.5 MM. THERE ARE A FEW PATCHES OF COARSER OLIVINE AND PYROXENE WHOSE
GRAINS ARE ABOUT 1 MM IN DIAMETER. SOME OF THESE OCCUR ON OR NEAR THE
FRACTURE. COARSER OLIVINE (0.5 TO 1 MM) ALSO OCCUR IN THE WALLS OF VUGS.
MODE (SURFACE EXAMINATION ONLY)

OLIVINE (PALE GREEN) 35 PERCENT AVERAGE SIZE 0.5 MM

PYROXENE (PALE TO MEDIUM BROWN) 30 PERCENT AVERAGE SIZE 0.5 MM

PLAGIOCLASE (WHITE) 30 PERCENT AVERAGE SIZE 0.5 MM

ILMENITE (BLACK OPAQUE. PLATY) 3 PERCENT
SEGREGATIONS OF MINERALS 3 TO 4 MM ACROSS
NOTE. ROCK WAS PHOTOGRAPHED BEFORE EXAMINATION. WE DECIDED THAT THIS ROCK
WOULD BE VERY SUITABLE FOR THE STUDY OF WEATHERING PROCESSES. AND AS SUCH
RECONTAINERIZED IT AFTER OUR EXAMINATION WITHOUT CHIPPING OR FURTHER HANDL ING.
THE SURFACE HAS BEEN BRUSHED WITH A STAINLESS STEEL BRUSH HOWEVER.
TERRESTRIAL ANALOGUE OF SPECIMEN. OLIVINE BASALT.

SAMPLE NO. 12005 F201 ADDITIONAL COMMENTS WARNER
1. VUGS CONTAIN A VARIETY OF CRYSTALS. SOME CONTAIN OLIVINE. OTHERS
ILMENITE. ONE VUG HAS CRYSTALS GROWING NORMAL TO VUG WALL.

2. MODE
OLIVINE 25 PERCENT
ILMENITE S PERCENT
PYRGXENE 40 PERCENT
FELOSPAR 30 PERCENT

3. TEXTURE HOLOCRYSTALLINE GRANULAR. THERE APPEARS TO BE A GROSS
SEGREGATION OF PHASES. THESE SEGREGATIONS ARE ABOUT i CM3 IN VOLUME. THEY ARE
A. FELDSPAR /7 OLIVINE
B. PYROXENE 7/ VERY LITTLE OLIVINE
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NASA-S-69-62297 NASA-S-69-62294

NASA-S-69-62298 NASA-S-69-62295

Figure A-3. - Sample 12005.
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SAMPLE 12006

SAMPLE NO. 12006 WEIGHT 181 GRAMS DIMENSIONS © X 6 X 4 CM GREENWOOD
(DESCRIPTION AFTER CHIPPING FOR BIGPOCL). VUGGY CUP TO 10 MM DIAMETER) OLIVINE
BASALT FINE GRAINED (ABOUT 1 MM) MATRIX WITH FELDSPAR LATHS UP TO 3 MM.
PLAGIQCLASE LATHS RADIATE IN THREE DIMENSION. TEXTURE IS TRACHYTIC. THE ROCK
IS HOLOCRYSTALLINE. CRYSTALS ARE COARSER NEAR VUGS AND GROW OUT INTO THE FREE
SPACE. OLIVINE (ABOUT 1 MM GRAIN SIZE) IS EQUANT YELLOW GREEN ABOUT 15
PERCENT OF THE ROCK. A RED BROWN PYROGXENE IS FINER GRAINED (ABOUT 1/2 MM) THAN
OLIVINE AND ABOUT 25 PERCENT OF THE ROCK. A BLACK LUSTERQOUS OPAQUE IS ABOUT

S PERCENT OF THE ROCK. PLAGIOCLASE IS ABOUT 55 PERCENT OF THE ROCK.

THE ROCK IS FLAT BOTTOMED WITH ANGULAR EDGES. THE TOP AND SIDES ARE WELL
ROUNDED AND HAVE NUMEROUS PITS. THE BOTTOM SHOWS FEWER CBVIOUS PITS. THE
BOTTOM IS DARK GRAY COATED. THE ERODED TOP IS MEDIUM DARK GRAY WITH WHITE
AREAS NEAR PITS. THE FRESH BROKEN SURFACE IS AN EVEN MEDIUM GRAY. NO LINEA-
TION OR LAYERING WAS OBSERVED. VUGS ARE IRREGULAR SHAPED . CRYSTAL BOUNDED.
AND ARRANGED ALONG PLANES IN THE ROCK. THE ROCK IS NOT FRIABLE OR FRAGILE AND
SHOWS NO 0BVIOUS SHOCK HISTCRY. AFTER CHIPPING THE ROCK HAS A SMALL AREA OF
NEW SURFACE.

SAMPLE NO. 12006 PIT COUNTS HE IKEN

SIDE 1| - SUBROUNDED - SOME DUST ADHERING TO THE SURFACE. ARE SEVERAL
INTERESTING PIT LININGS WHICH ARE RAISED ABOVE THE SURFACE AND HAVE A DULL
WEATHERED APPEARANCE.
" AREA-CIRCLE. 1 CM DIAMETER.

NUMBER NUMBER OF PITS
i 7 0.1 TO 1 MM DIAMETER
2 i6 EXCELLENT HALVES
3 S
4 0
S 2

MUCH OF THE GLASS LININGS ARE RAISED OR ERODED AWAY. LEAVING ONLY A WHITE HALO
AS EVIDENCE CF IMPACT.

SIDE 2 - ONE HALF IS FRESH FRACTURE. WITH NO PITS AND ONE HALF IS OLD-
WITH PITS (BELOW). PIT LININGS ARE RAISED ABOVE ROCK SURFACE AND VERY DULL.
SOME PROCESS OF EROSION AT WORK. ¥ITH GLASSY LINGINS MORE RESISTANT THAN THE
ROCK.

NUMBER NUMBER OF PITS

1 8

2 7

3 9
SIDE 3 - VUGGY. SUBROUNDED.
NUMBER NUMBER OF PITS

i 2

2 7

3 S

4 8

S 10
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NASA-S-69-61912 NASA-S-69-61918

NASA-S5-69-62333 NASA-S-69-62339

Figure A-4.- Sample 12006.
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SAMPLE 12007

SAMPLE NO. 12007 DIMENSIONS S.S X 3.2 X 4.0 CM WEIGHT 65.2 GRAMS HEIKEN
TABULARs ANGULAR REDDISH BROWN ROCK. LONG AXIS IS PARALLEL TO PLANAR FRACTURE
RUNNING THE LENGTH OF THE ROCK.

MEDIUM GRAINED., HOLOCRYSTALLINE ROCK. PORPHYRITIC., WITH 3.0 TO 3.5 CM LONG
PYROXENE CRYSTALS IN A GROUNDMASS OF 1 TO 2 MM CRYSTALS. PYROXENE AND FELDSPAR
CRYSTALS FORM IN VARIOLITIC CLUMPS IN SEVERAL PLACES.

IRREGULAR AND PLANAR FRACTURES ARE SUBPARALLEL OR PARALLEL TO THE LONG AXIS

OF THE ROCK. NO CHANGE IN MINERALOGY NEAR THE FRACTURES. A FLAT SIDE (PROBABLY
A FRACTURE SURFACE) IS COATED WITH DUST WHICH ADHERES TIGHTLY TO THE SURFACE.
ARE SOME VUGS (DIAMETER GREATER THAN 0.2 MM) BETWEEN FELDSPAR CRYSTALS.

NO SURFACE PITS OR SPLASHES.

MINERALOGY.

COLORLESS TO CREAMY WHITE FELDSPAR. SUBHEDRAL LATH SHAPED CRYSTALS. 1 MM
TO 2 CM LONG. EXHIBITS GOOD ALBITE TWINNING. 40 PERCENT.

REDDISH BROWN TO DARK BROWN PYROXENE. ELONGATE. SUBHEDRAL CRYSTALS.

0.5 MM TO 3 CM LCNG. THE PHENOCRYSTS HAVE CORES OF OLIVINE. SMALLER PYROXENE
CRYSTALS (MUCH LIGHTER IN SHADE) HAVE NO SUCH CORES. 45 PERCENT,

OLIVINE - PALE GREEN. ANHEORAL. EQUANT CRYSTALS. INDIVIDUAL CRYSTALS RANGE
FROM 0.5 TO 2 MM IN DIAMETER. THE OLIVINE CORES IN THE PYROXENE PHENOCRYSTS
ARE UP TO | MM SIDE. S PERCENT

ILMENITE - BLADES OF THIS MINERAL UP TO 2 MM WIDE. METALLIC LUSTER-BLACK
10 PERCENT,

TERRESTRIAL ANALOGUE. OLIVINE DIABASE.

NASA-S-69-61804 NASA-S5-69-61806

Figure A-5. - Sample 12007.
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SAMPLE 12008

SAMPLE NO 12008 WEIGHT SB GRAMS DIMENSIONS 2 X 3.5 X S CM GREENWOOD

SMALL BRIQUET SHAPED ROCK WITH FLAT TO SLIGHTLY CURVED BOTTOM AND ERODED
ROUNDED SUBPYRAMIDAL TOP. GIVING THE ROCK A LENS SHAPE. THc ERODED SURFACE IS
DARK GRAY TO BLACK AND SHOWS BRIGHT ADAMANTINE CLEAVAGE PLANES. THE BOTTOM AND
TOP SURFACES ARE POCKED AND PITTED. AT LEAST ONE GLASZ LINED PIT (2 MM) IS
PRESENT. NO VESICLES OR VUGS WERE SEEN. THE ROCK IS COMPOSED PREDOMINANTLY

OF A BLACK MEDIUM GRAINED MINERAL 92 PERCENT., WITH ABOUT 7 PERCENT

MAJOR PHASE MAY BE ILMENITE.

EQUANT PLAGIGCLASE AND ABOUT 3 PERCENT OLIVINE CTERMINATED CRYSTALS).

NO LINEATION OR LAYERING WAS OBSERVED. THE ROCK IS NOT FRIABLE OR FRAGILE.

SAMPLE NO. 12008 HEIKEN

SIDE 1 - SUBANGULAR - MOST PITS ARE ABOUT 0.1 TO 0.4 MM IN DIAMETER.
LINED WITH BROKEN GLASS - BOTH SMOOTH AND BUBBLY GLASS.
LOCATION NUMBER OF PITS
6
6
3
4
2
SIDE 2 - SUBANGULAR - ONE SMALL 0.5 CM SPLASH-VERY THIN.
TION NUMBER OF PITS

P
o

;un—Q N WN -

NN A& O

NASA-S5-70-44089 NASA-S-70-44092
Figure A-6. - Sample 12008.
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SAMPLE 12009

SAMPLE NO. 12009 WEIGHT 468 GRAMS DIMENSIONS 10 X 7 X S CM BUTLER/WARNER
AFTER BRUSHING ABOUT HALF OF THE SURFACE AREA STILL HAS A LAYER OF MEDIUM BROWN
ODUST. THIS DUST TENDS TO BE IN DEPRESSIONS. BUT NOT EXCLUSIVELY. THEREFORE THE
DUST IS PROBABLY QUITE ADHERENT. THE ROCK BENEATH THE DUST IS DARK GRAY. THE
SURFACE CRAGGY AND UNEVEN. APPARENTLY BECAUSE PARTS HAVE FLAKED AND SPALLED OFF.
PARALLEL AND SUBPARALLEL FRACTURES FORM A STRONGLY DEVELOPED SET IN PLANES ABOUT
30 DEGREES TO THE HORIZONTAL SPECIMEN SUPPORT. THE FRACTURE PLANES ARE SPACED
1/2 TO | CM APART.
A FEW SMALL AREAS OF WHITE POWDERED MATERIAL ARE DISTRIBUTED ON THE SURFACE.
UPPER SURFACE IS AT LEAST 70 PERCENT COVERED WITH BLACK GLASS. ALTHOUGH
THESE ARE SCATTERED ONTO 1 MM PATCHES OF CLEAR BLACK GLASS. MOST OF THE GLASS
IS MIXED WITH FINE GRAINED BROWN (TURBID) GRANULAR MATERIAL (CALLED DUST ABOVE).
THE GRANULES OF BROWN MATERIAL ARE SPHEROIDAL AND RANGE IN SIZE UP TO .05 MM
THEY *RE PROBABLY AGGREGATES OF FINE MATERIAL TO JUDGE FROM THEIR ROUGH SURFACES.
THREE OF THE SO CALLED EGGSHAPED CAVITIES ARE PROMINENT ON THIS ROCK. THESE
CAVITIES HAVE SMOOTH WALLS ON A MEGASCOPIC SCALE. THEIR SHAPES ARE THAT OF A
SEGMENT OF A TRIAXIAL ELLIPSOID WITH ROUGHLY THE SAME PROPORTIONS AS AN EGG.
THE DIMENSIONS OF THE INTERMEDIATE SIZED CAVITY IS 1.5 X 3 CM RIM TO RIM. MAJOR
SEMI AXIS IS ABOUT 1.5 CM. INTERMEDIATE AND MINOR SEMI AXES ARE ABOUT 1 CM.
THE LARGEST CAVITY IS MARKEDLY ELONGATED COMPARED WITH AN EGG. FROM RIM TO RIM
IT IS S X 3 CM. THE MAJOR SEMI AXIS IS ABOUT 7 CM. THE SMALLEST CAVITY
(WHICH IS THE ONLY ONE PROBABLY CLEARLY VISIBLE ON THE SIDE PHOTOGRAPHS TAKEN)
IS ABOUT 2 X 2 CH RIM TO RIM.
THERE ARE A FEW VUGS IN THE ROCK. TWO ARE SPHEROIDAL AND ABOUT 1 MM DIAMETER.
NO LARGE CRYSTALS ARE ASSOCIATED WITH THEM. IRREGULARLY SHAPED CAVITIES ARE
ASSOCIATED WITH SOME OF THE OLIVINE PHENOCRYSTS.
#PORPHYRITIC 0.5 TO 2 MM PHENGCRYSTS OF OLIVINE ARE THE ONLY PROMINENT MINERAL
GRAINS. THESE PHENOCRYSTS FORM ABOUT 20 PERCENT OF THE ROCK. THE MATRIX IS
DARK GRAY.
¢FELDSPAR LATHS ARE RANDOMLY ORIENTED.
#0LIVINE 0.5 TO 2 MM: EQUANT AND STUBBY COLUMNAR.
#PLAGIOCLASE IS EVIDENCED ONLY BY THE REFLECTION OF LIGHT FROM CLEAVAGES.
SHAPE. COLLECTION OF CHIPS FRCM F201. SIZE. 1 X 1.5X 2., 1 X1 X1,
IT IS LATH SHAPED AND 1 MM X .02 MM. SMALLER LATHS ARE ALSO DISCERNABLE IN
MATRIX. PLAGIOCLASE IS SO THIN THAT IT SHO¥S CNLY THE DARK GRAY CCLOR OF THE
MATRIX MATERIAL.
#0BSERVATIONS ON FRESHLY CHIPPED SURFACE # MODES. OLIVINE 20 PERCENT
PLAGIOCLASE S PERCENT
APHANITIC MATRIX 75 PERCENT
TEXTURE. VUGGY. VESICULAR. PORPHYRITIC. FINE GRAINED. OLIVINE GRAINS IN A
PORPHYRITIC BASALT WITH OLIVINE AND PLAGIOCLASE PHENOGCRYSTS. THE WALL OF
LARGEST EGG SHAPED CAVITY [S FORMED OF A MATTE OF PLAGIOCLASE LATHS. SIZE OF
THE LATH AVERAGES 0.5 MM X 0.1 MM. THE LONG AXES OF THE LATH ARE PARALLEL TO
THE CAVITY SURFACE. BUT THEY ARE OTHERWISE RANDOMLY ORIENTED. ABOUT HALF THE
CAVITY SURFACE HAS ADHERING SPHEROIDAL BROWN CLUMPS AS DESCRIBED ABOVE. THE
SMALLER OF THE BOTTOM EGG SHAPED CAVITIES IS ALSO WALLED BY PLAGIOCLASE LATHS.
WHICH ARE IN POORLY DEVELOPED RADIATING AGGREGATES.

SAMPLE NO. 12008.1 WONES

SHAPE. COLLECTION OF CHIPS FROM F20!. SIZE. 1 X 1.5X 2. 1 X1X1,

I X 0.5 X 0.3, 0.3 X 0.5X 0.1 CM. SMALLER PIECES TO GO GAL. OES.

COLOR. NEUTRAL N6 TO N7.

TEXTURE. VUGGY. VESICULAR. PORPHYRITIC. FINE GRAINED. OLIVINE GRAINS IN A
RANDOM AND IRREGULAR MATRIX OF PYROXENE. PLAGIOCLASE AND PROBABLY OPAQUES.
OLIVINE PHENOCRYST 0.5 MM PYRGXENE AND PLAGIOCLASE ACICULAR. LARGEST GRAINS
0.1 X 0.5 VESICLES ABOUT | PERCENT VOLUME.

FABRIC. APPARENT PARTING TO SPECIMEN. VESICLES AND VUGS TEND TO BE SUB
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PARALLEL TO IT. VESICLES AND VUGS HAVE IRREGULAR SHAPES.
FRACTURES. MANY PARTING SUBPARALLEL. ORTHOGONAL FRACTURE. SUBPARALLEL TO
FACES.
SURFACE FEATURES. ONLY ONE ORIGINAL SURFACE PRESERVED. OTHERS ARE ALL FRESH.
THE ONE ORIGINAL SURFACE IS A UNIGUE FEATURE AND IS BEING PACKAGED SEPARATELY
IT IS A PERFECTLY FLAT SURFACE. PARALLEL TO THE PARTING IN THE MATERIAL. IT
HAS THE APPEARANCE OF BEING ETCHED AND IS A LOG JAM OF PYROXENES ¥WITH EUHEDRAL
FORMS. THERE ARE SEVERAL POSSIBILITIES. MOST LIKELY IS THAT A PARTING SURFACE
ACTED AS A VUG. HOWEVER IT IS POSSIBLE THAT GAS ETCHING TOOK PLACE. THIS
IS UNLIKELY AS PYROXENES ARE LARGER THAN THOSE IN GROUNDMASS. (0.1 X 0.5 MMJ,
THERE ARE NO GLASS SPLASHES OR PITTING ON THIS SURFACE.
MINERALOGY.

OLIVINE. OCCURS AS EUHEDRAL GREEN YELLOW VITREOUS CRYSTALS 0.5 MM DIAMETER.

PYROXENE. OCCURS AS ACICULAR CRYSTALS 0.1 MM X 0.5 MM MAXIMUM SIZE.
SIZE RANGES DOWN TO LESS THAN 10 MICRONS. LARGE CRYSTALS ON PECULIAR TEXTURE
(SEE ABOVE).

PLAGIOCLASE. OCCURS IN GROUNDMASS. SUBORDINATE TO PYROXENE.

OPAQUES. PRESENT AS 0.05S MM INCLUSIONS IN OLIVINE. NOT RESOLVED IN
GROUNDMASS.

MODE. OLIVINE 10 PERCENT
GROUNDMASS 90 PERCENT

NO INCREASE OF MINERALS NEAR VESICLES OR VUGS.
VESICULAR OLIVINE BASALT.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS

RARE GAS ANALYSIS
X-RAY ANALYSIS

NASA-S-69-62301 NASA-S-69-62307

Figure A-7.- Sample 12009.
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SAMPLE 12010

SAMPLE NO. 12010.1 DECEMBER 11, 1969 WONES
SHAFE. SUBSPHERICAL LUMP. OIAMETER 1 CM.
COLOR. NEUTRAL N7 TO N8. LIGHT GRAY,
TEXTURE. FINE GRAINED. SUBOPHITIC. BADLY SHOCKED. ALL GRAINS BADLY
FRACTURED FELDSPAR IS ALL WAITE. TURBID. IMPOSSIBLE TO DISTINGUISH VUGS. BUT
1 MM PHENOCRYSTS OF OLIVINE (NOW BADLY SHATTERED) ARE PRESENT. MAXIMUM SIZE
OF PLAGIOCLASE AND PYROXENE IS 0.5 MM.
FABRIC. NOT POSSIBLE TO DETECT LINEATIONS ETC. BECAUSE OF SHATTERING.
FRACTURES. THROUGH GOING. ENTIRE SAMPLE [S FRACTURED. EXTREMELY FRIABLE.
NO PREFERRED ORIENTATION.
SURFACE FEATURES. SO0 PERCENT OF THIS LUMP IS COVERED WITH PITS APPROXIMATELY
6 PER CM2. THERE ARE GLAZES PRESENT AND FRAGMENTS OF OTHER ROCK TYPES
ADHERING TO GLAZE. PITS ARE GLASS LINED. SOME HAVE HALOES. LARGEST PIT IS
0.5 MM IN DIAMETER.
MINERALOGY.
MODE .
PYRCXENE 60 PERCENT
PLAGIOCLASE 30 PERCENT
OLIVINE S PERCENT
OPAQUES S PERCENT
PYROXENE. GROUNDMASS. HARD TO TELL MUCH ABOUT PRESHOCK MORPHOLOGY.
PLAGIOCLASE. WHITE TURBID LATHS IN A SUBOPHITIC TEXTURE. 0.1 X 0.5 MM.
OLIVINE. SHATTERED OVOIDAL GRAINS 1 MM LONG.
OPAQUES. BLADED CRYSTALS INTERGRCWN WITH PYROXENE.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
A-A CHEMICAL ANALYSIS

E-SPEC ANALYSIS
RARE GAS ANALYSIS

NASA-S-T70-43804 NASA-S-70-43800

Figure A-8.- Sample 12010.
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SAMPLE 12011

SAMPLE NO. 120i1 VWEIGHT 183 G DIMENSIONS S X S X 4 CM WARNER/GIBSON
GENERAL SHAPE IS A ROUNDISH BLOB. COLOR IS BROWNISH. CHARCOAL GREY.
SURFACE IS SMOOTH WITH GLASS LINED PITS. NO FRESH BROKEN SURFACES. VERY
FEW CABOUT S ON TOP OF ROCK). SMOOTH LINED VUGS. NO FRACTURES. GLASS LINED
PITS (2 TO 3 MM ACROSS) OCCUR ABOUT | TO 2 PER CM2. FINE DUST ADHERING TO
SURFACE AFTER GCO BRUSHING LIKE SAMPLE 12008. LOTS OF GLASS ON SURFACE. MOSTLY
UNDER THE DUST,
VESICLES. 3 MM ACROSS. ABOUT | PER CM2 OF INTERIOR SURFACE. SMOOTH WALLED
AS CONTRASTED WITH ROCKS SUCH AS 12020.
COLOR OF INTERIOR. MEDIUM TO LIGHT CHARCOAL GREY. VERY LITTLE BROWN.
MOODE.
OLIVINE « LIGHT GREEN 20 PERCENT «3 MM
PYROXENE. PALE HONEY BROVWN 45 PERCENT «1 X 2 MM
ILMENITE . BLACK OPAQUE 20 PERCENT .3 MM
FELOSPAR. COLORLESS 1S PERCENT .1 MM
TEXTURE HOLOCRYSTALLINE. THE PYROXENE AND TO SOME EXTENT THE FELDSPAR
OCCURS IN LATHS. THE LATHS FORM RADIATING STARS. LOOKS LIKE CHICKEN TRACKS.
VESICLES ARE GLASS LINED. GLASS IS CLEAR SO YOU CAN SEE THE CRYSTALS UNDER
THE GLASS. VESICLES ARE SPHERICAL. ROCK NAME. PYROXENITE.
ADDITIONAL F201 COMMENTS BY GIBSON
BROKEN FACE APPEARANCE. LIGHT TO MEDIUM CHARCOAL COLOR. FINE GRAINED TYPE A
ROCK. HOLOCRYSTALLINE ROCK. VESICLES. LINED WITH BLACK GLASS. RAYS OF
HONEY BROWN PYROXENE CRYSTALS 0.2 X 1.2 MM IN VESICLE.
MODE.
OLIVINE. PALE BOTTLE GREEN 10 PERCENT 0.2 TO 0.4 MM
PYROXENE. HONEY BROWN 30 PERCENT .2 TO 1.4 MM
PLAGIOCLASE/FELDSPAR. CLEAR TO TURBID WHITE 40 TO SO0 PERCENT
ILMENITE. BLACK 15 TO 20 PERCENT.

THE FOLLOVWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS

NASA-S-69-63392 NASA-S-69-63373

Figure A-9. - Sample 12011.
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SAMPLE 12012

SAMPLE NO. 12012,0 WEIGHT 176.2 G DIMENSIGNS 6 X 6 X 4 CM ANDERSON/GIBSON
MEDIUM GRAY BLOCKY ANGULAR ROCK WITH NUMEROUS VUGS IN WHICH ARE VISIBLE MANY
ELONGATED CRYSTALS. NO OBVIOUS IMPACT PITS CAN BE SEEN WITH UNAIDED EYE.
ROCK IS COARSE GRAINED WITH ABUNDANT OLIVINE VISIBLE ON SURFACE.

TYPE AB ROCK.

MINERALOGY MORE 0BVIOUS THAN USUAL.

MOCE.

MINERAL COLOR GRAIN SIZE ABUNDANCE
OLIVINE PALE BOTTLE GREEN 0.5 MM 25 PERCENT
PLAGIOCLASE/FELDSPAR 0.5 MM 20 PERCENT
ILMENITE BLACK 0.5 MM 1 PERCENT
PYROXENE HONEY BROWN 0.5 TO S MM SS PERCENT

FELDSPAR IS NOT AS 0OBYIOUS AS OLIVNE AND PYROXENE.

VUGS OF ALL SIZES S MM TO SUBMICROSCGPIC GIVING ROCK VERY PORGUS APPEARANCE.
UNDER MICROSCOPE COLOR APPEARS GREENISH BROWN. THE DUST COVERED PORTION OF
ROCK APPEARS LIGHTER IN COLOR. PERHAPS TOP. TOP IS SMOOTHER THAN OTHER
ANGULAR PORTIONS OF PARENT ROCK.

THIS ROCK WAS CHIPPED ( CHIP FROM BLOCKY BOTTOM) AND MOTHER ROCK AND CHIPS
PHOTOGRAPHZD. FINAL WEIGHT OF MOTHER ROCK IS 163.8 GRAMS.

TEXTURL. HOLGCRYSTALLINE.

NO LINEATIGNS 0OBVIOUS. MANY IRREGULAR FRACTURES. NO PARTICULAR ORIENTATION.
NOTE. THE PYROXENE AND OLIVINE CRYSTALS ARE VERY PRONOUNCED AND THE GENERAL
STRUCTURE IS OPEN WHICH WOULD MAKE THE CRYSTALS VERY EASY TO PICK OUT.
TERRESTRIAL ANALOGUE. OLIVINE PYROXENITE.

SAMPLE NO. 12012.5 AND 12012.6 THIN SECTION

MODE 12012.5 12012:6
PLAGIOCLASE 15 1S 070
PYROXENE S0 SS 0/0
OLIVINE 30 20 070
OPAQUE S 10 070

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
X-RAY ANALYSIS
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NASA-S-69-63337

NASA-S-69-63338 NASA-S-69-63341

Figure A-10. - Sample 12012.
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SAMPLE 12013

SAMPLE NO. 12013.0 F201 DESCRIPTION ANDERSON
WEIGHT 82 GRAMS DIMENSIONS 4 X 3 X 2 CM.
LIGHT GRAY ANGULAR ROCK. LARGELY COMPOSED OF TURBID WHITE CRYSTALS WHICH
ARE PROBABLY FELDSPAR. THESE ARE NEARLY EQUIDIMENSI<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>