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APOLLO12LUNAR-SAMPLEINFORMATION

By Jeffrey Warner, Compiler
Manned SpacecraftCenter

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 immber, 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 II
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 (BRIg) W.B. Nance, BRN

A. D. Bennett, BRN S.R. Taylor, Australian National
J. B. Dorsey, BRN University
P. H. Johnson, BRN



GAMMA-RAY COUNTING GROUP:

P. R. Bell, MSC G.D. (9'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. Schonleld, MSC

FIELD GEOLOGY GROUP:

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

E. N. Goddard, Universityof G.A. Swarm, 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, StateUniversityof New C.M. Polo, BRN
York, StonyBrook (SUN'Y) 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. Z_/tringer,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:

T. J. Allen, BRN R. Fryxell, Washington State
D. H. Anderson, MSC University
E. E. Anderson, BRN E.K. Gibson, MSC
P. R. Brett, MSC L.E. Giddings, Jr., BRN
P. Butler, Jr., MSC D.P. Gilmore, BRN
E. C. T. Chaos USGS G.M. Greene, BRN
L. E. Cornitius, BRN W.R. Greenwood, MSC
T. H. Fosse MSC R.S. Harmon, MSC
C. Frondel, Harvard University G.H. Heiken, MSC
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J. F. Lindsay, MSC J. Warner, MSC
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D. A. Morrison, MSC of Technology (MIT)
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California at Berkeley (UCB) R. Murphy, MIT
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W. D. Carrier, MSC J.K. Mitchell, MIT
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Flight Center Technology
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The author would like to acknowledge the special help in editing this document
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to thank Beverly Atkinson without whose efforts this report would not have been
possible.

THEAPOLLO12MISSION

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. l(d)). The landing coordinates were 2.45° S
latitude and 23.34 ° W longitude.





30 o 25 ° 20 °

(d) Local.

Figure 1.- Concluded.



I=xtravehicularActivity

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 of sample
(a) Weight, g

Contingency sample

Fines 1 102
Chips 9
Rocks (4) 821

Total 1 932

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 (I 3)

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 5 911
Rocks (45) 27 661
Special samples 753

Total return 34 325

a .
Frees 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 HI spacecraft
during the second EVA; and (4) deploying and retrieving the solar-wind foil. The
ALSEP contained a central-power communication station and five experimentunits:
the passive seismometer, the cold-cathode ion gage, the suprathermal ion detector,
the solar-wind spectrometer, and the magnetometer.

Sample-Collecting Toolsand 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 contaii:ers 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 len_h
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 core tubes (fig. 2(g)) were constructed o£ 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 attachment. The upper end was
fitted with a sliding T-handle to facilitate torquing operations.

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

Figure 2. - Concluded.

The g-nomon was a stadia rod mounted on a tripod and was constructed so tl_t
the rod would right itself and point vertically when the legs were put down on the lunar
surface. The _o-nomon 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 If. The
mass distribution of the samples is shown in table I_.
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TABLE II.- LUNAR-SAMPLE INVENTORY

Sample Mass, g Type code
number (a) Remarks

Selected samples b

12001 2216.0 D Less than 1-cm vacuum fines

12002 1529.5 B Olivine dolerite c -- vacuum d

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 (ilmenJte)

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.

CDolerite 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 13.- LUNAR-SAMPLE INVENTORY - Continued

l

Sample I Mass, g Type codenumber (a) Re marks
T

Selected samples b - 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)

aType A, fine-grained vesicular crystalline igneous rocks; type B, medinm-
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

I

Sample Mass, g Type code Inumber (a) Remarks
I

Spec'ial samples - Concluded

12028 189.6 D Core 2012 (second EVA -- bottom of
double tube)

12029 6.5 D Fines with Surveyor scoop

Documented samples e

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 -- basalt

12039 255.0 B Bag 10-D -- olivine dolerite

12040 319.0 B Bag 10-D -- olivine dolerite

12041 24.8 D Bag ll-D -- fines

12042 255.0 D Bag 12-D -- fines

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.

eThe 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

Sample Mass, g Type code
number (a) Remarksf

Documented samples e - 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 -- fiaes

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.

eThe 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 1 Mass, g I Type codenumber (a) Remarks

Tote-bag samples f

12060 20.7 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 samples g

12070 1102.0 D Fines

120_ 1 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 A Basalt

12077 22.63 A Basalt

aType A, fine-grained vesiculac 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.

gstudied in nitrogen cabinets.
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TABLE HI.- LUNAR-SAMPLE MASS DISTRIBUTION

Mass, g Sample number Mass, g Sample number

1.0 12050 206.4 12006

9.16 a12071 232°5 12075

9.5 a12061 255.0 12039

20.7 a12060 255.0 a12042

22.63 12077 269.3 a12023

24.8 a12041 300.0 a12003

46.65 12074 310.5 a12032

53.0 12017 312.0 12020

54.55 12076 319.0 12040

56.1 a12025 360.0 12010

56.5 a12024 407.65 12073

58.4 12008 450.0 a12033

60.0 12043 462.4 12019

63.0 12045 468.2 12009

65.2 12007 482.0 12005

71.0 12035 585.0 12004

75.0 a12030 650.0 a12057

75.0 12036 687.0 12054

80.0 a12027 738.7 12062

82.3 12013 746.0 12038

92.0 a12044 787.0 12018

101.4 a12026 879°0 12053

103.6 12072 912.0 12055

121.0 12056 1102.0 a12070

136.0 a12048 1214o3 12064

145.0 a12037 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 a12028 2109.0 12065

191.2 12015 2216.0 a12001

193.0 12011 2426.0 12063

193.0 12047

aLunar fines or fines and chips.
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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
I0 meters southwest of the LM. Approximately five scoops were made to collect the
2 kilograms (including four rock.,_) of material.

Selected samples.- The selected samples (table I) replaced the "bulk" samples
of Apollo II and were collected northwest of the LM Cup to 300 meters away) during the
last part of the first EVA. Seve_iteen rocks were collected with the tongs and placed in
a large Teflon bag. Three large rocks Cabout 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 driv.en. 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 CN) and oxygen CO)were tile major gases present, with small amounts of heli-

um (He), argon CAr), and carbon, dioxide (CO2). The N/At 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 astron_Luts were on their I. 5-kilometer geological traverse
(fig. 3). The samples were documented by photography. During the traverse, the
astronauts filled 13 individual sample bags with I I 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 RECE!IVING LABORATORY OPERATIONS

The configuration and operations of the biological barriers in the LRL remained

essentially the same as for Apollo II (ref. I). 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 ]F_EGULAR BIOLOGICAL TEST-SAMPLE COMPOSITIONS

Sample
number 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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FIELDGEOLOGY

GeologicalSetting

The Apollo 12 LM landed on the northwest rim of the 200-meter-diameter Sur-
veyor Crater (the crater in which Surveyor Ili 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 iniormal 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.

I. "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-h.igh 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 appe:_rs 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 II site is that the Apollo 12 rocks are predominantly crystalline, whereas
approximately half of the Apollo [I 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.

I. 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 II 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 II 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.

I. 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 II 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 IH 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 Ill 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 followed 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.

SAMPLEIDENTIFICATIONANDORIENTATION

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) S_ggested 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.

SelectedSamples

The identification and orientation of the pres_'mpling 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(?)

Intercraterarea near ALSEP and Rocks (6) (?)
northwest of LM Fines with

glass (i)

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

(a) 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).

N

\

'x

(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

t J

_ _ 0 1
cm

_q

(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 oJ! 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).

* _ r ¸

{f) Sample 12022 before collection
(AS12-47-6933).
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(g) Suggested selenographic orientation of
sample 12022 (NASA-S-69-61999).

Figure 5.- Concluded.
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