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INTRODUCTION

As a result of the Apollo 14 mission, approximately 42,285 grams of lunar
material were returned. The samples include particles ranging from dust-size
to "Big Bertha" (sample 14321), with a mass of almost 9000 grams. This
booklet includes petrographic descriptions of all Apollo 14 samples larger
than 1 cm in any dimension. It has been prepared as an intermediate step

in the compilation of a new Apollo 14 sample catalog.

The format is different from that in catalogs previously prepared by the
curatorial staff because many of the samples in this collection have been
extensively investigated. Consequently, rock descriptions were compiled
from many sources. First of all, we looked at the original notes taken

by members of the preliminary investigation team (PET). Naturally, these
descriptions were found to be widely variable, both in detail and in use
of terminology. We have attempted to impart uniformity wherever possible;
however, words used by different members of PET such as light and dark,
coarse-, medium-, and fine-grained, etc., may not be used as consistently
as we would have liked. In addition, we have attempted to summarize the
petrographic literature, and again, we are faced with non-uniform termi-
nology. A discussion of general nomenclature as applied to lunar breccias
by various investigators has been included. Although we have adhered to
commonly accepted usages of geologic terms, we have included a Tist of
petrographic terms frequently used in rock descriptions for convenience.

When possible, we examined at least one representative thin section for
each generic. Each section we described was photographed (110x) in trans-
mitted 1ight and is included herein. At least one photograph of each
sample was selected from among those on file to provide a representative
picture of the hand specimen.

The sample description format we follow in this booklet consists of five
parts:

1) An introductory section which includes information on lunar sample
location, orientation, and return containers taken from the paper
by Swann et al. (1977);

2) A section on physical characteristics, which contains the sample
mass, dimensions, and a brief description;

3) Surface features, including zap pits, cavities, and fractures as
seen in binocular view;

4) Petrographic description, consisting of a binocular description
and, if possible, a thin section description (Unless otherwise
noted, the description is of the binocular view.};

5) A discussion of literature relevant to sample petrology is in-
cluded for samples which have previously been examined by the
scientific community.



Because the booklet was prepared in this fashion, some samples will be

seen to have received more attention than others. Along these same lines,
models and geneologies have been made for a few samples and have been in-
cluded herein according to their availability. We welcome any constructive
comments on these efforts, and they will be considered in the preparation
of the forthcoming Apollo 14 sample catalog.

Having compiled this booklet, we wish to emphasize that there is no sub-
stitute to actually looking at the rock, and ask that investigators re-
port all new or conflicting information on these (or any other) samples
to the curator's office for incorporation in data packs kept on each generic.
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Geologic Setting

After the successful return of numerous basalt samples from the mare regions
by the Apollo 11 and 12 missions, it was desirable to sample a different kind
of area. For this reason a major objective of the Apollo 14 mission, was to
sample material comprising the Fra Mauro Formation, which had been inter-
preted as being a portion of the ejecta blanket deposited during the impact-
formation of the Imbrium Basin (Gilbert, 1893; Eggleton, 1964; Wilhelms,
1970). This event was believed to predate mare formation, and it was hoped
that an age for the Imbrian event could be established through successful
return of these samples.

The geological formations in the area of the landing site are shown in
figure 1. The formations shown on the map are subdivided into four age
groups: pre-Imbrian (oldest), Imbrian, Eratosthenian, and Copernican
(youngest), in accordance with U.S. Geological Survey usage. Imbrian forma-
tions predominate the region of the Apollo 14 landing site. This area is
known as the Fra Mauro region, and is a light-colored, topographically high
area surrounded by maria.

The Fra Mauro region and the Fra Mauro Formation are named for the crater
Fra Maurc, an ancient, eroded, and partially buried crater 70 km south of
the landing site. The Fra Mauro Formation is a distinctive ridged and fur-
rowed unit surrounding the Imbrium Basin., This formation had traditionally
been interpreted as fragmental ejecta from the Imbrium Basin since the idea
was first proposed by G, K. Gilbert in 1893. In recent years, however, this
jdea has met with some challenge by investigators who point out that much
local material excavated by secondary cratering is admixed with the Imbrium
Basin material (Morrison and Oberbeck, 1975).

The thickness of the Fra Maurc Formation is not known, and estimates vary by
an order of magnitude. Offield (1970) estimates the thickness to be between
100 and 200 meters based on its relation to the local topography, while
Kovach (1971) finds it to be only 20 - 70 meters thick, using results from
the active seismic experiment by the Apollo 14 astronauts. It is seen to
cover 26,000 km? in the region of the landing site, feathering to a thin
edge in the vicinity of the crater Bonpland approximately 150 km to the
south, A northwest-trending ridge, radial to the Imbrium Basin lies about
600 meters east of the smooth terrain of the landing site. At the crest of
this ridge is Cone Crater, a relatively young crater 340 meters deep,

Here, it becomes important to know the thickness of the Fra Mauro Formation,
for some of the material collected at station C; (figure 2) is interpreted
to be Cone Crater ejecta. The question is whether this material is from the
Fra Mauro Formation, or from the underlying material. The relief of the
ridge is 90 meters. If Cone Crater is only 70 - 80 meters deep, chances are
the ejecta represents Fra Mauro material,
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Figure la. Fra Mauro region,
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The Cone Crater event has been dated by Turner et al. (1971). They show
that the surface of the Cone Crater ejecta blanket has been in place for
only 26-40 million years. The Imbrian event has been dated as being be-
tween 3.75 billion years (Sutter et al., 1971), and 3.94 billion years
old (Nyquist et al., 1972). On the basis of terrestrial crater analogs,
Gault et al. {1968) suggest that ejecta closest to the rim of Cone Crater
must be derived from the greatest depths, and that a mixture of ejecta
from different depths occurs in rays extending ocutward from the crater.
Doublet and Triplet craters are situated between the landing site and Cone
Crater, and may have penetrated into Fra Mauro material. Samples from
Station G and G;, as well as from the Comprehensive sample, may be re-
presentative of ejecta from these events (Table 1, figure 2). More de-
tailed information is available in a recent discussion by Hawke and Head
(1977), in summaries by the Imbrium Consortium (1976), and Swann et al.
(1972, 1977).

The Apollo 14 Lunar Module (LM) landed in the Fra Mauro region of the moon
on February 5, 1971, at latitude 3° 40' 24" S, Tongitude 17° 27' 55" W.

The landing site is located 1,230 km south of the center of the Imbrium
Basin and 550 km south of the southern rim crest of the basin (Swann et al.,
1977). Figure 2 shows a map of the traverses -taken during the Apollo 14
mission.

Three photogeologic map units were traversed during the two EVA's:
) a smooth terrain unit on which the LM landed,

1
?) a cratered ridge of the Fra Mauro Formation which has slope angles
of 10°-15°, and

3) the blocky rim deposit of Cone Crater, densely strewn with blocky
ejecta 1-15 meters in size.

The smooth unit was originally thought to be either highlands volcanic
material or a smooth facies of the Fra Mauro Formation that had been ponded
in low areas between ridges (Eggleton and Offield, 1970). A primary objec-
tive of the mission was to sample the Fra Maurc Formation. Other objectives
were the sampling of Cone Crater ejecta and the sampling of the smooth
terrain around the LM. During the first EVA, the astronauts set up the
Apollo lunar surface experiment package (ALSEP), collected the Contingency,
Comprehensive, and Bulk Samples, and two "football size" rocks (FSR)

(Table 2). On the second EVA, they travelled to the rim of Cone Crater,
taking cores and grab samples enroute. During their return to the LM, more
grab samples, cores, and trench samples were collected (Table 2, figure 2).
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Table 1
Sample Locations (Swann et al., 1977)

SAMPLE NUMBER TRAVERSE STATION

14001 to 14012 Contingency sample, EVA 1

14041 to 14046 A

14047 and 14048 B

14049 and 14050 Bg

14051 and 14052 C'

14053 and 14054 C?

14055 to 14062 E

14063 to 14065 C1

14066 and 14067 F

14068 to 14072 c'

14073 to 14081 G

14082 to 14084 C1

14140 to 14144 c'

14145 to 14156 G

14160 to 14163 Bulk Sample

14165 to 14189 Comprehensive Sample, EVA 1

14190 to 14204 Unknown, Residue in weigh bag
1037, EVA 2

14210 and 14211 A

14220, 14230, 14240 , G

14250 to 14289 Comprehensive sample, EVA 1

14290 to 14297 H (?) Residue in weigh bag
1038, EVA 2

14301 G1

14302 EVA 1, part of 14305 FSR

14303 EVA 1, part of 14304 FSR

14304 EVA 1, FSR

14305 EVA 1, FSR

14306 G

14307 G

14308 Dg part of 14311

14309 EVA 2, unknown station

14310 G

14311 Dg

14312 H

14313 Gl

14314 to 14320 H

14321 Ci

14411 A, core bit

14414 G, core bit

14421 Comprehensive Sample

14222 - 14453 Bulk Sample



STATION
EVA 1

A

Cl

C1

Gl

Table 2

TRAVERSE STATION LOCATIONS AND

DESCRIPTIONS
{Swann et al., 1977)

LOCATION
BETWEEN LM AND ALSEP

150 m NW of LM and 9C m
N of North Triplet Crater

330 m NE of LM and 65 m
NNW of rim of Weird Crater

1.28-1.29 km ENE of LM and
approximately 95-100 m
SE of rim of Cone Crater

1.24~1.25 km ENE of LM and
17-30 m SE of Cone Crater rim

150 m E of LM on north rim
crest of North Triplet Crater

230 m ESE of LM and 50 m E of
50 m E of North Triplet rim
crest

Turtle Rock area, North Boulder

Field 70-80 m NW of LM

DESCRIPTION
SMOOTH UNIT

Fine grained
friable breccia

Fine grained
clastics

Fine grained
polymict breccia
(Cone Crater ejecta)

White Rock area,
breccia

Coherent clastic
breccia

Coherent clastic
breccia

Coherent clastic
breccia



GENERAL PETROLOGY

Although systems of rock classification should not be based on sample genesis,
their interpretation generally is based on some underlying model of how sam-
ples were formed. In the case of lunar samples, this model is relatively
simple, but the resulting samples can be extremely complex. Primitive lunar
crust is assumed to have been coarse-grained igneous material. Coarse-
grained igneous Tunar samples have old ages {(most have crystallization ages
older than 4.0 billion years ago), hypidiomorphic-granular texture with a
grain size generally greater than 1 mm, anorthositic compositions or high
Mg/Fe ratios suggestive of a cumulate origin, low rare-earth values and
positive Europium anomalies, and have low-siderophile element concentra-
tions (Warner et al., 1974).

This primitive coarse grained material is assumed to be older than most of the
fine-grained igneous material. This fine-grained material includes mare flood
basalts and volcanics with associated pyroclastics. These samples have ig-
neous textures, lack mineral and Tithic clasts, have low-siderophile concen-
trations, and contain relatively little metallic iron {Warner et al., 1974).

The primary geologic process acting on this primitive material has been
meteroid bombardment. The major phase of this bombardment was accomplished
before the emplacement of the flood basalts, but has continued up to present
‘times. Meteorcid bombardment constitutes the major weathering and rock
forming agent acting on the lunar surface. Lunar soils and breccias form

as a result of meteoroid impact, but there has been much debate over the
actual Tithification process. Because of the close chemical and mineralogic
resemblance LSPET (1969) believed lunar breccias to be shock Tlithified soil.
Two schools of thought emerged, with investigators such as King et al. (1970),
Mason et al. (1970}, Quaide and Bunch (1970), Shoemaker et al. (1970}, Wood

et al. (1970) favoring shock welding and Smith et al. 19707_'McKay et al.
{7970), and McKay and Morrison (1971) preferring thermal welding as the 1ithi-
fication process responsible for breccia formation. Chao et al. (1971) be-
lieved breccias formed by low level shock compaction of the SGTW near the

base of the regolith. He felt that this would occur at some distance from

the impact. Studies of Apollo 14 breccias indicated thermal metamorphism

to be the most reasonable model for breccia 1ithification (Warner, 1972;
Jackson and Wilshire, 1972; Wilshire and Jackson, 1972; Chao et al., 1972).
More recently, using SEM techn1ques, Simonds et al. (1977) and | Ph1nney et al.
(1976) suggested that breccias form when hot silicate melt welds the reTative-
ly cool clastic fragments together during meteorite impact.

The collection of rocks returned by the Apollo 14 mission consists of brec-
cias, most of which are compound (or polymict) in their nature, and a few
basalt samples. This is consistent with the idea that the Apollo 14 landing
site was on the Fra Mauro Formation. A breccia is a rock consisting of angu-
lar coarse-grained fragments in a fine grained matrix. Commonly, in the

case of lunar breccias, there is no definite distinction between "matrix" and
"clasts" because of the seriate texture of the rock. In these cases, we re-
fer to fragments Tlarger than 1 mm as clasts and those smaller than 1 mm as
matrix to be consistent with the practices of the curatorial staff.



Breccias have a higher sidercphile element concentration than do lunar rocks
of igneous origin implying that they contain some admixed meteoritic material.
They contain both mineral and lithic clasts and have more metallic iron than
do either the fine-grained or coarse-grained igneous rocks.

The return of so many breccias as a result of the Apollo 14 mission made it
important to devise a breccia classification scheme, and many investigators
have done so. Wilshire and Jackson {1972) chose a simple descriptive means
of classification which enables the rocks to be placed in categories (F1-F4)
primarily on the basis of the color index of their clasts and the sample's
coherence, a useful classification allowing the rocks to be categorized on
the basis of hand specimen examination (Table 3).

TABLE 3

Basic Breccia Classification Scheme
of Wilshire and Jackson (1972)

FRIABLE COHERENT
CIGAT
CLASTS Fl F,
DARK
CLASTS Fiy Fy

Following more extensive observations, it was possible to invent more elabor-
ate schemes, and a debate arose over the classification as well as over the
origin of these breccias. Much of the debate stemmed from the lack of agree-
ment on the stratigraphic history of the landing site (see General Geology).
Most researchers had accepted the Fra Mauro Formation as being an ejecta
blanket associated with the Imbrian event, and, there is undoubtedly a
sizable contribution of material from the many post-Imbrian cratering events.
This contribution could be merely a thin veneer-mixed with Imbrium ejecta or
it could even be a thick regolith developed on Fra Mauro basalts as was sug-
gested by Schonfeld and Meyer (1973). Many workers now accept the arguments
of Chao (1972), Morrison and Oberbeck (1975), and Head and Hawke (1975) that
the high degree of thermal effects in the rocks is more consistent with their
origin by nearby smaller, pre-Imbrian events. This has recently been re-
viewed by Hawke and Head (1977).

Almost as many methods of classifications of these breccias were developed
as there were articles written about them. Some, such as Chao et al. (1972},
formed groups on teh basis of the clasts, thereby deriving genetic relation-
ships. Chao's classification system is based on fragment population, nature
of matrix, grain size and porosity, metamorphic history, and bulk chemical
composition. He divided the Apollo 14 breccias into regolith microbreccias,
Fra Mauro breccias, and spherule-rich microbreccias (Table 4).



TABLE 4

Breccia Classification System
of Chao et al. (1972)

1. Regolith microbreccias
a. Unshocked, porous
b. Compact, nonporous
¢. Shocked

2. Fra Mauro breccias
a. Unannealed or siightly annealed,
feldspathic breccias
b. Moderately annealed breccias
c. Strongly annealed (thermally metamorphesed)
breccias
Unshocked
Shocked

3. Spherule-rich, transported microbreccias

This classification is roughly comparable to that of Jackson and Wilshire
(1972). Their F; is equivalent to the unshocked, porous regolith micro-
breccia of Chao et al. (1972); F, resembles the compact or shocked regolith
microbreccia; F3 1s analogous to unannealed (Fra Mauro) friable feldspathic
microbreccia, and F, resembles the strongly annealed (Fra Mauro) breccias
of Chao et al. (1972).

The distinction between shocked and unshocked samples in the classification
of Chao et al. (1972) is mainly on the basis of the presence or absence

of microfractures that cause the microbreccias to break across, rather than
around, grain boundaries. Other shock features include shock-induced
lamellar twinning in ilmenite grains, lTow porosity, and glass coating on
the microbreccia chips. Compact regolith microbreccias that show no evi-
dence of shock features were also observed (14313).

The gradation between unannealed to annealed breccias is analogous to that
of Warner's (1972) low to high metamorphic grades. This model included three
metamorphic grades, low, medium, and high. He was able to form eight groups
(1-8) corresponding to these grades. These were formed on the basis of
abundance of matrix glass, abundance of glass clasts, and matrix texture.

It was suggested that with increasing temperature, glass clasts and spher-
ules devitrify and lose identity, while pyroxene and feldspar recrystallize
developing more euhedral crystals, until, at the highest temperatures, the
matrix melts. These 8 groups were correlated with temperature by Williams
(1972) who found the range from 500°-1100°C to be sufficient to produce the
observed features. Magnetic properties of the Apollo 14 samples correlate
well with the metamorphic classification of Warner (1972). A1l observed
magnetic characteristics can be attributed to the increase in grain size
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of interstitial iron from the 100 A range in Warner's lowest metamorphic
grade samples to grains larger than 1 um in the highest grade samples (Gose
et al., 1972)

Quaide and Wrigley (1972) saw three groups: regolith breccias, white

rock breccias, and annealed breccias. Others believed the matrix provided
a good classification standard. Von Engelhardt et al. (1972), using glass
content as a criterion, divided breccias into 3 groups, each matched by a
proposed origin:

I. Glass-rich breccias - produced by meteorite impacts on regolith
IT. Glass-poor breccias - produced by fmpacting solid rock

IIT. Glass-poor breccias with a crystalline matrix - produced by
recrystallization of a base surge deposit or an impact melt

Christie et al. (1973) emphasize textural features, forming two groups

(A & B) on the basis of the presence or absence of evidence of recrystalli-
zation, and Lindsay (1972) formed two groups, I and II, on the basis of the
presence or absence of glass.

Later, more detailed studies of the matrices of the Apollo 14 breccias using
the SEM indicated that the texture of Warner's group 1-7 is "heterogeneous
and intermingled on a scale of millimeters" (Simonds et al., 1977). Based
on these studies Simonds et al. (1977) have identified 3 breccia groups,
which bear some resemblance to the groups of von Engelhardt et al. (1972).
The three groups they propose are:

Crystalline matrix breccias (CMB) - those with coherent holocrystal-
Tine matrices, at least vestiges of clasts, and meteorite contamination
(evidenced by high siderophile content).

Vitric matrix breccias (VMB) - impactites with a definite fragmental
texture and abundant glass, glass-bearing clasts, and low melting point
clasts.

Light matrix breccias (LMB) - friable, porous, fragmental breccias,
with 1ittle glass, lacking in recrystallization effects, and more
feldspathic than the other two categories.

Simonds et al. (1977) further subdivide their crystalline matrix breccias
into 3 subgroups:

(1) Clast-free impact melts (14310, 14276)
(2) Clast-bearing impact melts - 1-15% clasts (14068)
(3) Fra Mauro breccias - more than 15% clasts (all other Apollo 14 CMB's)

Indeed, many of the Apollo 14 breccias are described by them as being crystal-
line matrix breccias of the Fra Mauro type.

Table 5 contains a Tist of Apollo 14 rocks and their classification by vari-

ous investigators. The following observations can be made based on samples
classified by the various schemes suggested:
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TABLE 5

COMPARISON OF VARIOUS BRECCIA CLASSIFICATION SCHEMES

Wilshire
and Chao Quaide and von Engelhardt Simonds

Mass Jackson Warner et al. Wrigley et al. et al.

Sample (g-) (1972) (1972) (1972) (1972) (1972) (1977)

T4006 12 C high (6) 2¢c unshocked Annealed Glass poor crys- CMB
Breccia talline matrix

14066 510 F4 high (7) 2c shocked Arnealed Glass poor crys- CMB
Breccia talline matrix

14169 78.66 F4 CMB

14171 37.79 F3 med (4) 2¢ shocked CMB

14172 32 F4 CMB

14270 25 F4 high (7) 2¢ unshocked CMB

14274 15 C CMB

14303/304 3397 Fa4 high (6) 2¢ shocked Annealed CMB

Breccia

14305/302 2497 Fa high {(6) 2¢ - shocked CMB

143117308 3200 F4 high (5) 2¢ unshocked Annealed Glass poor crys- CMB
2¢c. shocked Breccia talline matrix

14312 299 F4 high (7) 2¢  shocked CMB

14314 116 F4 high {7) 2c  shocked CMB

14319 211 F4 high {7) 2¢  shocked CMB

14320 64.9 F4 high (6) 2c  shocked Annealed Glass poor crys- CMB
Breccia talline matrix

14321 9000 F4 med (4) 2b Annealed Glass poor crys- CMB
Breccia talline matrix

14306 872 F4 med {4) 2c  shocked Annealed CMB

Breccia
14063 135 F3 med (3) Fra Mauro White Rock Glass poor with LMB
Breccia 2a Breccia fragmental matrix
14064 107 F3 [LMB
14083/82 79 F3 med (3) 2a Glass poor with LMB

fragmental matrix




el

Wilshire

and Chao Quaide and von Engelhardt Simonds
Mass Jackson Warner et al. Wrigley et al. et al.
Sample {g.) (1972) (1972) (1972) (1972) (1972) {1977)
14041742 270 F1 Tow (1) Regolith micro- VMB
breccia unshock-
ed la Porous
14045 65 F1 YMB
14047 242 F1 Tow (1) Regolith micro- VMB
breccia unshock-
ed Ta Porous
14049 200 F1 Tow (2) Regolith micro- Glass rich rego- VMB
breccia unshock- 1ith breccia
ed la Porous
14055 111 F1 Tow (1) Regolith micro- RegoTith Glass rich rego- VMB
breccia unshock- Breccia 1ith breccia
ed la Porous
14255 22 Fz YMB
14264 117 F4 VMB CMB
clasts
14265 66 F2 VYMB
14269 17 F2 VYMB
14271 97 F2 VYMB
14275 13 F2 VMB
14301 1360 F2 Tow {2} Regolith micro- VMB
breccia unshock-
ed la Porous
14307 158 F2 Tow (1} 1c shocked Glass rich rego- VMB
1ith breccia
14313 144 F2 Tow (1) 1b compact Regolith VMB
Breccia
14315 115 F2 med (3) 3 spherule VMB
14318 600 F2 med (3) 3 rich Regolith Glass rich rego- VYMB

Breccia

T1ith breccia




- A11 CMB's are F, except 14171 (F3)

- A1l LMB's are Fj

- A11 VMB's are F; or F, except 14264 (F,)

- Twice as many VMB's are F, as F;

+ A11 CMB's are Warner's grade 4 or higher except 14171 (3)

« A11 LMB's are Warner's grade 3

- A1l VMB's are Warner's grade 3 or lower
In fact, the groups formed by von Engelhardt et al. (1972) contain the same
members as the groups proposed by Simonds et al _T1977) without exception
(Tables 5 and 6).

TABLE 6

Comparison of the Classifications
Simonds et al. (1977) and von Engelhardt et al. (1972)

Simonds et al., 1977 von Engelhardt et al., 1972
CMB Glass poor with crystalline matrix
LMB Glass poor with fragmental matrix
VMB Glass rich regolith breccia

It is not so easy to relate the classification of Chao et al. (1972) to the
others because his was based on clasts, but all CMB's studied by Chao were
placed in his group 2c except 14321, which was classified as a 2b. Moreover,
all the 2c breccias are CMB's and F,'s except 14171 which is a F3. An in-
teresting feature noted by our group in observing clast populations is the
association of chondrules or chondrule-Tike bodies with the larger samples

of the 14300 series. Smaller samples contain more amorphous "glassy" masses
and matrix glass.

It is interesting to note the numerous similarities that must exist among
those groups of breccias for there to be so few exceptions when attempts
are made to correlate different classification schemes. This suggests that
there are natural groupings of breccias and/or there might be something
fairly unusual about samples that are exceptions to these groupings, such
as 14171, 14264, and 14321. For the purposes of this booklet, we will rely
on criteria recognized by von Engelhardt et al. (1972) and Simonds et al.
(1977) as being effective in forming groups among the lunar breccias.
Differences among these groups are relatively uncomplicated and distinctive.
In addition, the small but important difference in chemical composition (Mg
and A1) noticed by Simonds et al. (1977) (figure 3) for CMB, VMB and LMB
types is persuasive ev1dence of their basic difference. Unlike Simonds

et al. (1977), however, we will tend to refer to samples such as 14310 and
14276 as melt rocks rather than "clast-free impact melt crystalline matrix
breccias.
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Figure 3. MgO vs AlpO3 plot for Apollo 14 samples.

[After Simonds et al., 1977]
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A basalt is a fine grained, usually dark colored, igneous rock which common-
ly is extrusive in origin. It is composed primarily of calcic plagioclase,
pyroxene, and other mafic minerals such as olivine. Lunar basalts differ
from terrestrial basalts chiefly in their minor element composition. Lunar
basalts typically contain more Ti0,, rare earth elements, and zirconium,

and less nickel than their terrestrial counterparts. The plagioclase is

more calcic in lunar basalts, being Angy or more in composition while terres-
trial basalts are more likely to be in the labradorite range of plagicclase
composition.

It was anticipated from early data on the large ion lithophyle (LIL)
element-rich or KREEP basalts from the Apollo 12 site that Fra Mauro samples
would have similar characteristics. Hubbard et al. (1972) establish the
similarities among other KREEP basalts and Apollo 14 basalts. Using

A1,05 and FeO as discriminating factors, Hubbard et al. (1972) show that
mare basalts are distinguished from non mare basalts (KREEP and low-k) by
higher Fe0 (> 14%) and Tower A1,03 (< 12%) concentrations.

Some disagreement exists regarding the classification of crystalline lunar
rocks. Of the crystalline rocks returned during the Apollo 14 mission,

very few are regarded as basalts by virtually all investigators. As we

pointed out previously, samples 14310 and 14276 are classified as crystal-
}ine Tatrix breccias of the clast-free impact melt variety by Simonds et al.
1977).

When we can recognize remnant clasts or other criteria suggesting that a
sample was once a soil or a breccia, we will simply refer to it as a melt
rock. Obviously, many samples duplicating basaltic texture and composition
may have had their origins as something other than extrusive or intrusive
melts, but we do not feel that the name "basalt" must necessarily carry
genetic connotations. These samples are referred to merely as crystal-
1ine rocks.
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Glossary of Terms Used in Petrographic Descriptions

anorthite - triclinic plagioclase feldspar with the composition (Cagg-1ggs
Nalo-g) A1251203

anorthosite - rock name for an igneous rock (or lithic fragment) composed
almost entirely of plagioclase (usually calcic plagioclase). Lunar
anorthosites have a granulitic texture.

basalt - a fine grained, usually dark colored, igneous rock which commonly
is extrusive in origin. Composition of basalt, ordinarily, includes
primarily calcic plagioclase, pyroxene, and other mafic minerals, such
as olivine.

breccia - a clastic rock with angular and broken rock fragments in a finer
grained matrix. For purposes of this catalog, breccia fragments larger
than 1 mm are designated as clasts, and those smaller than 1 mm are re-
ferred to as matrix.

clast - fragmental part of a breccia larger than 1 mm. A clast may be lithic,
mineral, or glass in lunar breccias.

coherent - consolidated; not friable; doesn't crumble easily

crystallite - a broad term applied to grains or crystals which are too small
for identification

dendritic - minerals that have crystallized in a branching or feathery
pattern, commonly in a glassy matrix

devitrified - said of a glass which has converted to a crystalline texture
after its solidification

fragmental rock - any clastic rock; rock composed of fragments of other rocks,
minerals, or glass; includes breccias and microbreccias

friable - said of a rock that crumbles naturally or is easily broken; poorly
consolidated; poorly cemented; not coherent

gabbro - coarse grained equivalent of basalt, commonly intrusive in origin

"glass" - a term used in optical petrographic descriptions to denote
amphorous and/or cryptocrystaliine material

Teucocratic - 1ight colored; applied to a light-colored igneous rock relative-
ly poor in mafic minerals
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matrix - smaller or finer grained material filling interstices between the
larger grains or particles of a rock; for purposes of this catalog,
portion of a breccia smaller than 1 mm in size

melanocratic - dark colored; usually applied to dark colored igneous rock
rich in mafic minerals

melt rock - igneous rock which is neither intrusive nor extrusive in origin,
but formed by melting during meteoroid impact. These rocks resemble
basalts, but have "ghost clasts,” or small areas of textural homogene-
ity enclosed in a fabric of a different texture; occasionally these ex-
hibit remnant clasts, which appear as xenocrysts

mesocratic - composed of subequal amounts of light and dark constituents;
applied to igneous rocks intermediate in color between leucocratic
and melanocratic

mesostasis - the last-formed interstitial material, either glassy or apha-
nitic, of an igneous rock

microbreccia - a breccia with no clasts larger than 1 mm; a clast of a
breccia from previous generation within another breccia

norite - a coarse grained plutonic rock containing calcic plagioclase and
orthopyroxene

ophitic - texture of a holocrystalline, hypidiomorphic rock in which lath-
shaped plagioclase crystals are partially or completely enclosed by
pyroxene crystals

phenocryst - a term used for a large crystal in a porphyritic igneous rock

poikilitic - igneous rock texture in which small crystals of one mineral
(e.g. plagioclase) are irregularly scattered without common orientation
in a larger crystal of another mineral (e.g. pyroxene)

polymict - said of a breccia containing fragments of differing composition

seriate - texture in which grain size varies gradually or in a continuous
series from large to small

subophitic - said of the ophitic texture of an igneous rock in which the
feldspar crystals are approximately the same size as the pyroxene and
are only partially enclosed by them

troctolite - a coarse grained plutenic rock containing calcic plagioclase
and olivine, with little or no pyroxene

zap pit - micrometeoroid impact crater on a lunar sample; commonly lined
with glass
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APOLLO 14 ROCK SAMPLE
DESCRIPTIONS
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14006

S-71-25297

14006,5 f— 14006, 21

Note: Variation i1n glass content.
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Sample 14006 was collected as part of the contingency sample during the {irst
EVA in the vicinity of the lunar module. It was returned in weigh bag 1039
along with the rest of the contingency sample.

PHYSICAL CHARACTERISTICS

Mass Dimensions

12.13 ¢ 3.0x 2.0x 1.3 cm
This rock is a coherent, dark medium gray breccia with leucocratic g]asts com-
prising less than one percent of the sample. Thin section examination re-
veals the sample to be inhomogeneous with respect to glass content.

SURFACE FEATURES

Sample 14006 is pitted with one fresh surface. The pits are glass lined and
vary in size from 0.3 to 0.7 mm. Pit density is very low.

Vugs are present, covering less than 5% of the surface of the sample. They
range in size from 0.1 to 0.5 mm and are spaced approximately 4 mm apart.
They are irregular to subcircular in shape, and are homogeneous in distribu-
tion. Plagioclase crystals projecting from the walls are clear to gray,

but were not observed in thin section. One non-planar fracture cuts the

rock. The fracture surface texture appears typical of that of the rest of
the sample.

PETROGRAPHIC DESCRIPTION

In thin section 14006 is a fine grained, texturally heterogeneous, fragmental
rock. Less than one percent of the rock is composed of 1 mm clasts. These
are composed of plagioclase cumulates with minor olivine (40%), pale yellow
pyroxene (10%), gray pyroxene (50%), and scattered opaque minerals. The
matrix is very fine grained with some glass. There are small masses of a
reddish-orange glass present as distinct units in the matrix. The matrix

is nearly opaque and shows gradation of size from very fine-grained up to
rather coarse-grained. The grains that comprise the matrix material appear
to be single crystal fragments to small Tithic fragments.

Vugs are round to irregular and comprise approximately 5% of the sections.
The size of the vugs vary from 0.1 mm up to 0.5 mm. There are no crystals
projecting into any of the vugs.

The clasts (> 1 mm fragments) consist of a wide variety of lithic fragments
as well as single mineral grains. Among the lithic clasts present are the
following: plagioclase cumulates with olivine; fine-grained polymict brec-
cias; and a few devitrified glass fragments. The remainder of the clasts
consist of single crystal fragments of plagioclase and pyroxene. Many of
the pyroxene grains show reaction rims. Most of the mineral grains show

well developed cleavage patterns. Many of the larger plagioclase grains
are multi-twinned.
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The fragments throughout the sections show little to no shock effects. Some
of the plagioclase forms radiating bundles which may be a devitrification
feature. Several "ghost" clasts are present which are clasts that blend in
with the matrix in such a manner as to make their distinction very difficult.
These clasts, however, are distinct in texture and composition as to distin-
guish them one from another. Localized pods of fine grained matrix occurs
intermingled with stringers of coarser grained matrix surrounding it.

DISCUSSIGN

Sample 14006 is one of the rocks studied by Warner (1972), Wilshire and
Jackson (1972}, Chao et al. (1972), Quaide and Wrigley (1972), von Engelhardt
et al. (1972), and Simonds et al. (1977). They agree that it is a glass poor
breccia with a crystalline matrix. Chao et al. (1972) classify it as unshock-
ed strongly annealed Fra Mauro breccia (2c). Warner (1972) and Chao et al.
(1977) list it as having been thermally metamorphosed. Simonds et al. (1977)
classify it as a CMB (see Table 4, p. ). Simonds et al. (1977) studied
sample 14006,5. Our group examined 14006,7 and 14006,21 and found the matrix
to consist of 5 - 6% glass. These sections appear to be more like the LMS's
of Simonds et al., or the glass-poor with a fragmental matrix rocks of

von Engelhardt et al. (1972). They do not have enough glass to be classed as
a VMB, but neither sample 14006,7 nor sample 14006,21 is a CMB. On the

other hand, the thin sections show the clear cut difference from one thin
section to another -- 14006,5 appears to have a crystalline matrix with 1ittle
or no glass visible.

Phinney et al. (1976) studied sample 14006,6 and described it as a tough,
crystalline breccia with 15 - 20% vugs and vesicles. The matrix is des-
cribed as consisting of 10 - 20 um plagioclase and clinopyroxene, with 5 um
ilmenite and smaller than 5 um interstitial potassium feldspar. Grains are
mostly equigranular and interlocking, but some are subhedral in shape.

Sample 14006 is said to have the typical major and trace element chemistry
of Apollo 14 basaltic breccias of KREEP composition (Hubbard et al., 1972)
except that both have low K and Rb concentrations accompanied by increases
in K/Rb ratios (Gibson and Hubbard, 1972).

Scanning electron microscope studies (McKay et al., 1972) reveal that 14006
has vapor phase deposited minerals lining cavities. A limit at 1050°C has
been placed on the temperature to which this sample was heated, because the
sample has been depleted in K and Rb but not Na, and because of the vapor
phase deposition (Gibson and Hubbard, 1972).
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14007

$-71-25324

Sample 14007 was collected as part of the contingency sample during the first
EVA in the vicinity of the lunar module. It was returned in weigh bag 1039
along with the other contingency samples (14001-14012). (Sample 14012 con-
sists of residue fines from 14001-14011.)

PHYSICAL CHARACTERISTICS

Mass: Dimensions:
3.67 g 2.4 x 1.1 x 0.6 ¢cm
This sample is a moderately coherent, gray, polymict breccia.

SURFACE FEATURES

Sample 14007 contains no zap pits and has a blocky, relatively smooth surface.

A possible remnant of a glass sheet is present in a fracture. This planar
fracture transects clasts.
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PETROGRAPHIC DESCRIPTION

The sample is fine-grained with an average grain size of 0.1 mm. It appears
to be texturally homogeneous, but mineralogically inhomogeneous. The sample
consists of 20% clasts larger than one mm, and 80% matrix. Of these clasts,
90% are leucocratic and 10% mesocratic lithic fragments. The mesocratic frag-
ments consist mainly of olivine, with possible accessory pyroxene. The leuco-
cratic clasts are of two varieties. One is 60% plagioclase and 40% brownish
gray pyroxene, and the other is 90% plagioclase and 10% olivine. The largest
leucocratic clasts are 8 mm in size.

The matrix consists of 65% medium gray pyroxene and 35% plagioclase. The
plagioclase seems to be somewhat lath-shaped. Traces of opaques and a pink-
ish orange mineral (spinel?) are also present in the matrix.

DISCUSSION

Sample 14007 is classified by Wilshire and Jackson (1972) as an Fjp.
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14008

5-71-25325

Sample 14008 was collected from the LM vicinity during the first EVA as part
of the contirgency sample. It was returned in weigh bag 1039 along with the
rest of the contingency samples (14001-14012).

PHYSICAL CHARACTERISTICS

Mass - Dimensions
4.35 g 2.3 x 1.4 x 0.9 cm

Semple 14008 is a medium gray, friable, breccia with only one visible clast
larger than 1 mm.

SURFACE _FEATURES

Some deep zap pits are present with an average size of 0.6 mm. No vugs or
fractures can be seen on this fragment. The lunar top cannot be accurately
detﬁrmined because the sample appears to have been broken (probably in tran-
sit).
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PETROGRAPHIC DESCRIPTION

Sample 14008 is a fine grained fragmental rock with an average grain size
less than 0.1 mm. It is texturally and mineralogically homogeneous.

The one clast larger than one mm is a black angular fragment. Visible com-
ponents of the matrix include plagioclase, olivine, pyroxene, glass, and
1ithic fragments. Lithic fragments are mesocratic with a Tarce proportion
of feldspar. Pyroxene accounts for up to 50% of the fragments, while 10%
are composed of pyroxene and olivine. Glass is present both as spheres and
angular fragments.

DISCUSSION

Wilshire and Jackson (1972) tentatively identified it as an F;, but it is too
small to chip for thin section determination.
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14009

$-71-25329

Sample 14009 was collected as part of the contingency sample during the first
EVA. It was collected, along with the other contingency samples (14001-14012)
from the vicinity of the LM and these were returned in weigh bag 1039.

PHYSICAL CHARACTERISTICS

Mass Dimensions
1.09 ¢ 0.7 x 0.9 x 1.3 ¢m

This is a medium gray, friable, polymict breccia with 3-5% clasts Targer than
1 mm.

SURFACE FEATURES

There are no zap pits or cavities present. Two planar fractures occur paral-
lel to one another spaced 1 mm apart.

PETROGRAPHIC DESCRIPTION

This polymict breccia is texturally and mineralogically inhomogeneous. It is
fine grained with an average grain size of less than 0.1 mm. Clasts larger
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than 1.0 mm comprise 3-5% of the rock and are all leucocratic. The largest
clast is 3 mm across and contains milky feldspar and an unidentified yellow
mineral. This clast may exhibit shock features but no thin section is avail-
able due to the small size of the sample. Both angular and spherical dark
brown glass fragments account for 2-3% of those in the 0.2-1.0 mm size range.
Four percent of the fragments in this range are cinnamon brown pyroxene, and
45% are leucocratic lithic fragments. The rest appears to be olivine.
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14010

S$-71-25337

Sample 14010 is one of those collected as part of the contingency sample dur-
ing the first EVA in the vicinity of the LM. It was returned in weigh bag
1039 along with the rest of the contingency sample (14001-14012).

PHYSICAL CHARACTERISTICS

Mass Dimensions
1.00 g 2.4 x 2.5 x 0.5 em

This sample is a friable, gray, polymict breccia with 10% clasts larger than
1 mm.

SURFACE FEATURES

No zap pits are present on the surface, but there are small splashes of
yellowish white gTass covering less than 1% of the surface. One non-planar
fracture cuts this sample.

PETROGRAPHIC DESCRIPTION

Sample 14010 is a friable fine-grained polymict breccia with an average grain
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size of 0.05 mm.

Ten percent of the fragments are larger than 1 mm and 90% are matrix.
Mineral fragments of feldspar, pyroxene, and possibly olivine comprise 70%
of these clasts. Thirty percent are Tithic fragments of crystalline rocks.
The largest clast is 10 mm in size. White clasts consist of 60% feldspar,
10% greenish-yellow mineral (olivine?), 2% ilmenite, and 25% brown mineral
(pyroxene?). The matrix contains smaller fragments of the clast components
and some glass.

30



14011

$-71-26096

Sample 14011 was collected during the first EVA from the vicinity of the LM
as part of the contingency sample. It was returned in weigh bag 1039 along
with the rest of the contingency sample (14001-14012).

PHYSICAL CHARACTERISTICS

Mass Dimensions
0.68 g 0.6 x 0.8 x 1.2 cm

This is a medium gray, blocky, friable, polymict breccia with 1% clasts
larger than 1 mm.

SURFACE FEATURES

Dust filled zap pits are very sparsely distributed over the surface. They
average 1 mm in size and do not appear to be glass-lined.

PETROGRAPHIC DESCRIPTION

This friable, polymict breccia has 1% clasts larger than 1 mm and 99% matrix.
Clasts consist of both 1ithic fragments and mineral fragments in subequal
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proportions. One clast is 1.5 mm in size and consists of subangular chalky
white plagioclase which contains a cross-cutting glass vein. One 1.0 mm
fragment is angular, deep brown pyroxene which shows some cleavage. One
melanocratic clast contains 10% white plagioclase, 5% brown pyroxene and 1%
leucocratic rock fragments. The matrix contains 5% glass, 10% plagioclase,
5% brown pyroxene, 1% leucocratic 1ithic fragments, and the remainder is too
fine to resolve.
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§-71-33224




14042

5-71-19485

14042,18




14045

Mem 1

$-71-29175

14045,8




14043

No photo available

Samples 14041 - 14046 are fragments from a fractured clod that broke apart
when it was collected by Astronaut Mitchell. They were collected from Sta-
tion A, 150 m NW of th LM and 90 m N of North Triplet crater. Samples 14041,
14042, 14043, and 14045 are large enough to be considered rocks. Sample 14044
is residue and sampie 14046 is composed of chips and fines. They were placed
in documented bag 3N and returned in ALSRC 1006.

PHYSICAL CHARACTERISTICS

Mass Dimensions
14041 166.3 g 8.0 x 5.0 x 4.0 ¢cm
14042 103.2 g 5.5 x 4.0 x 4.2 ¢cm
14043 5.9 ¢ 3.5 x1.8x 1.8 cm
14045 65.2 g 7.0 x 4.0 x 3.0 cm

These rocks are all part of a friable fine-grained clastic rock with less than
6% clasts. Sample 14043 has a considerably higher proportion of clasts but is
otherwise similar.
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