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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 list 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 (llOx) in trans­

mitted light 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 
parts: 

description format we follow in this booklet consists of five 

, , 

1 ) An introductory section which includes information 
location, orientation, and return containers taken 
by Swann et~. (1977); 

on lunar sample 
from the paper 

2) A section on physical characteristics, which contains the sample 

mass, dim~nsions, 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. 
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Because the booklet was prepal'ed in this fashion, some samples will be 
seen to have received more attention than others. Along these same lines, 
models and geneo1ogies 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 wi]l be considered ir. 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 Mauro, 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 
idea 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 (~lorrison and Oberbeck, 1975). 

The thickness of the Fra Mauro 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 t~e 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 km2 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 C1 (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. Frs Mauro region. 
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The Cone Crater event has been dated by Turner et a1. (1971). They show 

that the surface of the Cone Crater ejecta b1anketlhas been in place for 

only 26-40 million years. The Imbrian event has bp.~n dated as being be­

tween 3.75 billion years (Sutter et a1., 1971), Qnd 3.94 billion years 

old (Nyquist et a1., 1972). On the basis of tF:',restria1 crater analogs, 

Gault et a1. \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 outward 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 G1 , 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 a1. 
(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, longitude 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 a1., 

1977). Figure 2 shows a map of the traverses ·taken during the Apo110-r4-

mission. 

Three photogeo10gic map units were traversed during the two EVA's: 

1) a smooth terrain unit on which the LM landed, 

2) 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 missiG~ was to sample the Fra Mauro Formation. Other objectives 

were the samp 1 i ng of Co,le Crater ejecta and the samp1 i ng 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 ~., 1977) 

SAMPLE NUMBER 
14001 to 14012 
14041 to 14046 
14047 and 14048 
14049 and 14050 
14051 and 14052 
14053 and 14054 
14055 to 14062 
14063 to 14065 
14066 and 14067 
14068 to 14072 
14073 to 14081 
14082 to 14084 
14140 to 14144 
14145 to 14156 
14160 to 14163 
14165 to 14189 
14190 to 14204 

14210 and 14211 
14220, 14230, 14240 
14250 to 14289 
14290 to 14297 

14301 
14302 
14303 
14304 
14305 
14306 
14307 
14308 
14309 
14310 
14311 
14312 
14313 
14314 to 14320 
14321 
14411 
14414 
14421 
14222 - 14453 
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TRAVERSE STATION 
Contingency 

A 
B 
Bg 
C' 
C2 
E 
Cl 
F 
C' 
G 
Cl 
C' 
G 

Bulk Sample 

sample, EVA 1 

Comprehensive Sample, EVA 1 
Unknown, Residue in weigh bag 

1031, EVA 2 
A 
G 

Comprehensive sample, EVA 1 
H (?) Residue in weigh bag 

1038, EVA 2 
Gl 

EVA 1, part of 14305 FSR 
EVA 1, part of 14304 FSR 
EVA 1, FSR 
EVA 1, FSR 

G 
G 

Dg part of 14311 
[VA 2, unknown station 

G 
D9 
H 
Gl 
H 
Cl 

A, core bit 
G, core bit 
Comprehensive Sample 
Bulk Sample 

• 

• 
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STATION 
EVA 1 

A 

B 

C' 

Cl 

Gl 

G 

H 

Table 2 

TRAVERSE STATION LOCATIONS AND 
DESCRIPTIONS 

(Swann et {L., 1977) 

LOCATION 
BETWEEN LM AND ALSEP 

150 m NW of LM and 90 m 
N of North Triplet Crater 

)30 m NE of LM and 65 m 
I~Nl~ of rim of Wei rd 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 

DESCRIPTION 
SMOOTH UNIT 

Fine grained 
friable breccia 

Fine grained 
clastics 

Fine grained 
polymict breccia 
(Cone Crate:' ejecta) 

White Rock d tea, 
breccia 

Coherent clastic 
breccia 

Coherent clastic 
breccia 

Turtle Rock area, North Boulder Coherent clastic 
Field 70-80 m NW of LM breccia 
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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 ipneous material. Coarse­
grained igneous lunar 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.~., 197.1). 

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. Tilese samples have ig­
neous textures, lack mineral and lithic clasts, have low-siderophile concen­
trations, and contain relativelY little metallic iron (Warner et ~., 1974). 

The primary geologic process acting on this primitive material has been 
meteroid bombardmpnt. The major phase of this bombardment was accomplished 
before the emplacement of the flood basalts, but has continued up to present 
times. Meteoroid 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 lithification process. Because of the close chemical and mineralogic 
resemblance LSPET (1969) believed lunar breccias to be shock lithified 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. (197Qf, Wood 
et al.-r1970) favoring shock welding and Smith et al. (1970~ McKay et al. 
(1970), and McKay and Morrison (1971) preferring-thermal welding as the-rithi­
fication process responsible for breccia formation. Chao et~. (1971) be­
lieved breccias formed by low level shock compaction of the soil 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 lithification (Warner, 1972; 
Jackson and Wilshire, 1972; Wilshire and Jackson, 1972; Chao et al., 1972). 
More recently, using SEM techniques, Simonds et al. (1977) an~Phinney et al. 
(H76) suggested that breccias form when hot silicate melt welds the relative­
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 larger than 1 mm as clasts and those smaller than 1 mm as 
matrix to be consistent with the practices of the curatorial staff. 
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Breccias have a higher siderophile element concentration than do lunar rocks 
of igneous origin implying that they contain some admixed meteoritic ~aterial. 
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 (Fl-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) 

LIGHT 
CLASTS 
DARK 
CLASTS 

FRIABLE COHERENT 

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 stratipraphic 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 (~973). 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 \~ith their 
origin by nearby smaller, pre-Imbrian events. This has recently been re­
vie\~ed by Hal'lke 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 geneticlre1ation­
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). 
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TABLE 4 

Breccia Classification System 
of Chao et tl. (1972) 

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

2. Fra Mauro breccias 
a. Unannealed or slightly annealed, 

feldspathic breccias 
b. Moderately annealed breccias 
c. Strongly annealed (thermally metamorphosed) 

breccias 
Unshocked 
Shocked 

3. Spherule-rich, transported microbreccias 

This classification is roughly comparable to that of Jackson and Wilshire 
(1972). Their Fj is equivalent to the unshocked, porous regolith micro­
breccia of Chao et al. (1972); F2 resembles the compact or shocked regolith 
microbreccia; F3-rs-analogous to unannealed (Fra Mauro) friable feldspathic 
microbreccia, and F4 resembles the strongly annealed (Fra Mauro) breccias 
of Chao et~. (1972). 

The distinction between shocked and unshocked samples in the classification 
of Chao et ~. (1972) is mainly on the basis of the presence or absence 
of microrractures that cause the microbreccias to break across, rather than 
around, grain boundaries. Other shock features include shock-induced 
lamellar twinning in ilmenite grains, low porosity, and glass coating on 
the microbreccia chips. Compact regolith microbreccias that show no evi­
dence of shock features were also observed (143l3). 

The gradation between unannealbd 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 500o -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). All 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 ~m in the highest grade samples (Gose 
et li., 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 a1. (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 
II. Glass-poor breccias - produced by impacting solid rock 

III. Glass-poor breccias with a crystalline matrix - produced by 
Y-ecrystallization of a base surge deposit or an impact melt 

Christie et a1. (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 a1., 1977). Based 
on these studies Simonds et a1. (1977) have identifie~3lJreccia 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 ho10crysta1-
line 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 breccia~ (LMB) - friable, porous, fragmental breccias, 
with little glass, lacking in recrystallization effects, and more 
fe1dspathic than the other two categories. 

Simonds et a1. (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 list 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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Mass 
Sam~le 
14006 ~~. 
14066 510 

14169 7B.66 
14171 37.79 
14li'Z 32 
14270 25 
14274 15 
14303/304 3397 

14305/302 2497 
14311/308 3200 

14312 299 
14314 116 
14319 211 
14320 64.9 

14321-- 9000 

14306 872 

14063 135 

14064 107 
14083/82 79 

" 

TABLE 5 
COMPARISON OF VARIOUS BRECCIA CLASSIFICATION SCHEMES 

F4 high (7) 

F4 
F3 med (4) 
F4 
F4 high (7) 
C 
F4 high (6) 

F4 higri\6J 
F4 high (5) 

F4 hiqh 7 
F4 high 7 
F4 high 7 
F4 high 6 

F4 med (4) 

F4 med ( 4) 

F3 medl3T 

F3 
F3 med (3) 

-.. 

2c shockea 

2c shocked 

2c unshocked 

2c shocked 

2c' shocked 
2c -unshockea 
2c shocked 
2c shocked 
2c shocked 
2c shocked 
2(. shocked 

2b 

?c shocked 

Fra Mauro 
Breccia 2i1 

2a 

e-~"'··· '"':,, " 

"':.::,;;.;;:. 

Quaide and 
Hrig1ey 

1972 
An'nea1ed 
8reccia 
Annealed 
Breccia 

Annealed 
Breccia 

Annealed 
Breccia 

Annealed 
Breccia 
Annealed 
Breccia 
Annealed 
Brecci a 

White Rock 
Breccia 

• 

von Engelhardt 
et a1. 
(l972) 

Glass poor crys­
talline matrix 
Glass poor crys­
talline matrix 

Glass poor crys­
ta 11 i ne matri x 

Glass poor crys-
ta 11 i ne matri x 
Glass poor crys-
talline matrix 

G1 ass poor with 
fragmental matrix 

Glass poor with 
fragmental matrix 

• 

Simonds 
et a1. 
(l9m 

CMB 

tMB 

eMB 
eMB 
eMB 
eMB 
eMB 
CMB 

CMB 
eMB 

eMB 
eMB 
CMB 
eMB 

eMB 

eMB 

LMB 

LMB 
LMB 
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Sample 
14041/42 

" 

Mass 
(q. 

270 

"" .. ~.: 
~ 

Chao 
et al. 
''1972 
RegoliTh rnlcro­
breccia unshock­
ed la Porous 

~ 

Quaide and 
Wri gley 

1972) 

9 f @'" ,.,.', : _:,o.,~ 

",- . 

Simonds 
et al. 
If977) 

VMB 

14045- - 6-0- - '-Fl-- --- - - - .- .- - - - _ .... _. VMB 
14047 242 Fl low (l) Regolith micro- VMB 

breccia unshock-
ed la Porous 

14049- -200 '-Fr- - --- 1 ow (2) - Regel ith- mi cro- '-"- -m ass ri ch rego- VMB 
breccia unshock- lith breccia 
ed la Porous 

14055- -lTI-- -Fl- .- low TTl Regolith micro- Rego1ith---Glass rich rego- VMB 

142'55 22 'F2 
14264 117 F4 

14265 66 F2 
14269 17 F2 
14271 97 F2 
14275 13 F2 
14301 1360 F2 low (2) 

14307 155 F2 low (1) 

14313 144 F2 low (l) 

14315 115 F2 med (3) 
14318 600 F2 med ( 3) 

breccia unshock- Breccia lith breccia 
ed la Porous 

'-RegoHth micro-
breccia unshock-
ed la Porous 
1 c shocked 

lb compact Regal ith 
- _. llreccia 

3 spherule 
3 rich Regal ith 

Breccia 

VMB 
VMB eMB 
clasts 

VMB 
VMB 
VMB 
VMB 
VMB 

Glass rich rego- VMB 
lith breccia 

VMB 

VMB 
Glass riCh rego=- VMB 
1 i th brecci a 
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All CMB's are F4 except 14171 (Fs) 
All LMB's are Fs 
All VMB's are Fl or F2 except 14264 (F4) 
T\~ice as many VMB's are F2 as Fl 
All CMB's are Warner's grade 4 or higher except 14171 (3) 
All LMB's are \~arner's grade 3 
All 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 ~.\1977) without exception· 
(Tables 5 and 6). 

TABLE 6 
Comparison of the Classifications 

Simonds et~. (1977) and von Engelhardt et~. (1972) 
Simonds ~~., 1977 von Engelhardt ~~., 1972 

CMB 
LMB 
VMB 

Glass poor with crystalline matrix 
Glass poor with fragmental matrix 
Glass r~ch regolith breccia 

It is not so easy to relate the classification of Chao et al. (1972) to the 
others because hi s was based on cl il sts, 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 F4'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-like 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 fe\~ 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~. (1972) and Simonds et ~. 
(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 Al) noticed by Simonds et al. (1977) (figure 3) for CMB, VMB and LMB 
types is persuasi ve elvi denceofthei r bas i c difference. Un 1 i ke Simonds 
et al. (1977), however, \~e 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 AI203 plot for Apollo 14 samples. 
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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 2 , rare earth elements, and zirconium, 

and less nickel than their terrestrial counterparts. The plagioclase is 

more calcic in lunar basalts, being Anso or more in composition while terres­

trial basalts are more likely to be in the labradorite range of plagioclase 

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 203 and FeO as discriminating factors, Hubbard et al. (1972) show that 

mare basalts are distinguished from non mare basaltslKREEP and lo\~-k) by 

higher FeO (> 14%) and lower A1 203 « 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

line matrix breccias of the clast-free impact melt variety by Simonds et~. 

(1977) . 

When \~e 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-

1 ine rocks. 
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Glossary of Terms Used in Petrographic Descriptions 

anorthite - tric1inic plagioclase feldspar with the composition (Ca90-100' 
NalO-O) A1 2Si 20e 

anorthosite - rock naw' 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 \~hich 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, 
min~ra1, 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 - ~aid 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; pocr1y cemented; not coherent 

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

"glass" - a term used ill optic~l petrographic descriptions to denote 
amphorous and/or cryptocrystalline material 

1eucocratic - light 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 bl'eccia smaller than 1 mm in size 

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

melt rock - igneous rock whi ch is nei ther i ntrus i ve nor ex tl'US i ve in ori gi n, 
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 
applied to igneous rocks intermediate in color bet\~een 
and melanocratic 

constituents; 
leucocratic 

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

microbreccia - a bl'eccia \~ith 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 IVhich 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 cOll111on orientation 
in a larger crystal of another mineral (e.g. pyroxene) 

polymict - said of a breccia containing fragments of differiny composition 

seriate - texture in which grain size varies gradually or in a continuous 
seri es from 1 al'ge to small 

subophitic - said of the ophitic texture of an igneous 
feldspar crystals are approximately the same size 
are only partially enclosed by them 

rock in which the 
as the pyroxene and 

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

zap pit - micrometeoroid impact crater on a lunar sample; commonly lined 
\~ith glass 
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14006 

5 -71-25297 

14006,5 i.1 mmi 

Note, Variation In 9la~s content. 
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Sample 14006 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 rest of the contingency sample. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

12.13 g 3.0 x 2.0 x 1.3 em 

• This rock is a coherent, dark medium gray breccia with leucocratic clasts 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. Plagiocl,ase 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 si ngl e crystal fragments to small 1 ithi c fragments. 

Vugs are round to irregular and comprise approximately 5% of the sections. 
The size of the V·Jgs 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 U 
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. 

DISCUSSION 

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 (2CT.--Warner (1972) and Chao et al. 
(1977) list it as having been thermally metamorphosed. Simonds et al--. (1977) 
classiFy it as a CMS (see Table 4, p. ). Simonds et £1. (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 Engelhardtet al. (1972). ';hey do not have enough glass to be classed as 
a VMS, but neither-Sample 14006,7 nor sample 14006,21 is a CMS. 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 little 
or no glass visible. 

Phinney et al. (1976) studied sample 14006,6 and described it as a tough, 
crystallTnelJreccia with 15 - 20% vugs and vesicles. The matrix is des­
cribed as consisting of 10 - 20 ~m plagioclase and clinopyroxene, with 5 ~m 
ilmenite and smaller than 5 ~m 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 accompaniedlby-rncreases 
in K/Rb ratios (Gibson and Hubbard, 1972). 

Scanning electron microscope stUdies (McKay et ~., 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 

,0 

1cm 

$-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, po1ymict 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 DESCRI PTION 

The sample is fine-grained with an averdge grain size of 0.1 mm. It appears 
to be textura~ly homogeneous, but mineralogically inhomogeneous. The sample 
consists of 20% clasts larger than one mm, and 80% matrix. Of these clasts, 
90% are 1eucocratic and 10% mesocratic lithic fragments. The mesocratic frag­
ments consist mainly of olivine, with 'possib1e accessory pyroxene. The 1euco­
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 
1eucocratic clasts are 8 mm in size. 

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

DISCUSSION 

Sample 14007 is classified by Hilshire and Jackson (1972) as an F2 · 
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14008 

5-71-25325 

Sample 14008 was collected from the LM vicinity during the first EVA as part 
of the contingency 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 

Sample 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 
determined 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 
lithic fragments. Lithic fragments are mesocratic with a large 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 Fl , but it is too 
small to chip for thin section determination. 
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14009 

5 -71-25329 

ORIGINAL PAGE IS 
OF POOR QUALITY 

Sample 14009 ~/as 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 ~/ere returned in weigh bag 1039. 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

1. 09 9 0.7 x 0.9 x 1. 3 cm 

This is a medium gray, friable, polymict breccia with 3-5% clasts larger 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 textura lly and mineralogically inhomogeneous. It is 
fine grained with an average grai n 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 1eucocratic. The largest 
clast is 3 mm across aml coni;3ins 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 ~amp1e. 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 1eucocratic lithic fragments. The rest appears to be olivine. 
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14010 

,0 . 

1cm 

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 cm 

• This sample is a friable, gray, polymict breccia with 10% clasts larger than 

1 1TTn. 

• 
SURFACE FEATURES 

No zap pits are present on the surface, but there are small splashes of 

yellowish white glass covering less than 1% of the surface. One non-planar 

fracture cuts this sampl e. 

PETROGRAPHIC DESCRIPTION 

Sample 14010 is a friable fine-g rained 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 lithic fragments of crystalline rocks. 
Tne largest cla£t is 10 mm in size. 11hite 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. 
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14011 

5 -71-26096 

Samp 1 e 14011 was co 11 ected duri ng the fi rs t EVA from the vi ci ni ty of the L~l 
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 9 0.6 x 0.8 x 1.2 cm 

This is a med ium 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 lithic 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 \.,j,' 
fragment is angular, deep brown pyroxene which shows some cleavage. One 
melanocratic clast contains 10% white ?lagioclase, 5% brown pyroxene and 1% 
leucocratic rock fragments. The matr';;';' contains 5% glass, 10% plagioclase, 
5% brown pyroxene, 1% leucocratic lithic fragments, and the remainder is too 
fine to resolve. 
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I 1cm I 

14041 

,0 

5-71-33224 

14041,6 

..----, 
.1mm 
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14042, 18 
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14045 

11 em I 

5-71-29175 

14045 , 8 

r:-o .1 mm 
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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 sample 14046 is composed of chips and fines. They were placed 
in documented bag 3N and returned in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

B.O x 5.0 x 4.0 cm 
5.5 x 4.0 x 4.2 cm 
3.5 x 1.B x 1.B cm 
7.0 x 4.0 x 3.0 cm 

14041 
14042 
14043 
14045 

166.3 g 
103.2 g 

5.9 9 
65.2 g 

These rocks are all part of a friable fine-grained clastic rock with less than 
5% clasts. Sample 14043 has a considerably higher proportion of clasts but is 

otnerwise similar. 
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SURFACE FEATURES 

Glass-lined microcraters cover the exterior faces of the rocks. Glass spatter 

covers 5% of the surface on one end of sample 14041. A small clod (4 x 5 mm) 

is welded to this glass coating. Some zap pits are visible in the glass coat­

ing. Glass coating is also present on 1 - 2% of the surface of 14042. Sample 

14042 has pits from 1 - 6 mm in size with a density of 1 or 2 pits per square 

centimeter, which is approximately 10 times the abundance on sample 14041. 

Pits are also present on sample 14043 and 14045, occurring on rounded sur­

faces. 

Numerous fractures are present on all these rocks. 

PETROGRAPHIC DESCRIPTION 

These rocks are very friable and have an average grain size of less than 0.1 

mm with very few clasts. Mineral as well as lithic fragments occur, with 

white feldspar, cinnamon brown pyroxene, and pale yellow olivine fragments , 

recognizable in all but 14043. Opaques are rare (less than 1%) with ilmenite 

and metalli~ iron present up to 100 ~m in diameter. Lithic clasts contain 

ilmenite, blebs of metal, and one or two contain troilite to about 15 ~m 

diameter as observed under the binocular microscope. 

Thin section 14041,6 is glass rich, and would be classified as a VMB using 

the classification of Simonds et al. (1977). There are only two clasts 

(> 1 mm) present in the section:13oth clasts are plagioclase-rich breccias 

with a partly glassy matrix. The first type has distinct plagioclase crystal 

fragments and shows only minor shock effects. The second type has no distinct 

plagioclase fragments and the crystals all show moderate to strong shock ef­

fects. In the second type the pyrQJ.<ene crystals show some microfaulting. 

The matrix of the rock consists of approximately 50% of a yellowish brown 

glass which is nearly opaque. There are numerous gray glass spherules 

scattered throughout. There are also several large blocky masses of glass 

present which show minor devitrification. The remainder of the matrix is 

composed of crystal fragments of plagioclase and pyroxene with minor lithic 

fragments. Most of the crystal fragments contain abundant inclusions. Approx­

imately 1/3 of the matrix is lithic fragments and 2/3, crystal fragments. 

Most of the lithic fragments resemble the second type of clast described 

previously. A few scattered chondrule-like bodies are also present. Almost 

all of the matrix material shows some shock effects. 

Samples 14042,18 and 14042,19 are similar to 14041,6. These thin sections 

contain abundant spherical glassy clasts and are VMB's using the classification 

of Simonds et al. (1977). Only small mineral and lithic clasts are present in 

these sections--. Sample 14042,18 has a much higher glass content and fewer 

clasts than does 14042,19. Clasts are all small and most are lithic. Rock 

types recognized include basalt with an intersertal texture, anorthositic 
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breccia, and devitrified rock fragments. One basalt clast with a coarse 
grained diabasic texVJre is present ·in 14042,19. Several pyroxene clasts 
are presel1t and are scattered throughout the sample. All of the pyroxene 
grains have ~any inclusions. More glass clasts are present in sample 14042,18 
than in 14042,:9. Sample 14042,12 was studied by Phinney et a1. (1976) who 
describe it as containing 2 - 3% matrix glass with 35% porosity. It is des­
cribed as friable, with some shattered grains. Matrix glass has a fi1a~enta1 
texture with many 5 - 10 ~m size grains. Most matrix grains fall in the 
1 _ 5 ~m size range, with many smaller than 1 ~m. Grains are angular to sub-
angular in shape. 

Sample 14045 also contains glass in the matrix. Thin section 14045,8 contains 
approximately 20% matrix "glass". In addition, there are large areas of de­
vitrified glass present and some very small crystall ine fragments. A few 
glass masses exhibit signs of flowage. 

Almost all the fragmental glass occurs as shards, with few spheres and 
spherical fragments visible. One small crystalline ~reccia clast is present. 
It is composed of pyroxene with minor plagioclase. All clasts are micro­
breccia fragments with included mineral fragment shards and 5% amorphous 
material in the matrix. 

DISCUSSION 

Samples 14041, 14042, and 14045 have recently been classified as VMB's by 
Simonds et al. (1977), and were classed as Fj's by Wilshire and Jackson (1972). 
Sample 1404~was placed in Warner's (1972) metamorphic grade 1 and classified 
by Chao et a1. (1972) as a regolith microbreccia which is unshocked and porous 
(la). --

38 

• 

• 



i'-RECEUING PAGE BLANK NOT FILMED 

14047 

r ' 

, . , 

J 

5 -76 - 23341 

40 

r , 
I 
I I 

J. 

o 

.. 
• 

• 

I 

1<-- ! 

• 
• 

• 

I 

I 
j 

·1 

I 

I 
• 

j . , 

I 
,j . 
. , 

. ] 



• 

• 

• 

• 
1 

• 

1::£ - 0 

14047, 53 

Sample 14047 was collected at station B, 330 m NE of LM and 65 m NNW of 
the rim of Weird Crater. It was placed in documented bag 5N and returned 
in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass DimellSions 

242. g 5.0 x 5.5 x 10 cm 

This sample is a brownish-gray, blocky, subangular, fine-grained clastic rock 
with a hackly surface. One side is concave . The rock is very friable and 
fragil e . 

SURFACE FEATURES 

App roximately 30% of the irregular surface of sample 14047 is covered with 
gl ~ ~s spatter, which appears to be the cementing agent of the hackly frag ­
men:: on the surface. There are no microcraters on the glassy spatter, but 
they are oresent elsewhere on the surface, ranging in size from less than 
0. 1 to 1. 5 nm. Glass lined zap pits have small raised rims. 

The rock is hi ghly f ,actured, with approximately twenty non -planar fractures 
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occurring in two sets. 
glass spatter. 

The fractured segments are held together in part by 

Only the pits on the rounded side of the rock have a glass lining. 
tured si de may be the bottom of the ro . .ck. 

PETROGRAPHIC DESCRIPTION 

The frac-

This rock crumbles easily when handled. It has a homogeneous texture with 
an average grain size of less than 0.1 mm. One of the 1eucocratic lithic 
clasts on the N face is 14 mm in size (S-76-23341). 

Thin section 14047,53 shows two main types of clasts. The first is a crys­
talline breccia with large pyroxene and plagioclase shards. The second 
type is large shards of partly devitrified to fresh yellowish glass. Where 
devitrification has taken place the crystals are dendritic and scattered 
along fractures and near the boundary of the glass. One large mass of 
glass shows residual pyroxene granules showing a skeletal pattern isolated 
in the glass. In hand specimen there appears to be no glass or mineral 
fragments present, however, in thin section they are abundant. In the 
thin section, there is approximately 30% glass in the matrix. The glass 
is a "dirty" yellow brown and discontinuous. Several spheres of yellow 
glass are also present. The unusual feature of the section is the large 
amount of fresh glass. 

Megascopica11y, 1% of the fragments are greater than 1 mm. Leucocratic 
lithic fragments compose 20% of the rock. These white fragments have . 
olive brown spots. (Not so abundant in thin section.) T-he opaque content 
is extremely low, consisting of angular to subrounded clasts of ilmenite 
with subordinate metallic iron in a fine grained silicate matrix. In order 
of decreasing abundance, ilmenite, metal, troilite and a few small (10 \lm) 
grains of chromian spinel are present. 

DISCUSSION 

Sample 14047 was described as friable with leucocratic clasts and placed 
in their Fl category by Wilshire and Jackson (1972). It was described as 
being low grade metamorphic and placed in group 1 of Warner (1972). Chao 
et ~. (1972) described it as an un shocked porous regolith microbreccia, 
placing it in his la category. Simonds et a1. (1977) classify it as a 
VMB. Silver (1972), Lau1 et al., (1972)-, ana \~akita et al., (1972) 
suggest that 14047 is merelY compacted soil; however,-rhe-agglutinate content 
is very low for even a submature surface soil (Simonds, 1978, Personal Com-
munication) . 

42 

• 

• 

• , , 

i:,'1 ~! 
i ":, I 

I··.'· ... ',···,.j .r~: 
[,-,:- { 
1-: - .. ,-: {~-
j-- ," :1 
. ~~:·i 

• 

. .~~': 

_,~" '3 

/;;t 1 

\ ':1""' 
...... ' ..... 1 J.Ii. ....... _-r-~.::-r--:cr;::;:;r:;:===r=·II =-:r=:=I[,~':::L~:'l ':::::r:-""lcT,,:':l :':C3·~ ..•• ··1·:::'i1;,';r:;:~~{'IP:l:~',"'ill.J 



," 

'" 
• 

dJ I 
I 

I : 
1 

:1 
I 
I ' 

, . 
• I 
• j 

• 

I 1 em I 

UlUGfNAL PAG IS 
S -71-20985 • TY 

14049,40 

• 

• 

44 



Sample 14049 was collected during the second EVA from station Bg. It was 
placed in bag 6N by the astronauts who said they collected it from a crater 
rim. The lunar location and orientation are not documented by lunar surface 
photographs. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

200.13 g 8.0 x 5.0 x 4.0 cm 

This fragmental rock has less than 1% subrounded leucocratic clasts in a 
medium gray matrix and is extremely friable and soft. 

SURFACE FEATURES 

Sample 14049 is lacking in zap pits and has no cavities or fractures 
visible on the surface. 

PETROGRAPHIC DESCRIPTION· 

The rock is very fine grai,led and appears homogeneous. Mineral grains that 
were identified include transparent feldspar, greenish and brownish glass, 
and one dark brown spherul e. No fragments al'e greater than 1 mm. There 
are no opaques in the matrix except for several ragged metal grains up to 
100 ~m in diameter. 

Thin section 14049,0 is somewhat similar to 14047,53 in that there is a 
large amount of fresh glass shards in the matrix. There is approximately 
20% yellow glass in the bonding material that holds the clasts and fragments. 
There is one large elongate glass glob with several rounded and eroded pyrox­
ene crystals in it. There are no lithic or mineral clasts present. There is 
at least two different matrix fabrics present with a sharp dividing line be­
tween them. Unlike 14047,53, some of the glass has undergone some devitrifi­
cation. The only lithics present are plagioclase-rich microbreccias and 
pyroxene-rich microbreccias. The mineral fragments are about equal amounts 
of pyroxene and plagioclase. 

DISCUSSION 

This is one of the softest rocks of the Apollo 14 mission. A shocked basal­
tic fragment consisting of diaplectic plagioclase glass and pyroxene with 
lamellae were found in sample 14049 and reported by von Engelhardt et al. 
(1972), who classify the sample as a glass rich regolith breccia. YfTS 
classified as an FJ by Wilshire and Jackson (1972) and as Warner's group 2 
(Warner, 1972). Chao et al. (1972), describe it as an unshocked porous 
regolith microbreccia.--Simonds et al. (1977), classify the rock as a vitric 
matrix breccia (VMB). Sample 14049lhas the greatest agglutinate content (3% 
by volume) of any Apollo 14 breccia that they studied. 
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ORIGINAL PAGE IS 
OF POUR QUALITY 

Sample 14051 was collected at station C' which was located 1.29 km ENE of LM 
and approximately 95 m SE of the ri m of Cone Crater. The sample was collect­
ed on a gent1e southward slope and was partly buried. The area \~as charac­
terized by abundant fra gment; ran9ing from the limit of resolution up to 1.5 
m blocks. The sample was returned in documented bag 7N in ALSRC 1006. 

The general area where the sample was collected is characterized by abundant 
5 to 70 cm craters. Most are moderately subdued and have abundant ejecta 
around several of the 50 - 70 cm craters. 

• PHYSICAL CHARACTERISTICS 

• 

Mass Dimensions 

191. 3 g 3 x 3.5 x 6 cm 

The sample is a pale brown, blocky to subrounded, fragmental rock. 

SURFACE FF; _ 'URES 

ApproximatelY 1% of the rock surface is covered with 0.5 to 2.0 mm pits. They 
arc i rr>2qular, e1ongatp . !- ,;r" spherica1 and circular. Few pits are rectangular, 
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and these appear to be holes which originated when feldspar cleavage frag­

ments fell out. Pit density is about equal over the entire surface of the 

rock. Pits are spaced about 5 to 20 mm apart. Seventy-five percent of the 

51 surface contains vugs up to 3 mm in size (Twedell et ~., 1978). 

There are no apparent fractures and there are no obvious shock features. 

The rock is moderately coherent with a softer surface. Since the orientation 

of the pits seem random, the rock is not orientable. 

The grain size is predominately smaller than 1 mm and the texture and miner­

alogy are homogeneous (except for scattered clasts). 

PETROGRAPHIC DESCRIPTION 

14051 is a pale brown to tan, very fine grained, clastic rock with scattered 

clasts. The rock is po1ymict, with fragments larger than 0.5 mm in size 

making up less than 1% of the rock. The matrix is composed almost entirely 

of leucocratic, very fine grained, crystalline fragments. This represents 

a typical crystalline matrix breccia (CMB) (Simonds et a1., 1977). 
---

Clasts larger than 0.5 mm are white and appear to have been derived from a 

fine grained, feldspar-rich rock. Matrix grains are mostly clear and very 

pale brown. Some clear grains have good cleavage up to 0.5 mm in size. 

In thin section the rock appears nearly holocrystal1ine with small scattered 

clasts. The rock is rather vuggy with 1 - 2 mm vugs. The mineral clasts 

consist primarily of single crystals of pyroxene.and plagioclase with some 

devitrified material. Some secondary growth is present on many of the plagio­

clase crystals. Some free glass is present as spherules. 

DISCUSSION 

Swann et al. 
Cone Cra ter. 
rocks in the 

(1977) feel that this rock represents an ejecta fragment from 

They also feel that the rock \~as not as deeply buried as other 

same area because of its heavily pitted and rounded nature. 

Wilshire and Jackson (1972) tentatively grouped 14051 in their F2 classifi­

cation. 

Sample 14051 is one of those mapped by T\~edell et a1. (1978). 
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Sample 14053 was collected at station C2 approximately 1.21 km ENE of LM 
and approximately 130 m south of the rim of Cone Crater. The area where 
the sample was collected is characterized by a 10-15° southward slope away 
from Cone Crater. The area is moderately covered by blocks ranging from 
the limit of resolution up to 2.5 m. The larger boulders are rounded 
while the smaller ones are more angular to rounded. 

Abundant small irregular craters « 10 cm) are present in the general 
area of the sample locale. Very few distinct 15 to 30 cm craters are pre­
sent, The whole area appears to be in the continuous ejecta blan ke t of 
Cone Crater. 

The sample was returned in documented bag 14N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

251.3 g 8.0 x 6.0 x 3. 0 cm 

The sample is slabby, :~it~ rectangular to rounded corners. One side has 
been freshl y broken d:ld ;,nweathered . The exposed surfac.e di s pl ays roundi ng 
and microcraters. 
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SURFACE FEATURES 

The flat, relatively fresh surface is unpitted. The convex surface has 
gentle relief with some prominences of approximately 1-3 mm in height. 
These features are not abrupt but rounded. Pits appear on the convex 
surface but not on the flat surface. Pits are glass lined and have a size 
range from 0.5-3.0 mm. Average pit size is 1 to 2 mm. Density of pits 
is approximately 10 pits per square centimeter. 

Cavities are both vesicular and vuggy. Irregular vugs range from 1-2 mm 
ln size. Small vugs {0.5 mm diameter} and vesicules {1 mm in diameter} 
contain feldspar and orthopyroxene crystals. 

There are three planar and four non-planar fractures appearing in two sets. 
Frdctures have an irregular orientation. There are numerous hair-like 
cracks a few millimeters long. The entire fracture pattern is somewhat 
irregular. 

There are fragments of what appears to be soil clinging to the B) surface 
{NASA photo # S-75-33972}. 

PETROGRAPHIC DESCRIPTION 

14053 is a holocrystalline, fine-grained, equigranular mare basalt. Approxi­
mately 30% of section 14053,6 consists of plagioclase laths, and the remaln­
der is pyroxene. There are, as is seen in hand specimen, two types of 
pyroxene present. The higher value assigned to feldspar {60%} in hand 
specimen may be due to the inhomogeneous nature of the rock. In texture 
and mineral proportion this rock appears different from Apollo 11 and 12 
basaltic rocks. There is abundant cristobalite {5-10%} and a small amount 
of olivine present in the thin section. 

Upon close examination the rock appears to be inhomogeneous in hand 
specimen. Some areas display relative concentration of oliv;~e and pyroxene. 
These inhomogenities are on a 1-2 cm scale. 

DISCUSSION 

Sample 14053 is listed as a basalt by Wilshire and Jackson {1972} and by 
Quaide and Wrigley (1972) and as a mare basalt by Simonds et a1. (1977). 
Many, including Swann et al. {1977}, believe that 14053 isiaClast from a 
larger breccia boulder--. Crystalline rocks are rare in the Apollo 14 collec­
tion. In a 1971 memo D. Morrison notes that fragments of soil clinging to 
the bottom may actually be the remanents of breccia matrix which once en­
closed the rock. 

Sample 14053 is described by Hubbard et al. {1972} as a mare-like basalt, 
with FeO > 14%, but the Al z03 concentration is more like that of KREEP 
basalts (> 12%), making 14053 intermediate in composition. Sample 14053 
also has low REE values, but an intermediate K/U ratio. Ridley (1975) 
concluded that the sources of aluminous mare basalts such as 14053, are 
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not significantly different from the sources of the common mare basalts. 
He felt that slight chemical changes in the lunar mantle was more important 
in producing aluminous mare basalts than pressure. 

Pa~anastassiou et al. (1971) determined the Rb-Sr age to be 3.96 ~ 0.04 x 
10 years for sample 14053. The 38Ar /37Ar th~rmal release patterns allowed 
Husain et~. (1972) to assign an expo~ure age of 21 ~ 5 x 106 years to sample 
14053,34, .while the age of formation is given by them as 3.92 ± 0.08 x 109 
years based on 4oAr/ 39Ar plateau. Age data also suggest that formation of 
aluminous mare basalts was not a unique event, but occurred over a 0.5 b.y. 
period. During this time the zone of incipient melting moved to progressive­
ly higher pressures, but the composition of aluminous mare basalts occupies 
a relatively narrow range, supporting Ridley's (1975) claim that the chemi­
cal changes in the heterogeneous mantle is the significant factor in 
aluminous basalt production. 

Wellk et al. (1972) determined the average plagioclase composition to be 
AIl91 ~in-sample 14053 using thin sections 14053,11; 14053,19; and 
1405~,61. Czank et al. (1972) found An content of 14053,45 to be 89-94 
using the U-stage-;-and 85-93 lIsing index of refraction. 

Chose et al. (1972) studied clinopyroxenes of samples 14053,44. They found 
that the sample had been quenched quickly at a temperature higher than 
lOOO°C. Morgan [tal. (1972) indicate that 14053 has a low siderophile 
content (Au 0.11 ppb). Finger et al. (1972), on the basis of their pyroxene 
studies, concluded that the original cooling rate of sample 14053,116 must 
have been very slow, and that it had been reheated afterwards to a tempera­
ture greater than 840°C and then coolec down rapidly. 
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1.1mml 

Sample 14055 was collected at Station E on the second EVA. The sample was 
collected along with 14056-14061 near a 40 to 50 m crater. The rocks are 
very friable and fall apart. It is possible that 14056-14061 may all be 
pi eces of 14055 (Swann !:! ~., 1977). 

Sample 14055 was returned in documented bag 15N in ALSRC 1006. Because the 
rocks were very friable 27.50 gm or residue were generated (14062). 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 
111 g 2.0 x 5.0 x 4.5 cm 

The sample is a blocky subangular to subrounded rock lightly covered with 
glass-lined zap pits. The sample is a very friable fine-grained clastic 
rocks with 5 to 15% of the sample consisting of subrounded light-colored 
clasts in brownish-gray matrix. 

SURFACE FEATURES 

Approximately one-third of the sample is glass-coated. This coating is 
1 - 5 mm thick and exhibits fluidal and vesicular texture. 
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Pits are glass lined and range in size from 0.1 to 0.75 mm. Pits 'cover 25% 
of one side of the rock. There is a 10\~ pit density in the glass coating. 
The only cavities present in the glass spatter are collapsed vesicles which 
range from 0.1 mm to 1.5 mm and are hemispherical in shape with a homogeneous 
distribution. Glass covers 30% of sample 14055. 

There are two sets of non-planar fractures. The first has an orientation 
of 40 0 to the long axis. The second set includes many randomly oriented 
member with spalled surfaces. These irregular fractures are adjacent to the 
glass spatter. One surface of 14055 is a fracture surface. 

PETROGRAPHIC DESCRIPTION 

14055 is a medium gray clastic rock with 5% clasts larger than 1 mm and 95% 
matrix. The matrix contains milky white feldspar, cinnamon brO\~n to reddish 
pyroxene, and several other mafic minerals. 

Thin section 14055,11 shows that the rock is inhomogeneous in that there are 
two distinct textures in the matrix as in 14049,40. There are abundant 
glass fragments, both shards and spheres, many of which have undergone some 
devitrification. There is approximately 20% glass in the matrix. There are 
no clasts, but numerous mineral fragments. Most of the mineral fragments are 
pyroxene. Clasts are all lithic 1eucocratic crystalline rocks. ~~ost clasts 
have associated traces of glass. There are no dark lithic clasts. The 
average grain size is less than 0.1 mm. 

DISCUSSION 

Only limited work has been done on this sample. Hilshire and Jackson (1972) 
describe sample 14055 as an Fl breccia (friable with light clasts). It \~as 
placed in Harner's (1972) group 1 (low grade metamorphic) and classified 
as a porous unshocked regolith microbreccia by Chao et~. (1972), and as a 
glass rich regolith with breccia (von Engelhardt et al., 1972) and a vitric 
matrix b~eccia (VMB) by Simonds et al. (1977). This-'s one of the samples 
mapped by Twedell et~. (1978).--
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Sample 14056 was collected from station E during the second EVA. 
turned in bag 15N along with samples 14055-14062. 

PHYSICAL CHARACTERISTICS 
Dimens ions 

Mass 
2.2 x 2.1 x 1.5 cm 

l :. 

It was re-

6.38 g 
This sample is extremely friable and appears to be a coherent soil clod. It 
is medium brownish gray in color. 

SURFACE FEATURES 
Sample 14056 is a soil clod with no visible pits, cavities, or fractures . 

PETROGRAPHIC DESCRIPTION 
Sample 14056 is fragmental, composed of less than 2% fragments larger than 
1 mm and 98% matrix less than 1 mm. Clasts are leucocratic lithic fragments 
with sub rounded shapes. No thin sections have been made of 14056 due to its 

extreme friability. 
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r 1cm 

5_71_26088 

Sample 14057 was collected from station E during the second EVA. It was re­
turned in bag 15N in ALSRC 1006 along with samples 14055-14062 

PHYSICAL CHARACTERISTICS 
Oimensions 

Mass 
2.5 x 1.7 x 1. 2 cm 

5.51 g 
The sample is very friable and is brownish gray in color. 

SURFACE FEATURES 

A few glass-lined zap pits are visible. 

PETROGRAPHIC OESCRIPTION 
This rock is so soft and friable that depressions caused by handling are 
present. It is composed al~ost entirely of matrix grains smaller than 1 
The few clasts larger than 1 mm are light colored laths of plagioclase. 
.~ eucocratic lithic fragments smaller than 1 mm are visible . Dark glass 
spheres are visible in the matrix. 
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DISCUSSION 

This sample is very friable and is noteworthy for the glass spheres present 
in the matrix. It is similar to 14056 and 14055. 
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14058 

5-71 - 26092 

Sample 14058 was collected from station E during the second EVA. It was 
placed in bag 15N and returned in ALSRC 1006 along with 14055-14062. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

4.53 g 2.5 x 2.0 x 1.5 cm 

This sample is a subangu1ar. elongate rock which is tapered at one end. It 
is olive gray in color and is fine-grained with fragments larger than 1 mm 
comprising 15% of the rock. 

SURFACE FEATURES 

Irregular clasts form sharp points above surface level. No zap pits were 
observed. 

PETROGRAPHIC DESCRIPTION 

Sample 14058 is a po1ymict fragmental rock with 15% clasts larger than 1 mm. 
Crystalline rock fragments which are 1ignt gray in color account for the 
majority of clasts. These clasts are composed of 70% white powdery mineral 
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(feldspar?), 20% lath-shaped feldspar crystals with 
opaques (probably ilmenite). The feldspar crystals 
tation parallel to the long axis of the clast.s. 

albite twinning, and 10% 
exhibit a preferred orien-

Clasts of equant black finely crystalline material are present in lesser 
amounts. Feldspar clasts and spherical as well as angular black glass frag­
ments are also present. A powdery brownish-red mineral is present in patches. 
Black glass fragments compose 20% of the rock, lithic fragments compose 60%, 
and mineral~r~se 20%. 

DISCUSSION 

The sample is extremely friable and cannot be cut for thin sectioning without 
impregnation. It is probably a piece of 14055. 
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5 -71 -26080 

Sample 14059 was collected during the second EVA from station E. It was 
placed in bag 15N by the astronauts, and returned in ALSRC 1006 along with 
samples 14055-14062. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

8.68 g 1 . 2 xl . 2 xl . 0 cm 

This sample consists of two pieces, the larger of which is very irregular 
in shape and the smal ler, subrounded . The dimensions given are those of the 
larger piece. 

SURFACE FEATURES 

All surfaces are pitted, but only one glass -li ned pit was seen. The pits 
range from 0.1 to 1.0 lTI11 in size. 

I 

PETROGRAPHIC DESCRIPTION 

Sample 14059 is fine-grained, with an average grain size of 0.05 mm. It is 
extremely friable and is homogeneous in texture and mineralogy. It is 
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medium gray in color and reser.lbles 14056 and 14057. All grains are smaller 
than 1 mm. The matrix consists of plagioclase laths, mineral fragments, 
brown and green glass, and leucocratic lithic fragments. The largest lithic 
fragments are 0.4 mm in size. A possible glass vein cuts one of the samples. 

DISCUSSION 

The sample is too friable for cutt'ing and can only be sectioned by impreg­
nation. 

63 



• 

\ I I 

, t I I 
I ____ .1 

14060 

1cm 

Sample 14060 was collected from station E during the second EVA. It ~/as 
placed in bag lSN by the astronauts and returned in ALSRC 1006 along with 
140SS-14062. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2.S g 1.0 x 1.S x 1.S cm 

i 

(I ) 
'-

• 

, 

• 

• Sample 14060 is a well l'ounded (almost "pherical), friable, fragmental rock • 
and is medium gray in color. 

SURFACE FEATURES • 

Two kinds of pits are present. One type, with a density of approximately 2 
pits/cm2

, is small but deep, with diameter to depth ratios of 1:1 or 1:2. 
The second type is more abundant, with 3 pits/cm2 • These are large (1-4 mm 
in size) but shallow, with diameter to depth ratios of approximately 3:1 . 
These pits overlap and probably have steady state distribution according to 
Harz, who was the PET member describing this sample. The pits are not glass-
1 i ned . 
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PETROGRAPHIC DESCRIPTION 

This sample is a fine-grained, friable, almost spherical, fragmental rock. 
It has less than one percent clasts greater than 1 mm in size. Angular 
black glass fragments 1 mm ir size are present. Feldspar fragments account 
for less than 1% of the rock. 
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14061 

1cm 

5-71-26087 

ORIGINAL PAGE IS 
OF POOR QUALITY 

Sample 14061 was collected during the second EVA from station E. It was 
placed in bag l5N by the astronauts and returned in ALSRC 1006 along with 
14055-14062. (Sample 14062 is residue.) 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3.11 g 1.5 x 1.7 x 1.2 cm 

This sample is friable and appears grayish brown in color. 
dimensional, subrounded block. 

SURFACE FEATURES 

The surface features are obscured by a heavy dust cover . 

PETROGRAPHIC DESCRIPTION 

It is an equi-

Sample 14061 is a friable, fine-grained fragmental rock with a 1 mm thick 
dust cover . It appears to be polymict with more than 99% of the grains less 
than 1 mm. One visible mineral grain appears to be a euhedral plagioclase 
crystal 5 mm long. 
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Sample 14063 is one of the hand-size grab samples collected during the 
second EVA at station C1 ill the White Rocks area. Its exact lunar loca­
tion and orientation are unknown and there are no lunar surface photographs 
in which this sample is identified. It was returned along with 14064 and 
14065 in bag 16N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

135.55 g 6.0 x 4.0 cm 

This sample is shaped like a slightly flattened sphere, broken across one 
edge. It is a light gray fragmental rock with 20-25% clasts. It is moder­
ately friable. 

SURFACE FEATURES 

Pits cover 25% of the surface and are < 0.1 to'2 mm in size. Glass lining 
the pits is dark brown and bubbly. The matrix is very white feldspar-rich 
so it is difficult to explain why the zap pit linings are dark. 

Cavities present are clast molds ranging in size from 0.2 to 8 mm and occur 
over 15% of the surface area on one side. 

One fracture set with planar and irregular fracture surfaces is present with 
random orientation. 

PETROGRAPHIC DESCRIPTION 

Sample 14063 is a fine grained, light gray, inhomogeneous, fragmental rock 
composed of 20-25% clasts and 75-80% matrix grains. Fifty percent of the 
fragments greater than 0.1 mm in size are mineral fragments and 50% are 
lithic fragments. A trace of glass is present. 

Thin section 14063,59 shows one large glass clast that is highly fractured 
and has undergone partial devitrification. Scattered throughout the section 
are shards of glass, most showing some small degree of devitrification. Occa­
sional, almost totally devitrified masses are seen. The only clasts present 
are glass-rich breccias with remainder being mineral fragments and one anor­
thositic-type rock with minor pyroxene. There is approximately 1% "glass" 
in the matrix. Mineral fragments include transparent to cloudy, anhedral to 
subhedra1 plagioclase and pyroxene (to 0.9 mm); opaques such as ilmenite 
present as r1asts and in lithic fragments (to 10 ~m); iron metal present as 
clasts and blebs within lithic fragments « 10 ~m); and minor troi1ite; red­
dish-brown pyroxene (less than 0.1 mm), yellow-green equant crystals of 
olivine (to 0.2 mm). The lithic fragments seen in thin section consist of 
shocked crystalline rocks containing small amounts of glass, glass-rich 
microbreccia, nearly ho10crystal1ine microbreccia, and feldspar granulitic 
rocks. 
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Sample 14063 is one of the so-called "White Rocks". It has been descY'ibed 
as friable with dark clasts (F 3 ) by Wilshire and Jackson (1972), placed 
Warner's (1972) group 3, Chao et al. (1972) list it as an annealed, or 
slightly annealed, feldspathicl=ra-Mauro breccia, and Quaide and Wrigley 
(1972) formed a new group for it, calling it a "white rock breccia". 
Von Engelhardt et al. (1972) and Simonds et al. (1977) place it in a 
category intermediate between their glass-rich and crystalline matrix 
breccias, calling it glass-poor with a fragmental matrix, and a light 
matrix breccia (LMB), respectively. It was also studied by Anderson et al. 
(1972). --

Meyer et al. (1974) believe that there may be a KREEP component in 14063. --
Ridley (1975) points out that a group of crystalline clasts in sample 14063 
are aluminous mare basalts with higher concentrations of Ti02, Na20, t~g, Fe, 
and less FeO than other aluminous mare basalts. 

One thin section of 14063 was obtained by the Imbrium Consortium during their 
preliminary work, and Marvin (1976) describes the white rocks as containing 
gray to dark gray aphanitic clasts. In section 14063,17, clasts are less 
common than in 14064, and are described as comprising less than 5% of the 
section (Ryder and Bower, 1976). Ryder and Bower (1976) studied the series 
of clasts in the Apollo 14 white rocks (14063, 14064, and 14082/83) which 
show poikilitic texture and KREEP composition. These are interpreted to 
form as the result of crystallization of silicate melts rather than from 
metamorphism of breccias. (Most of their data come from sample 14064, 
however) . 

Steele and Smith (1976) found sample 14063,14 to contain at least four dis­
tinct lithologies. Contributing mineralogic or rock types were identified 
as: 1) dunite with minor chromite, very high Mg ilmenite (MgO > 8.2 wt %), 
and bronzite; 2) spinel troctolite with olivine (F079) and Mg-Al spinel; 
3) high-Ti, mare-like basalt with high-Mg ilmenite and coarse (exolved?) 
pyroxene; 4) low-KREEP noritic breccia; 5) anorthosite (?); 6) very Ni-rich 
(40 wt %) Fe metal. They also identi iied a mare basalt component as well as 
other rock types similar to those previously recognized. They believe that 
the Ni-rich metal possibly formed in equilibrium with olivine early in 
lunar history. They believe 14063 to be a possible sample of pre-Imbrium 
regolith bases on the absence of Ti-rich spinel and troilite, the rarity of 
metal, and the lack of metamorphism sufficient to have devitrified glass 
or recrystallized dark-matrix clasts. 
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Sample 14064 was collected in the White Rocks are" at Station Cl and was 
returned in bag 16 along with 14063 and 14065 (residue) in ALSRC 1006. 
There was a strong feeling at the LRL that 14064 and 14063 are parts of the 
same rock because not only do they look very much alike, but 14064 has a 
protruding 1 cm clast, while 14063 has a 1 cm clast mold. Nobody was able 
to fit the two together, however, and Cdr. Shepard stated that he had put 
"a couple" of hand specimens. into bag 16, which is what was found. Sample 
14064 is one of those studied by the Imbrium Consortium. 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

107.5 g 6.0 x 4.0 x 4.0 cm 

This sample is pale gray with a leucocratic matrix and contains approxi­
mately 40% clasts and 60% matrix. The sample is friable. 

SURFACE FEATURES 

Pits are glass-lined and occur on H, of the surface. The sample is very 
friable and the patina covering the specimen flaked off except for- traces 
around zap pits. 

The smoothly rounded surface is pocked with clast molds ranging in size 
from 1 to 10 mm. 

Many fractures occur around clasts and two sets of planar fractures cut 
the rock. 

PETROGRAPHIC DESCRIPTION 

Sample 14064 is a fine grained friable "white rock". This rock was studied 
extensively by members of the Imbrium Consortium (1976) who discussed 
several clast types in great detail. They found the matrix to consist of 
monoillict breccia zones, as is 14082/83, and 14063, rather than being 
homogeneous. Thi s di sti ngui shes these so called "White rocks" from other 
lunar breccias (Imbrium Consortium, 1976). 

KREEP-rich melt fragments mak~ up a large proportion of thin sections 
studi ed by the consortium. lr'octo 1 i ti c brecci a zones are also present, 
consisting of plagioclase, olivine, and orthopyroxene. 

Thin Section 14064,34 is a nearly holocrystalline breccia with large 
plagioclase clasts. The crystals are slightly shocked and blocky in 
·outline. There are large to small fragments of a turbid brownish phase 
that was unresolvable. The remainder of the matrix is a seriate mixture 
of pyroxene and plagioclase fragments. 
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DISCUSSION 

Sample 14064 was classified by Wilshire and Jackson (1972) as F3 and as an 
LMB by Simonds et al. (lS77). The Imbrium Consortium (1976) studied it 
extensively, finding most ;)f the clasts to be poikilitic, KREEP-rich melt 
rocks, and secondarily, plagioclase-olivine-orthopyroxene (troctolitic 
breccias). These areas occur as zones, distinguishing the "White Rocks" 
from other lunar breccias. 

Ryder and Bower (1976) concluded that the KREEP-rich, fragment laden litho­
logy of 14064, as well as of the other White Rocks (14063 and 14082/83) is 
a result of the crystallization of a silicate melt containing solid silicate 
fragments. They felt that it is more likely that this melt resulted from 
the total melting by meteoritic impact, of a polymict, plagioclase-rich 
source region, the fragments being picked up as the melt moved outward from 
the point of impact. 
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Sample 14066 was collected at Station F on the second EVA. The sample was 
found in the vicinity of Weird Crater. No orientation or photographic docu­
mentation was obtained. The only picture which shows the general area is 
64-9137. Pan B. which may contain the exact sample location. 

Tile sample was returned in documented bag l7N in ALSRC 1006. It is essen­
tially a grab samp le. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

509.8 g 9.8 x 6.5 x 5.7 cm 

This sample is a fragmental rock composed of 25% fragments greater than 1 mm 
and 75% of fragment less than 1 mm. It is very light gray in color with some 
large. darker gray .:lasts. It is moderately friable and it has a blOcky sub­
round to subangular surface. 
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SURFACE FEATURES 
The surface of the rock has a high pit density (;overing approximately 15% of 
the area. The pits range from 0.5 to 5 mm and are lines with gray botryodial 
glass. The sample is more densely pitted on one side than itis on the others. 

surface area. These 
to 4 mm. They occur There are several clast molds, making up 5% of the total 

molds are angular to irregular in shape and range from 1 
in clusters at one end of the sample. 

There are two sets of fractures with irregular surfaces. One set is sub­
parallel to the intermediate axis of the rock. The second set cuts one end 
of the rock and resulted in several small chips falling off. 

PETROGRAPHIC DESCRIPTION 
14066 is a very light gray, medium grained rock vlith an average grain size 
of ± 1 mm. Several large, medium gray clasts ar.e scattered throughout the 
sample. Clasts greater than 1 mm are 98% lithic fragments of crystalline 
rocks and 2% feldspar mineral fragments. The lithic fragments appear to be 
parts of a medium gray finely crystalline rock. These clasts are angular 
and very irregular and are < 1 mm to 5 mm in size. Some fragments have pla­
gioclase phenocrysts set in the fine groundmass. The matrix consists of 
white, clear, and seriate feldspar and a trace of brovm pyroxene, opaque 
minerals, and olivine. Some of the feldspar clasts have reaction rims sug-
gesting some reaction with the matrix. 

In an attempt to ch3racterize the nature of this generic, thrp.e thin 
sections from different parents were chosen for modal analysis of the 
:: 1 mm clasts. 

The sampl es exami ned with thei r proper parents des i gnated were: 

Sample 
14066,34 

14066,49 

14066,50 

Parent 
,20 

,26 

,25 

Dominant Clast ~ 1 mm 
dark matrix breccia, shocked 
anorthosite and shocked pyroxene 
aggregates 

dark matrix breccia, anorthositic 
rock, and pyroxene aggregates 

dark matrix breccia, shocked 
pyroxene aggregates, and plagio­
clase vitrophyric rock 

In summing the results of thi s survey and compari ng it to the work of Hil­
shire and Jackson (1972), nominal agreement was found. In this survey little 
to no noritic type igneous rock was encountered in the:: 1 mm clasts. This 
is the second most common type clast in Hilshire and Jackson's paper. 
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DISCUSSION 

14066 is noteworthy for the abundance of clasts of a single lithology (medium 
gray crystalline rock) and the possible reaction rims on some of the feldspar 
clasts. 

Wilshire and Jackson (1.972) classed the rock as an Fit with a high concentra­
tion of dark meta-cl<stic clasts in the> 1 mm portion. Warner (1972) 
classified it as being high grade metamorphic (grade 7), and Chao et ~. 
(1972) list it as a strongly annealed, shocked breccia. It is listed by 
quaide and Wrigley (1972) as an annealed breccia, by von Engelhardt et al . 
(1972) as a glass poor breccia with a crystalline matrix, and by SimondS-
et al. (1977) as a crystalline matrix breccia (CMS). Phinney et al. (1976) 
descri be 14066,9 as moderately fri ab le with 15 - 20% of the matrixoccupi ed 
by vuys and vesicles. The sample is highly fractured, with fractures cutting 
clasts as well as matrix. The matrix is described as being composed of sub­
hedral to anhedral zones plagioclase 5 - 20 ~m pyroxene with accessory 
5 ~m ilmenite arranged in interlocking grains. 

This is one of the samples mapped by Twedell et 2l. (1978) . 
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Sample 14068 was collected during the second EVA from station C' and placed in bag number 10. It is one of the surface rocks collected while a gray layer, just under the surface, was samples (14140-14143) at station C'. 
PHYSICAL CHARACTERISTICS 

Mass Dimensions 
35.47 g 4.2 x 3.2 x 2.7 cm 

This is a blocky, gray, coherent, holocrystalline, melt rock with less than 5% clasts. 

SURFACE FEATURES 

The surface contains numerous zap pits ranging in size from 0.1 to 0.7 mm. 
The only cavities are those produced by intersecting fractures. Numerous non-planar fractures appear in multiple sets averaging 2 mm in length. 
Some vugs or vesicles are visible in thin section. 
PETROGRAPHIC DESCRIPTION 

Sample 14068 is a walnut-size holocrystalline melt rock plagioclase up to 1 mm across making up 5% of the rock. very sam11 , with average grains less than 0.1 ,nm. 

with large grains of 
The grain size is 

Thin section 14068,8 shows the matrix clusters and fans of devitrification crystals hosting larger, partly eroded mineral fragments. The thin section also shows a high percentage (10-15%) of void areas 0.05-0.2 mm. No crys­tals extend into the voids and the shape of the voids is irregular to rOl!nded. 

DISCUSSION 

Sample 14068 has been studied in detail by several investigators. It is the only sample representing Warner's (1972) grade 8, a high grade metamor­phic breccia with neither matrix glass nor glass clasts. The large percent­age of MgO reported by Hubbard et al. (1972) accounts for the 20% olivine occurring as skeletal crystals 1n the matrix and as clasts reported by Warner (1972). Warner found no glass in the matrix and rare, partly devitri­fied glass clasts. Mineral and lithic clasts are aescrlbed as having ragged borders. The average plagioclase composition is re,lorted by Warner as being An730r7. Pyroxene averages En72' and olivine compo"itions are reported as F0 77 to F0 79 for prisms and F0 67 to FO S4 for clast c~res. Warner interpreted 14068 as having been heated to so high a temperature that the matrix melted. Williams (1972) found the temperature required to melt it to be at least 11 OO°C. 
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Wilshire and Jackson (1972) classified it as a homogeneous crystalline meta­
brecci a. 

It is classified as a clast laden imp~~t melt rock (eMB) by Simonds et ~. 
(1977). 

Helz (1972) did an extensive petrographic and chemical study of 14068, 
which included making a detailed map of 14068,10 and small[,r sketches of 
14068,7 and 14068,11. She accounts for the observed featu'res with a petro­
geroetic outline of the history of rock 14068: 

(1) The melting, involving temperatures beyond the igneous range, 
was the result of meteorite impact. The molten bleb produced 
was fairly small. 

(2) The melt picked up plagioclase clasts and nickel-iron blebs. 
There was sufficient turbulence for the clasts to be mixed 
throughout the bleb. 

(3) The melt picked up the olivine, orthopyroxene, lithic and 
gl assy fragments. Most of the gl assy cl asts softened and 
vesiculated. 

(4) The melt made contact with some of the dark breccia ("north" 
side) while still quite fluid. 

(5) The melt made contact with the dark breccia on the "south" side 
while still plastic, but it was not as fluid as in step 4. 

(6) Rock 14068 has not been involved in any major brecciation or 
thermal metamorphic events since solidification of the olivine­
rich groundmass was completed. 
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Sample 14069 was collected at station C', 1.28 km ENE of the LM and 100 m SE 
of the rim of Cone Crater during the second EVA. The material at C' appears 
to be material originally ejected from Cone Crater and re-ejected from a 30 m 
crater just south of sta~ion C' (Swann et !l., 1977). 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

24.9 g 
4.0 x 3.0 x 2.5 cm 

Sample 14069 is a blockY, gray, finely crystalline breccia with a sugary 
texture. 

SURFACE FEATURES 

The surface is very irregular with no zap pits and 5-15% vugs. Three types 
of vugs were observed: elongate vugs (1.5 mm x 0.25 mm), spherical vugs 
(0.7 mm diameter), and an open network (0.5 mm). Clusters of elongate vugs 
and vuggy openings are 0.5 mm to 2.0 mm apart. Minerals project into the 
vugs, some at right angles, some at 45°, while others form botryoidal lumps 
on cavity walls. 

Three sets of planar fractures occur: set 1 has one member and is oriented 
350 to the intermediate axis of the rock. Set 3 has many members with 
apparently random orientation, but they may parallel clast edges. 

PETROGRAPHIC DESCRIPTION 

This rock is crystalline and is composed of colorless to white subhedra1 
plagioclase and red-brown equant pyroxene. A trace of black, equant opaques 
are present. 

Minerals lining the vugs include feldspar, pyroxene, a green mineral. a 
black mineral, and a colorless botryoidal silica mineral. The texture of 
14069 is fine grained, with grains 0.2 mm average. One 4 x 2 mm plagioclase 
crystal is present. The sample appears similar to 14070. 

In thin section, 14069 is seen to have clasts of pyroxene and plagioclase. 
Some olivine/pyroxene, plagioclase granulitic rock fragments are present in 
thin section 14069,4. Sections 14069,4 and 14069,5 both contain small devit­
rified fragments. Troi1ite is present in large masses. The samples are com­
posed of 60% plagioclase, 39% pyroxene and 1% olivine. Several pyroxene 
crystals have reaction rims. The average grain size is less than 0.1 mm. 

DISCUSSION 
This rock was described by Wilshire and Jackson (1972) as crystalline. 
Thin section examination reveals 14069 to be a crystalline breccia (or 
CMB) using the Simonds et!l. (1977) classification. 
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Sample 14070 was collected from station C', 1.28 km ENE of the LM, and 100 
m SE of the rim of Cone Crater during the second EVA. It appears to have 
been ejecta from Cone Crater that ~as later re-ejected from a 30 m crater 
in the vicinity (Swann et ~., 1977). 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

36.5 g 4.2 x 3.0 x 2.0 cm 

This is a blocky, subangular, coherent, light gray, crystalline breccia that 
is similar to 14069. 

SURFACE FEATURES 

The irregular surface contains no zap pits, but irregular elongate vugs 
ranging from 0.2 - 2 mm in size appear in clusters and have inhomogeneous 
distribution. 

A set of planar fractures with three memebers spaced 2 mm to 5 mm apart are 
oriented 5° to the long axis of the rock. A second set is perpendicular 
to these and the surface of this set is the same as the rock. Intermediate 
to these sets is another set and parallel to the intermediate rock axis. 
The fourth set is parallel to the long axis of the rock and lies 30° to 
the fi rst set. 

PETROGRAPHIC DESCRIPTION 

This sample is a very fine grained, almost holocrystalline breccia, with 
clear plagioclase, cinnamon-brown equant pyroxene (0.2 - 0.5 mm), and yellow­
green olivine (0.2 mm). 

Larger grains consist of greater than 3 mm grains of plagioclase and olivine 
(2%). Traces of opaques are present. Plagioclase laths are less well-devel­
oped than in 14069. 

Thin section 14070,3 is basically that of a crystalline breccia with approxi­
mately 5% "glass" in the matrix. The only clasts (> 1 mm fragments) present 
are those of a mare basalt. The fragments consist of 80% anhedral pyroxene 
and 20% needle-like plagioclase. The texture is subophitic, but not well 
defined. One large and one small clast of this type is all that is present. 

The matrix « 1 mm) con~ists of several large highly shocked to slightly 
shocked plagioclase gralns. These large grains are somewhat grouped but 
no distinct lineation could be seen. All the grains are twinned and 
most have some inclusions. The remainder of the matrix consists of a 
seriate mixture of mineral grains consisting of 70% p;agioclase, 30% 
pyroxene, otner fragments, and glass. 

There are small irregular to subrounded vesicles (0.1 - 0.2 mm) present 
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which are scattered throughout section 14070,3. Some show small crystallites 
extending into the void area. The rock appears to have undergone some degree 
of shock, resulting in partial melting and crystal degradation. 

DISCUSSION 

Wilshire and Jackson (1972) classified this sample as a crystalline rock, 
but it would, today, probably be classified as a CMB using the classification 
scheme of Simonds et ii. (1977). 
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Sample 14071 was collected at station C' approximately 1.28 km ENE of LM and 
100 m SE of Cone Crater. The area is locally flat with a slight southerly 
slope. The sample was collected amongst abundant debris ranging in size from 
the limit of resolution up to 75 cm. The photo-documented area was too dis­
turbed to be able to see any intact craters. The sample was returned in documented bag 10N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

2.16 g 
2 x 0.8 x 0.5 cm 

All the samples collected in the vicinity of 14071 are blocky and angular to subrounded with very rough surfaces, 

SURFACE FEATURES 

No zap pits are present on 14071, but there are small 1 to 10 mm vugs cluster­
ed on one side of the rock. The vugs contain small euhedra1 crystals of 
pyroxene growing into the cavity; the vugs constitute approximately 2% of the 
rock volume. There are no apparent fractures. 
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PETROGRAPHIC DESCRIPTION 

This small sample is noteworthy due to the free growing pyroxenes in the vugs. 
The texture of the rock is equigranu1ar and mas5ive. The rock appears to be 
wholly crystalline. The approximate mineral composition is 43% clear, 0.2 
mm, subhedra1 grains of plagioclase; 55% subhedra1, 0.2 mm grains of pyroxene; 
2% (approximately 0.05 mm) opaque mineral grains; and approximately 2% mafic 
minerals (olivine?). The color of the rock is light gray. The rock is often 
classified as a basaltic crystalline rock (Wilshire and Jackson, 1972). 

DISCUSSION 

Due to the small size of the sample, no extensive work has been done on the 
sample except in PET. Swann et~. (1977) give a general description of the 
sample . 
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14072,11 

Sample 14072 was collected at Station C'. about 1. 28 km ENE of LM and lon 
m SE of Cone Crater. The area is locally flat but generally slopes slightly 
to the south . The area is strewn with debris which ranges from the limit 
of resolution up to 75 cm. The debris is mainly angular to subrounded. 
The entire area of photo documentation is too disturbed to see any intact 
craters . 

The sample was returned in documented bag 10N in ALSRC 1006 . 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

45.06 gm 4 .1 x 3.4 x 2.1 cm 

The sam~le is a medium light gray b~salt and is somewhat smooth in appear ­
ance. The shape is blocky to subrounded and the rock is extremely coherent. 

SURFACE FEATURES 

No zap pits are observed on any of the surfaces. There are small 
(3 to 11 mm) flattened elliptical vugs that appear in zones . One planar 
fracture transects the rock at 30° to the long axis . 
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PETROGRAPHIC DESCRIPTION 

14072 is a fine to medium grained, basaltic, igneous rock which is tex­
turally and mineralogically homogeneous. The sample is blocky to sub­
rounded with a relatively smooth surface. The rock consists of light 
yellow-green olivine, light brown pyroxene, clear plagioclase and small 
amounts of opaques. Abundant phenocry~ts (up to 1.5 mm) occur in the 
rock. 

Thin section 14072,11 shows the rock to be composed of 30% plagioclase 
laths and masses, 1% light green olivine anhedral crystals, 3% of opaques 
and mesastasis, with the remainder being large anhedral to subhedra1 crys­
tals of pyroxene. A few rare scattered masses of cr~stoba1ite are also 
present. Some twinning is present in the pyroxenes. The texture is 
ophitic to subophitic. 

DISCUSSION 

The sample is classified as a basalt by Wilshire and Jackson (1972) and is 
a mare basalt by Simonds et a1. (1977). Longhi et a1, (1972) described 
14072 as a subophitic basaltiNith large resorbedIJ1ivine phenocrysts. There 
has bee" a strong post-crystallization reduction in the rock. This is also 
noted by E. Goresy et~. (1972). 

• 
• 

E1 Goresy et a1. (1972) note the textural and mineralogical similarity that 
exists betweefill4053 and 14072. They also note the partitioning of MgO 
between primary ilmenite and u1vospine1 vs "exso1ved" ilmenite and co-exbt­
ing u1vospine1 indicates that the reduction processes represented are a 
closer approach to equilibrium than initial crystallization. Native iron­
nickel metal also occurs in their sample. The sideraphi1e content is 
extremely low (Au content 0.089 ppb) HU9hes et ~. (1973). 

t.) 

Taylor et £1. (1972) consider 14072 to be similar to Apollo 12 basalts. 

Helmke et £1. (1972) report REE concentrations similar to Apollo 12 basalts. 

C1aytonet £1. (1972) have determined the oxygen isotope concentration in 
14072 and Compston et a1. (1972) have determined the Rb-Sr mineral iso­
chrons for the rock and suggest the age to be approximately 4 billion years 
old. York et a1. (1972) have found the approximate 38Ar cosmic ray exposure 
age to be 2'--m~. for 14072. 
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14079 

1cm 

5-71-26050 

All of the samples came from the bottom of the trench taken at Station G, 

230 m ESE of LM and 50 m E of North Triplet rim crust. 

The area is marked by a nearly level terrain with a sparse amount of debris 

scattered throughout. The debris ranges in size from the limit of resc ' u­

tion up to 60 cm. There is a moderate abundance of subdued 20 to 50 cm 

craters in the area. 

A 11 samp 1 es were returned in documented bag 20N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Sample Number Mass Dimension 

14073 10.4 g 2.8 x 2.0 x 1.5 cm 
14074 5.2 g 1.0 x 1.5 x 2.5 cm 
14078 8. 3 g 2.9 x 1.5 x 1.2 cm 
14079 3.2 g 1.6 x 1.2 x 0.6 cm 

These samples are very lIght gray, very coherent, ho1ocrysta11ine, melt 

rocks. 

94 

o 

• 

(J) 

• 

• 

j 

I 
I , 
I 

! , 
I 
I , , 



@.:'.'.I \(!W 

• 

, 
• 

.. 

• 

SURFACE FEATURES 

Originally only sample 14074 had zap pits on any surface. Even on this sam­

ple they were very few and widely scattered. Where present, they were des­

cribed as being glass lined and ranging in size from 0.5 to 1.0 mm. The pits 

had good halos around them, but no pits are visible on the sample anymore. 

All of the samples contain cavities or vugs. Most of the cavities are irreg­

ular to elongate and range in size from 0.5 to 1.5 mm and most fall in the 

1-1.5 mm size range constituting around 1% of the volume of the rocks. Many 

contain protruding crystals of plagioclase. Some small clusters of cavities 

can be seen . 

Sample 14073 and 14074 each 
have no surface fractures. 

have fractures present while 14078 and 14079 

The fractures in 14073 have one set which makes a 30° angle to the long axis 

of the sample. The fractures in 14074 are non-planar and occur in two sets 

of one member each. One set is diagonal t!' all surfaces and the other makes 

an angle of 20° to the other. Neither fractur'2 surfaces can be seen . 

PETROGRAPHIC OESCRIPTION 

All samples are light gray in color and equigranular in texture with a grain 

size of approximately 0.25 mm to 0.5 mm. These samples are all holocrystal­

line and basaltic in nature. The observable minerals are pla~ Jclase, py­

roxene, olivine and opaques. Some of the feldspar is poikilitic. The major 

minerals are plagiocla5e and pyroxene with lesser amounts of olivine and a 

small amount of opaques. 

Thin section 14073,10 shows an interlocking network of plagioclase laths 

with large anhedral crystals of pyroxene unevenly distributed throughout 

the section. Severa', large masses of pyroxene have only minor plagioclase 

associated with them while other masses are interspersed in the tightly 

grouped plagioclase network. There appear to be two generations of plagio­

clase. Plagioclase comprises approximately 60% of the section and pyroxene, 

40%. Minor amounts of brown mesostasis and opaques are also present. 

Thin section 14074,4 is a typical crystalline rock composed of piagioclase 

and pyroxene in a diabasic texture. The long bladey to wide laths of 

plagioclase enclose the much smaller anhedral masses of pyroxene. The 

plagioclase shows well developed twin planes. The pyroxene shows some zoning 

with numerous inclusions and some of the pyroxene crystals show cleavage 

traces. All show some shock effects. 

It is apparent that at least two generations of plagioclase are present. 

There are some very small short bla~ey crystals, in addition to the two 

types of larger crystals, suggesting that there may be three generations 

present. A late ~tage plagioclase crystallization appears to have occurred, 

resulting in smal'l masses of anhedral plagioclase and a small amount of 

mesostas is. ,. 

The rock consists of approximately 60% plagioclase and 40% pyroxene with 

only small amounts of opaques and mesostasis. 

Section 14078,4 is also crystalline, with a subophitic texture. It contains 

slightly more pyroxene than plagioclase (60:40), and some mesostasis is 

present. Most of the crystals show some evidence of shock. 
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pyroxene crystals are anhedral in shape, occurring as masses. Some t\~inning (O'J) I,,:.j .. 
is present. All samples are similar in appearance to 14310. (J' " 
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The major constituents of 14078,3 are plagioclase (64.4 volume %) and 10\~ Ca 
pyroxene (22.2 volume %) the later is primarily pigeonite but one large 
orthopyroxene crystal was observed. Olivine (6.5 volume %), augite (3.3 
volume %), 51- and K- rich mesostosis (2.3 volume %), and ilmenite (0.5 
volume %) are minor constituents reported by McKay et a1. (1978). They also 
observed traces of calcium phosphate, K-fe1dspar, troiTTte and metal. The 
texture of 14078,3 as reported by them is similar to 14310 ranging from 
subophitic to intergranu1ar. They observed a suggestion of "textural 
heterogenity" whi ch they descri be as a few sma 11 (sma 11 er than 0.5 mOl) fi ne­
grained patches resembling the fine-grained areas in 14310 reported by 
James (1973). 
DISCUSSION 

The only samples which have been studied are 14073 and 14078. Gancarz 
et~. (1971) and E1 Goresy et~. (1972) have described the general petrol­
ogy and geochemistry of 14073 as being similar to that of 14310. They have 
described several of the opaque minerals which are present in the sample. 
Clayton et a1. (1972) have done oxygen isotopic studies and conclude that 
14073 show typical "igneous" values. 

Age determinations for 14073 have been performed by Papana~t~~siou and 
Wasserburg (1971), Tera and Wasserburg (1972) and Turner et a1. (1972). The 
Ar4o-Ar 39 age has been determined as 3.88 ± 0.05 AE and an-exposure age of 113 million years. 

Wilshire and Jackson (1972) have classified the samples as Group B (basaltic) 
crystalline rocks. Simonds et a1. (1977) classify 14073 as a CMB of the 
clast 1adened impact melt variety. McKay et al. (1978) have described re­
cent ly the general petrology and geochemi stry of 14078. They report: 

1) the REE content of 14078 is 10-15% higher than that of 14073; 
2) the age of 14078 is 3.89 ~ .02 B.Y. old. The initial 87S r/ 86S r is 0.70051 ± 5. Therefore, 14073, 14310, and 14001,7,3 are the 

same age, \~ith i n the error 1 i sted. 

3) Petrographic and chemical data permit derivation of these samples, 
as well as 14152,5,102, from the same liquid. 
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Sample 14075 was collected at the bottom of the trench at Station G 230 m 
ESE of L~1 and 50 m E of North n'ip1et rim crust. The area is characterized 
by a nearly level regolith surface which is sparsely strewn by fragmental 
debris. The size of the debris varies from the limit of resolution to 60 Clll. 

There is also a moderate abundance of subdued craters in the 20 to 50 cm 
range. 

Thi s sample \~as returned in documented bag 20N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

~lass Dimensions 

4.65 gm 1.0 x 1.5 x 2.5 cm 

14075 is a small, subangu1ar, blocky, rock chip of a moderately coherent frag­
mental rock with a moderately smooth surface. The color is a light gray. 

SURFACE FEATURES 

None of the surfaces show any pits and there are no surface fractures. 
There are numerous cavities \~hich are angular clast molds with sizes ranging 
from 0.5 to 3.0 nUll having a homogeneous distribution on the surface. These 
cavities are spaced approximately 3 mm apart. 

PETROGRAPHIC DESCRIPTION 

This fragmental rock is po1ymict, composed of 5% fragments> 1 111111 and 95% 
matrix « 1 nl111). The rock is friable but does not crumble easily. The 
color is light gray and has an average 9rain size of < 0.5 I1Ull. The largest 
clast is no more than 4 mm in size. ~linera1 fragments, \~hich make up 2% 
of the rock, cons i st of fe 1 dspa r and brO\~n pyroxene. L ithi c fragments of 
me1anocratic and 1eucocratic crystalline rocks compose approximately 70X of 
the rock. Angular black glass fragments make up about 25% of the rock, but 
not all dark fragments are glass. 

Thin section 14075,4 shows no clasts (> 1 mm) but there are numel'OUS lithic 
and mineral fragments in the matl'ix. There is appt'oximate1y lOX glass in the 
section represented as small yellO\~ish masses and as turbid "\~ormy glass" 
in between the grains. The thin section sho\~s nearly equal amounts of plagio­
clase and pyroxene fragments. The plagioclase shat'ds are large and mildly 
shocked, \~hereas the pyroxene is hi gh1y shocked and fractured. Mi nor 01 i vi ne 
occurs in both types of mineral fragments. The 1 ithi c fragments represented 
in the section include cl'ystalline breccias, melt rock, shocked and granulated 
pyroxene/plagioclase rocks and fine grained microbreccias. Almost all of 
these mineral fragments are 1< 1 mm in size. 
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DISCUSSION 

I~ilshire and Jackson (1972) classified 14075 as an F4 fragmental rock. 

Due to the sma 11 si ze of the fragment no detailed work has been done on 
this sample. 
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140'?6 

5 -71 -26064 

Sample 14076 was collected at the bottom of the trench at Station G, 230 m 
ESE of LH and 50 m E of North Triplet rim crest, 
The area, in general, is nearly level and lightly strewn with debris, The 
size of the debris ranges from the limit of resolution up to 60 cm, There 
is a moderate amount of subhedral 20 to 50 cm craters. The sample was returned in documented bag 20N in ALSRC 1006. PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

2.00 g 
2.5 x 1.0 x 1.0 cm 14076 is a medium light gray fragmental rock which shows two distjnct matrix 

areas within the same rock fragment . Tr~ contact of the two matrices is very 
sharp. The fragment contains distinct ~ : asts of a light bluish gray crystal­
line rock. The rock is tough and appears to be welded polymict. 
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SURFACE FEATURES 

None of the surfaces show any zap pits. There al'e no cavities visible on the slll'face of the fragments, 

There is one set of fractlll'es parallel to the long axis of the l'ocL This fracture set transects an i rregul ar shal'p contact whi ch cl'osses the rock parallel to the intel'mediate axis. There al'e three membel's each spaced appl'oximately 3 mm apal't. The fractlll'es surfaces are planal'. 

PETROGRAPHIC DESCRIPTION 

Sample 14076 is a small elongate, an~u1al', medium !lI'ay fragment which is tapel'ed at one end, The sUl'face of the fragment is smooth, planar. and un­pitted. The texture is inhomogeneous. The grain size of the matrix is vel'Y fi lie and tha t of the c 1 as ts I'a nge f)'om 0.1 to 4 nUll. 

The rock is tough and sho\~s tl~o distinct matrices in the fl'agment which al'e separated by a sharp contact. One half of the rock has 30X visible clasts which consist of mostly elongate and bluish-gray clasts. The second half of the rock has only 5-102: clasts set in a medium bl'OI~n matl'ix, This second matrix is slightly coal'ser than the gray matrix. Hinera1 fl'agments consti­tute 65% of the clasts present and 35~ al'e of the 1eucocI'atic crystalline rock fragments. 

The following types of clasts occur ill the rock; 

1) The feldspal'-I'ich, bluish-gray leucocl'atic lithic fragments which measure up to 301m. Feldspar grains compose most of the f)'agments set in a thin white pOltdery ma tri x, 

2) Black finely crystalline 1eucocI'atic lithic fragments, 

3) Patches of coarser gl'ay 1ellcocI'atic clasts set in a lighter gl'ay matrix, 
4) Hi nera 1 fl'agments Iti th re 1 at i ve percentages; 

a) Equant, broken milky-white feldspar (20r,) 
b) Equant, colorless mineral (18%) 
c) Dal'k, bl'ownish-black mafic (60%) 
d) Pistachio green olivine in broken crystal (1-3$) 

5) Color 1 ess to broltn, botl'Yoi da 1 and £ 1 abby gl as sin trace amounts, 

DISCUSSION 

This rock fragment has not been allocated and no data is presently avail­able, l~ilshire and Jackson (1972) classified the fragment as an F4 type of rock, 
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14077 

1cm 

5 -71 - 26070 

Sample 14077 was collected at Station G located 230 m ESE of LM and 50 m E 
of North ,riplet rim crest. It was collected from the bottom of the trench 
sample. 

The general area is more or less level and sparsely covered with debris. The 
size of the debri s ranges from 1 imit of reso 1 ut.i on to 60 cm. The area has a 
moderate abundance of 20 to 50 cm craters most of which are subdued . 

14077 was returned in documented bag 20N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Oimensions 

2.77 g 2.0 x 1.8 x 0.7 em 

14077 is unusual in that it is a very light gray holocrystalline plagioclase­
rich rock . The silmple is fine-grained and inequigl"aniJlar. 

SURFACE FEATURES 

There are no zap pits present on any of the surfaces. In general, there are 
'., , types of cavities present on the sample . These are squa re-shaped crystal 
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molds (average size 0.7 mm) and irregular elongate vugs (0.2 to 0.5 nm in 
size). Fel1 vugs measure 1 nun acrosS. The vugs are homogeneously distributed 
and are spaced approximately 2 cm apart. The vugs make up approximately 1% 

'of the total volume of the rock. 

There are no major fractures in the rock. 

PETROGRAPHIC DESCRIPTION 
Sample 14077 is a very light gray, holocrystalline. fine-grained, inequigranu­
lar rock. It is a blocky and angular rock 11ith an irregular surface. The 
grain size is < 0.1 mm. It possesses a homogeneous texture and mineralogy 
dominated by large plagioclase crystals. The rock is vel'y tough and angular. 

The rock 11as described during PET as being composed of 99% feldspar of 11hich 
there al'e tl10 types. The first is a clear light gray phenocrystic feldspar 
(1 mm x 0.5 mm) making up 3f, of thl' \,hJle rock coml'0sition. The other felds­
par is a clear light gray subhedral type forming the matrix of the l·ock. The 
l'emaining 1% are equant euhedral grains (0.1 to < 0,1 mm) of opaque minerals. 

No thin section. to date, exists. 

DISCUSSION 
\,i1shire and Jackson (1972) classify this as d homogeneous crystalline meta­

clastic rock . 
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14080 14081 

r-1cm 1cm 

S -71 - 26039 S 71 26042 

Samples 14080,14081 were ta,en fl'o m the IPiddle of the trenc at st.lticn G 
230 m ESE of Lf" and 50 n' E of the Triplet ri m CI' USt. Th~ genel'.I 1 ,11'1'.1 ii'"", 
whel'e the sample "as ta~en is chol'actel'i:ed b,l a neMl,1 11'11'1 telT.lin 
spal'sely scattel'ed \,ith debl'is, The si:e M, th~ debl'is l.ll'ie5 iI','"' tht' li'''it 
of I'esolutio'] up to 60 CII1, The .11'1',1 is .lls,' .:h.lI'acteri:t'd h .1 n"',i er.ltl' .1~un, 
dance of subdued 20 to 50 cn CI ' ,ltel'S, 

The samples wel'e I'eturned ;n documented bag ~lN in ALSRC lL)06, 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

14080 
14081 

1,94 9 
0,84 9 

1,6 x 1,3 x O. S cm 
1,2 x 0,9 x 0 , 7 cm 

Both of the samples al'e 1 ight gl'a.\ in color 
both polymicts and contain abundant glass, 
, 1 nlll rod / soil ft'agments bonded by 91asS . 
ple but in their present state, they cannot 
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SURFACE FEATURES 

14080 has zap pits which are glass lined, about 0.1 mm in size, and rarely 
present on the surface. 14081 has no visible pits. The surface of the rock 
chips are very jagged and uneven. 14080 shows two faint parallel grooves in 
the vesicular glass on the surface. Both samples are marked by abundant 
vesicules in the glass. These vesicules are from 0.1 to 0.5 mm in size and 
are more or less oval in shape. These vesicules are evenly distributed over 
the samples. The vesicules account for approximately 30% of the glass vol­
ume. Most of the vesicules are dust filled. 14080 has an uneven glass 
spatter over 75% of its surface. 14080 also has numerous non-planar sur­face fractures which show no orientation. 

PETROGRAPHIC DESCRIPTION 

Both small chips are fine-grained polymicts composed entirely of grains 
< 1 mm in size. All glass material is also < 1 mm in size. The average 
grain size is < 0.1 mm. Some very small leucocratic fragments probably 
occur as some of tr:e sma 11 non-gl assy fragments. The texture is homogeneous. 
These rocks may be thought of as glass bonded aggregates of fine-grained clastic fragments. 

DISCUSSION 

Wilshire and Jackson (1972) has classified 14080 as an F
j 

type fragmented 
rock. Due to their small size, no detailed work has been done on the SE:inpil2s. 
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Samples 14082/14083 are white rocks collected at station Cl, 1.24 km ENE of 
the LM and 17 m SE of the rim of Cone Crater. They are representative of one 
of the major rock types as seen in lunar photo documentation. The sample was 
chipped from the top of Hhite Rock, a 1 m breccia boulder with conspicuous 
1 cm dark and light clasts in a very light gray matrix. This sample was. 
placed in bag 13N and returned in ALSRC 1006. By the time it had arrived at 
the LRL, it had broken into two pieces and these were numbered 14082 and 
14083. Sample 14082 was studied ~xtensively by the Imbrium Consortium, 
from which much of this information is derived. 

PHYSICAL CHARACTERISTICS 
Mass 

14082 51.16 g 
14083 13.37 g 

Dimensions 
6.0 x 3.6 x 2.0 cm 
3.2 x 1.5 x 2.2 cm 

Sample 14082/14083 is one of the white rocks. I,t is a polymict breccia with 
a very light gray matrix and darker lithic clasts. 

SURFACE FEATURES 

Sample 14082 has a rough irregular surface with no glass covering. Only one 
pit 1.5 mm in diameter was observed by the PET team who describe it as 
containing dark brown glass forming the shell of the pit and colorless glass 
forming the filling. The Imbrium Consortium (1976) described all surfaces as pi tted. 

Sample 14083 contains glasS-lined pits ranging from 0.75 mm to 1.0 mm in 
size. Pits penetrate the dark surface and are confined to one side of the 
rock. The glass lining is darker on the darker portions of the rock, and 
lighter on the lighter portions. There are approximately two to three pits 
per square centimeter. 

The only other cavities on these samples are clast molds ranging from 1-3 
mm in diameter on 14082, and from 1-2 mm in diameter on 14083. 

There are no fractures on either sample. 

One corner of 14083 has a dark brown glassy coating which intrudes the white interior. 

PETROGRAPHIC DESCRIPTION 

Sample 14082 consists of about 90% fine-grained matrix and 10% clasts larger 
than 1 mm. The matrix is feldspar-rich and grayish-white \~ith some irregular 
darker gray zones. Fragments of cinnamon brown pyroxene, yellow green oli­
vine, and traces of black opaques down to 0.1 mm in size are visible in the 
matrix. The matrix has a seriate texture with an average grain size of less than 0.1 mm. 

Lithic clasts averaging 2-2.5 mm in diameter are dark gray fragments of very 
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fine-grained I'ocks sim11(\\' to 14076. Lithic clasts make up most of the 
muterial lurgel' thun 1 m", and light colored anorthositic clasts make up 
IllOSt of the rest, \~ith a few mineral fragments largel' than 1 mm. 

Samp 1 e 14083 hus approxima tel y 15~· c 1 us ts 1 a rger than 1 nUll and 85~~ mutl'i x. 
Of the clasts ,,\\'gel' than 1 mm 95% are lithic fragments. These are dark 
gray very fine-grained seriate clasts ranging from 1-3 nUll in size. Same 
have sparse 0.5 mm plagioclase fragments and some 0.5 mm dark minerals. ~'ost af the lithic clasts are dark but lO:~ art' leucocrutic, consisting of 
'" 1% bra\~n pyroxene, 40·~. dark mineral, and 60:~ white feldspar. 

~lineral clasts are calm'less to \~hite equant plagioclase. 

The matrix contains clear gray plagioclase, tan pYl'oxene P), opaques, 
yellow-green olivine, and pale pink and orunge minerals • 

OISCUSSION 
Sample 14082/14083 was described by \~ilshire and Jackson (1972) (IS a fri,1ble 
rock \~ith dark clasts, placing it in his f3 clnssificiltion. It '~ilS classi­
fied as Harner's (1972) metamorphic grade 3, and Chao et .!'l. (1972) called 
it an anannealed sl ightly feldspathic Fra Hauro brecciu (2[\). It ,~us 1 isted 
as being glass-poor with a fragmental matrix by von Engelharot et al. (1972). 
Simonds et ,,1. (1977) considel' it to be represent.ative of theirLHB(light 

matrix brecCTa) group. ' 

The surface of 14082 was mapped by the Imbrium Consol,thlm (1976) who stutlied 
certain clasts and matrix samples. They descdbe 14(182 as 5ill\il(lr to 1'\06'1, 

,~ith abundant pore space in the \l\atl'i x. 
Imb,';II\I\ 
of the 

PYI'O­
They 

Pyroxene and pla~ioclase fragments in the \l\utl'ix are ,kscribed by the 
Consortium (1976) as being of similar dimensions, but the composition 
pyroxene varies, suggesting that it ,~as de)'ived fl'om V(lrious SOU1'ces. 
xene c)(solution is common and was studied by Papike und Bence (1972). 
interpreted what they termed "inverted pigeoni<.:es" to be samples of 
plutonic rocks that have been blasted out of the Imbrium Bnsin. 

Limited chemistry of 14082/14083 can be found in an I\l,ticle hy Rose et al • 
(1972). The ,~hite I'ocks (14082/14083,14063, and 14064) are believe"inOl,ave 
been ejected from a dark-l ight stratified bedrock IInit at station C, by the 
Cone Crater impact (Sutton et a1., 1972; Swann!U. .!'l., 1977) • 

Ryder and Bower (1976) concluded that the KREEP-rich. fragment laden lith­
ology of the \~hite r-ocks is a result of the crystallizativn of a silicate 
melt containing solid silicate fl'agments. They believe that it is mOI'e 
likely that this melt was the result of the total melting of a polymict. 
plagioclase-rich source by meteoroid impact. the fl'agments being picked liP 
as the melt moved out,~ard from the point of impact. 
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Comprehensive Sample (14l69-l4l88, 14250-14299) 

The comprehensive sample from Apollo 14 has been described, classified and 

discussed by Phinney et al. (1975) in their publication devoted to that 

topic. The information collected and discussed by them is included herein 

for purposes of completeness only, and vp.ry little attempt has been made 

to redescribe these samples except that new thin section descriptions are 

included whenever possible. 

The purpose of the comprehensive sample was to acquire a statistically sig­

nificant set of small rock samples to petrographically characterize the dis­

tribution of rock types in the lunar regolith. The sample location was 

selected 100 to 125 m west of the LM. A two to three meter diameter circle 

was marked and all of the walnut sized rocks on the surface within the 

circle were collected with tongs. Then, a soil sample was collected from 

within the circle. Two weigh bags were to be used to contain the samples: 

weigh bag 1039 was to contain rock fragments and weigh bag 1007 was to con­

tain the soil sample. Unfortunately, as discussed in the Apollo 14 Prelim­

inary Science Report (197l), there was some confusion about the origin of the 

contents of weigh bag 1027. It contained 20 small rock fragments (14169-

14188) and a large undocumented rock, 14303. On the basis of their associa­

tion with two documented rocks (14304 and 14305) returned in the· same 

weigh bag and collected near the comprehensive sample site, the 20 fragments 

and 14303 were tentatively considered to be parts of the comprehensive sam­

ple. Later, 14303 was found to have been part of 14304, collected at the 

end of the first EVA. The astronauts were unable to get all of the weigh bags 

containing the comprehensive sample in the SRC so they put the "small sam­

ples of small rocks" from the comprehensive sample in the weigh bag (1027) 

with the football-size rocks collected later (14303/14304 and 14305). It 

seems probable, therefore, that some portion of the samples 14169-14188 

could be parts of the larger samples 14303/14304 and 14305 that were in 

the same bag but not part of the contingency sample. It was believed by 

Phinney et al. (1975) that all of the small samples 14169-14188 were frag­

ments of-r4303 because they are all identical in their lithologies and are 

lithologically identical to 14303 and because they show freshly fractured 

surfaces with no patination or zap pits and one end of 14303 is a fracture 

surface (later shown to fit 14304). 

The following table summarizes the contents of the three weigh bags: 

Weigh Bag Number 

1007 

1039 

1027 

Rock Samples 

14250-14255 

(Rocks separated 
from soi 1 ) 

14264-14288 

14169-14188 

14303/14304 
and 14305 
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Soil Samples 

14256-14259 

14298-14299 

14260-14263 
(Soil collected 
with rocks) 

14165-14168 

(Residue) 
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1 cm 
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14184 

1 em 
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14185 
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This entire set of samples was returned in weigh bag 1027, along with 14303/ 
14304 and 14305. They were determined to be fragments of 14303 by Phinney 
et a1. (1975) and described as such in their booklet on the comprehensive 
samPTe (see especially samples 14250-14288). 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

14169 78.66 9 7.1x3.2x 2.7 cm 
14170 26.34 9 4.2 x 3.3 x 1.3 cm 
14171 37.79 9 3.9 x 4.3 x 1.5 em 
14172 32.10 9 4.0 x 1.8 x 2.3 cm 
14173 19.59 9 3.7 x 2.2 x 1.8 cm 
14174 11 .62 9 3.5 x 2.3 x 1.8 cm 
14175 7.48 9 2.8 x 2.0 x l.6 cm 
14176 4.12 9 2.3 x 1.8 x 1 .0 cm 
14177 2.32 9 0.5 x 1.0 x 1.8 cm 
14178 2.88 9 l.8 x l.4 x l.1 cm 
14179 3.03 9 0.7 x 2.0 x 2.0 cm 
14180 4.75 9 0.6 x 1.2 x 1.6 cm 
14181 2.48 9 0.6 x 1.1 x 1.4 cm 
14182 2.29 9 0.6 x l.7 x 1.9 cm 
14183 1.40 9 l.2 x l.0 x 1.0 cm 
14184 1.48 9 l.6 x l.1 x 0.6 cm 
14185 1.52 9 2.0 x l.2 x l.0 cm 
14186 l.26 9 1.0 x 0.8 x 0.5 cm 
14187 1.90 9 l.2 x l.2 x 0.4 cm 
14188 1.60 9 l.5 x l.0 x l.0 cm 

These samples contain a seriate distribution of clasts as large as two centi-
meters across. The samples are all po1ymict breccias with fragmental 
matrices. 

SURFACE FEATURES 

Glass lined zap pits are present on samples 14169, 14171,14172,14173, 
14176, 14182, 14185, and samples 14170 and 14187 contain only unlined pits. 
Sample 14169 has pits ranging from 0.1 to 2.0 mm in size with a density 
of 10 to 12 pits per square centimeter. One hack1y surface is sparsely 
pitted, perhaps indicative of the sample's bottom. The rest are less 
densely pitted. None of the samples contains surface glass. 

The only cavities present are clast molds on all samples except for 14181 
and 14186. Sample 14181 contains irregularly shaped vugs 0.5 to 1.5 mm in 
size with a homogeneous disltribution in the matrix only. These are 10 mm 
apart and account for less than 1% of the sample's volume. Sample 14186 
also contains irregularly shaped vugs with an average size of 0.8 mm. These 
occur in clusters on one side of the rock. A few others are widely spaced. 
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Several are lenticular. No projecting minerals have been observed. 

Fractures are present in all samples except 14175 and 14188. The only 
shock features noted occur on sample 14172. The substrate below the 
zap pits has milky feldspar characteristic of surface shock material. 

PETROGRAPHIC DESCRIPTION 

Samples range in coherence from tough (14180, 14186) to friable (14171, 
14185, 14187). All samples appear to be fragmental po1ymict rocks in hand 
specimen. Most clasts are medium gray, aphanitic fragments which contain 
some white spots and may be partially devitrified. The bulk of the other 
clasts are white to light gray lithic fragments which are composed mostly 
of plagioclase grains with 10-20% mafic minerals, and 1% opaques. In order 
to better characterize the clast population, all of the clasts larger than 
5 mm across were described by Phinney et a1. (1975) and are included in 
Table 7. --

TABLE 7 
Clast Oescriptions (Phinney et ~., 1975) 

Color Shape 
14169 Medi urn Gray Subround 

14169 Medium Gray Subround 

14169 Light Gray Round 

14169 Dark Gray 

14170 Dark Gray Angular 

14170 Med. Dark Gray Angular 

- ,'. ,_. -' 

Size (mm) 

20. 

20. 

6.0 

10. 

5.0 

5.0 
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Comments 
Similar to main matrix of 
14303 but somewhat darker 
~nd more annealed. Sharp 
contact with matrix. Con­
tains many white clasts 
and a large olivine clast. 
Identical to previous 
c1 as t. 
Dark gray rind around 1.0 
mm size mixture of white 
p1agioc1as~, resinous 
brown material and gray 
vitreous patches. 
Aphanitic, crystalline 
with white feldspar specks. 
Aphanitic, crystalline, con­
tains 10% white feldspar 
c1 asts. 
Aphanitic, crystalline with 
a few white specks <0.1 mm. 
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(Clast Description Table cont'd) 

Color 
14171 Pinkish brown 

to Dk. Gray 

14171 Dark Gray 

14171 Lt.Med.Gray 

14172 Gray & White 

14172 Medi um Gray 

14173 Greenish Gray 

14173 Med.Dk. Gray 

14174 Medium Gray 

14179 Gray & Lt. Green 

14180 Med.Dk. Gray 

Shape Size (mm) 
Round 10. 

Sub round 10. 

Round 5.0 

Subround 15 x 7 

Angular 5.0 

Diffuse 7.0 
Boundaries 

? Makes up 20. 
end of rock 
Angular 10. 

Angular 5.0 

Angular 15. 
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Comments 
Band of pinkish brown, fine­
grained material across cen­
ter. On one side is black, 
aphanitic, crystalline ma­
terial with a few white 
feldspar clasts. On other 
side is a mixture of med­
ium gray and white material. 
Aphaniti c, crys ta 11 i ne with 
a few white feldspar clasts. 
Mare basalt? 5-10% opaques 
as stringers 2-3 mm long 
and 0.1 mm wide through a 
mixture of plagioclase and 
pinkish brown mafic minerals. 
Core of white plagioclase 
as 0.5 mm grains mantled by 
dark gray aphanitic material. 
Very similar to m~in matrix 
of 14303 but sharp contacts 
definitely indicate a clast. 
Primarily vitreous gray pla­
gioclase with 30% green ma­
fic silicate as 1.0 mm crys­
tals and <1% black opaques. 
Aphanitic, crystalline with 
many white specks. 

Aphanitic, crystalline with 
many white specks of felds­
par. 

3.0 mm patch of fractured 
green mafic silicate and 
5.0 mm patch of gray, vit­
reous feldspar probably 
from a coarse-grained gab­
broic rock. 

Clastic to somewhat annealed 
breccia with many subround 
white feldspar clasts and 
one subround crystalline 
clast with mottled appear­
ance of poiki1itic melt 
rocks. 
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(Clast Description Table cont'd) 
Color Shape 

14181 Entire SamjJle is 2 Clasts 

14182 Medium Gray Subround 

14186 Medium Gray 

Size (mm) 
7.0 

10. 

5.0 

10 x 6 

Comments 
l} Medium gray aphanitic 
crystalline rock with many 
white feldspar specks. 
2} Troctolitic anorthosite 
with 0.5-1.0 mm plagioclase 
as crushed wh'ite or vitre­
ous gray material, 10% 0.5-
1.0 mm green mafic silicate 
(olivine) and a few <0.5 
mm dark red grains (spinel) . 
Very similar 
of 14303 but 
darker and a 
annealed. 
Very similar 
of 14303 but 
darker and a 
annealed. 

to main matrix 
somewhat 
bit more 

to main matrix 
somewhat 
bit more 

Several thin sections from 
examined for this booklet. 
purposes of completeness: 

generics in this group are available and were 
The following descriptions are included for 

14169,8 

There is a small amount of dark brown "glass" (5-l0%) present in the matrix 
of sample 14169,8. Only one clast larger than 1 mm is present in the section. 
It is a fine-grained breccia with crystallites scattered throughout. Many of 
these crystallites appear to be pyroxene. The clast has fractured and the 
matrix has been injected between the two pieces. A seriate mixture of 
shocked mineral. fragments (including reddish spinel) and three dark clast­
like areas are present in the matrix. These "ghost clasts" are areas of 
fine-grained. turbid material with aburdant small crystallites present. 
These areas merge into the matrix . 

14170,4 & 14170,5 

Some "glass" is present in the matrix of breccia 14170. The samples consist 
of a partly crystalline-partly "glassy" matrix with abundant mineral and 
lithic clasts. Several large clasts of pyroxene and basaltic igneous rock 
fragments are scattered throughout the sections. There are fewer clasts in 
14170,4 than there are in 14170,5. Sample 14170,4 contains several devitri­
fied clasts and larger "glassy" breccia clasts. Few, widely scattered, 
pyroxene/basaltic clasts are present in section 14170,4 but are common in 
14170,5. Pyroxene crystals are nearly free of inclusions. Basaltic lithic 
clasts have a subophitic texture with anhedral masses of brownish pyroxene 
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and acicular plagioclase. 
present in either section. 

Only small, scattered clasts of plagic,clase are 

14171,11 
Section 14171,11 is nearly holocrystalline and contains numerous lithic 
clasts. Lithic clasts include a variety of dark matrix microbreccias, a 
clast of devitrified glass containing abundant dendritic crystals, and a 
small, crystalline rock fragment. Opaque minerals are scattered throughout 
the section. The matrix is a seriate mixture of mineral fragments and 
small lithic fragments. Mineral fragments are pyroxene and plagioclase in 
approximately equal proportions. 

14172,7 
Section 14172,7 is a breccia with a "glassy" matrix (30%) in one area, 
which grades into a much more crystalline area in other areas (5-10% "glass"). 
Very few lithic fragments are present, and only one clast is larger than 
1 mm. This clast consists of a shocked plagioclase crystal with minor 
pyroxene adhering to one edge. The crystal is highly fractured and shows 
poorly defined twin planes. Of the identifiable mineral fragments in the 
matrix, 80% are pyroxene and 20% are plagioclase. Lithic fragments are a 
fine-grained breccia with corroded pyroxene crystals. These crystals con­
tain some inclusions. 

14173,6 & 14173,7 
Section 14173,6 grades from vitric to more crystalline as does 14172,7. 
Sample 14173,7, cut from the same rock chip is almost entirely crystalline 
with a few small masses of a more "gl assy" brecci a. Most cl asts cons i s t 
of pyroxene and plagioclase grains and almost all grains are fractured. 
Twinning is present in ~ome of the pyroxene. A crystalline cumulate is 
present near the edge of the section. A few small, glassy breccia clasts 
are present in 14173,7. Crystals in 14173,7 appear fresher with less 
evidence of shock and fewer inclusions than those in 14173,6. 

14174,5 
A very minor amount of "glassy" material is present in the matrix. Several 
large lithic clasts are present and consist of fine-grained microbreccias 
with remnant pyroxene shards, small igneous fragments, and several masses 
of devitrified glass. One microbreccia fragment has a small mass of 
olivine cumulate present. 

14175,3 
Section 14175,3 resembles section 14174,5 but contains more plagioclase and 
more "glassy" material. One edge has what appears to be a totally devitri­
fied glass coating which has bent and radiating crystals. Some areas have 
larger crystal grains than others and may be "ghost" clasts, however the 
contact is gradational. 
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Sample 14179,4 is an olivine-rich granu1itic rock with 2-3% pyroxene cemented 
together by anhedral plagioclase. The olivine crystals are highly rounded and 
somewhat elongate. Pyroxene crystals are more equant and square in outline. 
Only a trace of brownish "glassy" material is scattl?red throughout the 
section. 

14180,3 
Sample 14180,3 contains a fine-grained, nearly ho10c rysta11ine microbreccia 
clast surrounded by a small border of a dark opaque-rich breccia. In this 
clast, smaller fragments of darker, fine-grained, opaque-rich breccias are 
present. Opaques form subhedra1 to anhedral crystals, and are widely dis­
persed throughout the section. Euhedra1 crystals occur in the matrix 
surrounding the clast. 

14181,5 
This sample is a section of a trocto1itic anorthosite with large, anhedral 
olivine grains and long, bladed plagioclase crystals. A second generation 
of anhedral crystals of plagioclase has filled the interstices between 
other phases. Large crystals of iron metal and other opaques are also 
present. One, well rounded, reddish spinel is enclosed in an olivine 
crystal. 

14187,3 
This section is essentially a holocrysta11ine breccia with abundant, dark 
gray matrix material which is unresolvable. Abundant, small, opaque crys­
tals are present in the matrix. The section area is small, so an accurate 
evaluation of the clast population is not possible. Large fragments pre­
sent include a few shards of pyroxene, plagioclase, and partly devitrified 
glass. The thin section has a very turbid appearance. 

DISCUSSION 

The only samples that have received detailed study in this group are 14169 
and 14180. Eldridge et al. (1972) determined potassium, thornum, uranium, 
26A1, and 22Na concentration in these samples using gamma-ray spectrometry. 
They found a remarkable uniformity in the primordial radio element content 
in all samples. They estimate a KREEP content of 60-85% in Apollo 14 soils 
and breccias on the basis of a two-component mixing model. 
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:~ 
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, ',,- J .:... : 

1cm ----, 

5-71 - 26965 

Weigh bag 1031 was used on the traverse during the second EVA, Samples 

14194 -14201 are small rock fragments that were left in weigh bag 1031 after 

samples 14306 - 14311 were removed. Their lunar location and orientation 

are unknown and there are no lunar surface photographs of these samples, Some 

of these are probably pieces broken off the larger rocks during transit, 

14194 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

4.28 g 3.5 x 2.5 x 2.5 cm 

This sample is a light gray, moderately friable, polymict breccia which 

appears to be bounded by freshly broken surfaces. 

SURFACE FEATURES 

No pits were seen on this sample and it appears to be bounded by fresh 

fracture surfaces. No surface glass is present. Angular clast molds with 

si zes ranging from less than 0.1 mm to 1.0 mm are distributed evenly over 

the surface indicating poor cement i ng of clasts to the host rock. 
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PETROGRAPHIC DESCRIPTION 

Sample 14194 is a moderately friable, light gray polymict breccia with 5 -
10% fragments larger than 1 mm and 90 - 95% matrix grains smaller than 1 mm. 
Of the clasts larger than 1 mm, 10 - 20% are mineral fragments, 70 - 80% are 
lithic fragments and 20% are glass fragments. Mineral fragments consist of 
polycrystalline shattered aggregates of medium to light brown pyroxene and a 
greenish brown mineral, and single crystals of shattered feldspar. Lithic 
fragments are medium to dark gray cryptocrystalline fragments (possibly de­
vitrified glass) and leucocratic fragments consisting of subequal amounts of 
feldspar and a dark gray mineral. Glass fragments are as large as 5 x 5 mm . 
These are angular, dull dark gray, and a few have vesicles . 

The average grain size of the matrix is 0.1 mm and· the matrix is composed of 
dark gray glass, brown pyroxene, one basaltic fragment (like 14053), a few 
fragments of the type of sample 14082, and feldspar fragments . 
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14195 

1cm 

$-71-26970 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

2. 77 g 2.5 x 1. 5 x 1.5 cm 

Sample 14195 is a coherent, medium to dark gray, fragmental rock . 

SURFACE FEATURES 

One surface appears weathered and the other sides are irregular fracture sur­

faces. Vugs with vari ed shapes range ins i ze from 1 ess than 1.0 mm t ,) 1 ess 

than 100 ~m. They are homogeneously distributed and comprise 20% of the rock 

volume. Some small zones of interconnecting vugs resemble strings of beads. 

Most of the vugs are drusy in appearance, with relatively smooth walls, but 

some have projecting feldspar (?) crystals. The drusy coatings resemble re­

action rims . In several cases vugs have evacuated space around crystals 

200-300 ~m in size, as if by solution. 

PETROGRAPHIC DESCRIPTION 

The sample is coherent and very fine grained, with only two clasts larger 

than 1 mm visible. These appear to be mineral fragments. The average grain 
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size is less than 100 ~m. 

The matrix is medium to dark gl"ay \~ith 40 - 50% clear feldspar. Approximate­
ly 5% of the matrix is opaque minerals, and the rest are not identifiable . 
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PHYSICAL CHARAcTERISTICS 

Mass 

3.93 g 

14196 

,0 
;> 

S-71-27000 

'.~ •. E~, 
I. , 

Dimensions 

2.5 x 1.5 x 1.5 em 
Sample 14196 is a friable. polymict breccia similar to 14051 or 14066. 
SURFACE FEATURES 

No zap pits or vugs are present. but sparsely distributed clast mo lds up to 1 mm in size are present. 

One set of non-planar fractures with one member is present . The fractured surface shows no differences in rock texture from elsewhere on the sample . 
PETROGRAPHIC DESCRIPTION 

Sa"'i,le 14196 is a fine grained, po1ymict breccia with an average grain size of approximately 0.1 mm. It is composed of 5% clasts larger than 1 mm and ~5,( matrix 1 c's~ than 1 mm . Of the clasts, 20% are mineral fragments and P(1A. "re 1 ith'j c fragments. Mi nera 1 fragmen ts are bott1 e-green, ye 11 ow-brown, 
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and many angular dark gray glassy-looking fragments. 

Lithic fragments include angular, dark brown to black vesicular glass frag­
ments; friable leucocratic rock fl-agments composed of 70% plagioclase and 
30% 01 ivi ne and pyroxene, and medi Ilm-to-dark-gray gl assy cl asts. 

The matrix is fine grained and light-to-medium-gray. It consists of plagio­
clase, mafic minerals, and black, angular glass 0.2 to 0.5 mm in size, as 
well as fine grained fragments similar to the clasts. 
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14197 

1cm 

5 -71 - 27004 

PHYSICAL CHARACTERISTI CS 

Mass Dimensions 

1.63 9 2.0 x 1.5 x 0. 5 cm 

This sample is very fine grained and appears to be completely recrystallized . 

SURFACE FEATURES 

There are no pits visible. Irregular-to-spherical -shaped vugs and vesicles 

up to 3 Jm1 in size are homogeneously distributed throughout thl:! surface. 

They are 1 - 2 mm apart and occupy 20% of the surface area. Minerals lining 

these cavities are too small for positive identification but some acicular 

colorless crystals with pinacoid terminations are visible and are probably 

pl agi oc 1 ase. Some of the cavities may be interconnected formi ng drusy. 

irregular and branching caverns up to 3 mm in length . The rock is bounded 

by fracture surfaces but none penetrate the rock . 
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PETROGRAPHIC DESCRIPTION 

The sample is fine grained with an average grain size of less than 0.1 mm 
ana is both texturally and mineralogically homogeneous. It appears to be a 
compl~tely recrystallized fragmental rock. Grain size is too fine for posi­
tive mineralogic determination, but color suggests that it is 50% plagioclase, 
48% pyroxene, and 2% opaques. The possible clasts resemble true phenocrysts, 
and are clear and unshattered. There are three types: 

1) Clear equant masses 3 mm ln size which have two apparent cleavages. 

2) 

3) 

Yellow-green, prismatic masses without cleavages 2 x 1 mm in size • 
Equant masses of plagioclase and brown pyroxene 1 mm in size. 
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14198 

,0 

1cm 

5-71-26989 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1. 63 g 2,2 x 1. 5 x 0.5 em 

Sample 14198 is a crystalline rock. 

SURFACe FEATURES 

ORIGINAL PAGE IS 
OF POOR QUALITY 

One glass-l i ned zap pit measuring 100 ~m in diameter was observed on the 
narrow side of the rock. All other sides are fresh fracture surfaces. 

Irregular shaped vugs (1 mm) are sparsely distributed over the surface. Trey 
contain projecting minerals of plagioclase and probably tridymite . Pyroxene 
was the only tangential mineral noted. Vugs make up less than 1% of the 1'01-
ume. 

PETROGRAPHIC DESCRIPTION 

The sample contains 30% light yellow pyroxene, 40% clear anhedral and euhed­
ral feldspar, 20% gray-brown pyroxene and 3 or 4% opaque minerals. 
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The texture is diabasir.. 
than 14053. 

I 

It appears similar to 14310 and is finer grained 
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PHYSICAL CHARACTERISTICS 

Mass 

1.88 g 

14199 

I'~ 
• , 

, \ " ' 

.:A.. 

~! S 
1cm 

\ 

S-71-26994 

I 
I 

Dimensions 

{ 

1.3 x 1.0 x 0. 8 cm 

This sample is a freshl y fractured, po1ymict breccia. 

SURFACE FEATURES 

I I ·1 
r _____ _ 

. 

No pits are visible, and all surfaces appear to be freshly fractured. A 

trace of dark brown glass and a small patch of brown stain which may be r em­

nants of a glass splash covering or remnants of deep glass lined pits wi t h 

a large radius of curvature. One fracture which has a smooth surface is 

present in the rock. Some clast molds are visible. 

PETROGRAPHIC DESCRIPTION 

Sample 14199 is a coherent, 'fine grained, po1ymict breccia with an average 

grain size of less than Q.1 mm. It is texturally homogeneous and appears to 

be mineralogically homogeneous, as well. It is composed of 20 - 25% clasts 

larger than 1 mm and 75 - 80% matrix grains. 
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Mineral fragments make up 8 - 10% of the whole rock and include: 
1. green vitreous olivine 0.1 - 0.8 mm in size comprising 3 - 4% of the rock, 
2. honey-brown pyroxene 0.2 - 0.8 mm in size comprising less than 1% of the 

rock, 
3. light gray plagioclase displaying cleavages and commonly shattered compris­

ing more than 5% of the rock, 
4. a black or dark brown mineral grains which appear reddish brown on the 

surface and are 0.2 mm in size. It occurs in trace amounts . 

Lithic fragments are 10 - 15% of the rock composition. They range in size 
from less than 0.5 mm to more than 2 mm and are mostly dark gray aphanitic 
clasts with a vitreous luster. One large clast 8 x 8 x 3 mm is mottled dark 
and very light gray. It contains abundant brown pyroxene, light mineral, 
plagioclase, and a black metallic mineral. Some glass lined pits are present 
in the clast. A third clast type, 0.5 mm in size, is light to medium gray 
and very fine grained. A fourth type is a 3 x 1 mm medium gray lithic fra~­
ment with an olivine inclusion and some suggestion of internal lamination. 

One dark gray or brownish gray glass sphere is present 0.1 - 0.2 mm in 
diameter. 

The light brownhish gray matrix has a 
a grain size of approximately 0.1 mm. 
microscope. 

; '." ,,-:- .~',~:,--.-

distinct modal compositional brenk at 
It appears porous under a binocu'lar 
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14200 

$-71-26324 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

1.24 g 2. 0 x 1. 2 x 0. 9 cm 

Sample 14200 is a fragment of very fine grained basaltic crystalline rock. 

SURFACE FEATURES 

One 0.8 mm size glass-lined pit was noted . The samp l e has an irregular sur­
face and appears to be a fragment of a larger rock. 

Clusters of elliptical vesi cles with sizes ranging from less than 0.1 mm to 
2.0 mm occur on the rock. These occupy 10% of the rock volume and are 
1 - 3 mm apart. Colorless minerals (probably feldspar) with a sub-botryoidal 
surface line these vesicles. 

PETROGRAPHIC DESCRIPTION 

Sample 14200 is fine grained with an average grain size of less than 0.1 mm . 
There are less than 1% possible phenocrysts. It is a text urally and miner-
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a1ogica11y homogeneous, ho1ocrysta11ine, basaltic fragment. As can best be 
determined, the rock is composed of three minerals: clear, subhedra1, 
yellow-green olivine (in groundmass and as phenocrysts < 0.5 mm in size), 
clear, subhedra1 pyroxene (occurring only in the groundmass in grains < 0.5 
mm), and clear, subhedra1 feldspar (occurring in cavities, in the groundmass, 
and as 1 mm size phenocrysts). Glassy feldspar accounts for at least 40% 
of the rock. 
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14201 

1cm 

5-71-26328 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

1.56 9 1. 2 x 1.2 x 1.0 cm 
This sample is a fine grained polymict breccia similar to 14042. 
SURFACE FEATURES 

There are no pits and no surface glass. Angular clast molds larger than 1 mm to 4 mm in size have a homogeneous distribution on the surface. One clast mold 4 x 2 in size is well preserved and represents an angular pre-existing slabby clast. 

PETROGRAPHIC DESCRIPTION 

Sample 14201 is a moderatel y friab l e po lymict breccia composed of 15% frag­ments larger than 1 mm and' 85% matrix grains smaller than 1 mm. One 2 mm­size, rounded, greenish white mineral fragment appears to be polycrystalline . Of the clasts, 2/3 are leucocratic lithic fragments and 1/3 are fragments of glassy rocks. Al l of the lithic clast types consist of 60% feldspar, 35% 
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pyroxene, and 2 - 3% o1ivine and opaques. The glassy fragments are dark gray. 

The matrix contains 40 - 50% feldspar, many dark gray glass clasts which are 
both angular and rounded, and angular and rounded plagioclase-pyroxene frag­
ments. The matrix does not appear to be recrystallized. 
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Comprehensive Sample (14169-14188, 14250-14299) 

The comprehensive sample from Apollo 14 has been described, classified and 

discussed by Phinney et~. (1975) in their publication devoted to that 

topic. The information collected and discussed by them is included herein 

for purposes of completeness only, and very little attempt has been made 

to redescribe these samples except that new thin section descriptions are 

included whenever possible. 

The purpose of the comprehensive sample was to acquire a statistically sig­

nificant set of small rock samples to petrographically characterize the dis­

tribution of rock types in the lunar regolith. The sample location was 

selected 100 to 125 m west of the LM. A two to three meter diameter circle 

\~as marked and all of the walnut si zed rocks on the surface withi n the 

circle were collected with tongs. Then, a soil sample was collected from 

within the circle. Two weigh bags \~ere to be used to contain the samples: 

weigh bag 1039 was to contain rock fragments and weigh bag 1007 was to con­

tain the soil sample. Unfortunately, as discussed in the Apollo 14 Prelim­

inary Science Report (1971), there was some confusion about the origin of the 

contents of weigh bag 1027. It contained 20 small rock fragments (14169-

14188) and a large undocumented rock, 14303. On the basis of their associ a­

ti on with t\~O documented rocks (14304 and 14305) returned in the same 

weigh bag and collected near the comprehensive sample site, the 20 fragments 

and 14303 were tentatively considered to be parts of the comprehensive sam­

ple. Later, 14303 was found to have been part of 14304, cDllected at the 

end of the first EVA. The astronauts \~ere unable to get all of the weigh bags 

containing the comprehensive sample in the SRC so they put the "small sam­

ples of small rocks" from the comprehensive sample in the weigh bag (1027) 

with the football-size rocks collected later (14303/14304 and 14305). It 

seems probable, therefore, that some portion of the samples 14169-14188 

could be parts of the larger samples 14303/14304 and 14305 that were in 

the same bag but not part of the contingency sample. It was believed by 

Phinney et!!l. (1975) that all of the small samples 14169-14188 were frag­

ments of 14303 because they are all identical in their lithologies and are 

lithologically identical to 14303 and because they show freshly fractured 

surfaces with no patination or zap pits and one end of 14303 is a fracture 

surface (later shown to fit 14304). 

The following table summari zes the contents of the three \~ei gh bags: 

Heigh Bag Number 

1007 

1039 

1027 

Rock Samples 

14250-14255 

(Rocks separated 
from soil) 

14264-14288 

14169-14188 

14303/14304 
and 14305 

152 

Soil Samples 

14256-14259 

14298-14299 

14260-14263 
(Soil collected 
\~i th rocks) 

14165-14168 

(Residue) 
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14250 

$ - 71 - 2 6 317 

..----, 
.1mm 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

4.06 g 2.1 x 1.5 x 1.5 cm 

Sample 14250 is a medium gray, blocky, subangu1ar, moderately friable, ser­
iate fragmental rock. 

SURFACE FEATURES 

There are pits 1 ined \~ith dark brown gl ass on all surfaces. The surface is 
irregular, with few, non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14250 is described as a microbreccia or soil breccia (Phinney et a1., 
1975) which is homogeneous but seriate in texture. Gray and white lithic 
fragments make up less than 5% of the sample. They are rounded to subrounded 
in shape and up to 1.0 mm in size. They are composed largely of milky white 
feldspar with irregular gray areas. There are two kinds of mineral frag­
ments that can be identified. Type I is white and 0.5-1.0 mm in size. It is 
subangu1ar to subrounded in shape and makes up 10-15% of the sample. Most 
grains appear to be crushed plagioclase. Type II is light green in color 
and is raH!r, making up less than 5% of the sample. It ranges up to 1.0 mm 
in size and is angular to subrounded in shape. These are probably olivine 
grains. 

Thin section 14250,3 shows the rock to be a glass-rich breccia with 50% of 
the matrix being yellow brown glass, much of which has swirls and bubbles. 
There are numerous shards and spheres of glass scattered throughout. One 
partial clast of a fine-grained microbreccia with a few pyroxene and glass 
shards is the only large fragment in the sample. There is a broken fragment 
of devitrified glass with remanent plagioclase crystals and numerous new 
plagioclase plus partly devitrified y1ass are present in the matrix. Approxi­
mately 15% of the sample is larger than 0.5 mm in grain size. 
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14251 

• 

1cm 

5-71-25203 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1. 51 g 1. 5 x 1.0 x 0.8 cm 

Sample 14251 is a medium gray, blocky friable fragmental rock. 

SURFACE FEATURES 

Remnant zap pits are present as glass linings . The surface is irregular 
with a glass coating over one surface. Forty percent of this glass coating 
contains 0.2 to 0.6 mm diameter vesicles. No vesicles are present in the 
rock itself . Some surfaces show slickensides or striations which converge 
towards a point as though from a shatter cone. 

PETROGRAPHIC DESCRIPTION 

Sample 14251 is described by Phinney et a1. (1975) as being a fragmental, 
friable, microbreccia or soil breccia--. None of the grains is larger than 
1.0 mm, with 85% l ess than 0.5 mm . The sample has a seriate texture, with 
lithic fragments 0. 5 - 1. 0 mm in size comprising less than 5% of the sample. 
These are largely milky white feldspar with irregular gray areas. Grains 
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are gray and white in color and are rounded to subrounded in shape. There 
are two types of mineral fragments up to 1.0 mm in size. Type I is white 
and appears to be crushed plagioclase. Fragments are subangular to subrounded 
in shape and make up 10 - 15% of the sample. Type II is light green olivine 
occurring as subangular to subrounded grains up to 1.0 mm in size. These are 
less than 5% of the sample. 
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14252 

1cm 

5 -71-25211 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

0.86 g 1.3 x 0. 8 x 0.8 cm 

Sample 14252 is a medium gray, friable. fragmental rock. It is 
subround to angular, appearing to be 1/4 of a sphere. 

SURFACE FEATURES 

Several zap pits with dark brown glass linings are present on the rounded 
surface, but none are present on angular faces. The surface is irregular 
to smooth. with some non-penetrative fractures. 

prrROGRAPHIC DESCRIPTION 

Sample 14252 is described as a moderately friable seriate microbreccia or 
soil breccia. All grains are smaller than 1.0 mm. It is homogeneous with 
85% of the fragments smaller than 0.5 mm. Lithic fragments averaging 0.5 
mm are gray and white and are largely milky white feldspar with irregular 
gray areas. These fragments are rounded to subrounded in shape and make 
up less than 5% of the sample. There are two types of mineral fragments 
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present. Type I makes up 10 - 15% of the sample and is white, probably 
crushed plagioclase. Type II is light green Olivine, occurring as subangular 
to subrounded grains occupying less than 5% of the sample. These range up to 
1.0 mm in size. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.23 g 1.6 x 1.0 x 0.4 cm 

Sample 14253 is a gray angular, blocky, homogeneous, crystalline breccia. 

SURFACE FEATURES, 

Glass lined pits, 0.5-2.0 mm in diameter, are present on two eroded surfaces. 
None are present on the hack1y surfaces. Vugs 0.2-1.0 mOl in diameter, are 
concentrated at one end, making up less than 5% of the sample. One large 
vug (3 mm) is lined with white crystalline material. Some pen~trative and 
and some non-penetrati ve fractures are present. 

PETROGRAPHIC DESCRIPTION 

Sample 14253 is described as a tough, homogeneous, crystalline breccia. All 
grains are smaller than 1.0 mm. Ninety-five percent of the grains are be­
tween 0.1 and 0.2 mm, appearing to be annealed. Two types of mineral clasts 
are present. Type I is very light gray and appears to be plagioclase, some 
showing gradational \yhite to gray contacts with the matrix. Grains are round 
in shape and occupy 5% of the sample. Type 2 is 1 i ght greeni sh yellow, 
probably pyroxene and/or olivine, and round. It is only approximately 1% of 
the sample. 

Thin section 14253,3 shows the rock to be nearly all crystalline with 10-15% 
of gray matrix. There are only two clasts present. The first is a highly 
deformed granulated crystal of plagioclase which now shows multiple domains 
in the crystal. The second type is a fine-grained microbreccia, with scatter­
ed pyroxene and olivine fragments. The remainder of the matrix is composed 
of a seriate mixture of pyroxene, plagioclase and minor olivine fragments. 
Most of the fragments are pyroxene. 
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14254 

1cm 

5-71-25255 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.01 g 1. 6 x 1.1 x 0.8 cm 

Sample 14254 is gray soil, adhering to frothy black glass and is highly ir­
regular in shape. 

SURFACE FEATURES 

There are no zap pits . Vesicles, 0.1 to 1.0 mm in size, make up 30% of the 
volume of the glass. The surface is rough. 

PETROGRAPHIC DESCRIPTION 

Eighty percent of the sample is black glass and 20% is brownish-gray soil 
less than 0.1 mm in size. 
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PHYSICAL CHARACTERISTICS 

Mass 

22.15 g 

14255, 5 

r:--1 .1mm 

Dimensions 

1.2 x 2.2 x 2.5 cm 

( , I 
-' 1 

__ . I 
__ J_ 

Sample 14255 is a meo;um gray, subangular, blocky, friable fragmental rock. 

SURFACE FEATURES 

Fits were present on all surfaces at one time, as is evidenced by remalnlng 

glass linings up to 1.0 mm in diameter, however, they have been abraded during 

transport and/or handling. Glass splash present on some surfaces is very 

vesicular. Slickensides or grooves converge towards a point on some surfaces 

as though from a shatter cone. The surface is rough with 0.1-1.0 mm thick 

glass spatter on three surfaces. 

PETROGRAPHIC DESCRIPTION 

The sample is a fragmental moderately friable microbreccia or soil breccia 

(Phinney et al., 1975). No grains are larger than 1.0 mm in diameter. Grains 

averaging--less than 0.1 mm make up 85% of the samp le . Gray and white lithic 
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fragments make up less than 5% of the sample. They appear to be largely milky 
white feldspar with irregular gray areas and are round to subrounded in shape. 
There are two types of mineral fragments present. Type I is white and is 
10-15% of the sample. Most appear subangular to subround and are probably 
crushed plagioclase. Type II is light green olivine occurring as subangular 
to subrounded grains up to 1.0 mm in size. 

Thin section 14255,5 shows the rock to be a glass-rich breccia with 20% of 
the matrix composed of yellow brown glass. The most numerous large fragments 
in the matrix are undevitrified glass shards. A few masses of devitrified 
glass are also present. There are no clasts in the section. Numerous shards 
of plagioclase and pyroxene with minor olivine and opaques make up the rest 
of the matrix. There is a glass coating on one edge. 
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117.8 g 5.0 x 4.5 x 4.0 cm 

Sample 14264 is a dark gray, blocky, tough fragmental rock, described by 
Phinney et~. (1975) as a vitric (matrix) breccia. 

SURFACE FEATURES 

One surface is fresh and rough, but the older surfaces are smooth and 
contain zap pits. There are a few clusters of rounded cavities less than 
1.0 mm in size making up less than 1% of the rock. The fresh surface 
has a few slit-like cavities. There are a few non-penetrative fractures. 
PETROGRAPHIC DESCRIPTION 

Dark gray aphanitic glassy material makes up 65-70% of the sample. Frag­
ments present are of two types. Type I averages less than 5 mm'and ranges 
up to 14 mm. These are lithic clasts which are very light gray and round 
and comprise 15% of the sample. Clasts contain equal portions of crushed 
white material (plagioclase) and crushed yellow-brown material in areas 
0.5-1 mm across. There is also some scattered black opaque material 
0.1-0.3 mm across present in these clasts. Type II are also lithic clasts. 
They are medium gray and subangular to subrounded in shape. These account 
for 15% of the sample and range from less than 1 mm up to 5 mm in size. 
Most are mottled light and dark gray. The dark gray areas seem somewhat vitreous. 

Thin section 14264,5 is composed of a holocrystalline mixture of pyroxene, 
abundant opaque grains and minor plagioclase. This section, therefore, 
must represent a crystalline clast from the described hand specimen. Some 
of the larger pyroxene crystals are polygranular. There is a suggestion 
of segregation in the section which may represent previous clasts and thus 
this rock may be a recrystallized glass or melt rock. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

65.79 g 5.5 x 5.5 x 4.5 cm 

The sample is angular, with half the surface coated with dark greenish gray 
to black glass. The rock is a medium dark gray, coherent fragmental rock. 

SURFACE FEATURES 

The surface of the rock is irregular and 50% glass-coated. Traces of what 
may have been glass linings of zap pits on the breccia suggest that some 
surfaces may have been pitted, but abrasion :ias removeq most of the evidence 
of pitting. There are no pits on the glass. The glass is finely vesicular. 
Many penetrative fractures are present in the samples, some of which are 
filled with glas5. 

PETROGRAPHIC DESCRIPTION 

Eighty-five to ninety percent of the sample is a medium dark gray material 
less than 0.1 mm in size. It does not have the resinous luster of glass and 
may be aphanitic crystalline texture. The remaining 10-15% of the sample is 
composed of two types of lithic fragments and two types of mineral fragments. 
Type I are very light gray lithic fragments and account for all but a couple 
percent of the remaining material. They are subangu1ar to subrounded and 
are dominantly less than 0.1 mm in size, but range up to 3 mm in size. These 
lithic fragments contain various proportion of crushed white and gray ma­
terial looks vitreous. The second type of lithic clast is medium light 
gray and is less than 1% of the sample. Grains are subrounded to subangu1ar 
in shape and are less than 1.0 mm in size. These appear to be finely recrys­
tallized material. The first type of mineral fragment is light yellow-green 
olivine occurring as subrounded grains making up less than 2% of the sample. 
The second type of mineral fragment is reddish brown, probably pyroxene and 
is subrounded in shape. It is less than 1% of the sample. Both types of 
mineral fragments are less than 1.0 mm in size. 

Thin section 14265,7 is to a large extent composed of vesicular glass bond­
ing small fragments of a po1ymict breccia. The glass shows only minor 
devitrification and is highly fractured. The vesicles are 0.1-0.2 mm in 
diameter. The glass is more or less continuous. The breccia part of the 
section has abundant glass in the matrix both as free fragments and as bond­
ing material. The glass accounts for approximately 30% of the matrix. 
There are no clasts present and the largest fragments are glass. The remain­
ing fragments are pyroxene, plagioclase, devitrified glass,and small pieces 
of microbreccia. 
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DISCUSSION 

Sample 14265 is one of those investigated by Eldridge et al. (1972). Con­
centrations of K, Th, U, 26Al, and 22Na were determineGbygamma-ray spectro-
metry. 
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14266 

5-71-26356 

PHYSICAL Cf~RACTERISTICS 

Mass Dimensions 

6.95 g 2.0 x 2.0 x 1.0 cm 

Sample 14266 is a light medium gray, rounded, slabby, tough, fragmental 
matrix, polymict breccia. 

SURFACE FEATURES 

Glas5 lin~d zap pits up to 1 mm in diameter are present on all but one sur­
face. The sample is smooth except on one side, which is hackly. There are 
very few non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 

The sampl e is homogeneous ~/ith a seri ate texture. It is made up of 50 - 55% 
light gray material which has a sugary texture and appears to be a mixture 
of white and gray grains in the 0.1 - 0.2 mm size range. Gray lithic clasts 
fl'om 1 - 3 mm in size make up 40% of the sample. These lithic clasts are 
subangular to subrounded and appear to be breccias with a gray aphanitic 
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matrix and a few small white fragments. There are three kinds of mineral 
fragments. The most abundant (5% of the sample) is white plagioclase grains 
in various degrees of crushing. One grain has a cleavage face approximately 
1 mm across. The plagioclase grains are subangular to subrounded and range 
from less than 1.0 to 3.0 mm. Light green olivine grains are also present 
« 1% of sample) and are subrounded in shape. Light brown pyroxene grains 
are subrounded and occur in less than 1% of the sample. 
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14267 

'1cm i 

$ -71- 29249 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

54.77 g 5.0 x 3.0 x 2.0 cm 
Sample 14267 is a blocky, angular, dark gray, tough, vitric [ma trix] breccia. 
SURFACE FEATURES 

Glass-lined zap pits up to 1.2 mm are present on all surfaces. The surface is irregular except for a discontinuous glass coating over 401, of the surface. The only cavities are in the glass coating. There are few non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 

The sample is homogeneous except for the frothy glass coating present on one surface. Fifty percent of the breccia appears to be dark gray aphanitic glassy material. Three types of lithic and 3 types of mineral fragments can be identified. White lithic fragments up to 10 mm in size compose 20% of the sample. They average 0.5 mm in size and are mostly angular, but some are 
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subrounded. ihese have a Sugary texture with grain sizes from 0.1 - 0.2 mm; 
,.,.11y .,,, ,hoo , ••• ,,,,., I. " •••• ,. A •• ".d ty" " "thl' " ..... , 
is gray, with grain sizes up to 30 rom (dominate1Y 0.5 mm)· ihe third type 
of 1ithic c1ast is a1so gray, but is a 50:50 mixture of p1agioc1ase and a 
,I.ki.

h 
b""" .,,,,,, (.,I" 17). Th" ,1 .. , ,. '""" .. ,'" bY 00" ," "b-

angular grain 2.0 mm in size. 
"",., " ..... " .,k. " ,". 'h" " " 'h' •• .,1" 'h' ... , .b'","" " 
which is \~hite plagioc1ase in variOUS degrees of crushing. Some contain 

• 
" 

• 
• 

••• 11 "". " ,,""" "" •• ,.".,. ".I.'·f' .,b""'·' " .,bco,"',d "d ".,' "om 0.1 to 0.3 '" '" ,; ... te,. ,,,,,.d ty,. " .,,,,,
, 

'fOg"," 
is light green 01ivine (7) up to 0.5 mm in size. ihese are subang

u1ar 
in 

shape. A 1ight bro\~n minera1 fragment, a1so as large as 0.5 mm in size, 
occurs as subrounded fragments and is probab1y pyroxene. 

,,,,,1' 14267 ,,, " ... 'fi,d ... "h""t CO"~ ,I th 1 "ht ,1 .. " (F,) bY ,,\1-DISCUSSION 

shire and Jackson (1972). 
ihe European Consortium investigated this sample and determined its history 
on the basiS of their studies on the bulk chemistry, minera10gy, petr0

10
gy, 

" •• " ," t,."., .,bl, , •• ,., ,.,b" ,h"""Y' •• d """, ",.,"."" (E,ll.
to

• " .1. "74). ThoY d,"""'" 'h' .,' " "".t'" to b' 3.' b.'· .". I' .,.""d".d bY .h"k-,.d",d 11'hl"""" " .0" "., ••. Th'Y 
,,,", th' tem,,,,'''' ""h,d d,fi", oo.,,,tloo to b. ", I. ,,,,,. " OOO·C. 
ihe metamorphi c grade of the rock is descri bed as \~arner I s grade 2. After 
"".,',., ,h'y d.te",.,d 'h" th' ",' , •• b"i,d ., • dop,h " ., "'" tw, .",,, ,.,,1 " , •• """d, ",b.bl, by 'h' C,., C,.", ",." .,'co,,-
mately 30 m.y· ago. 
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PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

23.12 g 
4.5 x 1.5 x 3.0 cm 

Sample 14268 is described by Phinney et al. (1975) as a blocky, medium dark 
gray, vitric [matrix] breccia. ----

SURFACE FEATURES 

There is a vesicular glass coating over 30% of the sample surface. Few 
zap pits are present, occurring up to 0.2 mm in size on the glass coating. 
Approximately 50% of the glass coating is made up of rounded vesicles less 
than 1 mm across. Many penetrative fractures are present, with glass in-
truded into some of them. 

PETROGRAPHIC DESCRIPTION 

The rock is seriate in texture. The sample contains approximately 70% medium 
gray aphanitic material .. lith a dark resinous luster (glass?). Twenty per 
cent of the sample is composed of very light gray, subangular to subrounded, 
lithic f,agments which range from less than 0.2 to 7.0 mm in size. Plagio­
clase is 60 _ 90% of these lithic fragments and the rest is unidentifiable 
light gray material. There are two other types of lithic fragments visible 
in the sample, both of which are round and composed of aphanitic material. 
One is medium gray and ranges up to 0.5 mm in size and the other is medium 
dark gray and ranges up to 0.8 mm in size. Each makes up 5% of the sample. 
Two types of mineral fragments can be seen, one white, subrounded fragment 
composed of plagioclase, and the other light yellow brown, subrounded pyrox­
ene (?). Both are less than 1 mm in size and make up less than 1% of the 
sample. 
Thin section 14268,3 contains brownish "glass" in the matrix « 1 mm). The 
"glass" is fairly evenly distributed and forms approximately 50% of the 
total matrix. There are numerous masses of clear glass which are hemi­
spherical to ovoid in shape. A fracture which occurs in the section is glass-
lined and the glass extends to the outer surface. 

There are only three clasts present in the section. Two of the clasts 
(> 1 mm) consist of a devitrified glass in which the cryscallites are so 
small their exact identification could not be made. A fp.w residual eroded 
crystals of plagioclase are included in the masses. One of the clasts con­
tains crystallites that are much more dendritic in habit than in the other 
clast. 
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The third clast consists of a large, shocked pyroxene in a matrix of pyroxene, 
plagioclase and glass. The crystal is highly deformed and shows some reaction 
with the matrix. 

The matrix « 1 mm) has a seriate mixture uf mineral and lithic fragments. 
Most of the lithic fragments are composed of dev"ltrified glass, many showing 
dendritic crystals. There are a few small basalt-like masses which have 
maskelynite pseudomorphic after plagioclase. This gives the grain a nearly 
"barred" appearance under cross-nichols. The mineral fragments are approxi" 
mately 2/3 pyroxene and 1/3 plagioclase. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

17.19 g 4.0 x 2.5 x 3.0 cm 

Sample 14269 is a dark medium gray, fragmental microbreccia with one rounded 
side. 

SURFACE FEATURES 

Glass coating covers 20% of the surface. Glass lined zap pits up to 0.3 mm 
in diameter occur on the rounded side of the breccia and are present but 
sparsely distributed on the glass Loating. Numerous penetrative fractures 
are present with glass veins occurring along several fractures. 

PETROGRAPHIC DESCRIPTION 

The sample has a seriate texture with no fragments as large as 1.0 mm. 
Seventy-five percent of the sample is dark medium gray, aphanitic material. 
Twenty percent is composed of very light gray, lithic fragments that are 
subround to subangular in shape. These have a fine, crushed appeJrance with 
about 60% feldspar and 40% mafic minerals. Another type of lithic clast is 
medium light gray and is a 50:50 mixture of gray and white material giving a 
salt and pepper appearance to these grains. These are 4 - 5% of the sample. 
One grain of what looks like feldspar coated with rust is present. It is 
pale orange in color, irregular in shape, and 0.5 mm in size. 

This sample appears to be intermediate in color and coherence between vitric 
and fragmental, friable microbreccias (soil breccias) Phinney et~. (1975). 

Thin section 14269,4 shows the rock to be a glass-rich breccia with 10 - 20% 
"glass" in the groundrr'ass. One clast is present in the section. The clast 
is a crystalline rock which appears to be most like a melt ro~k. The plagio­
clase and pyroxene are not well formed and it lacks a typical i~lleous texture. 
Numerous glass shards, many containing mineral fragments and some partly de­
vitrified, are scattered throughout the section. Fragments of microbreccia, 
shocked plagioclase, pyroxene and devitrified glass comprise the remainder of 
the fragments in the matrix. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

;::5.59 g 4.0 x 2.8 x 2.0 cm 

Sample 14270 is a blocky, medium greenish gray fine-grained crystalline 
brecci a. 

SURFACE FEATURES 

Some glass-lined zap pits averaging 0.5 mm in diameter are present over 
most of the rock surface. Smooth, spherical to irregular vugs as large as 
2.0 mm in diameter make up 5-10% of the rock. There are also a few slit­
like:avities 0.1 x 3.0 mm in size present on the surface. Few, non­
penetrative fractures are present. 

PETROGRAPHIC DESCRIPTION 

The rock is 95% medium greenish gray material less than 0.1 mm in size 
which has a sugary texture with light and dark patches. Light gray frag­
ments 0.1 to 1.5 mm in size make up the other 5% of the sample. These are 
subrounded and slightly less than half of these have a vitreous luster and 
could be shocked plagioclase. The rest is aphanitic. Clasts generally 
have reaction rims. 

Thin Section 14270,8 is composed of a seriate mixture of lithic and mineral 
fragments with widely scattered fine-grained, dark, microbreccia clasts. 
A couple of crystalline microbreccia clasts are also present. There is a 
patch of partly devitrified glass with \~ormy crystallites. The remainder 
of the matrix appears to be glass free. Lithic fragments include micro­
breccia, crystalline rocks composed of plagioclase and pyroxene, plagio­
clase rich microbreccias, and devitrified glass. The mineral fragments 
include isolated opaque grains, large and smal'l plagioclase and pyroxene 
grains, and occasional sp-inel grains. Lithics account for approximately 
20% of the fragments. 

DISCUSSION 

Lindstrom et al. (1912) investigated the compositional characteristics of 
various ApOlfcl14 clastic r.Jaterials, including sample 14270. They describe 
it as lacking distinguishable clasts and noted that 14270,1 matches the com­
position of average microbreccia - 3 clasts from 14321,184, and is different 
from 14270,2,3,4, and ,5 in composition. 
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Warner (1972) found sample 14270 to be strongly annealed and grouped it in 
his high grade metamorphic (7) category. Wilshire and Jackson (1972) classi­
fy it as being coherent, with dark clasts (F4)· Chao et al, (1972) list it 
as being strongJy annealed, but unshocked (2c), and SimondS et~. (1977) 
describe it as being a crystalline matrix breccia (CMB). --

It was found to have an 40Ar_ 39Ar gas retention age of 3.89 ± 0.05 b. y. by 
Alexander and Kahl (1974) . 
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PHYSICAL CHARACTERISTICS 

Mass 

97.41 9 

14271, 10 

ORIGINAl, PAGE IS 
OF POOH QUALITY 

Dimensions 

5.0 x 4.7 x 3.0 cm 
Sample 14271 is a blocky, dark medium vitric [matrix] breccia with light gray clasts. 

SURFACE FEATURES 

Sample 14271 has one rounded side with many pits as meter, with very few pits on the angular surfaces. some non-penetrative fractures are present. 
PETROGRA PHIC DESCRIPTION 

large as 2 mm in dia­
Some penetrative and 

Sample 14271 has a coarse texture and is coherent. It is composed of 40% dark medium gray vitreous or glassy-appearing matri x and 60% clasts. Thirty ­five percent of the lithic fragments 47 x 40 mm and 30 x 25 mm respectively, in size. These two clasts appear to be the same petrologicall y. 80th are breccias with 90% li ght gray matr ix with sugary texture that is a mixture 
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of 0.1 mm white and gray grains. Fifteen percent of the sample is repre­

sented by light gray lithic clasts as large as 5 mm. These are angular to 

rounded in shape and consist of a finely brecciated mixture of white and 

brownish gray material. A third type of lithic clast is subrounded and 

light gray. These are large as 30 x 10 mm in size and consist of crushed 

zones of plagioclase and mafic minerals. Zones are approximately 1.0 mm 

across and have a sugary texture. A fourth type of lithic clast is rept"e­

sented by 1 subrounded clast 2 mm in size composed of reddish brown spinels 

and plagioclase in a 50:50 mixture. Veins of matrix partially penetrate 

the large clasts. 

Thin section 14271,10 must be a section of one of the clast types described 

as the matrix appears to be holocrystalline and there are no clasts present 

in the section. Very few large fragments are found in the matrix. 

Those present are shocked pyroxene crystals and what appears to be devitri­

fied plagioclase-rich glass. The later fragments are poorly formed but 

contain abundant plagioclase crystallite~. 

DISCUSSION 

Sample 14271 was described as being coherent with light clasts by Wilshire 

and Jackson (1972) and placed in their F2 category. More recently, Simonds 

et~. (1977) list it as a vitric matrix breccia (VMB). 

This was one of the samples analyzed by Eldridge et~. (1972) for K, Th, 

U, 26Al, and 22Na. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 
46.63 g 4.5 x 3.5 x 2.5 cm 

Sample 14272 is a blocky medium dark gray coherent vitric (matrix) breccia. 

SURFACE FEATURES 

More than 30% of the surface is covered with a dark gray glass coating. 
Glass lined zap pits up to 0.5 mm occur on one side. None Is present on 
the glass or else\~here. The glass is composed of 30% vesicles 0.5 mm 
in diameter. 

PETROGRAPHIC DESCRIPTION 

Seventy percent of the sample is CJmposed of medium dark gray aphanitir. 
vitreous or glassy material. Twenty-five to thirty percent is composed 
of lithic fragments which are dominately less than 1 mm but are as large 
as 20 mm in size. They are angular to subrounded very light gray fragments. 
They consist of fine-grained mixtures of 60-70% white plagioclase and two 
light colored mafic minerals. A second type of lithic clast is light gray 
in color and subrounded ranging up to 1.0 mm in size. It makes up less than 
1% of the sample and is composed of equigranular 0.1 mm material. Light 
green olivine is present in subangular to subrounded grains less than 1.0 
mm in size. These make up less than 1% of the sample. 

Thin section 14272,6 is composed of a glass-rich matrix with a thick vesi­
cular glass coating on all sides. The coating is full of holes and dis­
continuous in thin section. The inner matrix has approximately 50% turbid 
brownish "glassy" material cementing the few clasts (> 1 mm) and the matrix 
fragments. The only clast present in the thin section was a fine-grained 
microbreccia with some iarge pyroxene crystals which are highly shocked. Al­
most all the mineral fragments seen in the thin section are pyroxene shards 
with minor olivine and plagioclase. 

DISCUSSION 

Sample 14272 was examined by Ivilshire and Jackson (1972) and classified as 
bein~ coherent with light clasts (F2 ). It was analyzed for K, Th, U, 26Al, 
and 2Na by Eldridge et~. (1972). 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

22.4 g 3,5 x 3.0 x 2.0 cm 

Sample 14273 is a med1um dark gray, vitric (matrix) breccia. 

SURFACE FEATURES 

The irregular surface is 20% covered with dark gray vesicular glass. No 
distinct pits are visible but there may be a few small ones. Vesicles in 
the glass coating are less than 1 mm and occupy 30% of the glass. There 
are some non-penetrative fractures present . 

PETROGRAPHIC DESCRIPTION 

Sample 14273 has a seriate texture and is coherent. Seventy percent of the 
sample is medium dark gray, aphanitic, vitreous material. Twenty-five to 
thirty perc2nt of the sample consists of very light gray, angular to sub­
rounded, lithic clasts up to 10 mm in size. These fragments are, however, 
mostly less than 1 mm in size. They are composed of.a fine-grained mixture 
of 60-70% white plagioclase and two light colored mafic rninerals. Some 
light gray subrounded lithic fragments are present ranging up to 1 mm in 
size. These are equigranular with 0.1 mm grains. Light green olivine miner­
al fragments smaller than 1.0 mm are present and are subangular to subrounded 
in shape. 

Thin section 14273,4 shows that this rock is similar to 14277 except for 
having a much larger lithic clast content. The matrix is glass-rich and 
there are abundant spheres and masses of glass throughout the section. The 
matrix mineral fragments are approximately 1/3 plagioclase and 2/3 pyroxene 
fragments, all of which are shocked and fractured. The thin section s~ows 
that most of the lithic clasts are devitrified glass and highly shocked and 
granulated plagioclase-rich rocks with some pyroxene. 

DISCUSSION 

Sample 14273 is one of those studied by Wilshire and Jackson (1972), who 
classified it as belonging to their Fz category (friable with light clasts). 
It was also studied by Eldridge et al. (1972), who analyzed it for K, Th, 
U, 26Al, and 22Na. 
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PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

15.18g 
3.0 x 2.5 x 1.5 cm 

Sample 14274 is a light medium gray, blocky, tough, crystalline, po1ymict 

brecci a. 

SURFACE FEATURES 
The surface is 50% smooth and 50% rough, with many glass-lined pits as 
large as 1 mm on rounded surfaces and very few on others. There are a few 
rounded vesicles 1 - 2 mm across and a few 0.1 to 0.2 mm irregularly shaped 
vugs making up less than 1% of the rock. The sample has numerous non-pene-
trative fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14274 is coherent and seriate in texture. It is composed of 85% 
light medium gray material with a sugary texture less than 0.1 mm in size; 
< 5% very light gray, subrounded, lithic clasts up to 2 mm in size; 10% white, 
subrounded, plagioclase fragment in various degrees of crushing up to 1 mm 
in size; less than 5% somewhat crushed, light green, subrounded material up 
to 1 mm in size; and 1 grain of a light brown, mineral fragment. 0.9 mm in 
size which is subrounded and composed of crushed 0.1 mm grain. The lithic 
clasts are composed of a 50:50 mixture of fine'-grained plagioclase and a 
light green material. 
Thin section 14274,4 contains a seriate mixture of mineral fragments with 
no visible glass in the matrix. The only clast present is a large single 
crystal of plagioclase. There are numerous small, opaque grains in the ma­
trix. There are scarce lithic fragments in the matrix. The only type 
represented is a granulitic mass of pyroxene and plagioclase. Minor 
devitrified glass is also present. The remainder of the large fragments 
are mostly pyroxene. There are minor spinel crystals also in the matrix. 

DISCUSSION 
Sample 14274 is listed as a crystalline rock by Wilshire and Jackson (1972) 
and as a crystalline matrix breccia (CMB) by Simonds et~. (1977). 
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14275, 4 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

12.46 g 1.2 x 1.2 x 3.1 cm 

Sample 14275 is a medium light gray, blocky, po1ymict breccia. 

SURFACE FEATURES 

Glass-lined pits up to 2.0 mm in diameter occur over most of the rock sur­

face. There are a few non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14275 is a medium light gray, blocky, coherent, low-grade, po1ymict 

breccia with a homogeneous texture. Sixty-five to seventy percent of the 

sample is medium light gray fragmental material which is partially recrys­

tallized. It appears to be a mixture of mostly plagioclase and at least 

two mafic minerals. This material is smaller than 0.2 mm. Twenty percent 

of the sample consists of very light gray, subangu1ar to subrounded, lithic 

clasts up to 6 mm in size composed of crushed mixtures of plagioclase and 

mafic material. Some are mostly crushed plagioclase. A second type of 
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lithic clast making up less than 5% of the sample is subangular to subround 
in shape, dark gray in color, and up to 2.0 mm in size. These are composed 
of very fine grained material, some with white specks. The third type of 
lithic clast is medium gray, subrounded, and as large as 4.0 mm in size. 
These are mixtures of gray and white material. The gray is partly vitreous. 
It could contain mixtures of crushed and melted plagioclase. White mineral 
fragments are subangular to subrounded plagioclase grains in various stages 
of crushing. Black mineral fragments are subangular, probably pyroxene. 
Some show cleavage faces. 

Thin section 14275,4 shows a glassy breccia with approximately 10% 
glass in the ground mass. The matrix also contains numerous orange to 
reddish orange spheres of glass as well as colorless shards of glass. There 
are no clasts present in the section. The fragments in the matrix consist 
of fine-grained microbreccia with pyroxene and olivine fragments, fine­
grained opaque material, plagioclase and pyroxene crystal fragments and de­
vitrified glass masses. One unusual feature is a sphere of a microbreccia 
with a small glass rim. There appears to be no glass in the sphere as 
the matrix is very crystalline. It does not appear to be a devitrified 
product. 

DISCUSSION 

Sample 14275 was studied by Wilshire and Jackson (1972) and cla~s;fied by 
them as an F

2
• Simonds et al. (1977) list it as a vitric matrix breccia 

(VMB). --
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PHYSICAL CHARACTERISTICS 
Mass 

Dimensions 
12.75 9 

3.0 x 2.2 x 2.0 cm Sample 14276 is a brownish-gray, blocky, coherent, medium-grained, crystal­
line rock. 

SURFACE FEATURES 
Few ,ap pits are present. Irregularly shaped vugs from 0.2 to 1 mm make up 
10% of the rock. Some penetrative fractures are present. PETROGRAPHIC DESCRIPTION 
Sample 14276 is a blocky, subrounded, coherent, crystalline rock. It is 
medium-grained and homogeneous in texture. White to clear plagioclase is 
60 - 65% of the sample. It occurs as laths up to 0.5 mm in sizes and in 
ellipsoidal areas up to 2.0 mm in size which contain crushed equigranu1ur 
grains smaller than 0.1 mm in size. Fifteen percent of the sample is a 
light yellow-brown mafic mineral \~hich occurs as subhedral equant grains 
0.2 - 0.4 mm in si,e and in ellipsoidal areas up to 3.0 mm in size. The 
mineral is probably pyroxene in two distinct morphologies. The ellipsoidal 
areas contain crushed equigranu1ar grains. A light yellow-green euhedral 
mineral up to 0.3 mm in si,e, probably olivine, is less than 1% of the 
sample. A bro\~n mafic mineral, probably euhedral pyroxene, is 5 - 10% of the 
sample. An anhedral, slightly gray, mafic mineral is 10% of the sample, and 
1 - 2% is black opaque, probably ilmenite. 
Thin section 14276, 14 shO\~s a plagioclase-rich crystalline rock with small 
anhedral.masses of pyroxene between the blades of plagioclase in a diabasic­
like textu're. There are at least two and perhaps three generations of plagio­
clase present. The rock is approximately 70% plagioclase and 30% pyroxene. 
Small to large patches of opaque crystals are scattered throughout the sec­
tion. 

DISCUSSION 

Sample 14276 is listed as a basalt by Hilshire and Jackson (1972) and as a 
melt rock by Simonds et~. (1977). 
Wasserburg and Papanastassiou (1971) described sample 14276 as closely re­
sembling sample 14310 in thin section. The age they determined for this 
sample is in exact agreement with ages obtained on samples 14310, 14073, and 
14001,7, which are described as having similarly high Rb/Sr. This age was 
determined to be 3.88 ± 0.04 billion years before the present, and is dis­
tinct from the 3.95 ± 0.03 b.y.b.p. obtained for basalt 14053 and a basaltic 
clast from sample 14321 (Papanastassiou and Hasserburg, 1971). These data 
were interpreted by Wasserburg and Papanastassiou (1971) as indicating that 
Mare Imbrium was excavated between 3.88 and 3.71 billion years ago, if the 
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Fl'n ~lalll'o Fonnntion l'~presents an ejecta blanKet fl'om this excavation, If 

the Apollo 14 samples "I'e. instead. bl'eccias produced in localized 1,w(l pools 

ovel'lyin\l the FI'u Nalll'o FOI,nation. then ~Ial'e Imlll'ium must have bel'n f,mned 

befol'e 3.95 billion ye!Il'S ago. 

GlltlClll'Z et (\1. (19n) desel'illed smnple 14276 in ordel' to comP"I'e it and 

sample 143f6\~ith sample 68'\15. I~hich is texturally Sillli1"I' to 14~76 ilI1d 

14310. They studied section 14:176.13. I~hich consists of a 5ubophi tic. inter­

gl'anulnl' to intel'stitinl busa1t cOII\~osed of 65~, plagioclase. 33'1, PYI·oxene. 

2:¥. opaque minerals (mostly ilmenite). und 41; l1\esostasis containing glass and 

othel' minor phnses. The texture is unlike that of Apollo 11 and 12 blls1tlts 

nn(\ nlso unlike t.hut of sl1mple 11\053. Gancat'Z et a1. (1972) fllrthel'describe 

the sample ,15 consisting of 0.5 mm long. elihedl'aT.!ilagioc)ase laths I~hich 

f(mtl (\n intel'locking fl'(\\1\el"lWk with (\nhednd PYI'OXtlntl 91'(I;n5 and mesostasis 

in the interstices. Phenocrysts exhibit (\\1 optical discontinuity and " 

l'evel's"l in COI\\POS it ion. Phenocr'ys t rims an~ :oned to \\\Ol't' All-I'; ch compos i­

tions (i.e .• An:., VS. An,,·). Indivitiul,l pyl'oxe\\t~ 91',lil1$ are desct'ibed as 

consist;n\) of a low bil'efl'il1gent ol'thOPYI'OXtlile cOl'e sliITolmded by hi9her 

tdl'efl'ingent clil1opYI'oxene \~hich displ(\ys (l ,,,en" mO$(\ic stl'uct\we, 

G"nc,w= et a1. (197~) conclude. all the busis of the obsel'ved differences 

between n,ese' So c(\lled fe1dspathic basalts. Mid ",we basalts. that thel'e 

(Ire tl"O ~vmer(\tions of pl(lgiocl(lse. the e(ll'1ier of which wa$ cumulate in 

origin Mti sug~1tlsted that this type of basalt m"y f011\\ by imp(lct melting 

of l'tl[lolith. Simonds et (11. (1977) adhere to this theol'Y and c"ll these 

basalts "melt rocks" ailif "clast-free impact molts." 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

7.59 g 1.2 x 1.7 x 2.5 cm 

Sample 14277 is a dark gray, blocky, coherent vitric [matrix] breccia. 

SURFACE FEATURES 

Few pits are present. They occur only on one side and two ends. There 
few non-penetrative fractures. A few veins of black vesicular glass is 
present in some fractures. 

PETROGRAPHIC DESCRIPTION 

are 

Sample 14277 is a dark gray, coherent, seriate textured breccia. The matrix 
is dark gray, aphanitic, vitreous material and is 65 - 70% of the rock. 
Twenty-five to thirty percent is composed of very light gray, subangular to 
subrounded, lithic clasts that are dominantly 1.0 mm in size, but are as 
large as 4 mm in diameter. These consist of a crushed mixture of plagioclase 
and gl'ay material. There are scattered specks of a black, opaque mineral 
present in these clasts. A second type of lithic clast is medium gray, sub­
angular to subrounded and range up to 2 mm in size. These fragments are 
dominately smaller than 1.0 mm in size and, in all, comprise 5 - 10% of the 
sample. Thin section analysis shows the lithic fragments to be primarily 
devitrified glass and fine-grained microbreccias. Approximately 10% of the 
matrix is lithic and 90% mineral fragments and glass. There are abundant 
glass droplets scattered throughout the matrix. They are composed of very 
fine grained material which is probably annealed. 

Thin section 14277,5 shows the rock to be a glass-rich breccia with approxi­
mately 40% yellow-brown glass in the matrix « 1 mm). There are a few chon­
drule-like bodies present but clasts (> 1 mm) are rare. The one present in 
this section is a breccia with minor glass in the matrix and composed of de­
formed crystals of pyroxene with minor plagioclase. There are scattered vugs 
which are elongate and vary from 0.4 to 0.2 mm in length and 0.1 mm in width. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

7.60 g 1.5 x 3.0 x 1.5 cm 

Sample 14278 is a medium light gray, subrounded, coherent, low-grade, po1y­
mict breccia. 

SURFACE FEATURES 

Glass-lined zap pits, 0.5 to 2.0 mm in diameter, occur on most surfaces. 
There is one irregular, fresh surface which contains no zap pits. Few 
non-penetrative fractures are present . 

PETROGRAPHIC DESCRIPTION 

Seventy-five percent of the sample is medium light gray, fragmented material 
which is a mixture of mostly plagioclase and at least two mafic minerals. 
These are partially recrystallized, and are less than 0.2 mm in size. The 
most abundant fragments are light graY, lithic fragments, which comprise 
15% of the sample. They range up to 1.0 mm in size and are subangu1ar to 
subrounded in shape. They are composed of plagioclase with scattered 
mafic minerals, giving a sa1t-and-pepper appearance. The second type of 
lithic fragment is dark gray, subangu1ar to subrounded, and range up to 1.0 
mm in size. These comprise 10% of the sample and have an aphanitic texture. 
Mineral clasts are light greenish, irregular in shape, and range up to 2 mm 
in size. These appear to be crushed pyroxene and/or olivine. 

Thin section 14278,4 shows the rock to be a breccia with approximately 5% 
"glass" in the groundmass. The only clast present is a fine-grained micro­
breccia with few large mineral fragments. Numerous microbreccia fragments 
are scattered throughout the matrix. Some masses of devitrified glass is 
also present in the matrix. A few partly devitrified glass shards are also 
present. The majority of the mineral fragments are pyroxene with a few 
olivine grains, some of which are in the microbreccia. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

5.67 g 2.0 x 1.8 x 1.5 em 

Sample 14279 is medium light gray in color, blocky, rounded to subrounded in 
shape, and is a coherent, po1ymict breccia with a fragmented matrix. 

SURFACE FEATURES 

The slightly irregular surface has glass-lined zap pits over all surfaces 
but one. 

PETROGRAPHIC DESCRIPTION 

This coherent, light gray ~rec~ia is composed of medium light gray, fragmen­
tal material about 0.1 mm 1n Slze. It is a mixture of white and gray frag­
ments and is 85 - 90% of the sample. There are some very fine-grained 
medium gray, lithic fr~gments making up less than 5% of the sample. White 
mineral fragments, probably plagioclase in various degrees of crushing, are 
angular and range up to 1.0 mm. They are predominantly 0.3 - 0.4 mm in size 
and are 10% of the sample. Light yellowish green, subangular, mineral frag­
ments range up to 0.5 mm in size. These make up less than 5% of the sample 
and are probably olivine and/or pyroxene. 

Thin section 14279,4 is composed of several small fragments of the sample 
which does not allow for a detailed discussion of the fabric of the rock. 
No clasts are present in any of the fragments. The groundmass appears to be 
holocrystalline with abundant small opaque crystals. The only lithic frag­
ments present in the matrix is a crystalline rock composed of pyroxene and 
plagioclase and some fine-grained microbreccias. The rest of the fragments 
in des~easing order of abundance are pyroxene, olivine, and plagioclase. 
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PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

6.20 g 1.0 x 1.3 x 3.6 Col 

Sample 14280 is a medium dark gray, angular block of vitric [matrix] breccia. 

SURFACE FEATURES 

Glass coats 20% of the surface and contains cavities. Zap pits occur on all 

surfaces and are numerous. There are sevel"al penetl"ative fractures on the 

sample. 

PETROGRAPHIC DESCRIPTION 

The sample is coherent and is seriate in texture. Fifty-five percent of the 

sample is medium dark gray, aphanitic, vitreous material. The more abundant 

lithic fragments, making up 30% of the sample, range up to 3.0 mm in size, 

but are pl"edominantly 0.3 - 0.5 mm in size. These are vel"yli~ht gray, sub­

rounded fragments composed of crushed or sugary-textured plagioclase \~ith 

accessory pale brOl~n mafic minerals and specks of black, opaqu<: minerals. 

The other type of lithic clasts is medium gl"ay, subrounded, and very fine­

grained \~ith a fe\~ white spots. In thin section they are represented as 

devitrified glass and fine-grained microbl"eccias. These are predominately 

0.3 - 0.4 mm and range up to 2 nun in size. They make up 15% of the sample. 

Thin section 14280,5 shows the rock to be a glass-rich breccia \~ith a heavy 

glass coating on one side. The glass coating is full of small crystals and 

crystallites. The coating also shows evidence of flowage and has numerous 

bubbles. Scattered throughout the section are masses of dark brOl~n glass. 

The rock is highly fractured. Approximately 40% of the matrix « 1 mOl) is 

glass or "glassy". All the mineral grains are highly shocked and most are 

pyroxene crys ta 1 s. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 
12.03 g 2.7 x 2.0 x 1.5 cm 

Sample 14281 is a medium dark gray, subrounded to angular block of coherent, vitric [matrix] breccia. 

SURFACE FEATURES 

There are a few glass lined zap pits, 0.2 to 0.5 mrn in diameter, on one surface, only. Very few penetrative fractures are present on the sample. 
PETROGRAPHIC DESCRIPTION 

Sample 14281 is medium dark gray and coherent, with a seriate texture. Seventy to seventy-five percent of the sample is aphanitic, medium dark gray, vitreous materia1. Light gray, lithic clasts ranging up to 10 mm in size make up 15% of the sample. They are predominately 0.5 mm in size and are composed of sugary to crushed, white plagioclase mixed with light gray material and scattered opaques with a sa1t-and-pepper appearance. A second type of lithic fragment, making up to 10% of the sample, is medium gray, sub­rounded, and up to 1.0 mm in size. They are very fine grained and are mostly smaller than 0.5 mm in size. A third type is similar to these, but has white clasts. It is 10 mm in size, subrounded, and is represented by 1 clast. 
Sectin~ 14281,3 has abundant yellow/brown glass which contains numerous bub­bles and swirls and shows some flowage lines. There are a few reddish-brown glass masses scattered throughout the section. 
Only two clasts (> 1 mm) are present in the section. They are both an anor­thositic breccia with minor pyroxene. One of the clasts consists of a granu~ 1ated mass of plagioclase crystals with a few phenocrysts of shocked and fractured larger plagioclase. The other consists of a more bladed mass of plagioclase crystals which show a somewhat radiating structure. The later type grades to the first type near one edge of the clast . 
The matrix consists of approximately 50% glass and a mixture of lithic (25%) and mineral (75%) fragments. All of the lithic fragments also consist of anorthosite type breccia. Most of the mineral fragments are plagioclase shards which are fractured and show shock effects. There are also a few pyroxene crystals present. A few of the pyroxene crystals are bent and show dislocations. A few devitrified glass spheres are also present. The glass in the matrix is very turbid. 

A few small vesicles (0.1 - 0.3 mm) which are irregular to rounded are scat­tered about the section. Most of the vesicles are in the glassy portion of the matrix and none show crystals in the cavities. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1. 89 g 2.1 x 1.4 x 1.1 cm 

The sample is a medium gray, friable, fragmental rock (soil breccia). 

SURFACE FEATURES 

Forty-five perce~~ of the surface is coated with black vesicular glass . The • 
cavities are more than 20% of the glass. This coating is up to 2 mm thick. 
Several non-penetrative fractures are present. No zap pits are visible. 

PETROGRAPHIC DESCRIPTION 

The breccia is homogeneous and contains no grains larger than 0.5 mm. Eighty­
five percent of the sample is medium gray fragmental material smaller than 
0. 1 mm. Two types of mineral fragments are visible. The first is very light 
gray, subangu1ar to subrounded, and smaller than 0. 5 mm in size . They occupy 
10 - 15% of the sample and are composed primarily of crushed plagioclase, 
some with a bit of gray material . The second mineral fragment type is re­
presented by one round grain 0.5 mm in size. It is light green, probably 
olivine or pyroxene. 
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Thin secti~n 14282,5 is that of a breccia with 5 - 10% "glass" in the matrix. 
There is one very fine-grained microbreccia clast present \~hich is nearly 
opaque. Small pyroxene shards are isolated in the clast. The rest of the 
matrix has fragment; of microbreccia, basaltic rocks, pyroxene grains, and 
l'are plagioclase fragments. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.25 g 1.5 x 1.2 x 0.6 cm 

Sample 14283 is a light gray, slabby, angular, coherent, crystalline, 
po1ymict breccia. 

SURFACE FEATURES 

Zap pits are present on one face, only, and are few in number. There are 
few, penetrative fractures present. 

PETROGRAPHIC DESCRIPTION 

The sample is light gray, coherent, and has a seriate texture with some 
lineation of clasts. Sixty-five to seventy percent of the sample is medium 
light gray, fine-grained, granular, crystalline material smaller than 0.1 mm 
in size. Fifteen percent are very light gray, lithic clasts that are sub­
rounded and are mostly 0.5 mm in size, ranging up to 4.0 mm. These are mostly 
white plagioclase, with 10 - 20% mafic material. A second type of lithic 
clast is light gray, subrounded, and generally is 0.5 mm in size, but is as 
large as 2.0 mm. These are composed of a 50:50 mixture of white, sugary 
grains and gray, vitreous material. A third type of lithic clast is 1 mm 
in size, light gray, and composed of equigranu1ar 0.2 mm grains of 80% plagio­
clase and 20% mafic silicates with a trace of opaques. Pyroxene and/or oli­
vine, light brown to light green in color is present as mineral clasts. 

Thin section 14283,5 shows the rock to be nearly ho10crysta11ine with only 
scattered small amounts « 1%) glass in the matrix. The only clasts present 
are microbreccias with residual pyroxene shards. One microbreccia has a 
dark, nearly opaque matrix hosting the mineral shards. There are several 
small, orange glass droplets scattered throughout the matrix. There is also 
a trace of spinel in the matrix. There are numerous irregular, blocky masses 
of undevitrified glass in the matrix. Most of the glass is colorless to 
yellow. The remainder of the matrix is composed of pyroxene mineral fragments, 
devitrified glass, microbreccia fragments, small amount of opaques, rare crys­
talline rock fragments, and abundant fine-grained material . 
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14284 

1cm 

5 -71 - 26656 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

1 .47 9 
1.5 x 1.2 x 0.8 cm 

Sample 14284 is a subrounded, medium gray, coherent, fragmental rock. 

SURFACE FEATURES 

Glass lined zap pits, up to 2 mm in diameter, are present on all surfaces. 

Few, non-penetrative fractures are present. 

PETROGRAPHIC DESCRIPTION 

Sample 14284 is a seriate, homogeneous microbreccia, with no grains larger 

than 1.0 mm. Seventy to eighty percent of the sample is medium gray material 

less than 0.2 mm in size. Two types of lithic fragments are present. The 

more abundant is very light gray, subangular to subrounded, and most are 0.5 

mm in size. They range up to 1 mm in size and comprise 10 - 15% of the sam­

ple. Some may be individual plagioclase grains, but most are polycrystalline, 

probably crushed material. Five to ten percent of the sample is very fine 

grained, dark gray, angular lit ','ic fragments 0.2 - 0.4 mm in size. 

212 

• 
• 

• 

• 
• 

• 
• 

1 

• 



• 

• 
• 

• 

14285 

1cm 

5 - 71 -·26661 

PHYSICAL CHARACTERISTICS 

Mass Di mens ions 

2.23 g 1. 5 x 1.1 x 0. 9 cm 

Sample 14285 is a li ght medium gray . coherent. po1ymict breccia. 

SURFACE FEATURES 

Glass-lined zap pits up to 1 mm in diameter are present on all surfaces . 
There is one. non-penetrative fracture. 

PETROGRAPHIC DESCRIPTION 

Sampl e 14285 is a blocky. rounded. light medi~~ gray. po1ymict microbreccia . 
It is homogeneous. with a seriate texture . None of the grains is larger 
than 1 mrn . Sixty to seventy percent of the sample is medium light gray frag­
mental material less than 0. 2 mm in size. It is a mixture of mostly plagio­
clase and at least two mafic minerals. It appears to be partial ly recrystal­
lized . Two types of l i thic fragments are present. Thirty percent of the 
sample is very light gray. subangu1ar to angular. lithic fragments 0.4 - 0.5 
mm in size. Some appear to be breccias with fine grained matrices and dark 
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gray clasts, others may be finely crushed, medium grained igneous rocks. 
Five percent is dark gray, '.)angular to subrounded, fine grained to vitreous, 
lithic or mineral fragments 0.2 - 0.4 mm in size. 
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14286 

1cm 

5-71- 26983 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

4.42 g 1.4 x 1.1 x 0.5 cm 

Sample 14286 is a medium brownish-gr~y fragmental rock. 

SURFACE FEATURES 

The irregular surface has an unusual metal coating up to 1 mm thick over half 
of it. with one small area of glass splash. Glass lined zap pits up to 2 mm 
in diameter. are present in the breccia. Pits in the metal coating have up­
turned. flange-like rims. The metal coating appears to have been deposited 
in one continuous mass. but erosion by micrometeorites has made the coating 
discontinuous. 

PETROGRAPHIC DESCRIPTION 

The sample has a fragmental seriate texture. and is coherent . Seventy to 
eighty percent of the sample is medium gray and seems to be a mixture of 
brown. white. and gray fragments less than 0.2 mm in size. Fifteen percent 
is very light gray lithic fragments subangu1ar to subrounded in shape and 
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commonly 0.5 mm in size. These al'e as lal'ge as 5 mm and al'e composed of a 
50:50 mixtlll'e of cl'ushed Nhite plagioclase and a light green mineral in 1 mm 
sized areas. A second type of lithic clast, represented by one 5 mm fragment 
is subangulal' and light gl'ay in color. It has a fine-grained sugary texture 
and repl'esents 1 ess than 5% of the samp 1 e. The metal iss i 1 ver in co 1 or and 
is 5% of the sample. It has differing shades of tarnish from gray to black. 
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14287 

,0 

5 - 71 - 26663 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.07 9 1.5 x 0.8 x 0.5 cm 

Sample 14287 is a medium brownish gray, coherent, fragmental rock 
that is blocky and angular in shape. 

SURFACE FEATURES 

Few zap pits are present on all surfaces. Less than 1% of the surface has 

cavities smaller than 1 mm in diameter. There are few, penetrative frac­

tures . 

• PETROGRAPHIC DESCRIPTION 

The sample is a gray, coherent, fragmental microbreccia. It is seriate in 

texture and homogeneous. Eighty percent is medium gray fragmental ma terial 

smaller than 0.1 mm. Two types of lithic clasts are present, each account­

ing for 10% of the sample . One is very light gray, subangu1ar to subrounded, 

and is predominately 0.5 mm in size . These clasts range up to 2.0 mm in 
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size and are composed mostly of crushed plagioclase with some light colored 
mafic minerals. The other type of lithic clast is composed of aphanitic 
material. The clasts are subangular to subrounded, commonly 0.4 mm in size, 
and range up to 1.0 mm. 
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14288 

1cm 

$ - 71-26669 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3. 44 g 0.7 x 1.3 x 1.7 cm 

Sample 14288 is a medium dark gray, vitric [matrix] breccia. It is blocky 

and angular in shape and is coherent. 

• SURFACE FEATURES 
• 

• 

Glass lined zap pits, up to 1.0 mm in diameter, are present on all sides. 

There ale many, penetrative fractures on the sample . 

PETROGRAPHIC DESCRIPTION 

The sample is mediu!n dark gray and is composed mostly (60%) of aphanitic, 

medium dark gray, vitreous material. Two types of lithic clasts are present, 

each making up 20% of the sample. The subangular, light gray clasts are pre­

dominantly 0.5 mm in size, but range up to 5.0 mm. They are plagioclase-rich, 

but contain 20 - 40% mafic minerals and scattered black opaque grains smaller 

than 0.1 mm in size . Dark gray lithic clasts are smaller, generally 0.4 mm, 
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but range up to 1.0 mm in size. These are subrounded, and are composed of 
very fine grained, almost vitreous-appearing material. 
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14294 

·~N~-
" t 1cm 

$-71-26670 

Weigh bag 1038 was used to hold rocks and fragments from station H, EVA-2. 
The largest samples are numbered 14312 - 14320 and the residue is 14290 -
14297. Samples 14294 - 14297 are the largest fragments of the residue . 

14294 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3.43 g 2.5 x 1.5 x 1.5 cm 

Sample 14294 is a breccia with one rounded side and one angular side. It 
is grayish brown on the rounded surface and light to medium gray on the fresh 
surface. 

SURFACE FEATURES 

Pits ranging from 0.1 to 1.0 mm in size are glass lined. There are eight 
pits per square centimeter on the rounded surface. The angular side is a 
fresh fracture surface. Several spalls are parallel to this surface. A 
thin patina of dust appears to be welded to the rounded surface by a very 
thin layer of glass. 
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PETROGRAPHIC DESCRIPTION 

Sample 14294 is medium gl'ained, with an average grain size of 0.5 mm. It is 
texturally and mineralogically hOOlogeneous. Ten percent of the rock is clasts 
larger than 1 mm and the rest is matrix grains. Clasts are leucocratic lithic 
fragments consisting of 80% white to colorless mineral. The clasts are equi­
granular. The matrix consists of 40% black unresolvable material in grains 
less than 0.1 mm in size, 50% feldspar in grains 0.2 to 1 mm, and leucocratic 
lithic fragments. Traces of pyroxene occur in the matrix. 

A thin vein of black glass \~hich is 0.2 mm \~ide and 6 mOl long forms a den­
driti c pattern. 
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1cm 
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$ - 71 - 26676 

PHYSICAL CHARACTERISTICS 

:Iass Dimensions 

1. ~4 g 1. 2 x 1. 2 x 1.0 cm 

Sample 14295 is a fine grained, polymict breccia with 5% clasts larger than 
1 mm and 95% matrix grains smaller than 1 mm in size . 

SURFACE FEAT~~ES 

Pits ranging from 0. 1 to 0.8 mm in size are lined with black gl ass. They 
occur over 20% of the rock surface . There are no fractures, but 80% of the 
rock are fresh fracture surfaces. 

PETROGRAPHIC DESCRIPTION 

Sample 1429.5 is a coherent, fine grai ned, polymict breccia with an average 
grain size of less than 0.1 mm . It is composed of 5% fragment5 larger than 
1 mm and 95% matrix grains . One percent of the clasts are feldspar fragments. 
The rest are lithic clasts of two main types . Both are mesocratic . The 
first type consists of dark gray glassy or lithic fragments which are set in 
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a light colored clast matrix primarily composed of plagioclase ~Iith some py­
roxene. The second lithic clast type are bloc!<Y, angular light-colored 
feldspathic fragments with traces of pyroxene and a crystalline texture. 
The rock matrix is fine grained with many lithic fragments of the second 
type and many areas of feldspar and pyroxene concentration. A vein of matrix 
material occurs in a type two lithic clast. The sample appears to be similar 

to 14321. 
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14296 

1cm 

S -71 - 26678 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2.26 g 3 x 1.2 x 0.5 cm 

Sample 14296 is a light gray, angular, flat, polymict breccia chip. 

SURFACE FEATURES 

Pits ranging from 0.1 - 1.0 mm are lined with dark brown glass. The depth 

to width ratios of the larger pits are 1:2. These deep pits resemble hemi­

spheres. There are no fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14296 is a moderately coherent, medium grained, polymict breccia. It 

is texturally but not mineralogically homogeneous . It is composed of 10 -

20% clasts larger than 1 mm and 80 - 90% matrix grains . Clasts are all leuco­

cratic rock fragments of three types: 

1) Feldspar-rich sub-rounded rock fragment of a finely crystalline equi­
granular rock. It contains a trace of light brown pyroxene and some 
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small « 0.1 mm) opaques. 

2) Very finely c!":,:~ta11ine, mafic clasts which are subangu1ar, dark gray, 
and measur'e up to 3 mm long. They may be rich in feldspar. 

3) Coarser crystalline v";"i,,ties of the second type ~/ith crystals up to 
0.4 mm in length. 

The matrix contains 60 - 65% feldspar, 30% pyroxene, and 1% opaques in sizes 
less than 0.05 mm. 

:d __ , _ . _: __ "_.' 

._.- -. --.::.-.-- .~, .. --- . 
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14297 

· r'.. ,0 
J .... . " ~''''.~ '" 

1cm 

S - 71-26684 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.73 9 2.0 x 2. 5 x 1.0 cm 

Sample 14297 is a po1ymict breccia with an unusual clast mineralogy. 

SURFACE FEATURES 

No zap pits are present and all surfaces appear to be fresh fracture sur­
faces. One planar fracture is present . There are neither VUQS nor vesicles, 
but one or two clast molds occur on the surface. 

PETROGRAPHIC DESCRIPTION 

Sample 14297 is a po1ymict breccia composed of 15% clasts larger than 1 mm 
and 85% matrix . The clasts are most ly me1anocratic and 1eucocratic rock 
fragments and some glassy rock fragments. One type of lithic clast is a 
mixture of white and yellow mi nera l s in equal proportions and one garnet-like 
pyroxene crystal. A second type is medium gray and cryptocrystalline. A 
third type is a mixture of fe ldspar and a gray mi neral phase. Clasts of 
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angular, medium to dark gray glass have a large variance in size and degree 
of devitrification. These glass clasts are 1 - 2% of the sample. 

Matrix grains appear to be fe1dspathic 
,'i ght gray, very fi ne grained (average 
to black glass. 

"'- , . 
... _----

but not highly recrystallized. It is 
< 100 ~m), and contains specks of gray 
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14301,81 

Sample 14:l01 'IS one of two samples (14301 and 14313) collected at station G1, 
150 m east of the LM on the north rim crest o~ North Triplet Crater during 
the second EVA. According to the astronauts, the rork appeared to be similar 
to the other rocks in the area; these appear to be ejecta from North Triplet 
Crater. Except for samples dug from trenches, 14301 was the most deeply 
buried rock returned during the Apollo 14 mission (Swann li..i!L, 1977) . This 
sample was larger than anticipated, and was ' placed directly in weigh bag 1031 
(?) by the astronauts . 

PHYSICAL CHARACTERISTICS 

t·1ass Dimensions 

1361. g 12.5 x 12.0 x 8.0 cm 

Sample 14301 is a moderately coherent, light medium gray, po1ymict breccia. 
It consists of at least 20% clasts larger than 1 mm . 

SURFACE FEATURFS 

Horz et al. (1972) report that one set of surfaces is marked by micro-mete­
oroid-rmpact pits, whereas another is not. The face in NASA photcgraph 
S-71-32476 disp lays slickensides, and this face has abundant microCi"aters, 
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although the slickensided area has a low crater density. Morrison et a1. (1972) found the distribution indicative of a single exposure interva1lbe­cause the exposed surface is subangu1ar to subrounded and cratered, while the buried surfaces are angular and uncratered. There is no color change boundary between cratered and uncratered surfaces. Cavities appear as clast molds. Several sets of penetrative fractures are present. 
PETROGRAPHIC DESCRIPTION 

Sample 14301 is a po1ymict breccia with 20% clasts larger than 1 mm, most of which are 1eucocratic. White, angular clasts occasionally are associated \~ith small olivine clusters. Larger, subangu1ar clasts with a whitish gray • color, irregular glass clasts with a dark brown color (spatter?), chalky • white clasts with black specks, and angular or sUbhedra1, equant, pyroxene clasts which are honey brown in color are also present. 
Thi n sections 14301,76 and 14301,17 appear to fi t the cri teri a for bei ng classified as VMB's using the classification of Simonds et a1. (1977). These sections also appear to have some LMB characteristics. Mos~c1asts are breccia fragments with an abundance of plagioclase. Matrix glass occupies approximately 10% of the sample. Some of this glass is very turbid, brown in color, and is partly devitrified. Approximately 40% of the fragments are mineral fragments and 60% are lithic. Clasts range up to 4 mm in size. ,Most are mildly shocked, and some have 5 - 10% glass with large crystals of plagioclase and pyroxene. A few crystals have inclusions. Most fragments are very i rregu1 ar and jagged. 
A second type of clast is composed of blocky, plagioclase crystals with minor 'pyroxenE' and mesostasi s between grains. Mi nera 1 fragments i nc1 ude pyroxene grains which show large reaction rims, and plagioclase which appears mildly shocked without zoning. 

DISCUSSION 

Morrison et a1. (1972) found the lowest average ratio (3) of spall diameter to centrar-pit diameter on the glassy surface of 14301. The exposure age using the particle track method (HRrt et gl., 1972) is 3.4 x 10' years. This correlates with the small cumulatlve number of craters with spall diameter larger than 0.1 (Morrison et al., 1972). The microcrater distribu­tion and exposure age for rock 1430--1 indicate a production of 10 craters per million years of 0.1 cm spall diameter or larger. 

() 

Sample 14301 was studied by Warner (1972), who classified it as his metamor­phic grade 2 (low grade). Wilshire and Jackson (1972) list it as an F2 , and Chao et a1. (1972) classify it as an unshocked, porous, regolith microbreccia. • Simonds et al. (1977) list it as a vitric matrix breccia (VMB). King et al. (1972) 1ist-r4301 as one of the samples with abundant chondrules and chon=­dru1e-1ike bodies present. 

Sample 14301 is one of those mapped by T\~edell et ~. (1978). is available on page 351 of this booklet. 
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These samples are pieces of a football-size rock collected from a location 
80 m NNW of the LM during EVA 1. This rock was almost completely buried in 
the regolith and its orientation is unknown. Both of these samples have 
freshly broken surfaces. They were first identified as pieces of the same 
rock in March, 1977, when the models of the rock were found to fit together 
along their freshly broken surfaces. They share a common lithology which is 
especi"lly evident along the broken surfaces. These samples were returned to­
gether in weigh bag 1027 which also contained sample 14305/302 and various 
smaller chips (see Phinney et al., 1975). These samples were examined in the 
CRA and NNPL by the PET, an~14303 was extensively distributed for scientific 
experimentation. Sample 14304 has been designated a' posterity sample. 

PHYSICAL CHARACTERISTICS 

Mass 

14303 898. g 

14304 2499. g 

Dimensions 

16 x 9 x 7 cm 

20 x 11 x 10 cm 

This rock is a coherent, gray, blocky to subrounded breccia. 

SURFACE FEATURES 

The sample is saturated with zap pits and is considerably fractured in some 
places. The zap pits range in size from less than 0.1 - 7 mm on 14303 to 
0.1 - 3 cm for 14303. The pits are lined with a dark brown botryoidal to 
bubbly glass. This glass is 0.2 mm thick in the larger zap pits. 

There are at least two sets of fractures on these samples, so that although 
the rock is tough with clasts firmly imbedded in the matrix, the rock would 
break apart if handled roughly. 

PETROGRAPHIC DESCRIPTION 

14303: This rock is a polymict breccia with a holocrystalline matrix. :he 
average grain size is approximately 0.2 mm with 95% of the grains less than 
1 mm. Approximately 40% of the rock is white, turbid plagioclase averaging 
0.1 mm in size. Olivine fragments are rare as are pyroxene fragments. Thin 
coatings of black glassy material on part of the lithic fragments give them 
the appearance of black glass fragments. 

14304: This sample is also a polymict breccia with a holocrystalline matrix 
and it appears to have the same grain size distribution as 14303 (Simonds 
et ~., 1977, thei r fi gure 1). 

Approximately 35% of the fragments are larger than 1 mm. These are rounded 
to subangular. The large fragments are darker than those in 14303, consisting 
of dark gray, microbreccia fragments from an earlier generation. The clast 
mineralogy is subhedral, white, feldspar and brO\~nish green olivine. Pyroxene 
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is also present but is difficult to resolve except in thin section. 

Mapping of 14303,7 and 14304,0 shows the distribution of pits, clasts, and 

fractures on va ri ous faces (T\~ede 11 et !l., 1978). 

In an attempt to characterize the nature of this generic, 3 thin sections with 

different parents were chosen for modal analysis of the ~ 1 mm clasts. The 

samples examincJ with the proper parent designated were: 

Sample Parent 

14303,49 ,17 

14303,51 ,23 

14303,52 ,19 

Dominant Clast> 1 mm 

Plagioclase shards, dark metaclastic 

rocks, light metaclastic rocks and 

coarse-grained plutonic rocks 

Coarse-grained plutonic rocks, dark 

metaclastic rocks, light metac1astic 

rocks and plagioclase shards 

Dark metaclastic rocks, light meta­

clastic rocks, coarse to fine-grained 

plutonic rocks and coarse-grained cum­

ulates to crystalline breccias 

In summing the results of this summary, the predominant type of rock clast 

in this generic is the dark metaclastic variety. This is in agreement \~ith 

\\,ilsh'ire and Jackson (1972). As can be seen from the results, local varia­

tions incrE:<lse other types of clasts, but the general trend is the same. 

WeiYdr,t< and Hollister (1972) studied adjacent polished thin sections 14303,47 

and :\:;03,53. They found that the sample consists of mineral, lithic, and 

frugl1lenta1 clasts. Mineral clasts range up to 2 mm in size and are predom­

inantly pla9\(,c13~e with pyroxene, olivine, and small disseminated opaque 

rr:inera1s <lISO plPsent. Three distinct fragmental clasts are described: 

plagioclase and ~yroxene in a light matrix (the largest of which is at least 

2.5 x 3.5 1\1n! ins i ze), with accessory opaque minerals; one with a gray ma tri x 

with a few opaque grains and many disseminated ones, and the nlain constituent 

mineral clasts are plagioclase and pyroxene. The plagioclase grains have a 

fine mosaic te;<tuY'e, probably a shock effect, and the pyroxene grains are 

described as being unusually large. Basaltic lithic fragments are also 

present. 

DISCUSSION 

Wilshire and Jackson (1972) found this sample to be cunerl:nt. with dal'k clasts, 

placing it in their F4 category. Chao et al. (1972) described ;4303 and 

14304 as shocked, strongly annealed FraMauro breccias (2c) and \~arner (1972) 

placed them in his group 6. Quaide and Hrigley (1972) placed them in their 

annealed breccia group and Simonds et al. (1977) list them as crystalline 

matrix breccias (CMB). --
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Weigand and Hollister (1972) interpret their study of polished thin sections 
as indicating that the pyroxenes originally crystallized in a plutonic-meta­
morphic environment beneath the pre-Imbrian crust. Groundmass pyroxenes are 
mainly pigeonites and augites, and are interpreted as being fragments of 
quickly cooled surface basalts. 

Roedder and Weiblen (1972) studied melt inclusions in 14303 and found much 
evidence of a complex thermal history. They note that the groundmass of sam­
ple 14303 must have excess (normative) 5i02 in it, because all olivine grains 
in contact with it (other than fayalite) have reacted to form thin, almost 
monomineralic, rims of pyroxene. They find, as did loJeigand and Hollister 
(1972) that at least some of the original rocks have undergone slow cooling. 
They note that some plagioclase single crystal clasts are almost spherical, presumably by abrasion in transport. 

The sample's geneology and a photograph of a model of the sample is available 
beginning on page 352 of this booklet. 
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14305 

,18 [143021 

1cm 

$ - 77- 21474 
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Figure 40. Reconstructed slab of sample 14305. 
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Figure 4b. Map of clasts in reconstructed slab of sample 14305. 
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Two football-sized rocks (FSR) were collected about 80 meters NNW of the LM 
during the first EVA. Both were broken apart during transit to the LRL. 

.! 

The pieces were numbered 14305/14302, and 14303/14304. Sample 14305/302 was 
returned in weigh bag 1027 along with 14303/304 and fragments 14165-14189. 
All of these samples have similar lithologies, numerous fractures, and 
freshly broken surfaces, so the fragments 14165-14189 could be from either 
of the two. It is believed that these football-size rocks may have been 
transferred into weigh bag 1027 inside the LM, but this transfer was not 
documented. They were taken out of 1027 in the CRA before entering NNPL 
for examination. Sample 14302 was later renumbered 14305,18. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

14305 2117 g 14 x 15 x 10 cm 
14302 (14305,18) 380 g 14 x 3.5 x 6 cm 
Combined 2497 g 14 x 20 x 10 cm 

The sample is a medium gray, holocrystalline, clast rich breccia which has 
been well-sintered together. 

SURFACE FEATURES 

The NI face is subrounded and heavily zap-pitted. It contains one large 
glass-lined pit 8 mm in diameter. This is the surface facing up in lunar 
photographs. The TI , WI, BI , and part of SI (facing E) is made up of a 
flat planar fracture, surface containing no zap pits. The combined rock Ivas 
found on the regolith surface about two-thirds exposed. The orientation is 
well-documented by photography, howc~ver, the di stri buti on of zap pits on the 
buried surface indicates a different orientation at an earlier time. The 
plan~r fracture and zap-pit distribution indicate that 14305/302 was exposed 
as part of yet another rock and was subsequently broken off and projected 
to its documented orientation [more detailed discussion can be found in 
Swann et~. (1971) and Horz et~. (1972)]. 

Except for three fractures parallel to the SI planar surface on the SI-BI 
edge, the rock is relatively tough. It is easy to shape with a saw, and 
the clasts are well sealed in matrix. 

The turbid and shattered feldspars are the only shock features visible on 
the surface. 

PETROGRAPHIC DESCRIPTION 

14305 is a clast-rich, holocrystalline breccia that has been well-sintered 
together. It is composed of a light gray fragmental matrix (~ 70%) with an 
average grain size less than 0.1 mm (Simonds et al., 1977). The mineralogy 
of the matrix is indeterminate in binocular observation, but appears to be 
plagioclase rich. Only a few percent of mafic silicates are recognizable. 
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The rock has a seriate texture with clasts ranging in size from 10 em down 
to the crystallites comprising the. matrix. Approximately 30% of the rock 
is composed of clasts larger than 1 mm. Most of these clasts (80%) are 
themselves microbreccias of an older generation. A dominant clast lithology 
is a dark gray aphanitic microbreccia. Only a small percentage of the 
clasts are of a non-fragmental nature. These include white plagioclase-rich 
clasts (15%) and brown mare basalt clasts (5%). All of the clasts are we11-
cemented to the matrix and cannot be broken free. One dark clast has a black 
glassy matrix contuining 15% phenocrysts and microphenocrysts of subhedra1 
white feldspar and pale green olivine. These phenocrysts are approximately 
0.2 mm long set in the crypto-crysta11ine matrix. Maps of 14305,27; 14305,30; 
and 14305,18 (Twede11 et a1., 1978) show the three major clast types (plagio­
clase, dark gray microbreccia, and mare basalt) as well as several other 
clasts that are interesting. 

In an attempt to characterize the nature of the sample, a reconstruction 
of slab 14305,46 was undertaken. 14305,46 was subdivided into five portions 
and each of these were made into probe mounts (14305,104-14305,108). 
Micro-photography at approximately 3.75x was undertaken and a photo mosaic 
reconstruction of the slab was made. A detailed mapping of those clasts 
~ 1 mm was made and the phases characterized (see figure 4) . 

As can be seen, the major clasts present include a variety of crystalline 
breccias and/or cumulates and scattered basaltic fragments. Most of the 
single mineral clasts lie below the size limitation set and only occasional 
small clasts of pyroxene and plagioclase are present. A few clasts of 
anorthositic breccia are also present. Only part of the clasts (as desi]­
nated) show extensive shock effects. A total of six other sections with 
various parents were examined to give a more complete characterization of 
the rock. 

The samples examined with the proper parent designated were: 

Sample 

14305,4 

14305,17 

14305,87 

14305,89 

14305,95 

Parent 

- ,1 

,11 

- ,44 

- ,55 

- ,46 

Dominant Clasts> 1 mm 

Subdiabasic basalt, anorthositic breccia and 
fine-grained breccia. 
Larg~, shocked single crystal pyroxenes, 
coarse-grained anorthositic breccia and fine­
grained breccia. 
Pyroxene/plagioclase cumulates, olivine 
bearing basalt, fine-grained breccia and 
single crystal shocked pyroxene. 
Medium-grained breccia and a fine-grained 
breccia. 
Single crystal pyroxene, subophitic basalt, 
fine-grained basalt, anorthositic breccia and 
pyroxene-plagioclase cumulates. 
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14305,99 - ,37 Myrmekitic-like pyroxene crystal, ophitic 
basalt, fine-grained glass-rich breccia, 
spherulitically recrystallized plagioclase, 
and fine grained anorthositic breccia. 

In summing the results of this survey, the predominant type of clasts in 
these examples is a coarse-grained basalt to pyroxene-plagioclase cumulate. 
The next most abundant type is the fine-grained breccia. Wilshire and 
Jackson (1972) list the order of abundance of clasts larger than 1 mm in 
14305: 

1. Dark metaclastic, most abundant. 
2. Intersertal to variolitic basalt. 
3. Opaque minerals. 

4. Intergranular basalt/plagioclase-pyroxene cumulate-recrystallized 
pyroxenes. 

5. Orthopyroxene/aphanitic basalt/graphic quartz-alkali feldspar/re­
crystallized plagioclase, least abundant. 

DISCUSSION 

Sample 14305 is listed as an F4 by Wilshire and Jackson (1972), and as a 
shocked, strongly annealed, Fra Mauro breccia by Chao et al. (1972). It is 
listed as a grade 6 (high-grade metamorphic) by Warner-r1972) and as a 
crystalline matrix breccia of the Fra Mauro type by Simonds et al. In their 
studies of the mineral and chemical variations in these samples-,-Brown et al. 
(1972) found fragments and lenses of rhyolite, which they believed to have-­
been derived from melting of crystalline granophyre fragments. Several 
granophyre fragments were observed. K-fe1dspar in one granophyre (14305,111) 
contains 4.1% BaD. Dence and Plant (1972) note that in section 14305,5 
annealed glass, predominantly of Fra Mauro basalt composition, encloses 
small amounts of potassic granite. 

In their discussion of the effects of micro cratering on the lunar surface, 
Gault et a1. (1972) pointed out the deep fracture cutting across the 
spa11ea-region surrounding a large glass-lined pit. This impact apparently 
almost ruptured the rock, and is a good example of the violent and catastro­
phic disruption that is caused by particles which are capable of forming a 
crater with a diameter that is a significant fraction of the rock's dimen­
sions discussed in the study by Gault et a1. (1972). Sample 14305 is 
described by Morrison et~. (1972) aSlDeTng heavily cratered on all major 
surfaces indicating a complex exposure history. A discussion of the surface 
orientaticn is presented in an article by Harz et~. (1972). 

A photograph of a model of sample 14305/302 is available on page 355 of this 
booklet, along with its geheo1ogy on page 354. 

246 

• 

• 
• 

u'.'·-···) I" 
"-" 

• 

• 



• 
• 

• 
• 

• , 

• 
• 

J 

14306 

5-77- 22103 

247 



J 

I 

14306 , 65 

Sample 14306 is a fragmental rock collected at station G, 230 meters ESE of 

the lunar module (LM), and 50 meters E of the rim crest of North Triplet 

Crater. It is said to be somewhat more tabular and less irregular than 

60 cm boulder but similar to it in color and albedo. The lunar location 

and orientation are well documented. 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

582.8 g 15 .0 x 7. 5 x 6.0 em 

This sample is gray with ~ 25% white clasts and is blocky in shape . The 

rock is a coherent breccia. 

SURFACE FEATURES 

The most prominent feature is a 2 mm wide planar fracture lined by vesicular 

glass, wh ~ ch is oriented at about 20° to the long axis of the sample. This 

fracture cuts matrix and clasts alike . The rock split along this fracture 

thereby exposing part of the fracture plane and its glassy coating . 
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The one flat face of 14306 is lightly covered by glass-lined microcraters 
(zap pits), and the ey.posed rounded faces are more denselY covered with 
these zap pits. This rock is one of those used by Morrison et a1. (1972) 
to present and interpret crater population data in terms of the-r1ux and 
mass distributions of meteoroids in near lunar space. The results of their 
microcrater studies were then applied to reconstruct the history of the rocks 
during their residence time on the lunar surface. 

PETROGRAPHIC DESCRIPTION 
The rock is a coherent, rounded, fragmental rock with some norite clasts and 
few mare basalt clasts as is evident in the mapped surfaces of 14306,103 
(Twede 11 et a 1 ., 1978). 
This generic is unlike most of the ocher Apollo 14 rocks in that there is 
an extremely high clast content with only minor "matrix" material. The 
sizes of the clasts vary considerably, but few (in the sections examined) 
exceeded 1 mm in size. The variety of compositions in these clasts is also 
less diverse than in the other generics. . 

A total of two thin sections each with a different parent were examined. 

Sample Parent 

14306,65 29 

14306,68 41 

Dominant Clast> 1 mm 

Glassy dark metac1astic rock, light meta­
clastic rock and anorthositic rock. 

Fine-grained dark metac1astic rock, 1ight­
colored metac1astic rock and anorthositic rock. 

This ana1ysi: is in very good agreement with the work of Wilshire and Jack­
son (1972). Their work concluded that the dark metac1astic rock was 
represented in the largest clasts in the greatest abundance. 

DISCUSSION 
The sample is classified as a crystalline matrix breccia by Simonds et a1. 
(1977), and like the other CMB's it falls into the F4 category of WiTShTre 
and Jackson (1972), grade 4 of Warner (1972), and 2c Fru Mauro (shocked) 
of Chao et iL. (1972). The thermal and mechanical history of sample 14306 
has been investigated by Anderson et a1. (1972), who describe it as a mu1ti­
generation metamorphosed breccia. -rhey found the oldest fragments to be 
basaltic (noritic) microbreccias that are coarsely crystalline and partly 
glassy. The second generation fragments are dark-gray micro-to-crypto­
crystalline po1ymict metabreccias. The third generation is the host matrix, 
and is similar in composition to the second generation. 
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Anderson et al. (1972) interpret the first generation as possibly pre­
impact in-ag~ It was fragmented and combined with igneous material to 
produce the second generation, and the third generation \1aS produced when 
an impact embedded the second generation material in a crystal rich matrix 
and was thrown three crater-diameters from Cone Crater. An interesting 
feature of this rock is that the glass filling the fracture (SURFACE FEA­
TURES) contains three cylindrical metal particles 1-2 mm long and a 200 vm 
diameter metal spherule observed by Morrison et al. (1972). They noticed 
that one of the metal particles intersects a grass-walled vesicle and that 
section of the particle is concave conforming to the vesicle wall. The 
two other fragments appear to have pulled apart. Although they are now 
separated by several millimeters, the ends clearly could fit together 
(Morrison et al., 1972). The particles appear to have been injected with 
the glass intO-the fracture at a high temperature. 

Crozaz et al. (1972) found the cosmic ray exposure age to be 24 m.y. and 
feel the-rOCk was ejected during the Cone Crater event, the object that 
caused the event is interpreted as being metallic. 

Wosinski et al. (1972) have identified metal spherules in the same glass 
on 14306.--They are said to range in size from 30 ~ to 100 vm in diameter. 

A photograph of a model of sample 14306 and a diagram of its geneology is 
available beginning on page 356 of this booklet. 
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Breccia sample 14307 was collected during tl;e second EVA at station G. 
This sample was not well-documented because its position had already 
been changed by the time it was collected. There are no lunar surface 
photographs of 14307, and its lunar orientation is only known through 
surface pitting. The rock was placed in documented bag 25N and returned in weigh bag 1031. 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

155.0 g 
5.0 x 2.5 x B.O cm 

This is a blocky, sUbrounded rock with an irregular surface. The color 
varies from white to dark gray. The rock is friable, but sufficiently strong to prevent clasts from falling out. 

SURFACE FEATURES 

There are few zap pits (on',)' 15% of sUrface), but irregular-shaped vugs 
which range from 0.1 - 0.5 mm in size have been observed. There are many 
(5-10) irregular superficial cracks 5 - 10 mm in length. One fracture 
cuts a large white clast and is filled with glass. 

PETROGRAPHIC DESCRIPTION 

This sample is a polymict breccia with a seriate texture. T\~enty to 
thirty percent of the fragments are larger than 1 mm. Fragments 0.05 _ 
0.10 mm in size are predominately leucocratic, with angular to subrounded 
shapes. There are two large (> 5 mm) clasts. One clast (5 x 7 mm) is 
mesocratic. It is composed of 30-35% lath-shaped feldspar « 2 mm long) 
associated with two grains of yellow to pale brown olivine. One grain 
(0.5 x 0.25 mm) is bright green chrome diopside. The other big blocky 
clast is coarsely crystalline feldspar, with 5% ilmenite laths, and 5% 
grayish to transparent anhedral material. Sample 14307 is about 5-10% 
glass, Occurring mostly as black to dark gray botryoidal clasts and as veSicular splash. 

Thin section 14307,4 was examined by Ridley during PET and described as 
being a fine-grained clastic rock. The color, under low power in transmitted 
light, is a mottled dark brown, with abundant white clasts. The largest 
lith:c clast observed is 1.3 x 1.6 mm in size, and angular to subangular 
in shape, with the average size being 0.2 _ 0.3 mm. The average mineral 
fragment size is 0.05 - 0.15 mm. Clasts are evenly distributed throughout, 
with no eVidence of any concentrations by clast type. Mineral fragments 
consist of broken fragments of feldspar, clinopyroxene, and orthopyroxene. 
There are abundant glass fragments which are colorless, pale brown, and 
dark brown in color, as well as three glass spheres. The groundmass is 
very difficult to resolve, being almost entirely unrecrystallized, but is 
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dark brown in color, with a mottled texture. 
ial makes up 61% of the sample. 

This finely comminuted mater-

Lithic clasts are, themselves, breccias and contain lithic microclasts, 
mineral, and glass clasts. Lithic microclasts are observed to include 
microclasts of breccia and basalt, but most are breccias. Commonly, glass 
is pale yellow and flow banded. Some honey-brown glass is present. One 
large clast has a basaltic texture. It is coarsely poikilitic, and com­
posed of feldspar and clinopyroxene, wHh accessory anhedral ilmenite. One 
fragment is very olivine-rich. Some clasts could be noritic • 

Opaques present in the groundmass include ilmenite, troilite, and metallic 
iron, with spheres of iron common. Within the clasts, ilmenite, spinel, 
ulvospinel, troilite and metallic iron are seen. 

DISCUSSION 

Somple 14307 is classified as a shocked regolith microbreccia (1 c) by Chao 
et al., (1972), and placed in Warner's group 1. Wilshire and Jackson list 
it as F2, and von Engelhardt et al., (1972), call it a glass-rich regolith 
breccia. Simonds et al., (1977)-,-likewise, place it in their vitric-matrix 
breccia category. ----

Horz et al., (1972) studied 14307 to determine the surface orientation of 
it. TheY-found that part of the glass splatter has been removed by micro­
meteroid bombardment. The preservation of uncratered, highly vesicular 
glass splashes, which are very delicate, is said to be an indication that 
the rock did not tumble after the glass was deposited. 

Berdot et al., (1972) found, during their irradiation studies of 14307, that 
it is KREEr:rich, with a mean model a~e (T ) for the KREEP material of 
about 4.4 b.y. (Nyquist, et al., 1972). I~A~~e compaction of 14307 resulted 
from the Imbrian event, date~at 3.8 b.y. (Wasserburg and Papanastassiou, 
1971), then the time to produce the observed track density is too short 
with the present solar flare activity • 

Berdot et a1., (1972), also note that the dark matrix of 14307 contains the 
"largestaDsolute amount of 'excess' 40Ar ever measured in a lunar sample, 
with a 40Arexc/36Ar ratio of 4.8 . 
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Sample 14309 was collected sometime during the second EVA. No lunar-surface photographs were made, nor are the location and orientation known. The sam­ple was returned in weigh bag 1031 with other grab samples from EVA 2. 
PHYSICAL CHARACTERISTICS 

Mass Dimensions 

42.4 g 4.30 x 5.10 x 3.05 cm 
Sample 14309 is a moderately friable, vitric matrix breccia. 
SURFACE FEATURES 

Some small patches of glassy spatter are present, but tend to spall off the surface. The Tl surface is moderately covered with zap pits (10) as large as 1 mm in size. Spall zones are lacking around zap pits. 
One corner is cut by a penetrative fracture; there are very few non-pene­trative fractures on the surface. 

The Nl surface is subrounded, and contains a black glassy splash. The Bl 
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surface is broken and contains no zap pits (Twedell et ~., 1978). 

PETROGRAPHIC DESCRIPTION 

The matrix is 50% off-white and 50% light gray in hand specimen. The white 
portions are surrounded by the gray, in general. Numerous small irregularly 
shaped vugs are in the white areas. No clasts of mare basalt are visible in 
hand specimen. Clast outlines are vague. Clasts include four 1 x 2 mm 
vitreous black grains, one 1 x 1 mm light yellow-green olivine, and one 
3 x 3 mm cloudy white plagioclase grain. 

Thin section 14309,4 reveals the rock to be a vesicular glassy matrix breccia 
with approximately 10% "glass" in the matrix. The vesicules range from as 
large as 1 mm x 0.6 mm to smaller than 0.5 mm. There are no crystals extend­
ing into any of the voids. In addition, the matrix contains abundant mineral 
fragments and several porti ons of yell owi sh gl assy spheres, many with reac­
tion rims. There are some ill-defined lithic clasts (> 1 mm) of a "glassy" 
(5 - 10%) matrix breccia containing very fine crystallites. A fe\'I large 
plagioclase shards are also included in these clasts. 

The matrix is composed of approximately 30% lithic fragments and 70% 
mineral fragments. The lithic fragments, like the clasts, are of fine­
grained breccia with occasional plagioclase shards. There are a few frag­
ments of a crystalline nature, but distinct crystals could not be resolved. 
Most of the mineral fragments are pyroxene which are slightly shocked and 
some have shock-induced twinning. Several of the crystals show some reac­
tion with the surrounding matrix. The plagioclase is fresh and shows little 
s hock effects. 

There are scattered masses of yellowish brown glass with bubbles, swirls and 
flow lines. There is also a small amount of clear glass in the matrix. 
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Crystalline sample 14310 was collected during the second EVA at station G. 
The collection was not well documented -- no lunar-surface photographs 
were made, and the orientation is known only from surface pitting. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3439.0 q, 19x14xllcm 

This rock is a medium, gray, blocky melt rock, which is subrounded on the 
pitted sides. It is fine grained and homogeneous in mineralogy . 

SURFACE FEATURES 

This rock has a smooth surface and is densely pitted on the two sub­
rounded faces. The other three faces are angular and show no evidence 
of previous microcrater bombardment. The zap pits range in size from 
0.1 mm to 4.0 mm, with approximately 90% of them glass-lined. There are 
estimated to be 20-50 pits per square centimeter on the pitted faces. 
There are two exfoliation fractures, one of which is para1lei to the fresh 
surface. There are feldspar-lined vugs 0.5 - 2 mm in diameter covering 
~ 1% of the surface of 14310. In large cavities, the feldspar appears to 
have a honeycomb texture, but in smaller cavities there are clear to gray 
feldspar cryst.als projecting into the vugs. 

PETROGRAPHIC DESCRIPTION 

The rock is composed of feldspar and pyroxene in approximately equal quan­
tities. The feldspar occurs as both clear and turbid euhedral grains of 
0.3 mm size. Pyroxene occurs as turbid subhedra1 grains 0.2 - 0.3 mm in 
size. Traces of opaques with grains < 0.1 mm are also present. The ro~k is 
medium grained and very homogeneous in texture. 

In thin section (14310,5), the rock is seen to be composed of 31% pyroxene 
(mostly pigeonite), 68% plagioclase (~ Anso), 0.5% opaques (ilmenite, 
chromite, ulvospinel, and troilite), and a trace of metal, with only 0.5% 
mesostasis. Reid and Melson (LSPET 1971) describe thin sections 14310,4; 
14310,5; 14310,6; as having intersertal to subophitic texture. Platy plagio­
clase forms a framework, with individual crystals as long as 1 mm, and 
length/width of approximately 30. Pigeonite, possibly rimmed in places by 
augite, occurs in interstitial to subophitic to sheathlike grains. Discrete 
areas (as large as 500 llm across) consist of a felted aggregate of plagio­
clase (and minor alkali feldspar?) laths with a grain size noticeably smaller 
than the rest of the section. What can be described as a "cognate xenolith" 
consists of an area 3.3 x 1.5 mm, with the same phases as the remainder of 
the section, but with a noticeably finer grain size. It is this sort of 
area that suggests that basalt samples such as 14276 and 14310, for example, 
were melted during impact, rather than formed by the usual igneous processes. 
This is especially evident in thin section 14310,564 which contains a breccia 
clast enclosed G, ~rystalline material. 
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The mesostasis includes late stage, very diverse materials. Some can be resolved into colorless material (~lass?) with opaque to reddish brown spherules, and high relief fibers (apatite?). Minerals include ilmenite, metal (some as spherical droplets), "apatite" (as high relief, low bire­fringent needles), a(\J an orange-bro\~n mineral (as minute isotropic grains \~ith high reflectivity and relief, platy habit, and pseudo­hexagonal outl ine, possibly hercynite). 

DISCUSSION 

Originally believed to be a "type sample" of KREEP basalt, sample 14310 received a gl"eat deal of attention (Brown and Peckett, 1971; Gancarz et al., 1971, 1972; Ridley et al., 1972; Longhi et al., 1972; Hollister, 1972;" and others). Ho\~ever-, it"has become apparentt"hat 14310 should not be considered the "type sample" KREEP (Meyer, 1977). The composition of 14310 is like that of soil sample 14163 and it contains a high proportion of siderophile elements as well as included Fe-Ni-P-S melt globules (El Goresy et ~., 1972; James, 1973) and therefore appears to have been formed as an impact melt rock. The texture of 14310 ranges from flne­grained subophitic to fine-grained intergranular. Gancarz et al. (1971) present a large color photo-micrograph of the texture. Pla9ToCTase forms an interlocking network of randomly oriented laths ('" 200 ~m). Pheno­crysts of plagioclase (2 mm) also form part of this net\~ork. Pyroxene occurs as intergranular to subophitic grains in the interstices of this plagioclase net\~ork. The cores of the pyroxene are orthopyroxene which zones to pigeonite. Augite sometimes forms epitaxial overgr~wths on the pigeonite. Ilmenite occurs in the interstices and is intergro\~n with the outer margin of pyroxene grains. The mesostasis contains globules of Fe-Ni metal -- schreibersite-troilite, Ba-K feldspar, baddeleyite, tran­quillityite, Ca-phosphates and patches of above mentioned silica-rich glass. However, in 14310 this glass is often devitrified. 

Observation of a large number of thin sections ('" 30) of 14310 shows that there may be a range in the mineralogical mode (Ridley et .!J..., 1972). Such modal variations as well as a rather ~lide range in the Chemical analyses confirm that 14310 is not a homogeneous rock. In addition, James (1973) and LSPET (1971) report apparently cognate inclusions which are present as small clasts (2 mm across) made up of tightly intergrown plagioclase laths, as well as patches of silicate intergrowths which have signifi­cantly coarser grain size than the rFst of the rock. 

In a thin section study of 14310, Brown and Peckett (1971) found that plagioclase phenocrysts were strongly zones to more sodic and potassic compositions in their outer margins whereas the groundmass plagioclase laths were as calcic as the phenocryst cores. In view of these date they proposed that the basaltic lava lost Na and K by volatilization from the lunar surface during its clystallization. However, Ridley et a1.(1972) and Longhi et al. (1972) observe that plagioclase laths often Tntrude and are includedi~TThin phenocryst rims and that there is actually a consider­able range in the composition of the laths. They conclude, instead, that the alkali content varied locally within the plagioclase network and that 
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some phenocrysts rims actually grew later than many of the laths. How­
ever, the presence of volatiles in the melt and escape of volatiles during 
crystallization is attested 'to by the presence of vugs in the rock. The 
composition of this volatile phase is still unknown. 

Sample 14310 is listed as a basalt by lVilshire and Jackson (1972) and as 
a clast-free impact melt rock by Simonds et a1. (1977). I~asserburg and 
Papanastassio~ (1971) describe it as c10selYlresemb1ing sample 14276 
and different from mare basalts. Ages c1ustF~ at 3.88 ± 0.04 billion 
years ~go on these samples, distinct from the age of 3.95 ± 0.03 billion 
years before present, obtained on 14053 and a clast from 14321 (Papanas­
tassiou and I~asserburg, 1971). 
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Breccia sample 14311 was collected during EVA 2 at station Dg. Lunar 

surface photographs were not taken and the orientation is estimated from 

surface pitting. Sample 14308 consisted of 3 pieces which PET found to 

have been part of 14311 and are included herein. These three pieces were 

renumbered 14311 ,26; 14311 ,64; and 14311 ,65 (see model, page 359). 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3204.4 g 20.0 x 12.5 x 9.1 cm 

This sample is a gray coherent breccia wh i ch is broken into pieces along 

fractures . There are on ly a few fragments > 1 mm « 5%) and the rock is 

mostly (95%) crystalline matrix. 

SURFACE FEATURES 

Sl ickensides are present on one face with grooves 3-5 mm apart. Glass 

lined zap pits range from 0. 1 - 1 mm in size with a density of approxi­

mate ly 3 pits per square centimeter. Shock features include fractures 

and a few shocked lithic fragments. Vugs are present, aligned in a chain 

like fashion with individual chains spaced 1 cm apart (see also Twedell 
et ~., 1978). 
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PETROGRAPHIC DESCRIPTION 

This fragmental polymict breccia consists of 5% clasts and 95% crystalline 

matrix. Mineral fragments and lithic clasts are present in subequal amounts. 

Some mineral fragments are as large as 5 mm and appear fresh. Plagioclase 

makes up 70% of the m'ineral fragments. The other 30% is composed of olivine 

and a black mineral (probably ilmenite). Lithic fragments are 70% crystal­

line rock fragments and 30% breccia fragments. Some lithic fragments grade 

into the matrix and it is probably derived from them. Most are leucocratic. 

There is an intricate relationship between the vugs and the matrix. The 

rock appears to be igneous in some respects, but the matrix has clast-like 

fragments. The single crystal clasts are large, fresh, and abundant. This 

rock is similar in binocular appearance to 14069. 

In an attempt to characterize the nature of sample 14311, a selected group 

of thin sections with different parents were chosen for modal analysis of 

the ~ 1 mm clasts. 

A total of four thin sections were studied and the clast compositions noted. 

The samples examined with their proper parents designated were: 

Sample 

14311,88 
14311,95 

14311,90 

14311,91 

Parent 

42 

62 

31 

Dominant Clast> 1 mm 

Anorthositic breccia, basaltic rock, dark 
metaclastic, light metaclastic. 

Plagioclase shards, dark metaclastic, basaltic 
rock, light metaclastic, olivine crystals, 
anorthositic breccia. 

Dark metaclastic, anorthositic breccia, 
plagiocl~se shards. 

The results of this summary indicate that the predominate rock type in this 

generic is the dark metaclastic followed by (in order of decreasing abun­

dance) anorthositic breccia, light metaclastic, plagioclase, basalt and 

olivine crystals. 

DISCUSSION 

Sample 14311 was investigated by Wilshire and Jackson (1972) and classified 

as a coherent breccia with dark clasts and placed in their F4 category. 

Warner (1972) lists it as a grade 5 metamorphic, and Chao et~. (1972) list 

14311 as an unshocked, strongly annealed, Fra Mauro breccia, and 14308 as 

a strongly annealed, Fra Mauro breccia. Quaide and Wrigley (1972) classify 

it as an annealed breccia. Von Engelhardt et al. (1972) and Simonds et al. 

(1977) describe it as being glass poor with-a crystalline matrix and a-CMB, 

respectively. 
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Hart et~. (1972) list the exposure age of 14311 as 3.4 x 106 years using 
.particle tracks, Morrison et al. (1972) point out that a portion of 14311 
without microcraters was buried at the time of c111ection, and that the 
cratered surface represents a single exposure interval. The surface resi­
dence time was calculated by them as being 4.5 x 10 5 to 2 X 106 years. 
Sample orientation of breccia 14311/14308 was determined by Horz et al. 
(1972). --

Olivine clasts, with mantles formed by the reaction of the olivine with the 
breccia matrix, are noted by Cameron and Fisher (1975). They are also 
present in samples 14304 and 14319. Kesson (1975) attributed these reaction 
rims to metamorphism during burial in a hot ejecta blanket, using the breccia 
formation model of l~arner (1972). Kesson believed, on the basis of her ex­
perimental model, that reaction rims can be formed over a pericd of years. 

The sample's geneo1ogy and a photograph of the model is available on pages 
358-359. 
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ORIGINAL PAGE IS 

1431 2 I 13 OF POOR QUALITY 

I . 

Sample 1431 2 is a breccia collected from the top of Turtle Rock during EVA 2 

at Station H. Its lunar orientation and location were \~ell docun:ented. Tur­

tle Rock is the largest of several boulders at Station H, and the two rocks 

on it were nicknamed "turtle eggs", and collected as samples 14312 and 14319. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

299 g 9 x 6 x 4 cm 

This rock is a medium gray, coherent breccia \~hich is pat' t1y covered with 

glass. 

SURFACE FEATURES 

Zap pits are present on all sides of 14312 suggesting that it was turned 

over after spa11ing off Turtle Rock or that it fell onto Turtle Rock from 

el sewhere (S\~ann et al., 1977). The zap pits are glass-lined and range 

from 0.1 - 4 mm indiameter. ~lany of the pits have white halos around them. 

Pit density is estimated to be 45 pits per square centimeter . The rock has 

both penetrative and non-penetrative fractures. Three sets of fractures 
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are filled with veinlets of dark brown, vesicular glass, similar to that on 

the surfaces of 14312. The glass coating covers half of two faces. 

PETROGRAPHIC DESCRIPTION 

This rock is a polymict breccia, with at least 80% of the fragments lithic 

in nature, and less than '15 - 20% mineral fragments. Most lithic fragments 

are fine-grained and in some cases it is hard to distinguish the clasts from 

the matrix. Angular lithic fragments are 60% medium gray material and 40% 

leucocratic material which occasionally contain white feldspar. The matrix 

is white to light gray with a brownish tinge. Thin section 14312,13 shows 

that the predominant lithic type is a fine-grained breccia with some included 

larger mineral fragments. The second most abundant type is a poorly organ­

ized mixture of pyroxene and plagioclase. Many of the plagioclase crystals 

in these fragments are distorted and bent. The section also reveals that 

the predominate type mineral fragment present is fresh to mildly shocked 

plagioclase shards. There is also a nearly equal amount of pyroxene frag­

ments, some of which are quite large. 

In thin section approximately 30% of the area is composed of a dark, fine­

grained material which contains abundant opaque grains. Some large to 

small areas of devitrified glass are also present. 

Mineral fragments are mostly plagioclase 0.5 - 2.5 mm in diameter, one large 

clast of which is shattered. Some light yellow and cinnamon brown material 

is also present with fragments ranging in size from 0.2 - 1 mm in diameter. 

A trace of dark gray, angular, glass fragments is present with rounded to 

equant particles. The rock has been mapped by members of the Imbrium Con­

sortium (1976) and by our recatalog team (Twedell et ~., 1978), 

DISCUSS ION 

Sample 14312 was listed as Warner's (1972) grade 7, and as an F4 by Wilshire 

and Jackson (1972). Chao et al. (1972) list it as a shocked, strongly 

annealed, Fra Mauro breccia-(2c), and Simonds et al. (1977) describe it as 

a crystalline matrix breccia (CMB). --

Ryder and Bower (Imbrium Consortium, 1976) investigated the petrology of 

sample 14312 and mapped thin section 14312,14. They concluded that 14312 

was assembled from other polymict breccias at a high temperature. Injected 

melt phases, maskelynite, and shock mineral phases indicate that the 

assembly took place in the ejecta blanket produced by a major meteorite im­

pact. 
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Breccia sample 14313 was collected during the second EVA at Station Gl, 150 m 
east of the LM, on the north rim crest of ~orth Triplet Crater. It was 
placed in documented bag 27N. Its lunar location and orientation are well 
documented. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

144 g 6 x f\ x 4 cm 

This is a medium light gray, coherent, fragmental breccia with a distinctive 
shape due to a prominent notch produced by spalling along two sets of frac­
tures intersecting at an angle of 105°. 

SURFACE FEATURES 

All surfaces have a light to moderate 
(20 - 30 per square centJmeter). The 
meter (see Twedell et !l., 1978). 

density of glass-lined zap pits 
pits range from 0.1 - 1.0 mm in dia-

Sample 14313 is described by Morrison et al. (1972) as having large crater 
jensities on all major surfaces, Its lunar orientation is well documented 
by lunar surface photography (Sutton et al., 1971). The tumbling history 
\~as investigated and is presented in diagrammatic form in the article by 
Morrison et £1. (1972, p. 2776). 

There are two well defined fractures, one of which extends along the length 
of the rock. 

PETROGRAPHIC DESCRIPTION 

This sample is a polymict, fragmental breccia with clasts larger than 1 mm 
comprising 25 - 30% of the rock, and fine-grained matrix the other 70 - 75%. 

Thin section 14313,14 contains only about 10% lithic clasts (> 1 mm) with 
no mineral fragments that large. The clasts are angular to rounded rock frag­
ments which appear to be mostly crystalline with well defined boundaries. 
The clast composition ranges from 20% feldspar and 80% olivine in mesocratic 
clasts to 80% feldspar and 20% olivine in leucocratic clasts. Intermediate 
clasts contain 5 percent pyroxene. The matrix appears to be 70% clear sub­
hedral feldspar grains 0.5 mm in size and 30% pyroxene grains < 0.1 mm in 
size, with minor amounts of olivine of about 0.1 mm grain size. The matrix 
is texturally homogeneous but there are inhomogeneities in matrix mineralogy. 
There is approximately 30% brownish-yellow "glass" in the matrix. There are 
abundant glass spheres and masses of glass present along with a small amount 
of spinel. 

DISCUSSION 

Sample 14313 has been studied extensively by a consortium of nine labora-

270 

",'.,'" 

• 

t 
• 

• 
• 



0·'· " ; 

.. 

.. 
• 

• 
• 

• 

tories. The mineralogy, petrology, and petrogenesis \~ere investigated by 
Floran et al. (1972). Sample 14313 was described by them to be a coherent, 
polymic~breccia with a complex history of comminution and reagglomeration. 
Five thin sections were examined: 14313,7; 14313,39; 14313,40; 14313,41; 
and 14313,42, but these originated from only two parents: 14313,7 came 
from 14313,3 and the parent of the others is 14313,35. The dominant clast 
types were listed as (1) noritic rock fragments, (2) monomineralic fragments, 
(3) microbreccia clasts, and (4) glassy fragments including glass spherules. 
These glass spherules are described as chondrules and chondrule-like bodies 
by King et al. (1972). Mare-type basalt clasts are described as rare by 
Floran e~a~ (1972). They found the matrix of the breccia to be composed 
primarilY of fine particles of brownish glass. Varying degrees of shock 
damage to the clasts were observed, ranging from unshocked through shock­
melted fragments. A sequence of four unrer.rystallized microbreccias was 
recognized and recrystallized cla~ts are also present. The abundance of 
micronorite clasts in 14313 are interpreted as an indication that noritic 
rocks were an important pre-Imbrian rock type in the Imbrium Basin area. 
14313 was assigned to Group I of Lindsay's classification. He estimated 10% 
of the sample to be glass, most of which is colorless. Plagioclase and pyrox­
ene are the dominant mineral phases. It was also described as a vitric matrix 
breccia (VMB) by Simonds et £1. (1977), and as a regolith breccia by Quaide 
and Hrigley (1972). Chao et £1. (1972) list it as a compact, nonporous, 
regolith microbreccia (lb). It is listed as an F2 by Hilshire and Jackson 
(1972) and placed in Harner's (1972) lowest metamorphic grade facies (Group 
1). 

The sample's geneology can be found on page 360 of this document. 
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14314, 10 
ORIGINAL PA c.~ ,." 

OF POOR QUALITY 

Sample 14314 is a breccia sample collected during the second EVA at Station H. 
It was collected from the fillet below Turtle Rock, 80 meters NW of the U1. 
The fillet slopes 2 - 3° to the flat regolith and has abundant rocks up to 
30 cm in size distributed in it. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

11 5.7 g 7 x 5 x 3 cm 

The rock is a friable breccia, medium to l ight gray on its fresh surface and 
dark brownish gray elsewhere. Approximately 40% of the surfdce is glass cov­
ered. 

• SURFACE FEATURES 

G1as~-lined pits range in size from smaller than 0.1 mm to 2 mm. There are 
approximately 60 pits per square centi~eter except on the freshly broken 
surface (see also Twede11 et a1., 1978 ). --
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There are two generations of fractures with the older 
dark glass and the younger ones slightly opened, very 
spaced. 

PETROGRAPHIC DESCRIPTION 

fractures filled with 
irregular, and closely 

Sample 14314 is a polymict breccia which is composed of 10% leucocratic 
material and lithic fragments larger than 1 mm and 90% light and dark gray 
fragments smaller than 1 mm. Five percent of the rock is composed of mineral 
fragments larger than 0.1 mm. Mineral fragments consist of white to clear 
plagioclase, pale greenish yelloW olivine, and clear cinnamon-brown pyroxene. 
Nine percent of the rock is composed of angular to rounded lithic fragments, 
98% of which are leucocratic. Silicate boundaries are indistinct suggesting 
shock effectS. Angular, dark brown to black glass fragments make up 2% of 
14314. The matrix in many cases grades into the clasts. The matrix is a 
seriate mixture of mineral fragments and small lithic shards with very little 
dark, fine-grained material. 

Thin section 14314,10 shows an abundance of highly shocked, large, pyroxene 
fragments and clasts interdispersed with a few lithic clasts. The predomi­
nant lithic clast type is a plagioclase-rich cumulate and numerous types of 
fine-grained breccias. There are olivine grains in the cumulates and in 
many of the pyroxene and plagioclase grains. 

DISCUSSION 
Wilshire and Jackson (1972) list sample 14314 ?~ an F4 (coherent with dark 
clasts). Warner (1972) places it in his high s,ade metamorphic category 
(7), and Chao et al. (1972) describe it as a shocked, strongly annealed, 
Fra Mauro breccia--. Simonds et al. (1977) list it in their CMB category. 
In their analysis of Fra Mauro samples, Dence and Plant (1972) describe 
sample 14314,13 as containing a wide variety of clasts including mineral 
fragments, mare basalt, and annealed glass, predominantly of Fra Mauro 
basaltic composition, enclosing smaller amounts of potassic granite. 
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Sample 14315 is a breccia collected from Station H (North Boulder Field) 
during EVA 2. Its lunar location is documented as being 15 m SE of Turtle 
Rock and 70 m NW of the LM, but the lunar orientation is tentative. It was 
returned in weigh bag 1038. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

115. g 3 x 6 x 6 cm 

This coherent, gray breccia has a rounded surface and an angular flat under­
side. 

SURFACE FEATURES 

Glass-lined zap pits cover the rounded surface more densely than the flat 
surface, with 30 pits per square centimeter. The pits range in size from 
less than 0.1 to 2 mm. 

There are two fracture sets orthogonal to each other, with three fractures 
in one set and one in another. 

PETROGRAPHIC DESCRIPTION 

This sample consists of 20% fragments less than 1 mm and 80% fragm~nts larger 
than 1 mm. Seventy percent of the rock consists of lithic fragments greater 
than 0.1 mm which are entirely leucocratic and white. Two fragments of 
plagioclase rich material about 5 mm in size can be seen on the rounded sur­
face. A prominent set of planar laminae of dark black glass 0.02 mm thick, 
about 2 mm long, and spaces 2 - 5 mm apart is an unusual feature of this rock. 
The glass laminae transect some grains but go around others. 

Thin section 14315,7 is very unusual in that the rock displays an inter~ocking 
mixture of mostly rounded, partly to nearly totally devitrified glas: bodies, 
abundant chondrule-like bodies and scattered larger, highly shocked minpral 
and lithic fragments. The main lithic type present is microbreccia with 
either a very fine-grained matrix to a holocrystalline matrix. Many of the 
mineral fragments have been shocked to an extent that they are now very 
"glassy". The material cementing the fragments together is a reddish-brown, 
fine-grained material which shows a discontinuous pattern. One quarter of 
the section is a leucocratic clast which is in sharp contact with the other 
parts of the section. 

DISCUSSION 

Wilshire and Jackson (1972) describe sample 14315 as a coherent breccia 
light clasts (F z). Warner (1972) places it in his metamorphic grade 3, 
Chao et al. (1972) list it as a spherule-rich, transported microbreccia 
SimondS et al. (1977) classify rock 14315 as a VMS. 
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Nelen et al. (1972) describe sample 14315 (1'5 dense, plagioclase-rich rock 
with 5~ TU% chondrules consisting of plagloclase needles in a glassy matrix 
and glass spherules and fragments, most of which are devitrified. Analyses 
of the glasses reveal them as having a low « 10%) iron content. One large 
fragment (2 x 6 mm) containing several clasts of quartz-K-feldspar inter­
growth and a large rounded grain of orthopyroxene were observed. Most of the 
clusts were described as being olivine or plagioclase, however. Dence and 
Plant (1972) also observed many chondrule-like bodies and devitrified glasses 
of feldspathic basalt composition in sample 14315. 
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Sample 14316 is a breccia collected at station H during EVA 2. It has not been identified in lunar surface photographs, so its exact lunar location and orientation are unknown. It was returned in weigh bag 1038. 
PHYSICAL CHARACTERISTICS 

Mass Dimensions 

38.2 g 4.5 x 3.0 x 1.5 cm 
This rock is a medium gray, inhomogeneous, fragmental breccia with one flat face. There is a predominance of leucocratic clasts. 
SURFACE FEATURES 

The rock has an irregular surface with less than 2% glass cover. Three sur­faces of the rock are pitted, and the rounded surface is covered with glass­lined zap pits with a density of 15-20 pits per square centimeter. The pits range from 0.25 - 1 mm in size. There is glass but no zap pits on the flat surface (see also Twedell et !l. , 1978). 

Two sets of planar fractures cut the rock . The two members of the first set are spaced 6 mm apart. One of these cuts across both matrix and clasts . 
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Both fracture surfaces are glass splattered. 
fresh and irregular. 

The second fracture set appears 

PETROGRAPHIC DESCRIPTION 

The grain size ranges from 0.1 n111 to 0.2 mm, and is inhomogeneous. The rock 
is po1ymict with 20% fragments greater than 1 mm and 80% matrix. The clasts 
are 1eucocratic. and consist of two types: 

1. 

2. 

Fine grained microbreccia with 1eucocratic clasts and angular 
feldspar in a fine grained recrystallized matrix. 

Clasts with pyroxene and plagioclase in varying proportions. 
These measure up to 1.0 cm in size and have subrounded, very 
irregular scalloped shapes with sharp outlines. These are 
the dominant clasts in 14316. 

The matrix consists of ~ 30% very small 1eucocratic fragments, < lX brown 
pyroxene, yellow green olivine (?), and ~ 70% light gray material. There 
are numerous small spherical to irregular glass masses, many of \~hich are 
partly devitrified, scattered through the matrix. Only about 5% of the 
matrix is the fine-grained dark gray material. The matrix appears to be at 
least partly recrystallized. 

Thin section 14316,5 is somewhat reminiscent of 14315,7 in that the rock con­
sists of an interlocking mixture of mineral and lithic fragments cemented 
together by a brownish "glassy" material. The fragments are much less re­
solved than in 14315,7 and there are fe\~er chondru1e-like bodies and devitri­
fied glass masses. There is one large reddish-pink spinel crystal surrounded 
by opaque grains and a "halo" of finely crystallized material. Smaller masses 
of spinel are scattered throughout the section. 

DISCUSSION 

Sample 14316 was placed in their F2 category by 1~i1shire and Jackson (1972) 
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Breccia sample 14317 was collected at station H during the second EVA but has 
not been identified in the North Boulder Field photographs, so its lunar 
location is tentative, and lunar orientation, unknown. It was returned in 
weigh bag 1038. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

16.1 g 3.0 x 2.5 x 1.5 cm 

Thi srock is a medi um gray, coherent brecci a. 

SURFACE FEATURES 

The pitted surface has a density of approximately 20 pits per square centi­
meter. The pits vary from 0.1 mm to 0.2 nUll in size. 

PETROGRAPHIC DESCRIPTION 

This rock consists of 90% matrix smaller than 1 mm and 10% clasts larger 
than 1 mm. The matrix is very fine grained and homogeneous. The clasts are 
very leucocratic and probably are composed of plagioclase. 

Examination of sectiod 14317,4 reveals the sample to be bl'eccia with approxi­
mately 10% "glassy" material in the matrix « 1 nml). There are very felv 
lithic fragments pres~llt in the section. Lithic fragments are all of a very 
fine grained microbreccia. There are also several larger masses of an opa­
que material present. Most of the fragments in the matrix are highly de­
formed pyroxene crystals, many of which are rounded. There are abundant 
small crystallites in the matrix. One small fragment of a basalt Ivhich has 
been shocked Ivith highly deformed pyroxene and plagioclase Ivas observed. 
There are a few small anhedral olivine crystals in some of the pyroxene 
crystals. A few glass masses are scattered throughout the, section and many 
have dendritic crystals in them. 

DISCUSSION 

Sample 14317 \Vas placed in the F2 category of Wilshire and Jackson (1972). 
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Breccia sample 14318 was collected from the rdgolith near the south end of 
North Boulder Field at station H during the ,econd EVA . It was returned 
in weigh bag 1038. Saw~le 14318 is on~ of the specimens chosen for study 
by the Imbriu~ Consortium, who received 14318,0. A complete set of matched 
thin sections, across the entire specimen was 'made by the Consortium 
(1976), and their findings are included in this description. 

PHYSICAL CHARACTERISTICS 

Mass Dil'lensions 

600.2 g 11.4 x 7.8 x 5.3 cm 

This sample is a very coherent, gray, polymict breccia consisting of light 
gray clasts in a medium gray matrix . 

SURFACE FEATURES 

The sample i~. densely pitted or all surfaces , with pits ' c' nging from < 0.1 
to 2 mw in diameter. Pit density is 60 pits per square centimeter. More 
than 90% of the pits are glass lined . 
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The rock is cut by three sets of mutually orthogonal planar fractures. Two sets have 0.1 mm thick black vesicular glass filling the fractures, and ti~e surface uf the third fracture set is not visible. Many small veins uf glass diverge from the fracture plane and extend into the matrix. 
PETROGRAPHIC DESCRIPTION 

Clasts larger than 1 mm make up at least 20% of the volume. Three clast types are pure white or graY-"Ihite P 1 agi ocl ase ri ch fragments, app; e-green olivine-rich spheres (chondrules) (see King et Bl., 1972; Kurat et al., 1972, 1974), and light yellow-brown "basaltic" fragments. In appearance, the hand specimen, with its range of clast sizes, colors, and shapes, is said to be reminiscent of the Allende meteorite (Imbrium Consortium, 1976). The matrix consists of feldspar, with ~ 5% olivine and 1% pink pyroxene. This is a highly compiex fragmental rock \~ith 50j; of the clasts pieces of crystalline rocks and 50~, leucocratic microbreccia. 
In thin section sample 14318 is described by the Imbrium Consortium (~. cit. 1976) as a very coherent, low porosity polymict breccia which is partly coated with a grayish-green glass containing numerous micron-sized droplets. This is the glass filling some of the fractures in the rock. The grain size ranges continuously from> 1 ~m to at least 7 mm. Clasts larger than 1 mm account for 30% (Wilshire and Jackson, 1972) to 50;. (Warner, 1972) of individual thin sections. As noted by Harner (1972) and Chao et al. (1972), the large clasts exhibit a faint alignment. The matriX-(consisting of crystal, rock, and glass fragments less than an arbitrary 100" in dimension) is tightly welded together, but not recrys­tallized to any significant extent. Glass fragments as small as a few microns are not devitrified and some glass and crystal fragments are angular. However, many other grain boundaries are di "fuse and there is a snall amount of glass that appears to help cement the rock together. Some of this cementing glass is amoeboid in shape (see Kurat et al., 1974, their Fig. lC), ~~d some is petrographically identical to thelbrown glass in glas,-welded aggregates, or agglutinates. The matrix texture places t~e rock in Warner's (1972) group 3. 

Kurat et~. (1974) attached special importance to the presence of rapidly crystallized spherules, or chondrules, and to the overall textural simi­larities between 14318 and polymict, brecciated chondritic meteorites. Al­though they recognized that chondrites and 1 unar rocks differ markedly in composition, Kurat et al. argued that impact processes played central roles in producing both 1431Band the chondrites. Chao et al. (1972) dlso con­sidered the presence of spherules of glass, devitrlfied glass, and chondrules to be significant. They classified 14318 as a "spherule-rich, transported microbreccia" . 
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Kurnt et~. (1972, 1974) measured the chemical compositions of lithic frag­
ments, glasses, and chondrules in 14318, but did not ascertain their relative 
abundances. To obtain abundance data, the Imbrium Consortium (.QE.. cit., 
1976) made a modal analysis of one thin section, took a census of all frag­
ments larger than 1 mm in two sections, and compiled another census of 
particles between 0.2 and 1.0 mm diam., in randomly select~d regions of 
one section. The following discussion is a summary of thelr results: 

Lithic fragments are of the same varieties as found in the Apollo 14 soils 
(e.g., Taylor et al., 1972) and other breccias (e.g., Chao etal., 1972). 
Most have KREEr-chemistry and are breccias, recrystallized to varying 
degrees. Some are clearly polymict. Lithic fragments were classified as 
follows: recrystallized noritic breccias, in which the matrix is fine­
grained and unmelted; partially melted noritic breccias, characterized 
by igneous-textured matri ces; granul iti c nod tic brecci as, with coarsely­
crystalline, equant matrices. Nonmare basalts, some of which could be 
total impact melts; mare-like basalts, which are distinguished from non­
mare basalts by higher contents of mafic silicates and ilmenite; anortho­
sitic (or ANT) rocks; and others, (ultramafic rocks, graphic intergrowths 
of quartz and alkal'j-feldspar, and coarse-grained, unbrecciated noritic 
fragments). All but the last three categories are chemically equivalent 
to KREEP. 

Glasses are also of the same types as found in soils. They were classified 
into the following groups: homogeneous glass, almost all of which were 
pale yellow to bright yellow; ropy, or suevlte~like glass that contains 
crystallites and mineral fragments; prown, swirly, agglutinitic-like glass; 
and devitrified glass. Chondrules were placed in a separate category, as 
were mineral fragments. 

The modal analysis, incorporating both clasts and matrix, was done on 
section 14318,48, using a magnification of 80x. An area of about 6 cm2 

was scanned and 4,847 points were counted. Results are as follows: 

Lithic fragments 
Mineral fragments 
Homogeneous glass 
Suevite-like glass 
Brown, swirlY glass 
Devitri fied glass 
Chondrules 

59.6% 
14.7% 

3.0% 
5.9% 

10.2% 
2.5% 
4.1% 

100.0% 

~ Compared to Apollo 14 breccias that are obvious soil breccias, such as 
14047 and 14055, rock 14318 is much richer in lithic fragments (60% vs. 
",lOj;) and poorer in brown, swirly matrix glass (10% vs. 50%). Nevertheless, 
the same constituents normally found in lunar soils are present. Perhaps 
14318 was made from a relatively immature soil. 
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Chondrules are confined to the < 1 mm fraction. These results are consistent 
with those reported by Wilshire and Jackson (1972). Essentially the same 
proportions of types are found in each. Curiously, the. relative abundances 
of types of KREEPlithic fragments in 14318 is quite simila.r to those in 
the freshest (least mature) soils from Apollo 14: 14142 from Cone Crater 
and 14151 from the bottom of a 30cm deep trench (Taylor et £1., 1972b); 
As noted above,· it is possible that 14318 was formed from an immature soil. 
(The previous petrographic discussion of sample 14318 is from Interdisci­
plinary Studies by the Imbrium Consortium, volume 1, pp. 67-69.) 

DISCUSSION 

Sample 14318 is classified as an F2 by Wilshire and Jackson '(1972) because 
of its coherence and abundant 1 eucocrati c cl asts. Warner (1972) assi gned 
it to his medium metamorphic grade 3, and Chao et a1. (1972) placed it in 
his spherUle-rich group (3). Quaide and Wrig1ey(i972) call it a regolith 
breccia, and v()n Engelhardt et al. (1972) place it in. their glass-rich 
regolith breccia category. Simonds et~. (1977) list it as a VMB. 

This rock has been studied extensively by Kurat et al. (1972, 1974), 
mentioned by King et al. (1972), and finally studiedby the Imbrium Con­
sortium (1976). Itcontajns fissionogenic xenon der.ived from extinct 
244 Pu (Behrmann et a1., 1973; Reynolds et .a1 .• 1974). The most interesting 
feature of 14318,hmvever, is its chondruleContent. 
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!3reccia sample 14319 is the western rock from the top of Turtle Rock ("turtle egg"). This sample as \~ell as 14312 were collected from Tu"'t1e Rock at station H during the second EVA and returned in weigh bag 1038. Its lunar orientation and location have been well documented. It appears to be similar to Turtle Rock and the other rocks in the area. 
PHYSICAL CHARACTERISTICS 

Mass Dimensions 

211.6 g 8 x 5.5 x 3.9 cm 
This is a light-medium gray coherent breccia which is flat on one side and rounded on the other sides. 

SURFACE FEATURES 

The rock is rounded and pitted on all but one side which is flat and partly covered \vith glass. Pits range from 0.1 to 3 mm in diameter, averaging about 0.5 mm. The gl ass is dark brown in hand specimen and forms a 0.5 - 1.0 mm thick coating • 

There is a set of fractures subparallel to the long axis of the rock whi ch are fragil e and ready to break. 

PETROGRAPHIC DESCRIPTION 

This is a po1ymict breccia, with 90% of the clasts greater than 1 mm being lithic and 10% rounded feldspar crystals up to 2 mm long. The most common clast type (90%) is medium dark gray, equant to e1on9ate, subangu1ar to rounded, crystalline granular microbreccia. These microbreccia frag­ments consist of 50% medium gray feldspar, 45% white to colorless feldspar laths, yello\v-green olivine, and cinnamon-bro\~n pyroxene. Approximately 10% of the lithic clasts are small (1 - 2 mm)crystalline basalt fragments composed of colorless feldspar, light brown pyroxene, and black opaques. One large feldspar fragment has a rim of opaques completely around the margins. The matrix is ,made up of feldspar ., 1 mm1ithic clasts, a yell owish mineral (feldspar?), opaque speckr" red brown pyroxene, and lemon yellmv olivine (1). 

Examination of sections 14319,2 and 14319,13; as well as chips 14319,8; l4319,8A; and 14319,10 by I~inzer as part of the PET (1971) indicates that this sample is a gray-green, fragment-laden melt containing basaltic, anortho­sitic, noritic, and predominately breccia clasts, a10n9 with fragments of minerals and glass. Minerals include olivine, pyroxene, opaque minerals, and plagioclase, \~ith p1il9ioc1ase the major phase present. Olivine is a minor phase, and there are, also, a few reddish-orange spinel fragments observed. Some devitrification of the glass present has occurred, mainly as a growth of very small euhedra1 feldspar crystals. Large "poikilitic" pyroxenes were not observed. 
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Most clasts are breccias. Those breccia clasts which are not glassy or 
partly devitrified fragment-laden melts appea.' to be anorthositic in 
nature. One relatively large anorthositic clast was observed in 14319,2. 
The dominant igneous clast is basaltic. These are, normally, either of a 
"felted" texture, or are microgabbroic. Norite (or gabbro) clasts are 
secondary. These noritic clasts contain more feldspar than the basaltic 
clasts, and do not usually contain olivine. Opaque phases Occur as small, 
rounded,metalgrains, or as irregular ilmenite. Brett (LSPET, 1971) 
deScribed the opaques in 14319,5 as similar to 14318,2 except lacking in 
chrome spinel, u1vospine1, and Zircon. Troi1ite is more abundant, 
occurring as fine rounded. to subrounded blebs to 10 ]Jm, and larger aggre­gates of grains as large as 80 ]Jm. 

DISCUSSION 

Sample 14319 Was found to be an F4 breccia (coherent, dark clasts) by 
Wilshire and Jackson (1972) and a high metamorphic grade (7) by Warner 
(1972). Chaoet a1. (1972) cl assify it as a strongly anneal ed, shocked, 
Fra Mauro brecCTa'\2c). Simonds et al. (1977) list it as a crystalline matrix breccia. - -

The sample was also investigated by Roedder and Weib1en (1972) in their study 
of melt inclUSions, and they found evidence that the sample had a complex therma 1 hi story. 
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This breccia was collected from North Boulder Field from station H during 

EVA 2. The sample has not been identified in lunar surface photographs so 

the lunar location is only tentative and the lunar orientation is unknown. 
Sample 14320 was returned in weigh bag 1038. 

PHYSICAL CHARACTER 15 TICS 

Mass Dimensions 

64.9 g 5.5 x 5.0 x 2.5 cm 

This is a medium gray, coherent, polymict breccia. 

SURFACE FEATURES 

Glass-lined zap pits are evenly distributed on all sides of the rock with a 

density of approximately 20 pits per square centimeter. The pits range in 

size from less than 0.1 mm to 2 mm. 

There are two orthogonal sets of planar fractures parallel to the Wand the 

B faces of the sample. 

PETROGRAPHIC DESCRIPTION 

This polymict breccia has 10% clasts larger than 1 mm and 90% matrix smaller 

than lll'm. Tl)ere are both mesocratic and leucocratic lithic fragments. The 

bulk of the rocl: is composed of angular and roughly equant fragments of 

aphanitic material set in a lighter gray to white groundmass. 

A thin, irregular vein of dark bro\~n vesicular glass fills one small crack. 

This sample appears similar to 14321 in hand specimen and in thin section. 

Thin section 14320,7 has approximately 25% clasts and 75% matrix. The 
matrix has a salt and pepper appearance with very fine white and dark 
grains. Approximately 10% of the rock is white feldspar fragments ranging 

down to less than 0.1 mm in size. Trace amounts of cinnamon brown pyroxene, 

pale greenish-yellow material, deep red translucent rutile, and a black 
opaque mineral. The lithic clasts present in 14320,7 are of .a dark and 
light breccia with abundant mineral fragments. Many of the fragments are 

too small for identification. Those.that are large enough are pyroxene, 
olivine and plagioclase \~ith minor opaques. The matrix contains 10-15% 

ofa fine-grained dark material which includes small opaque fragments. 

DISCUSSION 

Sample 14320 \~as placed in the F4 category of Wilshire and Jackson (1972) 

and is described as coherent with d,lrk clasts. Harner (1972) placed it in 
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his metamorphic grade 6, and Chao et al. (1972) list it as a shocked, strongly 
annealed, Fra Mauro breccia (2c). Quaide and Hri91ey (1972) 1 ist it as an 
annealed breccia, and von Engelhardt et al. (1972) classify it as glass poor 
with a crystalline matrix. Simonds etal.(1977) classify it as a crystal-
line matrix breccia (eMB). --

It is described by Roedder and Heiblen (1972) as having had a complex thermal 
l1istory. Some of the parent rocks were said to have undergone slO\~ cooling. 
Potassium enriched clasts were observed in this sample, as in 14303, 14319, 
and 14321. 
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Lunar sample 14321 (also known as Big Bertha) is the largest sample returned 

during the Apollo 14 mission. This sample is the third largest sample 

returned by any Apollo mission. This breccia was collected during the second 

EVA at station Cl. near the rim of Cone Crater. A voice transcript made dur­

ing the collection. as well as iI more detailed 'discussion of the lunar envi­

ronment can be found in Geological Survey Professional Paper 880 (Swann 

et ~ . • 1977). The sample was returned in bag 1038 . 

This large sample is typical of the apparently dominant rock type in the 

j. Cone Crater ejecta blanket. It is a moderately well-indurated breccia . 

• in which predominately dark clasts are set in a lighter matrix . The rela­

tive abundance of this rock type suggests that it is probably representa­

tive of the Fra Mauro Formation . 

• 
PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

8998 g 
23 x 23 x 17 cm 

This rock. 14321. is a partly annealed. moderately coherent polymict 

breccia. The blocky surface is gray with patches of black and white. 
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SURFACE FEATURES 

Pit diameters vary from 0.1 to 5 mm with an average size of 1 mm. Glass 
lining of the pits consists of dark brown to black vesicular glass. Pits 
cover approximately 5% of the entire rock surface. 

Cube shaped to rounded clast molds which range from 0.5 to 20 mm in length 
occur on 5% of the surface and occur in clusters along broken surfaces. 

There are two sets of fractures present, one of which parallels the rock 
surface. The second set has a random orientation, including fracturing 
around clasts which are ready to break out of the matrix. 

PETROGRAPHIC DESCRIPTION 

Before the rock was cut and distributed, a map was made of its surface by 
Warner and Heiken (1972). 

Warner and Heiken (1972) were able to map four lithologic types: 

I. Dark gray breccia with an olive hue. The microbreccia matrix is 
fine grained and contains fe1dspathic lithic clasts and powdery, 
white feldspar fragments up to 2 cm long with an average length 
of 1-2 mm. 

II. Medium gray breccia - very fine grained, friable, fractured. 
III. White, feldspar-rich somewhat friable breccia - matrix. 
IV. Feldspar-rich basalts. 

Petrographic descriptions and an excellent discussion of the lithification 
processes and genesis of sample 14321 can be found in articles by Duncan 
et.<!l. (1975) and Grieve et.<!l. (1975). 

DISCUSSION 

The po1ymict character of this and many other breccias makes it especially 
interesting to study, because it is possible to place the various clasts 
into a relative time sequence. A series of brecciation and lithification 
events are preserved in the three or four generati ons of mi c;".'l.lrecci a con­
tained in this rock. 

Duncan et.<!l. (1975) have unraveled the events leading to the lithification 
of rock 14321. They observe two distinct episodes of thermal metamorphism. 
The first affected their 1A components producing well developed recrystalli­
zation textures lacked by their 1B lithic components, mineral clasts and 
dark matrix. The latter contain evidence of a less severe thermal event. 
One or more impact events can also be shown to have occurred leading to 
the following partial schematic history: 
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1. Serinitatis impact produces ejecta blanket over Imbrium area. 

2. KREEP basalts are extruded, followed by lesser amounts of Apollo 14 
type mare basalts. 

3. Impacts on south Imbrium region form early (group 1) breccia stages. 

4. Imbrium impact forms Fra Mauro ejecta - creates microbreccias 2 and 3. 

5. Extrusion of 14321 - type basalt and additional Apollo 14 type mare 
basalt on the Fra Mauro Formation and adjacent areas. 

6. Impact events - final assembly of 14321. 

7. Cone Crater impact excavates 14321. 

In their petrographic study of 14321, Grieve et a1. (1975) found it to be 

composed of basaltic clasts, a set of fragmenta1-C1asts which they desig­
nated as microbreccia 3, and 3 light matrix cementing these two groups. 
Their microbreccia 3, itself po1ymict, corresponds to lithology I of 
Warner and Heiken (1972). Lithology II was not present on the samples 
sent ot Grieve and his co-workers and was, therefore, not described by 
them. 

Other authors have also discussed the clastic nature of 14321. Swann et a1. 

(1972) delineated a big clast within Big Bertha. Mark et a1. (1975) founa­

that while the basalt clasts had equilibrated at 4.0 b.~ ago, two micro­

breccia clasts indicate lack of complete equilibration at that time. This 

heterogeneity is used to demonstrate an inconsistency with thermal meta­
morphism of the sample. 

Chao et al. (1972) describe 14321 as having a moderately coherent, white, 

feldspatfi1c matrix that contains two main fragment types: ophitic mare basalt 

(like 14053). and fragment-laden extremely fine grained, annealed black glass. 

The latter probably corresponds to Grieve's microbreccia 3. The complex 

nature of this breccia is a result of mixing several generations of breccia 
precursors to form this rock. 

A photograph of the model of sample 14321 is on page 361 of this document. 
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The bulk sample was collected during the first EVA from the LM area, betweer. 
the LM and the ALSEP site. The exact lunar locatiqn is unknown, but it is 
thought that the site is Visible in photographs taken from the LM window 
(Swann et .€!l., 1977). From the astronauts I comments, it appears that they 
removed two shovelfuls of material from the bottom of a small crater in the 
LM area. The bulk sample includes samples 14160 - 14163 and 14422 - 14453. 
Samples 14425 - 14453 are those fragments in the bulk sample which did not 
pass through a 1 Col sieve. The bulk sample was placed in weigh bag 1028 
and returned in ALSRC 1007. 

14425 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

0.794 g 0.8 cm (spherical diameter) 

Sample 14425 is a large, black glass sphere. 

SURFACE FEATURES 

Tne surface is 3 - 5% covered with spherical sections of bright gray metal. 
Some are hemispherical. These globules vary in size from very small up to 
0.5 mm. Both metal and glass surfaces are uniformly covered with very small 
pits which are likely to be endogenic in origin. 

PETROGRAPHIC DESCRIPTION 

This large glass sphere appears non-uniform in color in reflected light, 
with color varying from near black to brownish gray, but is dark brown when 
light is transmitted through an edge. In some places color contacts appear 
sharp, but in others, they are gradational. 
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PHYSICAL CHARACTERISTICS 

Mass 

1.58 9 

14426 

5 - 71-26791 

Dimensions 

0.5 x 1. 0 x 1.0 cm 
0.5 x 0.5 x 1.0 cm 

This sample is a po1ymict breccia which is broken into two pieces which are 

similar. The larger of the two is described herein. 

SURFACE FEATURES 

Unlined pits ranging in size from 0. 5 - 2.0 om are scattered 'n exposed sur­

faces with a pit density of two to five pits per square cent,meter. The 

sample is smooth on old surfaces, but irregular on new ones. Two very ir­

regular fractures from two sets occur. 

Shock features are visible in feldspar-rich clasts. Some clasts appear vesi­

cular, indicating partial melting, and there is abundant plastic deformation. 

ROCK DESCRIPTION 

The sample i s a friable, f i ne grained, polymict breccia with textural and 
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mineralogic homogeniety. 

Five percent of the fragments are clasts larger than 1 mm and 95% are matrix 
grains. Mineral fragments account for 80% of the sample. Dark brown or 
black .gl ass fragments make up therema i ni ng 20% of the rock. 

The main constituents are white clasts (feldspar). Two clasts are definitely 
lithic for there are associated pyroxene and/or opaque minerals. Black glass 
fragments are dense and angu1 ar. BrO\~n gl ass fragments are parti ally ves;­
cu1ar inclusions with. smooth surfaces, b'ut irregular and jagged in overall 
shape. None of the clasts is larger than 2 mm.· . 
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1cm 

5-71-25188 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 
4.47 g 1.7 x 1.2 x 1.1 cm 

This sample is a fine grained clastic rock composed of white feldspar and black glass . 

SURFACE FEATURES 

Unlined pits are present on the surface. One subplanar set of fractures with five members spaced 1 mm apart are oriented parallel to one flat face of the sampl e. 

One percent of the rock volume is occupied by irregularly shaped cavities (possibly clast molds) 2 mm in diameter and spaced 1 cm apart. 
PETROGRAPHIC DESCRIPTION 
Sample 14427 is tough, but can fracture easily along cracks. It is mineral­ogically and texturally homogeneous. All the particles are ,maller than 1 
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mm in size, Hhite angular feldspar grains and angulal' fl'agments of black 
glass up to 0.1 mn in size are present. Olivine (?) is present in minor 
amounts. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.47 g 1.5 x 1.2 x 0.6 cm 

Sample 14428 is a vesicular breccia with a crystalline matrix. 

SURFACE FEATURES 

There are no zap pits or fractures visible on the ~urface. The sample has 
elliptical vesicles which are 0.5mm 1n diameter, and irregularly shaped 
vugs ranging from 0.1 mm to 0.3 mm in size. The vugs appear in zones on 
one side of the ro(.k. Clear crystals line vug \~alls. 

PETROGRAPHIC DESCRIPTION 

Sample 14428 is a ho10crysta11ine breccia. Large grains could be clasts. 
Less than 1% of the sample consists of grains larger than 1 mm. There are 
fragments of anhedral, cinnamon brown pyroxene (0.5 mm in size) present 
in the sample. In binocular view, the matrix appears to be composed of: 

]. Clear, subhedra1, medium gray pyroxene 0.1 mm in size (55%). 

2. Clear, subhedra1 plagioclase 0.1 mm in size (44%). 

3 .. Subhedral opaque minerals in grains 0.05 mm in size « 1%). 

Examination of thin section 14428,2 reveals the sample to be a vesicular 
CMB, according to the classification of Simonds et ll. (1977). The thin 
section has a glass cQatingon one edge. Vesicles are 0.1 - 0.2 mm in 
diameter, and are oVoid to nearly circular in shape. Small euhedra1 to 
subhedra1 crystals (pyroxene?) extend into voids. Approximately 10% 
of the sectton is campri sed of voi ds due to ves i c 1 es. 

The thin section contains no fragments 1argel" than 1 mm, and the largest 
fragments are plagioclase crystals which are partly granulated. A small 
amount of devitrified glass is pl'eseht. Mineral fragments include 60% 
plagioclase dnd 40% pyroxene. Many Qf these crystals are highly included 
and reaction rims are pl'esent on many of the pyroxene crystals. The 
sample has a seriate texture, witilgrain size averaging less than 0.1 Illll. 
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,PHYSICAL CHARACTERISTICS 

Mass , Dimensions 

3.03 g' 1.,5 x 1.4 x 0.5 cm 

Sample 14429 is a.sl,ightly vesicular polymict breccia similar to 14428. 

SURFACE FEATURES 

Remnants of glass lined zappits 0.5 mm in diameter are present but sparse. 
No fractures or vugs are pr~sent. Vesicles are small (0.1 mm) and are 
ovoid to nearly circular in shape. ' 

PETROGRAPHIC DESCRIPTION 

In~and speci.men, sample 14429 is fine grained with grains averaging < 0.1 
mm 1n size. It is homogeneous in texture ;l.nd mineralogy. The rock is 
almost wholly crystalline with < 1% pale yellow-green olivine « 1 mm in 
size), < 1% prisms of pale reddish, jrO\~n pyroxene (0.2 mm in size), 2 - 3% 
tUbular grains of colorless to light gray plagioclase « 0.1 mm in size). 
The olivine on the exposed surface is discolored. 

Fragments of feldspar are colorless to light gray and are associated with 
opaques and reddish brown pyroxene. A small percentage of colorless and 
dark brown angular glass fragments is present. Colorless fragments are 
< 1 mm in size.' Dark shiny glass spheres are present in the matrix. 

Thin section 14429,2 reveals the samp~e to be a vesicular CMB (using the 
classification system of Simonds et £1., 1977) with few fragments larger 
than 1 mm. One large, highly modified, plagioclase crystal is present. 
One twin plane remains, along with discordant crystal sections set in a 
large, more or less single, crystal. Minor opaque minerals are visible 
in the crystal, also. ' A polymictbrecciaclast larger than 1 mm is com­
posed of coarse grains of highly shocked pyroxene crystals. These show 
exsolutton lamellae and exhibit a slight bending of the crystal. Larger 
crystals within the microbreccia are cemented by a seriate mixture of 

'similar pyroxene crystals and possibly some plagioclase. All are highly 
modified. Several "ghost clasts" occUr in the section. ,These have a 

, te)(tureand composition similar to that of the overall sample, but the 
contact is marked by an increase in'aligned mineral fragments. - ',' -' _. .-

Other lithic fragments include an olivine-pyroxene-plagioclase granulite 
fragment, a granulitic plagioclase-rich rock fragment and a fine grained 
polymict breccia. 

Mineral fragments visible in thin section 14429,2 include 60-70% plagio­
clase, pyroxene, and very minor spinel (up to 0.1 mm in size). Pyroxene 
crystals ha vereacti onri ngs. 
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This section is similar tdsection ]4428,2 except that lithic fragments .are 
present in 14429,2. The average grain size is less than 0.2 mm. Minor 
olivine is present in the matrix. 

, 
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14430 

, ' 

1cm 

5-71 - 2588 9 

PHYSICAL CHARACTERISTICS 

Mass Oimensions 

4.81 g 2.0 x 1.4 x 1.2 cm 

Sample 14430 is a medium to light gray, polymict breccia. 

SURFACE FEATURES 

No pits are visible . The surface is moderately irregular and has glass 

spatter in one smal l area. The spatter is botryoidal and colorless. No 
fractures are present except for one spall. 

PETROGRAPHIC DESCRIPTION 

Sampl e 14430 is a polymict breccia with 20% clasts larger than 1 mm. One 

feldspar clast 3 x 4 mm in size makes up 15% of the rock . Another feldspar 

clast which is half as large as the first exhibits twinning and exsolution 

lamellae. This smaller clast has a bro~mish tint and possible opaque in-
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cl usi ons. It appears to be cracked. Leucocl'ati cl ithic fragments from 
crystalline rocks are 75% of the sample. One slabby, angular clast . 
(1.3.x 3.0 mmin size) is porphyritic, with a very fiHe grained .groundmass 
with 1% grains of possible olivine. . 
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14431 

1cm 

S- 71 - 25408 

14431 , 2 

r.---J 
.1mm 
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Oimensicms 

1,~ I 1"~ x D.S cm 
Sump 10 1-1'131 is a light gl'JJ,'. Cl'YStu 11 i ne rilC!;, 

Sll~fl'\CE FE,l\Tm~ES ==------"".'" 
Then'! Ul'e no pit.s. fl'actUl'E,ls, sUl'faceglass, m' cavities pl'esent. AI'eas of crushed and gNnulated white plagioclase in dasts may be shock induced. 
PETROGRAPHIC !1ESCRIPnON 

In huml spt?!cimen, sao1ple 14-131 is a fine gl'uined (av. 0.05 nnl), equigl'anulal', cl',.\'stulline r<lc!; \~ith both textuNl and minel'Ulogic h(lUlllgeneity. It is fu 1 dspul'-I'ich Ni til 1 ess than llY,~ bl'(l\~n PSl'olene und opaque lIli nel'a1 s. Gl'ay unu \~hite feldspar gl'ains meaSUl"e up to Q.S 111m in si::e. ~:ost mineNl gl'ains uri::! smaller, avel,\1~ling Cl.l mill in si::e. Cle(ll' and tUI'bid. subhedNl bl"ONn to light gray phgioc.~ase ~wains O.S mm in sice make up gtl'~ of the sample. Opuques I'anging fl'QUI" 0.1 to 1,0 om in si::e Ul'e S·;; of the l'ilC!;, and eleal', s ubhedN 1 bN\~n !\\'I'Olene gN i ns 0.3 IlIDl ins i::e make up:;'.:. 
Thin secticltl N-l31.2 is th(lt of u cl',Ystalline l'ock composed of i'Oi: plagio­C lusEl (lnd 3lh P'yl'u~,me Nlth (l di abasic to subdi (lbasi c textm'e. TllI'ee genel'ations (If plugiQcl(lse are pNsent: 

1. L(lrge, \~211-formed. 1:>10cl;,\1 cl"..\'stals. 

:;. Sma nel' luth-shaped \':1',.vst(l1s, und 

3. Anhedral masses of plagioclase intel'stltial to the net\~,)rk of i)thel' cl"..vsta 1s. 

~las!;e lynite is present in minl'l' amounts and OCCUl'S in anhedl'u 1 masses of plagh)clase. Shi)c!; effects aN !-wesent in all crystals aftel' plugioclase. 
b\ fair am(1unt i)f flQlygl'anulm' i)paque mineN.ls is pl'esent. Some fine m2tallic grains aN prm,ent. Thel's is mini)l' p())'osity noticeable because SQme epi)x"v Ims l'isen to the SUl'f(l.ce. 

The fe(l.tures visible in thin section suggest tlmt this l'oek Nas fOt'med as a \'esult of meteol'itie impact. 
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14433 

,0 

1cm 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.23 g 1.0 x 0.8 x 0.5 cm 

Sample 14433 is three pieces of friable. fractured. po1ymict breccia. 

SURFACE FEATURES 

There are no zap pits or cavities . Two planar fractures intersect at a 30· 
angle on the largest piece. which is about to break apart. 

PETROGRAPHIC DESCRIPTION 

This fragmental rock is a po1ymict breccia with 15% clasts larger than 1 mm 
and 85% matrix grains . Leucocratic lithic fragments up to 0.3 mm in length 
make up 90% of the rock. Some lithic fragments appear gabbro ic. some basaltic. 
and some are olivine bearing . Mineral fragments are plagioclase and cinnamon 
brown pyroxene. These make up less than 1% of the rock. Angular dark brown 
to black gl ass fragments make up 9% of the rock . Large olivine inclusions are 
in fe1dspathic clasts . 
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14434 

,0 .~-

1cm 

S-71- 23414 

14434, 2 

i I 
.1mm 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.68 9 1.7 x 0.8 x 0.6 cm 

Sample 14434 is a very coarse-grained polymict breccia with 5% larger 
grains. 

SURFACE FEATURES 

No pits or cavities are visible. Two non-planar fractures occur in two sets . 
It is extensively dust covered. 

PETROGRAPHIC DESCRIPTION 

In hand specimen, sample 14434 appears to be a coherent, holocrystalline 
rock with 5% large grains of dark gray to brownish plagioclase set in a 
groundmass consisting of 93% clear light gray minerals, 1% cinnamon brown 
pyroxene, and 1% equant opaque oxides. 

Thin section 14434,2 reveals the sample to be a very coarse-grained poly­
mict breccia with an average grain size of 0.4 mm. It is composed of 
60% pyroxene, 40% shocked plagioclase (appearing as devitrified maskelynite), 
and a moderate amount of opaque minerals. Pyroxene crystals resemble 
proto-chondrules. All pyroxene crystals are twinned and deformed; many 
show exsolution features. One large crystal of pyroxene has been shocked 
to such an extent that only small, isolated domains of crystallinity remain, 
leaving the crystal milky brown in appearance. Only traces of free metal 
are visible, and there is less than 1% glass present in the section. 

There is a hi;1t of layering in the rock with the plagioclase forming one 
layer and pyro~ene, another. Numerous fractures are present in the 
section. 
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14435 

1cm 

5 -71 - 25402 

14435, 1 

r:-I .1mm 
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o PHYSICAL CHARACTERISTICS 

Mass Dimensions 

0.92 g 1 x 0.8 x 0.5 cm 

Sample 14435 is a ho10crysta11ine, equigranu1ar, coherent rock which appears 
to have been freshly broken. 

SURFACE FEATURES 

No pits are present, but an irregular tube-shaped vesicle 1 mm long is 
present with no projecting minerals. 

There is one set of fractures with one member. The fracture surface is ir-
, regular. 

-, 

-

PETROGRAPHIC DESCRIPTION 

In hand specimen, sample 14435 appears to be a homogeneous, ho10crysta11ine, 
equigranu1ar rock with a groundmass consisting of light gray, slightly 
elongated grains of plagioclase and other light minerals approximately 0.1 
mm in size. Plagioclase and other light minerals form 98% of the ground­
mass, and equant metallic opaques make up the other 2%. Sparsely distrib­
uted grains of yellow green olivine and plagioclase account for less than 
1% of the composition. 

Examination of thin section 14435,1 shows the sample to be composed of 
numerous, small fragments. One fragment is 95% glass which exhibits flow 
lines, bubbles, and minor crystallites. The crystallites form bands within 
the glass. Fragment edges are ragged with a slight greenish cast. 

Other fragments visible in thin section appear to be fragments of a crystal­
line rock lacking in igneous texture. Large shards and tiny lath-shaped 
crystals of plagioclase and some small olivine crystals are visible. The 
olivine crystals form a series of "chain-like" masses in the plagioclase. 
Some small, fine-grained fragments are present suggesting that this sample 
would fall under the clast-laden melt rock category in the classification 
of Simonds et a1., 1977. Pyroxene occurs as small masses to tiny crystals 
in a fabricwith a seriate textllre. Shock effects are visible in all crys­
tals and small spheres of metal are present in the glass. The sample is 
approximately 60% plagioclase and 40% pyroxene. 
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14436 

1cm 

PHYSICAL CHARACTERISTICS 

~Iass Dimensions 

3.76 9 1.5 x 1.0 1.0 cm 

Sample 14436 is a brownish gray sample \~h;ch may be either an igneous rock or 

a dense fine grain d fragmental rock. 

SURFACE FEATURES 

Ther are no pits cavities or fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14436 is t turally and mineralogically homogeneous. It is fine 
grained with an averag grain size of appro imately 0.1 nm. It consists 

of 2% clear plagioclase in subhedral grains 1.5 mm in size 5% honey bl'OWn 

pyroxene in euhedral grains 0.5 mm in size and 1% olivine ;n subhedral gl'ains 

of 0.3 nm size. The rest of the sample is very fine brown and gray turbid 

plagioclase in anhedral grains ", 0.3 mm and 3% metallic black opaques in 

grains < 1 nm. 
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14437 

1cm 

S-71-25385 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

2.65 9 1.8 x 1.2 x 0.9 cm 

Sample 14437 is a fragmental rock with all grains smaller than 1 mm and no 

lithic fragments. 

SURFACE FEATURES 

Pits are generally unlined and rare. Only one glass lined pit was observed. 

They are spaced 0.2 - 1 mm apart and range in size from 0. 2 - 1.0 mm. Irreg­

ularly shaped clast molds ranging in size from 0.3 to 1 mm occur in clusters 

mostly on one side. There are no projecting minerals . They are 5 mm apart 

and cover 10% of the area of the s1 de on ~Ihi ch they occur. 

PETROGRAPHIC DESCRIPTION 

This rock is entirely composed of grains sma11~~ than 1 mm. There are no 

lithic fragments. Mineral fragments are 30% of the rock composition. These 

include 2% angular. chalky white 0.3 mm plagioclase (some grains are vitreous 
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and turbid), and 1% brO\~n pyroxene. Glass fragments compose 70% of the sam­
ple and occur in a variety of shapes. One is vesicular. They are dark gray, 
honey brown, and green. 
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14438 

1cm 

S -71- 25388 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3.35 g 2.2 x 1. 4 x 1.0 cm 

Sample 14438 is a medium to light brownish gray. fragmental rock. 

SURFACE FEATURES 

• Pits are unlined and measure 0.5 mm in diameter. Only one surface is pitted. 

• 

Other surfaces have irregular circular outlines wh i ch may be pits or may be 
lightly spattered 'lith glass . There are no fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14438 is a friable. gray. po1ymict breccia. Less than 1% of the fra~­
ments are clasts larger than 1 mm in size. The very fine grained « 0.1 mm) 
matrix is light gray to brownish gray. Five percent of the rock is composed 
of mineral fragments: 0.1 mm plagioclase grains (2% ). 0.3 mm brown pyroxene 
(2%). and 0.5 mm olivine (1 %). Some fragments thought to be plagioclase may 
actually be po1ycrysta11ine clusters of granular olivine. Leucocratic lithic 
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fragments make up l~; of the sample. They are almost a1J crystalline rock 
fragments. Two kinds are present. They are Plagioclase fragments \~ith 2% 
opaque oxide minerals (ilmenite?) and fragments which consist of plagioclase, 
brown pyroxene, and opaque oXides. Ten pel'cent of the rock is glass frag­
ments. Spherical beads of glass « 0.1 - 0.5 mm in size) occur on H; of 
fresh siJrf<tces. Some beads are embedded, while others are loosely attached. 
They are ch:ar brown, pale green, clear, and opaque, with the opaque beads 
smaller than til~ rest. Clear glass is particulal'ly abundant. 
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14439 

__ ,0 

1cm 

5-71- 25392 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.00 g 0.9 x 0.7 x 0.3 cm 

This sample consists of two. small. subequal pieces of a fragmental rock. 

SURFACE FEATURES 

There are no pits or cavities. One set of non-planar fractures with members 
spaced 3 mm apart parallels the length of the sample . 

PETROGRAPHIC DESCRIPTION 

The sample is a very friable. fine grained, fragmental rock with all of the 
sample composed of grains smaller than 1 mm. The average grain size is < 0.1 
mm. About 86% of the sample is very fine grained. Four percent of the sam­
ple is composed of mineral fragments of white to clear plagioclase. There 
are no lithic fragments. Glass composes 10% of the rock. Glass spheres 
which are p~le green to brown in color make up less than lX of the sample. 
There are abundant angular glass fragments which are dark and vary in size 
from < 0.1 to 7 nm. The larger ones appear vesicular. 
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14440 

,0 

1cm 

5 -71- 26859 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.50 g 1.9 x 0.9 x 0.7 cm 

This sample is a blocky, angular, medium gray, holocrystalline rock with 
smooth, unpitted surfaces. 

SURFACE FEATURES 

No pits are present. There may be one non-planar fracture parallel to the 
long axis of the sample. 

PETROGRAPHIC DESCRIPTION 

Sample 14440 is a coherent, holocrystalline sample which has grains too fine 
to meas ure. It is texturally homogeneous, but mineralogically inhomogeneous. 
Three percent of the sample is clear and turbid, angular and anhe(:ral felds­
par and less than 1% opaque minerals. The remainder is aphanitic. It 
appears to be a largely recrystallized, clastic rock . This should be deter­
mined in thin section, however. 
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14441 

,0 

1cm 

S-71-26840 

PHYSICAL CHARACTERISTICS 

1'1ass Dimensiom. 

1.23 g 1.8 x 0.8 x 0.8 cm 

This is a medium to dark gray, coherent, fragmental rock with a pronounced 
conical shape . 

SURFACE FEATURES 

There are no pits, cavities or fractures . 

PETROGRAPHIC DESCRIPTION 

1his sample is fragmental, with chalkY white grains (probably feldspar) V1Sl­
bie on 2% of the surface givin9 the sample a slight "salt and pepper " appear ­
ance. It is fine grained like siltstone in appearance and no other mineral 
or glass fragments can be identifyed under the binocular microscope. It is 
possibly a shatter cone. Glass coats the base of the rock. 

327 

1 
1 



14442 

1cm 

5-71 - 26848 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3.51 9 2.3 x 1.4 x 1.0 cm 

Sample 14442 is a small. blocky. friable. medium gray fragment wh i ch reserr,­
b1es siltstone in appearance. 

SURFACE FEATURES 

No pits or cavities were observed. There is one planar fracture with a smooth 
surface oriented parallel to the long axis of the rock. 

Twenty percent of the rock surface is covered with vesicular. black glass. 
Vesicles are uniformly distributed through the glass coating and range from 
0.2 to 1.5 mm in diameter. 

PETROGRAPHIC DESCRIPTION 

The sample is friable. very fine 3rained. and homogeneous in texture and 
mineralogy except for approximately 5% white. angular. chalky fragments and 
less than 1% pyroxene and olivine grains which are visible under the bino­
cular microscope . 
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14443 

1cm 

. 
. . '" ~ 

.. ~ 

\ .----~ 

Ii S, I 
, . . . 

.. -~----

5-71- 258 95 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2.5 g 2.0 x 1.6 x 1. 2 cm 

The sample is a dust covered, slightly elongated, ho10crysta11ine rock. 

SURFACE FEATURES 

• There are no pits, fractures, or cavities. 

.. 
• 

PETROGRAPHIC DESCRIPTION 

Sample 14443 is a coherent, very fine grained, ho10crysta11ine rock wh i ch is 

homogeneous in both texture and mineralogy . It contains 45% feldspar and 

55% opaque metal l ic oxide (ilmenite?). It appears to be almost equigranu1ar 

aphanitic in texture where not obscured by dust. . 
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14444 

1cm 

S -71 - 25994 

PHYSICAL CHARACTERISTICS 

Mass Dimens ions 

1. 6 g 1.6 x 1.1 x 0.5 cm 

This is a very light gray, coherent, holocrystalline rock with 4% megacrysts . 

SURFACE FEATURES 

Glass lined pits of varying size cover 15% of one surface of the rock. The 
zap pits occur on seemingly broken surfaces. Vugs are irregular in shape 
and range from 0.1 to 0.5 mm in size. The vugs are homogeneously distributed 
and spaced 1 cm apart. Vugs account for one percent of the rock. There are 
no projecting minerals visible. 

PETROGRAPHIC DESCRIPTION 

The samp le consists of 1% 0.5 mm olivine with opaque inclusions, 2% pale gray 
to colorless pla9ioclase megacrysts with opaque inclusions, opaques < 0.1 mm, 
3 - 5% spinel (7), < 1% pale brOl'm pyroxene (?), and 93% fine grained (0.2 mm) 
pale gray to white granular groundmass. Some plagioclase laths with poly-
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synthetic t\~inning are present in the' groundmass. The large grains in 
the l'ock may be either phenocl'ysts or relicts in a recl'ystallized ground-

mass. 
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14445 

5 -71- 25996 

14445 , 3 

I i .1mm 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

9.22 g 2.5 x 1.8 x 1.2 cm 

Sample 14445 is a blocky, subangular, medium gray, hackly, polymict breccia 
with moderate cohesivenes~. 

SURFACE FEATURES 

There are three unlined cavities which may be zap pits. Dust obscures most 
of the sample. There are no visible fractures. One equant clast mold 3 mm 
in size occurs on the rock surface. There are 3 x 2 mm slickensides expos­
ing metallic particles present. 

PETROGRAPHIC DESCRIPTION 

In hand specimen, sample 14445 appears to be fine grained with an average 
grain size from 0.1 to 0.2 mm. The texture of the matrix is seriate. The 
rock is not homogeneous. There are 10-15% clasts larger than 1 mm and 
85-90% matrix grains. Plagioclase, pale brown pyroxene, and olivine are 
present, but adhering dust prevents accurate percentage estimation. 
Clasts are melunocratic lithic fragments, some as large as 7 mm across. 
They are angular to subangular. One large pyroxene (0.5 mm) is in a dark, 
aphanitic clast. Dust obscures the matrix. 

Examination of thin section 14445,3 reveals the sample to be a glass-rich 
breccia with approximately 20% "glass" in the matrix « 1 mm). Several 
lithic fragments are present but the predominate fragments are mineral 
crystal segments. The rock would fall into the VM8/LM8 classification of 
Simonds et~. (1977). 

The clasts (> 1 mm) are those of a crystalline rock composed of pyroxene and 
plagioclase. The texture is nct classically igneous in nature, but more 
a random mixture of the two minel"als suggesting that the clasts are melt 
rock fragments. There is also a large single crystal of pyroxene present 
which is twinned and some\~hat zoned. 

The matrix « 1 mm) is composed of 10% lithic fragments, 70% mineral frag­
ments and the 20% glassy material. Of the mineral fragments, 80% are 
pyroxene and 20% are plagioclase. There are small anhedral crystals of 
olivine in several of the pyroxene and plagioclase crystals. There is minor 
exsolution along the twin planes in some of the pyroxene grains. Most of 
the mineral fragments show some reaction with the glassy bonding material. 
A small amount of opaque mi nera 1 fragments are also present. 
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14446 

1cm 

S - 71 - 26013 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

0.82 9 1.6 x 0.7 x 0.4 cm 

This sample consists of four small chips of plagioclase-rich rock. 

SURFACE FEATURES 

• 
u 

• 
• 

The irregular surface contains no pits or fractures. Vugs which are 0.2 to • 
1 mm in diameter are common . They are lined with projecting plagioclase 
crystals. 

PETROGRAPHIC DESCRIPTION 

The rock is friable and fine grained with an average grain size of 0.1 mm. 
It consists of megacrysts of light gray, subhedra1, 1 - 2 mm feldspar (5%); 
< 0.1 mm metallic black opaques (2 - 3%); white to pale gray, very fine 
grained groundmass (92%). Some plagioclase laths with po1ysynthetic twinning 
may be present in the groundmass . 
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14447 

1cm 

5 -71-26017 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

0.91 9 1.3 x 1.0 x 0.6 em 

Tlds sm.a ll sample is blocky and angular in shape, it has a very hackly sur­
face. It appears to be an agglomeration of fine grained clastics that is 

• held together with glass. 
• 

• 

SURFACE FEATURES 

There is one slickensided surface. There are no pits. There are numerous 
fractures appeari ng in many sets spaced 1 mm apart. 

The surface is 50% glass covered. The ;l a ,' ~ ':eating is very vesicular . 
Vesicles are spdced 1 mm apart and are 0.1 to 2 IT!Il in size. Many are dust 
filled, others are deep, fragile and very jagsed. The color of the gla~s 
on a thin edge is brownish gray to honey color . Elongate cavities which 
appear to be clast molds are 1 x 2 mm in size . 
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PETROGRAPHIC DESCRIPTION 

This friable (held together by glass), polymict, fragmental rock consists 
of leucocratic lithic fragments. Only one or two clasts are larger than 
1.0 mm. The matrix of light gray material is too fine grained « 0.1 mm) 
to resolve. 
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14448 

r-----------------------------~ 

1cm 

5 -71- 26021 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.06 g 1. 6 x 1..3 x 0.4 em 

This sample is an agglomerate of fine grained, clastic rocks held together 
by spatter glass . 

SURFACE FEATURES 

Glass lined zap pits are present but few in number . Glass spatter is present 
on one surface and covers 40% of the rock. Vesicles which are filled with 
fine grained, clastic material occur on the surface of the glass. These 
range in size from 0. 1 to 2.0 mm and are spaced 0.3 mm apart. Many fractures 
and fracture sets occur with irregular fracture surfaces. 

PETROGRAPHIC DESCRIPTION 

Sample 14448 is an agglomerate of fine grained « 0.1 mm), clastic rocks held 
together by glass and is similar to sample 14447. It is friable and inhomo-
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geneous. Two percent of the fragments are clasts larger than 1 mm. 

Mineral fragments are present, but are too small to identify. Lithic frag­
ments are leucocratic and comprise 3 • 41~ of the matrix. These are crystal­
line rock fragments. One large (2 x 4 mm) clast has specks of opaque oxides. 
The rest of the clast is light granular material. 
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14449 

,0 
. . 

'8l . ' 
" ' 

1cm 

5 -71 -26866 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1. 7 g 1.0 x 1.0 x 1. 5 em 

Sample 14449 is a gray. friable. freshly broken chip of clasti c rock . 

SURFACE FEATURES 

Pits l ess than U. S mm in diameter occur on 15% of the surface. A thi n veneer 
of glass coating has a thickness of ~ 1 mm. It occurs on a 1 cm2 surface . 
Round holes in the glass are numerous and due to surface contraction during 
cooling. Hemispherica l and cylindrical shaped cavities range from 0. 5 - 1 mm 
in size and are approximately 1 mm in depth. They have random distr i bution 
and are 3 - 4 mm apart. There are no pI'ojecting Minerals . Clast mol ds are 
also present. 

Two sets of planar 
occur in the rock. 
subparallel to the 

fractures and many tiny non-planar. hair-like cracks 
The first set has two members spaced 2 mm apart . It is 

freshly broken surface . 
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PETROGRAPHIC DESCRIPTION 

Sample 14449 is a friable, very fine grained « 0.5 mm) rock. Clasts ranging 
in size from) - 3 mm are less than 5% of the rock volume. They are 1euco­
cratic, and some seem to be fragments of other clastic rocks. Ninety percent 
of the rock is matrix less than 0.5 mm in size. No glass fragments are visi­
ble but the 1 cm

2 
glass coating with extremely lolt pit density is noteworthy. Only approximately 10 pits Itere observed. 
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14450 

1cm 

S-71- 25377 

PHYSICAL CHARACTERISTICS 

Mass 
Dimensions 

1. 27 9 1.8 x 1. 1 x C.6 em 

The sample is an agglomerate of friable, clastic clods bonded by dark gray 

to honey bro~m vesicular glass . 

• SURFACE FEATURES 
• 

.. 
• 

The glassy covering is smooth but the clastic portion has an irregular sur­

face . Zap pits are present on the glass covering, which occupies 75% of the 

rock surface. Pits range in size from 0.1 to 0.5 mm and are unlined . The 

glassy covering has some vesicles which haven't reached the surf~ce and these 

can be seen in the interior of the sample . One well defined planar fracture 

cuts both glass covering and rock interior . 

PET!.OGRAPHIC DESCRIPTION 

The sa~r l ~ i; fine grained with an average grain size of less than 0. 1 mm. 

It is heterog"fleous in texture and mineralogy. Several clasts are larger 
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than 1 mm. One 3 rom lithic clast is leucocratic and contains l~ opaque 
oxides. the rest being fine grained, light minerals. A 2 mm clast is leuco­
cl'atic I'lith megacrysts of plagioclase and pyroxene in a very fine grainE.d 
matrix I'lhich is probably rich in plagioclase \~ith some opaque grain. 
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14451 

1cm 

S-71-25383 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2.10 9 1.3 x 1.0 x O.g cm 

This sample is a very light gray, coherent, massive, inequigranular, holo­
crystalline rock. 

SURFACE FEATURES 

The surface is dust covered, but three glass lined zap pits from 0.5 - 1.5 mm 
in diameter are visible occurring as remnants. They occur as white haloes 
in the surrounding rock on several faces. Two types of cavitie~ are present. 
One is cylindrical, 0.3 mm wide and 3 mm deep, and the other is a spherical 
crystal mold, 2.0 x 1.5 mm in size. Remnants of olivine appear on one edge 
of the mold. There are no projecting minerals in the vesicle. Two planar 
fractures, not members of the same set, occur at 409 to one another. One 
fracture parallels the major and intermediate axes of the samp le. 
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PETROGRAPHIC DESCRIPTION 
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Sample 14451 is a massive ho1ocrystalline rock which is texturallY and 
mineralogically heterogeneous. Very sparse megacrysts of olivine and of a 
dark bl'own mineral (probably pyroxene) are visible. As was mentioned previ­
ously, a large clast of olivine has fallen out leaving some olivine behind. 
In contrast, megacrysts of the dark brown mineral project from the surface. 
Small amounts of yellow green olivine or pyroxene, cinnamon brown pyroxene, 
and opaque oxides occur in the groundmass. Plagioclase is the dominant miner­
al in the matrix, occurring in nearly equant interlocking grains. Metallic 
black opaques are 2% of the rock, 0.1 mm olivine grains, 1%, and 0.1 mm 
pyroxene grains are 1% of the sample. 
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14452 

1cm 

S -71-25362 

PHYSICAL CHARACTERISTICS 

~'ass Dimensions 

1.77 g 2.0 x 1.0 x 1.0 em 

Sample is a fine grained, gray, clastic rock. 

SURFACE FEATURES 

The irregular surface is 50% glass-covered. The glass is olive brown and 
highly vesicular with collapsed depressions. Pits appear on the side 
opposite the spatter and have an average size of 0.7 mm. Vesicles in the 
glass spatter are circular in shape with a range of < 0.1 ITI11 to 0.2 mOl in 
size. They are homogeneously distributed, and are in contact with one 
another. They cover 40% of the glass spatter. Glass drapes over the cor­
ners of the rock and appears to have dribbled down the side. Thif could be 
a possible indication of I)rientation. 

flli3r.; ~:,\PHIC DESCRIPTION 

Sample 14452 is homogeneous in texture and mineralogy and is composed 
entirely of grains less than 1 mOl. The average grain size is less than 
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0.1 mm. Visible as larger fragments (0.1 - 1 mm) are: 

1) A pOl~dery white clast with a delicately sca110ped surface. The 
white mineral composes 70j; of the visible grains in the clast. 
The other 30% consists of dark gray feldspar and a trace of 
opaque black minerals. 

2) Angular feldspar fragments up to 0.5 mm in size. 
3) Black. very irregular crystals of an opaque mineral. 
4) Resinous orange-brOlI'n pyroxene present in trace amounts. 
5) Possible fragments of pale greenish glass. 

The olive-brown glass spatter which covers half the rock surface is very vesi­
cular. Smooth lipped depressions are present where vesicles collapsed while 
the rock was still fluid. It may be possible to perform viscosity calcula­
tions on the glass spatter. This spatter appears to be thinner than that 
on Apollo 11 and 12 samples. 
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14453 

1cm 

5 -71 - 25364 

14453 , 4 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions u 
6.03 g 2.5 x 2.0 x 1.5 cm 

This is a banded, light gray, slightly flattened, breccia chip. 
SURFACE FEATURES 

Pits are rare and deep. Cavities are present only where fractures intersect. These are irregular shaped clusters 0.5 - 1.0 mm in size and are approximate- _ ly 10% of the sample. Multiple sets of non-planar fractures occur with ir-regular orientation. 

PETROGRAPHIC DESCRIPTION ( 

l 

II 

This sample is coherent, but the numerous fractures make it delicate. It is fine grained, with grains averaging less than 0.1 mm in size. The matrix consists of light and dark specks. Bands occur in layers 0.5 - 2.0 mm thick. They are composed of feldspar-rich clasts and dark glass. Angular feldspar clasts in the dark layers average 0.8 mm in size. Dark glass is 10% of the dark layers and 3% of the light layers. Grains 0.5 mm in size in the light layer occur in angular areas similar to the dark portion. White layers are nearly pure plagioclase. Shock features noted include chalky white fragments and clear to turbid, granulated feldspar patches. 
Examination of thin section 14453,4 shows that the rock is characterized by a more crystalline rim and a much "glassier" interior. It is heterogeneous in texture and mineralogy. The crystals present in the breccia clasts are too small to identify. Lithic clasts include some very fine-grained breccia masses. All the grains are less than 1 mm in size. Mineral fragments in­clude: light green olivine (1%), clear plagioclase (3%), chalky plagio­clase (2%), dark olivine (1%), white granular feldspar (trace). The frag­ments in the thin section are approximately 10% lithic, 60% mineral sections, and 30% glassy masses. 
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SAMPLE MODELS AND GENEOLOGIES 

In order to facilitate the job of determining specific sample orientation 
and orientation within the parent. as well as for historical interest. 
models of the larger lunar samples have been constructed by the curatorial 
staff. Photographs of the models made of Apollo 14 samples are included 
in this section to acquaint the scientific community with their availability 
and to help lunar scientists identify the original location of their sample 
within the parent rock • 

Genealogies of several Apollo 14 samples have been made and are also in­
cluded. These geneologies do not reflect any processing which has taken 
place since the first thin section was made of each sample. It is hoped 
that these methods of illustrating samples will prove useful. and will be­
come a rOu",ne part of sample documentation procedure. 
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I Apollo 14 Rock Inventory Summary 

I 
Sample # Mass(g) Doc.Bag Weigh Bag ALSRC EVA# Station Type Sample Remarks 

t 
i-~-:. 

, 14006 12.13 1039 1 LM CMB ContingencY Sample 
I-~'-";'---

14007 3.67 1039 1 LM Breccia Contingency Sample I 
14008 4.35 1039 1 LM Breccia Contingency Sample I· ".-' 14009 1.09 1039 1 LM Breccia Contingency Sample i i-.. ···-
14010 1.00 1039 1 LM Breccia Contingency Sample I 
14011 0.68 1039 1 LM Breccia Contingency Sample ~--~'-:--

I' 

14041 166.30 3N 1006 2 A VMB 
1,,--·':- ---- ~ 
I 

14042 103.20 3N 1006 2 A VMB Same rock as 14041 I..~~--.-'"'0 

14043 5.94 3N 1006 2 A Breccia Same rock as 14041 ~ I . 
i -,. - '.,-

14045 65.24 4N 1006 2 A VMB Same rock as 14041 @ I 
I 

.., 

;z F. 

0 14047 242.00 5N 1006 2 B VMS 
.... 

Ii) 

14049 200.00 6N 1006 2 Bg VMB 

~ 
~~ 

14051 
CMB 

m I' 

191.30 7N 1006 2 C' 
~-~- _. ':--:-:-

14053 251.30 14N 1006 2 C2 Basalt 
IlJ 
S; ~,,~: 

14055 1ll.00 15N 1006 2 E VMB Two rocks in Bag 15N ~ , .. - ! " 

14056 6.38 15N 1006 2 E Soil Clod Two rocks in Bag 15N :z 
1-- - ----~ 

14057 5.51 15N 1006 2 E Soil Clod Two rocks in Bag 15N 0 
-I 

14058 4.53 15N 1006 2 E Soil Clod Two rocks in Bag 15N :!! ,... 14059 8.68 15N 1006 ~ E Soil Clod Two rocks in Bag 15N <:;: 
c. 

S 
14060 2.50 15N 1006 2 E Breccia Two rocks in Bag 15N 
14061 3.11 15N 1006 2 E Breccia Two rocks in Bag 15N '- .:--.--------
14063 135.50 16N 1006 2 C1 LMB Two rocks in Bag 16N t ---'-' 

14064 107.00 16N 1006 2 C1 LMIl Two rocks in Bag lEN l_ . 
~_.a I----~.-~-

~.. s;-·='-':·j~. * #~%i ' !ft! --
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"~" ______ 'c. 

Apollo 14 Rock Inventory Summary (Cant.) 

Sample # ~1ass(g) Doc.Bag ~Ieigh Bag ALSRC EVA# Station Type Sample 
14065 509.80 1711 1006 2 F CMB 
14068 35.4i' 10N 1006 2 C' Melt Rock 
14069 24.87 10N 1006 2 C' CMB 
14070 36.56 10N 1006 2 C' CHB 
14071 2.16 10N 1006 2 C' Crysta 11 i ne 
14072 45.06 10N 1006 2 C' Basalt 
14073 10.35 20N 1006 2 G Melt Rock 
14074 5.16 20N 1006 2 G f~elt Rock 
14075 4.66 20N 1006 2 G Breccia 
14076 2.00 20N 1006 2 G Breccia 

-I=> 
14077 2.77 20N 1006 2 G Crys tall i ne 0 

N 

14078 8.30 20N 1006 2 G Melt Rock 
14079 3.17 20N 1006 2 G Melt Rock 
14080 1.94 2111 1006 2 G Breccia 
14081 0.84 2111 1006 2 G Breccia 
14082 62.63 1311 1006 2 Cl Lr-lB 
14083 13.37 13M 1006 2 Cl Lr-lB 
14169 78.66 1027 1 ALSEP Cf4B 
14170 26.34 1027 1 ALSEP Breccia 
14171 37.79 1027 1 ALSEP CMB 
14172 32.10 10~7 1 ALSEP Cf4B , 
14173 19.59 1027 1 ALSEP 3re,"c;tl ? 

f'FSR = Football size rocks 

0"'-.. 
~ , .. r=:) 

'~ 
, 0 

"----~-f-·--· .--.--.~--

~ 
------------~, 

Remarks 

Bottom of trench 
Bottom of trench 
Bottom of trench 
Bottom of trench 
Bottom of trench 
Bottom of trench 
Bottom of trench 
Hiddle of trench 
r1i ddl e of trench 
I1hite rock 
Same as 14082 

*FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSll Chips 

~ 
~I \ . 
~. 

k 
i , 
t-' , ' 
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Apollo 14 Rock Inventory Summary (Cont.) 

SaIIlP1e II MassJJ!L Doc. Bag Heigh Bag ALSRC EVA# Station Type Sample 
14174 11. 62 1027 1 ALSEP cr~B 

14175 7.4B 1027 1 ALSEP CMB 

14,76 4.12 1027 1 JI,LSEP Breccia 

14177 2.32 1027 1 ALSEP Breccia 

14178 2.88 1027 1 ALSEP Breccia 

14179 3.03 1027 1 ALSEP Cumulate 

14180 4.75 1027 1 ALSEP Breccia? 

14181 2.48 1027 1 ALSEP Trocto1itic 

14182 2.29 1027 1 ALSEP Breccia 

14183 1.40 1027 1 ALSEP Breccia 

14184 1.48 1027 1 ALSEP Breccia 

14185 1.52 1027 1 ALSEP Breccia 

14186 1.26 1027 1 JI.LSEP Breccia 

14187 1 09 1027 1 ALSEP Cr~B 

14188 1.60 1027 1 ALSEP Breccia 

14194 4.28 1031 2 Dg,f! Breccia 

14195 2.77 1031 2 Dg,G Breccia 

14196 3.93 1031 2 Dg,G Breccia 

14197 1.63 1031 2 Dg,G Breccia 

14198 1.63 1031 2 Dg,G r~e1t Rock 

14199 1.88 1031 2 Dg,G Breccia 

14200 1.24 1031 2 Dg,G Basalt 

14201 1.56 1031 2 Dg,G Breccia 

t-~ _ ,, _____ . __ 
- . - .. ,,_.,------------

Remarks 
FSR Chips 
FSRChips 
FSP. Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
14301,306,308,310,311 Chips 
14301,306.308.310,311 Chips 
14301,306,308,310,311 Chips 
14301,306,308,310,311 Chips 
14301,306,308,310,311 Chips 
14301,306,308,310,311 Chips 
14301,306,308,310,311 Chips 
14301,306,308,310,311 Chips 
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?~o110 14 Poc~ Inventory Sru.".:ary ~~orut.J 

Sar::ple fi '1·1;;5:;(9) !lr;c.Eag UeigiJ 8ag P.LSRC f:JP,# Station Type Silr:'p]e 
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~ 

r' 
[ 
r: 
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!:J 
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be , 

i. 
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J 

.p 
0 
.;:. 
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~>-~:'1 

,-/ 

]425') 
14251 

14252 

14253 
14254 
14255 
~42£4 

14265 
14265 

'14267 
142£8 
]4259 
'!4271] 

14271 
14272 
14273 

14274 
14275 
14276 
14277 
14273 
14279 
14280 

-~--'------~-- --- -"---"-:----

4.41£ 
un 
0.85 
1.23 

1.01 
22.15 

117.9!J 
65.79 
5.95 

54.77 
23.12 
17.19 
25.59 
97.41 
46.64 
22.49 

15.18 
12.46 

12.75 

7.59 
7.60 
5.67 
6.20 

~ ':'> 

1039 1 AlSE? 'JIG3 
C!i;,;p.Eilg HiC7 1 AtSEP Brecda 
C!;,;;p. Bilg 1!l!l7 1 AlSE? Breccia 
C~::;p.Bag lGD7 'l IllSE!' {;r~B 

C!in:p.8ag lGG7 1 ALSEP Breccta 
C~r:p.Bag 1(j[j7 1 filSEP ']C':B 

1039 1 AlSEP vrm 
HJ39 1 ALSEP 'Jr.:" 
1039 1 tllSEP C!'~B 

Hl39 1 IlLSE? Breccia 
1039 1 tllSEP 'J~:B 

1039 1 filSE? ~r!':B 

'l1J39 1 AlSEP C!'7S 

11039 1 tiLSEP '1~':3 

1039 1 PLSE? ~'~B 

1039 1 ALSEP 1NB 
lD39 1 flLSEP C~,jB 

1039 1 fltSEP ~Jl':B 

1039 1 tlLSEP Basalt? 
1!l39 1 IlLSE!' 1MB 
1039 1 Pl.SE!' Breccia? 
1{)39 1 P:LSEP r~tP 

-J •• w 

1039 1 flLSEI' '1/.:13 

o C~) • <> 

--,-,--~~-.-"-.""" 

?,;.' 

P~-::arlls 

C~r:'~rehsrusive ciJips 
CiJi~s fr~ C!ir:'~. f1~es 

Cr.ips fr~~ c~~~. f1,,55 
t~i~s fr~ c~~p~ f~fi~S 

Chips fra::; c~r:'p. fines 
Chips frG~ ~r:'p. finss 
Cc~~rehsnsive rDclls 
Cc~preherus1ve rGc~s 

Cc::;prenerus'ive r.9clls 
Ct:::preIJeroslve roc~s 
C!i~preiJer.sive rGc~s 

Cc~preirellsive rllc!:s 
Ccr:prenens"lve roc;-:s 

CG::-preiter;sii'Je rDci~s 
!C(;;rpreiu::lls off ve rGc1'~ 
C~xpreher.51ve rGC~5 

CG~prer.er.siive rocts 
C~;rjlreher.5iive rGc~s 

CGmprehensiive rcc~s 
C~mjlreher~1ve rcc~s 

C!)mpreiJellsi;re n;c~$ 
C!):r.preioells ii 'Ie rod'.s 
Ctmprenens1ve rGc~s 
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• 

----

L .. 

i 
\\, 

;.---",,/ 

t< 
I 

L. 7C~=~=~~~~_~............,. . ~'-' --<~~. __ .... _ .. __ .........t._.::...., ~~-- ............ ~-~~>., .. ~- '$I" ;~ 'L..+.p' • eo ~h •.• 

.1 



L~ ~ -.'';'''-'." ,0' .' ,.' .'. L V ---, __ -,_::=.:x::::::::~-:::=:::=------' 

L -- \---- ---

I 
I 

~ 
~ 

(~ 
\:-----l 
'--./. 

-l'> a 
(J'1 

" " 

Sample # Mass(g) 
14281 12.03 

14282 
14283 
14284 
14285 
14286 
14287 
14288 
14294 
14295 
14296 
14297 
14301 
14302 
14303 
14304 
14305 
14306 
14307 
14·303 
14309 
14310 

.1.89 
1.25 
1.47 
2.23 
4.42 
.1.07 
3.44 
3.43 
1.24 

2.26 
1.73 

1361.0 

898.4 
2499.0 
2498.0 

584.50 
155.00 

42.40 
3439.00 

.. e··· -) 
_/ 

't i: 

Apollo 14 Rock Inventory Summary (Cant.) 

Doc.Bag ~leigh Bag ALSRC r1M. Station Type Sample 
1039 1 ALSEP VMB 
1039 1 ALSEP Ct~B 

1039 1 ALSEP VMB 

1039 ,) ALSEP 8reccia 

1039 1 ALSEP Breccia 

1039 1 ALSEP Breccia 

1039 1 ALSEP Breccia 

1039 1 ALSEP Breccia 

1038 2 H Breccia 

1038 2 H Breccia 

1038 2 H Breccia 

1038 2 H Breccia 

1038? 
____ • 2 G1 VMB 

1027 1 ALSEP Breccia 

1027 1 ALSEP Ct~B 

1027 1 ALSEP CMB 

1027 1 ALSEP CMB 

26N 
25N 

1031 2 G CMB 

1031 2 G VMB 

1031 2 D VMB 

1031 2 ? Breccia? 

1031 2 G Melt Rock 

D CM8 

" 

RemarKS --Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Residue, Bag 1038 
Residue, Bag 1038 
Residue, Bag 1038 
Residue, Bag 1038 

Renumbered 14305,18 
Mated to 14304 (FSR) 
Mated to 14303 (FSR) 
Mated to 14302 (FSR) 

n -...../ 

3 pieces renumbered 14311 
Broken from unknown rock 

Near trench 
Mated to 14308 

14311 3204.00 1031 2 
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Apollo 14 Rock Inventory Summary (Cont.) 

Sample # Mass(g) Doc.Bag Heigh Bag ALSRC EVA# Station Type Sample 

14312 299.00 1038 2 H CMB 

14313 144.00 27N 1038 2 Gl Vf.;B 

14314 115.70 1038 2 H CMB 

14315 115.00 1038 2 H VMB 

14316 38.20 1038 2 H VMB 

14317 16.10 1038 2 H V~lB 

14318 600.20 1038 2 H VMB 

14319 211.60 1038 2 H CMB 

14320 64.90 1038 2 H Ct4B 

14321 8998.00 1038 2 Cl CMB 

14425 .79 2 1007 1 LM 8mm Spherul e 

14426 1. 59 2 1007 1 LM Breccia 

14427 4.47 2 1007 1 LM Breccia 

14428 1.47 2 1007 1 LM CMB 

14429 3.03 2 1007 1 LM CMB 

14430 4.81 2 1007 1 LM Breccia 

14431 1.70 2 1007 1 LM Melt Rock 

14433 1.23 2 1007 1 LM Basalt? 

14434 1.68 2 1007 1 LM CMB 

14435 0.92 2 1007 1 LM CMB 

14436 3.76 2 1007 1 LM Basalt? 

14437 2.65 2 1007 1 LM Breccia 

", ~ 
t:=~) 

~ ~ 
' . .......-/ 

Remarks 

Big Bertha 
Bulk Sample 
Bul k Sample 
Bulk Sample 
Bulk Sample 
Bulk Sample 
Bulk Sample 
Bulk Sample 

Bulk Sample 
Bulk Sample 
Bulk Sample 
Bulk Sample 
Bulk Sample 

e 

f" 
I ) \ __ / 

I 

I 
I-­I • 

, 

~.--..... ,. 
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I 
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Apollo 14 Rock Inventory Summary (Cont.) 

1-
Sample # Mass(g} Doc.Bag ~igh Bag ALSRC EVA# Station Type Sample Remarks 

14438 2.35 2 1007 1 LM Breccia Bulk Sample 

14439 1.00 2 1007 1 LM Breccia Bulk Sample 

14440 1. 50 2 1007 1 LM Basalt Bulk Sample 
1"'---' 

14441 1.23 2 1007 1 U1 Breccia Bulk Sample 

14442 3.52 2 1007 1 LM Breccia Bu1 k Sample 
i---.~.,~ --,_. 

14443 2.54 2 1007 1 LM Basalt Bu1 k Sample 

14444 1.56 2 1007 1 LM Basalt Bu1 k Sample 

14445 9.22 2 1007 1 LM Breccia Bulk Sample 

14446 0.82 2 1007 1 LM Basalt Bulk Sample 
!---'~-" ---

14447 0.91 2 1007 1 LM Breccia Bulk Sample 
-I'> 
0 14448 1.06 2 1007 1 LM Breccia Bulk Sample 
" 

14449 1.70 2 1007 1 LM Breccia Bu1 k Sample 

14450 1.27 2 1007 1 LM Breccia Bulk Sample 

14451 2.10 2 1007 1 LM Basalt Bulk Sample 

14452 1.77 2 1007 1 LM Breccia Bulk Sample i 

14453 6.03 2 1007 1 LM Breccia Bulk Sample if ,-----'--

Original number of samples was 227. ,', 
Original mass of returned sample was 42,284.71. 

E ~ ''''~ .- ... -
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APPENDIX II 
Apollo 14 Lunar Surface Documentation 

(Swann et &., 1977) 

Sample 
14006-14011 

14041 
14042 
14043 
14045 

14047 

14049 
14051 

Lunar Surface Photo # 

65-9206 LM Pan B 
65-9325 LM Pan A 
66-9339 LM Pan A 
68-9409 DSB 
68-9410 XSB 
68-9411 XSB 
68-9412 XSA 
68-9413 LOC 

64-9073 XSB 
64-9074 XSB 
None 
68-9443 XSB 
68-9444 XSB 
68-9445 DSB 
68-9446 XSA 
68-9447 LOC 
64-9130 XSB 
64-9131 XSB 
64-9132 XSB 
64-9133 XSB 
None 

None 

64-9137 Pan B 
May include sample 
64-9125 XSB 
64-9126 XSB 
64-9126 XSB 
None 
None 

411 

Location Status 
Approx. 

Known 

Known 

Approx. 
Known 

Known 

Approx. 

Approx. 

Approx. 

Known 

Orientation 
N/A 

Unknown 

Known 

Unknown 
Known 

Surface 
Pitting 

Unknown 

Unknown 

Unknown 

Tentative 

1 

1 
I' 

I 
I 
I 
j . 

1 

! , 

j 

1 

I I 

I~ i 
i j 

I ; 
'. 

j , 
-1 I i 

I 
i 
1 

. '1 

j 
,I 

. ; 
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I j 

J.J 

Sample 
14073 
14074 
14075 
14076 
14077 
14078 
14079 
14080 
14081 
14082 
14083 
14169-14188 

14194-14201 
14250-14288 

14294-14297 
14301 

14303 
14304 

14305/14302 

14306 

14307 

14311/308 

14309 
14310 

APPENDIX II (continued) 

Lunar Surface Photo # 

64-9158 XS8 
64-9159 )(SB 
64-9160 XSA 
64-9161 )(SA 
64-9162 )(SA 
64-9163 )(SA 
64-9164 )(SA 
64-9165 )(SA 
64-9166 DSA 
68-9452 XSA 
68-9453 )(SA 
67-9388 USB 
67-9389 DSB 
No Photos 
67-9388 USB 
67-9389 DSB 
Not Identified 
64-9188 DSLOC,B 
68-9466 )(SB 
68-9467 XSA 

67-9390 XSB 
67-9391 XSB 
67-9392 )(SB 
67-9393 XSB 
68-9459 DSB 
68-9460 XSB 
68-9461 XSB 
68-9462 XSA 
68-9463 XSA 
68-9464 LOC 
No Photos 

No Photos 

No Photos 
No Photos 

412 

Location Status 

Known 

Known 

Approx. 

U,·known 
Approx. 

Tentative 
Known 

Approx. 

Known 

Approx. 

Approx. 

Unknown 
Approx. 

, 
. I .. r 

Orientation 
N/A 

Surface 
pitting only 

N/A 

Unknown 
N/A 

Unknown 
Known 

Surface pitting 
Known 

Known 

Surface 
pitting only 
Surface 
pitting only 
Unknown 
Surface 
pitting only 

o 

L) 

I· 
I' 

0 1, 

·.1 \. l 
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11 
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I 

I I 1 
I i j 
I .. ,1 J' i .," ,1,_, 
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C~l APPENDIX II (continued) 
, t <~ 

t 
f/ Sam~le Lunar Surface Photo # Location Status Orientation 

14312 68-9472 XSB KnO\~n KnO\~n r 68-9473 XSB 
t 68-9474 XSB 

1 

, , 68-9475 XSB 
68-9476 XSA 
68-9478 Pan A 

1 68-9479 Pan A 
• 14313 64-91B8 DSLOC,B KnO\~n KnO\~n 

1 68-9465 XSB 
68-9466 XSB I 68-9467 XSA 

• 14314 68-9472 XS8 Tentative UnknO\~n 
I , 

~ 68-9473 XSB , 
68-9474 XSB t 

I 68-9475 XSB , I' , 68-9476 XSA , 
i I 
1 14315 68-9468 XSB KnO\~n Tentative 
i 68-9469 XSB f,'om 1 ab , 
I 1 68-9470 XSA model I i 68-9471 XSA l~ 1 I , 
I 

1 
1 () 14316 Not identified Tentative UnknO\~n ! 14317 in North Boulder 1 , Field photographs I l i ' , 

I 14318 68-9468 XSB KnO\~n KnO\~n I 1 J 

68-9469 XSB I i ;-i 
l 68-9470 XSA i 

! 1 I 
68-9471 XSA 

" 
14319 68-9472 XSB Known Known I 

68-9473 XSB I 68-9474 XSB I I 
68-9475 XSB j 
68-9476 XSA ' I 

68-9478 Pan A I 
68-9479 Pan A ; 

I : 1 

! 
14320 Not ~dentified Tentative Unknown ' i I , in North Bou1de,' ! 

i 
Field photographs :: 

" , ; :1 

i ,,1 
14321 64-9128 XSB Approx, Known I 

64-9129 XSB 
I 14425 Probab 1y i n L~l UnknO\~n N/A 

14453 \~i ndow photographs 

I 
- : ' : 

but not identified 
' , 

NASA-JSC Q-') 
'/ 413 \ 
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	0001F10
	0001F11
	0001F12
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	0001G01
	0001G02
	0001G03
	0001G04
	0001G05
	0001G06
	0001G07
	0001G08
	0001G09
	0001G10
	0001G11
	0001G12
	0001G13
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	0002G09
	0002G10
	0002G11
	0002G12
	0002G13
	0002G14
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	0003A03
	0003A04
	0003A05
	0003A06
	0003A07
	0003A08
	0003A09
	0003A10
	0003A11
	0003A12
	0003A13
	0003A14
	0003B01
	0003B02
	0003B03
	0003B04
	0003B05
	0003B06
	0003B07
	0003B08
	0003B09
	0003B10
	0003B11
	0003B12
	0003B13
	0003B14
	0003C01
	0003C02
	0003C03
	0003C04
	0003C05
	0003C06
	0003C07
	0003C08
	0003C09
	0003C10
	0003C11
	0003C12
	0003C13
	0003C14
	0003D01
	0003D02
	0003D03
	0003D04
	0003D05
	0003D06
	0003D07
	0003D08
	0003D09
	0003D10
	0003D11
	0003D12
	0003D13
	0003D14
	0003E01
	0003E02
	0003E03
	0003E04
	0003E05
	0003E06
	0003E07
	0003E08
	0003E09
	0003E10
	0003E11
	0003E12
	0003E13
	0003E14
	0003F01
	0003F02
	0003F03
	0003F04
	0003F05
	0003F05
	0003F06
	0003F07
	0003F08
	0003F09
	0003F10
	0003F11
	0003F12
	0003F13
	0003F14
	0003G01
	0003G02
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	0004C03
	0004C04
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	0004D13
	0004D14
	0004E01
	0004E02
	0004E03
	0004E04
	0004E05
	0004E06
	0004E07
	0004E08
	0004E09
	0004E10
	0004E11
	0004E12
	0004E13
	0004E14
	0004F01
	0004F02
	0004F03
	0004F04
	0004F05
	0004F06
	0004F07
	0004F08
	0004F09
	0004F10
	0004F11
	0004F12
	0004F13
	0004F14
	0004G01
	0004G02
	0004G03
	0004G04
	0004G05
	0004G06
	0004G07
	0004G08
	0004G09
	0004G10
	0004G11
	0004G12
	0004G13
	0004G14
	0005A02
	0005A03
	0005A04
	0005A05
	0005A06
	0005A07
	0005A08
	0005A09
	0005A10
	0005A11
	0005A12
	0005A13
	0005A14
	0005B01
	0005B02
	0005B03
	0005B04
	0005B05
	0005B06
	0005B07
	0005B08
	0005B09
	0005B10



