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INTRODUCTION®*

The Catalog of Apollo 17 rocks is a
set of four volumes that characterize
each of 334 individually numbered
rock samples (79 larger than 100 g)
in the Apollo 17 collection, showing
what each sample is and what is
known about it. Unconsolidated
regolith samples are not included.
The catalog is intended to be used by
both researchers requiring sample
allocations and a broad audience
interested in Apollo 17 rocks. The
volumes are arranged geographically,
with separate volumes for the South
Massif and Light Mantle; the North
Massif; and two volumes for the
mare plains. Within each volume,
the samples are arranged in
numerical order, closely
corresponding with the sample
collection stations. A sample index
is included at the back of Volume 4.

Information on sample collection,
petrography, chemistry, stable and
radiogenic isotopes, rock surface
characteristics, physical properties,
and curatorial processing is
summarized and referenced as far as
it is known up to early 1994. The
intention has been to be
comprehensive—to include all
published studies of any kind that
provide information on the sample,
as well as some unpublished
information. References which are

*Adapted from volume 1.

primarily bulk interpretations of
existing data or mere lists of samples
are not generally included. Foreign
language journals were not
scrutinized, but little data appears to
have been published only in such
journals. The reference list included
at the end of this volume has been
updated.

Much valuable information exists in
the original Apollo 17 Lunar Sample
Information Catalog (Butler, 1973)
based on the intense and expert work
of the Preliminary Examination
Team. However, that catalog was
compiled and published only four
months after the mission itself, from
rapid descriptions of usually dust-
covered rocks, usually without
anything other than macroscopic
observations, and less often with thin
sections and a little chemical data. In
the nearly two decades since then,
the rocks have been substantially
subdivided, studied, and analyzed,
with numerous published papers.
However, the original Catalog
contains more information on
macroscopic observations for most
samples than does the present set of
volumes. Considerably more
detailed information on the
dissection and allocations of the
samples is preserved in the Data
Packs in the Office of the Curator.

THE APOLLO 17
MISSION

On December 11, 1972, the

Apollo 17 lunar excursion module
“Challenger,” descending from the
Command Service Module
“America,” landed in a valley near
the edge of Mare Serenitatis
(Figures 1 and 2). It was the sixth
and final landing in the Apollo
program. Astronauts Eugene Cernan
and Harrison Schmitt spent 72 hours
at the site, named Taurus-Littrow
from the mountains and a crater to
the north. The site was geologically
diverse, with the mountain ring of
the Serenitatis basin and the lava fill
in the valley. The main objectives of
the mission were to sample very
ancient material such as pre-Imbrian
highlands distant from the Imbriom
basin, and to sample pyroclastic
materials believed pre-mission to be
substantially younger than mare
basalts collected on previous
missions.

The crew spent more than 22 hours
on the lunar surface, using the rover
to traverse across the mare plains and
to the lower slopes of the South and
North Massifs, and over a light
mantle in the valley that appeared to
have resulted from a landslide from
the South Massif. The traverses
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Figure 1: Apolio and Luna sampling sites on the near side of the Moon. S$84-31673.

totalled more than 30 km, and nearly
120 kg of rock and soil were
collected (Figure 3). This total
sample mass was greater than on any
previous mission. An Apollo Lunar
Surface Experiments Package
(ALSEP) was set up near the landing
point, Other experiments and
numerous photographs were used to
characterize and document the site.
Descriptions of the pre-mission work

and objectives, the mission itself, and
results are described in detail in the
Apollo 17 Preliminary Science
Report (1973; NASA SP-330) and
the Geological Exploration of the
Taurus-Littrow Valley (1980; USGS
Prof. Paper 1080), and others listed
in the bibliography at the end of this
section. Many of the rock samples
have been studied in detail, and
some, particularly massif boulders,

have been studied in coordinated
fashion in formal consortia.

The valley floor samples demonstrate
that the valley consists of a sequence
of high-Ti mare basalts that were
mainly extruded 3.7 to 3.8 Ga ago.
The sequence is of the order of

1400 m thick. The sequence consists
of several different types of basalt
that cannot easily be related to each
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Figure 2: Apollo 17 landing site region showing mbjor geographic features. AS17-M-447.

other (or Apollo 11 high-Ti mare
basalts) by simple igneous processes,
but instead reflect varied mantle
sources, mixing, and assimilation.
Orange glass pyroclastics were
conspicuocus, and is the unit that
mantles both the valley fill and part
of the nearby highlands. However,
they were found to be not younger
than other Apollo volcanics, but
were only slightly younger than the

valley fill. These glasses too are
high-Ti basalt in composition. The
orange glasses occur in the rocks
only as components of some regolith
breccias.

The sampling of the massifs was
directed at coherent boulders and
some rocks, and are dominated by a
particular type of crystalline impact
melt breccia. This is found on both

massifs, and is characterized by an
aluminous basalt composition and a
poikilitic groundmass. The samples
are widely interpreted as part of the
impact melt produced by the
Serenitatis basin event itself. A
second type of impact melt, dark and
aphanitic, is represented only by
samples from the South Massif
stations. It is similar in chemistry to
first type, but is more aluminous and
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Figure 3: Apollo 17 traverse and sample collection map.

much poorer in TiO3. It containsa
much greater abundance and variety
of clast types. Opinion still differs as
to whether these aphanites are a
variant of the Serenitatis melt or
represent something distinct. Both
aphanitic and poikilitic melts seem to
be most consistent with an age of
close to 3.87 (£0.2) Ga. A few rare
samples of impact melt have distinct
chemistry. Other rock and clasts are
pristine igneous rocks, including
dunite, troctolite, and norite

{some of which formed meter-sized
clasts or individual boulders), as well
as more evolved types including
gabbros and felsic/granitic
fragments. Feldspathic granulites are
common as clasts in the melt
matrices (both aphanitic and
poikilitic) and occur as a few small
individual rocks. Geochronology
shows that many of these granulites
and pristine igneous rocks date back
as far as 4.2 and even 4.5 Ga. The
purer soils of the South Massif

contain more alumina and only half
of the incompatible element budget
of the dominant impact melt rocks,
demonstrating that the massifs,
representing pre-Serenitatis material,
have a component not well
represented in the larger collected
samples. Conspicuously absent, and
not the “missing” component in the
soil, is ferroan anorthosite, common
at the Apollo 16 site and widely
believed to have formed an early
lunar crust.
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NUMBERING OF
APOLLO 17 SAMPLES

As in previous missions, five digit
sample numbers are assigned each
rock (coherent material greater than
about 1 cmy), the unsieved portion
and each sieve fraction of scooped
<1 cm material, the drill bit and each
drill stem and drive tube section and
each sample of special
characteristics.

The first digit (7) is the mission
designation for Apollo 17 (missions
prior to Apollo 16 used the first two
digits). As with Apollo 15 and 16
numbers, the Apollo 17 numbers are
grouped by sampling site. Each
group of one thousand numbers
applies to an area as follows:

Sampling Site

The first numbers for each area were
used for drill stems, drive tubes, and
the SESC. Drill stem sections and
double drive tubes are numbered
from the lowermost section upward.

The last digit is used to code sample
type, in conformity with the
conventions used for Apollo 15 and
Apollo 16. Fines from a given
documented bag are ascribed
numbers according to:

TWXYC Unsieved
material
(usually <1 cm)
TWXY1 <1 mm
TWXY?2 1-2 mm
TWXY3 2-4mm
TWXY4 4-10 mm

Initial Number

LM, ALSEP, SEP, and samples collected

between Station 5 and the LM

Station 1A

Station 2 and between it and the LM
Station 3 and between it and Station 2
Station 4 and between it and Station 3
Station 5 and between it and Station 4
Station 6 and between it and the LM
Station 7 and between it and Station 6
Station 8 and between it and Station 7

Station 9 and between it and Station 8

70000

71000

72000

73000

74000

75000

76000

77000

78000

79000
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Rocks from a documented bag are
numbered 7TWXY5 - TWXY9,
usually in order of decreasing size.

Sample number decades were
reserved for the contents of each
documented bag. In the cases where
the number of samples overflowed a
decade, the next available decade
was used for the overflow. For
example DB 455 contained soil,
numbered 71040-71044, and 6 small
rocks numbered 71045-71049 and
71075.

Paired soil and rake samples for each
sampling area are assigned by
centuries starting with 7W500. The
soil sample documented bag has the
first decade or decades of the
century, in conformity with the last
digit coding for rocks and fines (as
explained above), and the rake
sample documented bag uses the
following decades. For example,

71500-71509, 71515 were used for
the sieve fractions and six rocks from
the soil sample in DB 459. Then for
the companion rake sample in DB’s
457 and 458, 71520 was used for the
soil, which was not sieved, and the
38 >1 cm rake fragments were
numbered 71535-71539, 71545-
71549, etc., to 71595-71597.

In as much as possible all samples
returned loose in a sample collection
bag or an ALSRC were numbered in
a decade. In the cases in which rocks
from several stations were put into a
single collection bag however, the
soil and rock fragments were
assigned a decade number that
conforms to the site for the largest or
most friable rock. The other rocks in
the same bag have numbers for their
own site, generally in the second or
third decade of the thousand numbers
for that site.

CAUTIONARY NOTE

Every effort was made for the data to
be accurately copied into this
catalog. However, it would
obviously be prudent for any
scientist who wants to use this data
to check the original scientific
publication (which is referenced) and
not rely on copied data for critical
argument.

FINAL
INTRODUCTORY NOTE

If one is confused by the technical
aspects of the study of Moon rocks,
one might like to borrow one of the
Curator’s sets of Educational Lunar
Thin Section Sets. There is an
instructive booklet to the study of
Moon rocks that accompanies these
sets of sections (Meyer, 1987).
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SAMPLE INVENTORY
FOR VOLUME 4
Sample Mass (g) - Lecation Description Page
76015 2819 Boulder 6 Vesicular Micropoiléilitic Impact Melt Breccia 11
76035 376.2 Nonvesicular Impact Melt Breccia 25
76036 395 Impact Melt Breccia 27
76037 252 High-Ti Mare Basalt . 29
76055 6412 Impact Melt Breccia 31
76135 133.5 LRVIO ~ Vesicular Poikilitic Impact Melt Breccia 39
76136 86.6 LRVIO High-Ti Mare Basalt 41
76137 246 LRV10 Poikilitic Impact Melt Breccia 45
76215 6439 Boulder 6 Vesicular Micropoikilitic Impact Melt Breccia 47
76235 26.56 Boulder 6 Feldspathic Granulitic Impactite 57
76236 19.18 Boulder 6 Feldspathic Granulitic Impactite 65
76237 10.31 Boulder 6 Feldspathic Granulitic Impactite 67
76238 8.21 Boulder 6 Feldspathic Granulitic Impactite 69
76239 6.23 Boulder 6 Feldspathic Granulitic Impactite 71
76245 8.24 Shadowed Impact Melt Breccia 73
76246 6.5 Shadowed Impact Melt Breccia 75
76255 406.6 Boulder 6 Banded Impact Melt Breccia 77
76265 1.75 Trench Impact Melt Breccia , 89
76275 55.93 Boulder 6 Impact Melt Breccia 91
76285 2.208 Trench Agglutinate 97
76286 1.704 Trench Impact Melt Breccia 99
76295 260.7 Boulder 6 Impact Melt Breccia 103
76305 4.01 Boulder 6 Feldspathic Granutitic Impactite 113
76306 4.25 Boulder 6 Feldspathic Granulitic Impactite 113
76307 249 Boulder 6 Feldspathic Granulitic Impactite 113
76315 671.1 Boulder 6 Micropoikilitic Impact Melt Breccia 115
76335 502.89 BSLSS Cataclastic Troctolite 125
76505 4.69 Soil Micropoikilitic Impact Melt Breccia 129
76506 2.81 Dark Matrix Regolith Breccia 131
76535 155.5 Rake Troctolite 137
76536 10.26 Rake . Crushed Troctolite 153
76537 26.48 Rake High-Ti Mare Basalt 159
76538 5.87 Rake High-Ti Mare Basalt 163
76539 148 Rake Aphanitic High-Ti Mare Basalt 165
76545 51.21 Rake Dark Matrix Regolith Breccia 169

76546 0 Combined with 76545
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Sample Mass (g) Locati Description Page
76547 0 Combined with 76545

76548 2.527 Rake Dark Matrix Regolith Breccia 175

76549 0 Combined with 76545

76555 8.435 Rake Micropoikilitic Impact Melt Breccia 177
76556 7.396 Rake Micropoikilitic Impact Melt Breccia 179
76557 5.592 Rake Micropoikilitic Impact Melt Breccia 181

76558 0.683 Rake Impact Melt Breccia 183

76559 0.747 Rake Poikilitic Impact Melt Breccia 185

76565 11.6 Rake Dark Matrix Regolith Breccia 187

76566 2.639 Rake Dark Matrix Regolith Breccia 193

76567 5.49 Rake Light Matrix Regolith Breccia 195

76568 9.477 Rake Aphanitic High-Ti Mare Basalt 197

76569 4.207 Rake Aphanitic Impact Melt Breccia 199
76575 16.25 Rake Feldspathic Impact Melt Breccia 201

76576 5.327 Rake Micropoikilitic Impact Melt Breccia 205

76577 13.54 Rake Poikilitic Impact Melt Breccia 209
77017 1730 Station 7 Poikilitic Anorthositic Gabbro 211

77035 5727 Micropoikilitic Impact Melt Breccia 227
77075 1724 Boulder 7 Impact Melt Dike in Cataclastic Norite 241

77076 13.97 Boulder 7 Impact Melt Dike in Cataclastic Norite 251

77077 5.45 Boulder 7 Cataclastic Norite with Back Veinlets 253
77115 1159 Boulder 7 Micropoikilitic Impact Melt Bréccia 257
77135 337.4 Boulder 7 Vesicular Poikilitic Impact Melt Rock 267
77215 846.4 Boulder 7 Cataclastic Norite 283

77515 337.6 Soil Poikilitic Impact Melt Breccia 299
77516 103.7 High-Ti Mare Basalt 303
77517 45.6 Unique Fragmental Breccia 307
77518 42.5 Micropoikilitic Impact Melt Breccia 3

77519 27.4 Micropoikilitic Impact Melt Breccia 315
77525 1.19 Impact Melt Breccia 317
77526 1.07 Impact Melt Breccia 319
77535 577.8 Soil High-Ti Mare Basait 321

77536 3553 High-Ti Mare Basalt 327
71537 71.7 Impact Melt Breccia 331

77538 47.2 Unusual Fragmental Breccia 333
77539 396 Poikilitic Impact Melt Breccia 337
77545 29.5 Poikilitic Impact Melt Breccia 341

78135 133.9 Station 8 High-Ti Mare Basalt 345
78155 401.1 Feldspathic Granulitic Impactite 351

78235 199 Boulder 8 Shocked Norite 367
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Sample Mass (g) Location Description Page
78236 93.06 Boulder 8 Shocked Norite 381
78237 0 Combined with 78235

78238 57.58 Boulder 8 Shocked Norite 391
78253 48.31 Boulder 8 Shocked Norite 393
78256 0 Combined with 78255

78465 1.039 Trench Soil Breccia 397
78505 506.3 Soil High-Ti Mare Basalt 401
78506 55.97 High-Ti Mare Basalt 405
78507 23.35 High-Ti Mare Basalt 409
78508 10.67 Light Matrix Breccia 413
78509 8.68 High-Ti Mare Basalt 415
78515 4.76 Dark Matrix Breccia 419
78516 3.18 Park Matrix Soil Breccia 423
78517 1.82 Friable White Cataclasite 427
78518 0.88 Dark Matrix Soil Breccia 429
78525 s.1 Rake Agglutinate 431
78526 8.77 Rake Green Glass Vitrophyre 433
718527 5.16 Rake Granulitic Noritic Breccia 439
78528 7 Rake Basalt 443
78535 103.4 Rake Dark Matrix Breccia 445
78536 8.67 Rake Dark Matrix Breccia 449
78537 11.76 Rake Dark Matrix Breccia 451
78538 5.82 Rake Dark Matrix Breccia 453
78539 3.73 Rake Dark Matrix Breccia 455
78545 8.6 Rake Dark Matrix Breccia 457
78546 42.66 Rake Dark Matrix Breccia 459
78547 2991 Rake Dark Matrix Soil Breccia 463
78548 15.95 Rake Soil Clod 467
78549 16.09 Rake Soil Clod 471
78555 6.64 Rake Soil Breccia 475
78556 9.5 Rake Dark Matrix Soil Breccia 479
78557 7.19 Rake Dark Matrix Soil Breccia 481
78558 3.78 Rake Dark Matrix Soil Breccia 483
78559 3.05 Rake Dark Matrix Soil Breccia 485
78565 35 Rake Dark Matrix Soil Breccia 487
78566 0.77 Rake Dark Matrix Soil Breccia 489
78567 18.88 Rake Dark Matrix Soil Breccia 491
78568 357 Rake Breccia 493
78569 14.53 Rake High-Ti Mare Basalt 495
78575 140 Rake High-Ti Mare Basalt 499
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el
w—
Sample Mass (g) Locats———'__ Description Page
78576 11.64 Rake High-Ti Mare Basalt 503
78577 8.84 Rake High-Ti Mare Basalt 509
78578 17:13 Rake High-Ti Mare Basalt 513
78579 6.07 Rake High-Ti Mare Basalt 517
78585 44.6 Rake High-Ti Mare Basalt 521
78586 10.73 Rake High-Ti Mare Basalt 525
78587 11.48 Rake High-Ti Mare Basalt 529
78588 377 Rake High-Ti Mare Basalt 535
78589 4.1 Rake High-Ti Mare Basalt 539
78595 419 Rake High-Ti Mare Basalt 543
78596 7.55 Rake High-Ti Mare Basalt 547
78597 319.1 Rake High-Ti Mare Basalt 551
78598 224.1 Rake High-Ti Mare Basalt 557
78599 198.6 Rake High-Ti Mare Basalt 563




INTRODUCTION: Samples of the North Massif

The North Massif is internally
complex, with numerous roughly
horizontal structural units that may
be depositional or intrusive layers
(Schmitt and Cernan, 1973). The
tilting and faulting of massif units
may relate to their uplift during the
Serenitatus impact event or subse-
quent major basin event (Fig. 1),
The rock layers high up on the
Massif are interpreted as ejecta
sheets of impact melt formed by the
Serenitatus event (Spudis and Ryder,
1981). Several authors {Chao et al.,
1975; Winzer et al., 1975; Spudis
and Ryder, 1981) have found con-
siderable similarity between some
samples of the South Massif and the
boulder samples of the North Massif.

Samples were collected from several
boulders that rolled down the North
Massif (see Wolfe and others, 1981).

These include

a) The large boulder at Station 6,
which was carefully sampled

South Massif

P

kilometers
F..

INTRO -t

(chipped) in several places (76015,
76215, 76235, 76255, 76275, 76295,
76315, and others). It has a boulder
track down the Massif leading from
the blocky layers above (Figs. 2, 3,
and 4).

b) Turning Point Rock (LRV10), a
small boulder about 0.5 km to the
east of Station 6 that was apparently
sampled by the scoop taken there
(76135, 137),

¢) 76055, a small rock that was
picked from the regolith about

15 meters to the east of the boulder;
It is chemically distinct from the
boulder samples and may be slightly
older.

d) The boulder at Station 7, which is
about 0.6 km to the west (77135,
77115).

However, the most representative
samples of the North Massif may be
the rake samples or coarse fines
collected from the soils (Jolliff et al.,

8 high-Ti mare basalt 7

1993). The soil around the boulders
does not have the same composition
as the boulders, and there are clearly
other components in the soil. A
large rake sample was taken about
20 meters to the east of Boulder 6
(76500). Two breccia fragments
(76035 and 037) were taken from the
soil about 25 meters to the west.

A number of fragments were also
taken from a trench in the fillet next
to the boulder - but these probably
are additional pieces of the boulder
(76245, 246, 265, 285, and 286).

An index to all of the Apollo 17 rock

samples is included at the back of
this volume.

North Massif

.

old surface

L/

IS coliviu
3 < noriic me breceis 7, XK
T
2 ,

L 1 ! 1 1 |

0 1 2 3 4 3

km

Figure 1: Cross section of the Taurus-Littrow Valley drawn by Korotev (1993).
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Figure 2: Composite photo of boulder at Station 6 showing Taurus-Littrow Valley. AS17-140-21497 and 21493.
Entrance to Taurus-Littrow Valley is in the distant background.

[ R Y o

Figure 3: Photo of astronaut in front of Block 2 of the large broken boulder at Station 6. AS17-146-22294.



INTRO -3

~1L .—AZPan 21
O 76500-06 and 76535-77

Approximate —x
location of 76055
DT

X 76001

\
\
\
\
\\ \\ A— P Pan 22
\\ \
N——" Edges of —x
\ boulder track
\
\\ \
\ \
\ \
\ \ . Approximate location
P '\ /\ ot 76220
P « S \ X \ 76320
£ \
/ - AS17-140-21459-82
!
[
\ v
e / 76266, 76275, 76295 .
76235-39 and 76305-07

7624046
Approximate 76260-65 X—— AS17-140-21414-34
location of 76335 ~X 76280-86 Block X
oc
Lrv -+ ] a RN T6218
76015

AS817-140-21435-39

Approximate iocation —X
N of 76030-37

10m
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NASA photographs. Note the boulder tracks and sample numbers.



Introduction to Large Boulder at Station 6

LARGE BOULDER AT STATION 6 - 5

Samples 76015, 76215, 76235, 76255,

76275, 76295, and 76315

Also samples 76245, 246, 265, 285,
and 286 may have been spalled off
the boulder at Station 6. Samples
76230, 236, 237, 238, 239, 305, 306,
and 307 are all part of 76235, which
was chipped from a distinct clast on
Boulder 6.

GEOLOGICAL SETTING

Most of the large samples collected
at the Apollo 17 Station 6 are from a
large broken boulder (6 x 10 x 18 m)
lying at the end of a boulder track
that can clearly be seen in the photos
taken by the astronauts (see Schmitt
and Cernan, 1973, and Wolfe and
others, 1981). This boulder track
leads from a distinct blocky horizon
approximately 1/3 of the way up the
North Massif. On the basis of
observation of several boulder tracks
on North Massif, it appeared to the
astronauts that once a boulder was
jarred loose from its “source-crop”

Unit A

Unit B

Unit ¢

n

|

Transition from A to B

and began to roll, only a decrease in
slope or the break-up of the boulder
would stop it. At the end of its track,
the big Station 6 Boulder apparently
broke into five distinct blocks

(Fig. 1) and came to rest at the top of
the talus from the North Massif.
Blocks 1, 2, and 3 readily fit
together; the fit of Boulders 4 and 5
is less obvious. According to
Arvidson et al. (1975), the emplace-
ment of the Station 6 Boulder is one
of only a few well-dated events on
the Moon (22 m.y.).

The Station 6 Boulder is the closest
thing to a geological outcrop on the
Moon! Photos of the boulder blocks
were mapped by G. Heiken et al.
(1973) in preparation for the consor-
tium study of the samples led by

W. Phinney, C. Simonds, and

J. Warner (Figs. 2-6). The Station 6
Boulder was found to be a
geologically complex, clast-bearing,

bl

Fig.3

Fig 5

impact melt breccia with a matrix
that is chemically rather uniform,
Four main lithologic units within the
boulder cluster have been identified
(Heiken et al., 1973, and Phinney,
1981). Unit A is characterized by
abundant vesicles (some greater than
5 cm long) flattened along a plane
parallel to the contact with the adja-
cent unit (no samples taken). Unit B
is characterized by well-developed
foliation or banding (samples 76015
and 76215). Unit C is massive, with
no obvious foliation, and contains
angular clasts up to 0.8 m long
(samples 76235, 255, 275, 295).
Unit AB is a discontinuous transition
zone up to a few meters wide be-
tween units A and B (sample 76315).
The samples (described individually)
are impact melts and anorthositic
clasts. The matrices of the Station 6
Boulder samples contain 50-60%
calcic feldspar, ~45% orthopyroxene,
and 1-7% ilmenite.

Fig 2

Figure I: Map of the boulder cluster at Station 6, showing sample locations,
location of lithologic units, and index to boulder maps. From Phinney (1981).
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Important clasts contain ~70%
feldspar, 30% orthopyroxene, and
olivine and trace ilmenite. The
matrix of the boulder was apparently
homogenized extremely well by the
impact process on the scale of this
boulder. The major and trace
element compositions of the various
pieces of matrix form a tight cluster
on composition diagrams, including
the siderophile elements (Ir-Au-Re)
contributed by the meteorite
projectile. The clasts display various
degrees of brecciation and shock
metamorphism. Some clasts (76235,
76255) may be of plutonic origin.

The boulders at Station 6 do not have
a composition like that of the soil
(Fig. 7). Station 6 is located on the
talus of the North Massif. Compo-

nents of the soil in¢clude the boulders,
the adjacent mare surface, and the
softer portions of the North Massif.
It will take a careful study of the
coarse fines from the so0il to discem
what the rest of the North Massif is
made of (Jolliff et al., 1993).
Samples like 76535 and 76335 may
be more representative of the main
portion of the North Massif than the
samples of the boulder.

Cernan, 1973). The exterior surfaces
of boulder samples are covered with
micrometeorite craters and contain
solar flare tracks. An unusual feature
of two of the samples, 76015 and
76215, is that they each had a patina
covered “lip” that was partially
protected from micrometeorite
bombardment, which led to the
development of an especially dark
(thick?) patina.

PATINA

A distinct brown patina is well
developed on all the weathered rock
surfaces of the otherwise tan or blue-
grey breccia, including the fractured
surfaces of the blocks of the

Station 6 Boulder (Schmitt and

CONSORTIUM STUDIES

The samples of the boulder blocks at
Station 6 were the subject of consor-
tium studies led by W. Phinney
(1981). Photos of the boulder
surfaces (mapped by Heiken et al.,
1973) allowed each sample to be



LARGE BOULDER AT STATION 6 -9

—
o
=}
(=]

L5

76015 matrix

&
-

Sample/ chondrites

—_
o
sl

L i L

Station 6 soil

1000

™77 TrTY

- 100

1 $ $

La Ce

' L
LJ L L] T L

Nd SmEuGd Dy

} } 1

Er Yb

Figure 7: Normalized rare earth element diagram comparing 76015 ( typical of boulder) with Station 6 soil.

related to a specific lithology of the
boulder. These consortium studies
were not completed because many of
the samples (i.e., 76275) were slow
to be processed and not delivered
until after consortium members had
left. However, the consortium
concluded that the poikilitic texture
of these rocks was formed in a melt
sheet after the impact (Simonds,
1975; Simonds et al., 1976; and
Onorato et al., 1976). ‘This consor-
tium went on to study impact melt
sheets in terrestrial impact craters
(see JGR 83, 2729-2816).

A summary of the ages of the clasts
and matrix samples from the

Station 6 Boulder is given in Table 1
from Cadogan and Turner (1976).

There is general agreement that these
data (mean age 3.96 £ 0.04 b.y.) give
the age of the Serenitatus impact -
event (see arguments in Spudis and
Ryder, 1981).

A major finding of the consortium
was that all the matrix samples were
of the same chemical and
mineralogical composition (Phinney,
1981). Especially remarkable was
the tight grouping in siderophile
elements (Higuchi and Morgan,
1975, and Hertogen et al., 1977).

The collection of samples from
Boulder 6 provides the most

comprehensive set of related samples

that has been avaitable for lunar
magnetic studies. Gose et al. (1978)

carefully studied the remanent
magnetization of 26 subsampies
from the Station 6 Boulder. The
direction of magnetization after
alternating field demagnetization of
breccia samples was found to be
roughly uniform for clast-free matrix
samples (76015, 76215) while
generally scattered for the clast-rich
samples (76275). Gose et al.
proposed that the natural remanent
magnetization of impact melt
breccias is the vector sum of two
magnetizations: a pre-impact
magnetization and a partial thermo-
remanence acquired during breccia
lithification. The large scatter of
magnetization direction of the clast-
rich samples implies the predomi-
nance of pre-impact magnetization.
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Table 1: Summary of Ar 39/40 plateau ages from the Station 6 Boulder samples.
Data from Cadogan and Turner (1976).

Plateau age % 39 Ar recoil

Sample no. Irradiation (G.y.) (matrix samples only)
Matrix samples _

76215,30 SH36 3.94+0.04 0.8

76015,38 SH36 3.93 £0.04 11

76315,36 SH31 3.98 £0.04 1.4

76295,1 (tan) SH36 3.95+0.04 39

76295,3 (blue) SH36 3.96+0.04 24

76275,39 SHA40 402+0.04 29
Clasts

76235,3 SH36 3.93+0.06 —

76235,3 SH40 3.95+0.06 —

76315,67 (C3) SH31 3.97+0.04 —

76315,61 (C2) SH31 3.98 £0.04 —

(4.10 £ 0.05)

76255,46 SH40 4.02+0.04 —
Mineral concentrates

76015,38 (plag) SH36 3.96 £ 0.06 —

76015,36 (plag) SH36 3.92+0.04 —

76015,38 (px) SH36 (3.79 £ 0.07) —

76015,36 (px) SH36 (3.92£0.09) —_

Mean age 396 £0.04
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76015

Vesicular Micropoikilitic Impact Melt Breccia

2819¢g,20x 16 x 14 cm

INTRODUCTION

Sample 76015 was chipped off of the
top corner of Block 5 of the big
boulder at Station 6 (Fig. 1, Wolfe
and others, 1981). It is a sample of
lithologic unit B of Boulder 6 and is
similar in color and texture to 76215
from Block 4 (also from unit B).
This lithology was originally referred
to as the “green-grey” breccia
lithology (Fig. 2). 76015 has a well-
documented orientation based on
laboratory photography and has a
well-known exposure history
because of its certain relationship to
several other samples of the Station 6
Boulder (Heiken et al., 1973).

One surface of 76015 was part of a
shielded cavity that was oriented
parallel to the sunline, which had an
azimuth of approximately 106 deg
and elevation of approximately

36 deg to the horizontal. This unique
cavity has allowed several interesting
studies of the solar flare, cosmic ray,
and micrometecrite bombardment of
the lunar surface (Blanford et al.,
1974; Morrison and Zinner, 1975;
Crozaz et al., 1974). The “lip” of
this cavity has a thick, undisturbed
patina (Fig. 3).

Spudis and Ryder (1981) summarize
the arguments that this boulder is
from the melt sheet or ejecta blanket

from the Serenitatus impact event.
Simonds et al. (1976) and Onorato
et al. (1976) provide a compre-
hensive thermal model for the
lithification of impact melt breccias
based on their detailed study of the
textares of samples from Boulder 6
and in comparison with melt sheets
from large terrestrial craters.

PETROGRAPHY

Sample 76015 is a very vesicular,
crystalline-matrix breccia with

<0.1 mm to 5 cm long irregular
vesicles that compose about 20% of
the rock by volume. The flattened

Figure 1: Location of 76015 on Block 5 before sampling. Note the well-documented orientation. AS17-140-21411.
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Figure 2: The exterior surface of 76015 has been heavily eroded by micrometeorite bombardment and is covered with
glass-lined micrometeorite craters (zap pits) with white spall zones. The foliation of the abundant large vesicles is
evident in this photo. Scale is 1 cm. §73-15015.

vesicles define a preferred
orientation best seen on the west
(W1) side of the sample (Fig. 2).
The modal mineralogy of 760135 is
about 50% plagioclase, 40% low-
calcium pyroxene, with minor
amounts of augite, olivine, ilmenite,
armalcolite, and metallic iron. The
poikilitic matrix of 76015 (Fig. 4)
consists of a nearly continuous mass
of elongated and occasionally
aligned 0.2-0.3 by 0.7-1.5 mm low-
calcium pyroxene oikocrysts
(Wo4.9Eng| 76 Fs19-25). Tabular
feldspar 10-50 pm long occurs both
within and between the pyroxene
grains and ranges from Angz to
Angg, with a distinct peak at Angg
(Fig. 5). Small amounts of augite
(Wo35.40Eng2.46Fs12-15) are found

as <20 um grains both within and
between the low-calcium pyroxene
oikocrysts. Both poikilitic ilmenite
and armalcolite grains up to 200 pm

long, with spinel and rutile lamellae,

are concentrated between the

. pyroxene oikocrysts.

Mineral and lithic clasts compose
5-15% of the rock. Mineral clasts
are recognized because they are
typically over 50 pm across, much
larger than the matrix grains.
Simonds et al. (1974 and 1975)
studied numerous small lithic clasts
in 22 thin sections of 76015 and
found that they were predominantly
granoblastic or poikilitic in texture,
generally with 70-80% feldspar.
Some of the small clasts were

described as annealed “dunite” and
“troctolite” fragments.

Simonds (1975) describes the poiki-
litic matrix of 76015 as a continuous
network of interlocking pigeonite
oikocrysts with about half of the
pyroxene in a tight cluster in the
compositional diagram

Wos gEn7p.73Fs22.26. Simonds
notes that the narrow range of
pyroxene and feldspar composition
agrees with the uniform composi-
ticnal data of Rhodes et al. (1974)
and Hubbard et al. (1974) for widely
separated portions of the sample.
They conclude that the matrix of this
sample is very homogeneous in
composition.
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Figure 3: This photo of 76015 illustrates the patina covered “lip” thatwas partially shielded from micrometeorites (see
text). The large vesicular basalt “vug” clast is evident in the center of the photo. Scale is I cm. S73-18764.

[

Figure 4: Photomicrograph of 76015 marrix. Note the partially digested relict clast and the large vesicle. The texture
of the matrix of 76015 is poikilitic with large pyroxene grains surrounding small plagioclase laths and mineral

inclusions. This texture is typical of the matrix of all the Station 6 boulders as well as many Apolio 16 melt racks. Field
of view is ¢ x 5 mm.
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Figure 5: Pyroxene, olivine, and plagioclase ¢

ompositions of the matrix and the vesicular basalt clast in lunar breccia

76015 (from Simonds, 1975). Note that the larger plagioclase inclusions in the green-grey matrix are more calcic
(Angs) than the plagioclase laths in the matrix {Angg).

Misra et al. (1976) have studied the
complex metallic nickel-iron parti-
cles included in 76015 (Fig. 6).

WHOLE-ROCK CHEMISTRY

The matrix of 76015 is very homo-
geneous in composition (Table 1)
and the composition is also very
similar to that of the other samples of
this boulder (Fig. 7).

Higuchi and Morgan (1975) find that
the trace siderophile element
compositions of all the samples of
the Station 6 Boulder form a tight
grouping (meteorite group 2) on
compositional diagrams (Fig. 8).

76015 and 76215 have a lower
abundance of these meteoritic
clements than the matrix for 76275
and 76295 (Table 2).

SIGNIFICANT CLASTS

Simonds (1975) and Phinney (1981)
describe a large (2 cm) porous basalt
clast (“vug” filling?) in 76015 with
intersertal texture (Fig. 9). The
plagioclase in this clast is found to be
somewhat less calcic than that of the
breccia matrix (Fig. 5). However,
there appear to be no chemical or
isotopic data on this large basalt clast
(see also Fig. 3).

RADIOGENIC ISOTOPES

Cadogan and Turner (1976) deter-
mined the crystallization age of
76015 by the 39Ar- 40Ar plateau
technique. The matrix yielded an
intermediate temperature plateau
which covered 70% of the release of
39Ar and corresponds to an age of
3.93 £ 0.04 b.y. A similar but less
well-defined age of 3.96 + 0.06 b.y.
was obtained for a plagioclase
separate (Fig. 10).

Nyquist et al. (1974) have reported
Rb-Sr data for several splits of
matrix from 76015 (Fig. 11 and
Table 3) and note that the Rb-Sr
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systematics are probably partially
reset by the Serenitatus impact event
(see Phinney, 1981)., U-Th-Pb data
by Leon Siiver were also reported in
Phinney (1981),

COSMOGENIC
RADIOISOTOPES AND
EXPOSURE AGES

Crozaz et al. (1974) have studied the
long-term exposure history of a
surface of 760135 that was exposed to
the sky through a small solid angle
(as evidenced by a marked gradient
of dark to light patina) (see figure in

their paper). As a consequence of
the small solid angle factor, the
effects of erosion over a long period
of time are removed, allowing for a
study of the solar flare spectrum
without the complication of
continuous erosion. Indeed, the
measured solar flare track density for
76015 was found to fall off much
faster with depth than for other lunar
samples (which have experienced
erosion) and is comparable with data
on the energy of solar flares derived
by studies of recent solar flares using
the Surveyor glass (Crozaz et al.).
The solar flare track exposure age

(18 +3 m.y.) is found to be concor-
dant with the galactic proton age
(17.5£ 0.5 m.y.) as determined by
the Kr-Kr method, although some-
what younger than the 22 m.y.
exposure age determined for 76315
(Arvidson et al., 1975). Presumably
a portion of the surface of 76015
eroded away in the past

(Crozaz et al.).

Bogard et al. (1974) (see unpub-
lished data in Phinney, 1981) have
determined the noble gas abundances
in 76015.

12
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Figure 6: Nickel vs. cobalt contents of metal grains in 76015 and 76215. From Misra et al. (1976).
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Figure 9: Large pyroxene grains and plagioclase laths in vesicular basalt clast {see Phinney, 1981). Scale is 4 x 5 mm.
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MAGNETIC STUDIES

Pearce ¢t al. (1974) and Gose et al.
(1978) have carefully studied the
remanent magnetization of 26 sub-
samples from the Station 6 Boulder.
The direction of magnetization of
clast-free samples from unit B
(including 76015) cluster fairly well
after alternating field demagnetiza-
tion. Gose et al. propose that the
natural remanent magnetization of
impact melt breccias is the vector
sum of two magnetizations, a pre-
impact magnetization and a partial
thermoremanence acquired during
breccia lithification.

SURFACE STUDIES

The thickness of the patina that
developed on the T1 surface of
76015 (Fig. 3) is unusual and is a
function of the exposure geometry of
a partially to completely shielded
cavity on top of the boulder. The T1
surface subtended a small solid angie
and intercepted few large particles
capable of eroding the surface, as is
the case on the fully exposed exterior

From Charette and Adams (1977).

surface where there is a less well-
developed patina due to constant
steady-state erosion. There is a
marked gradation in patina from the
thick deposit of the partially shielded
lip of the rock to a lack of patina in
the completely shielded region. The
thick deposit is made of accumulated
glass splashes, pancakes, and
presumably condensed vapor that
may have come from the opposite
face of the cavity.

The surface patina on 76015 has
been carefully described by Blanford
et al. (1975). The partially shiclded
part of the surface of 76015 has
accumulated accretionary particles
over a long period of time

(22 m.y.?), while the exposed surface
of 76015 reached a steady state of
micrometeorite erosion and accumu-
lated glass splashes. Accretionary
particles are small objects adhering
to the host surfaces. They include
glass splashes, stingers, and
pancakes as well as angular dust
particles. Glassy accretionary
particles are formed by fusion of
target material by hypervelocity
micrometeorites. Patina is the result

of the accumulation of this fused
material on nearby surfaces. High
resolution examination of the
stratigraphically oldest glass particles
on the exterior surface of 76015
suggests that their surfaces have been
altered by solar wind sputtering.
Older particles have a granular
appearance in contrast to the
perfectly smooth appearance of the
superposed younger particles.

Charette and Adams (1977) have
determined the reflectance spectra of
the surface of 76015 and report that
the spectra of poikilitic rocks are
similar to KREEP with a slight
upturn at the high wavelength

(Fig. 11). It would be interesting to
determine the difference in spectra
for patina-covered surfaces as com-
pared to fresh surfaces (76015 is the
ideal sample for such study).

EXPERIMENTAL

Experimental studies by Delano
(1977) showed that 76015 has
olivine as its liquidus phase at

0 kbars. Olivine + spinel coexist on
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the liquidus in the pressure interval
from 5 to 12 kbar. Olivine + spinel +
orthopyroxene are simultaneously on
the liquidus at 12 kbar. Orthopy-
roxene + spinel are the liquidus
phases at pressures greater than

12 kbar (Fig. 12). Experimental
phase relations of these experiments
suggest that the 76015 composition
does not represent magma derived by
partial melting of either cosmic or
differentiated source regions at any
pressure on the Moon.

VUGS

This sample has numerous vugs and
cavities with well-known orientation
(Fig. 13). Morrison and Zinner
(1975) used two of these cavities to
study the possible directional
variations in the flux of micro-
metecrites and solar flare particles.
Studies by Blanford et al. (1975)
(Fig. 14) and Morrison and Zinner
{1975) found no anisotropy in the
flux of micrometeorites between the
north direction and the ecliptic,
whereas Hutcheon (using different
samples) determined that the ecliptic
flux was seven times as high as the
flux from the south (see discussion in
Zinner and Morrison, 1976).

Morrison and Zinner determined that
there are 900 0.1 pm craters
produced per cm? per year per 2
steradian. Based on their observation
of numerous fresh 0.1 wm craters,
they concluded that there is not more
than an estimated maximum solar-
wind erosion rate of 0.07 A/yr.

Morrison and Clanton (1979) have
documented differences in the micro-
meteorite populations and surface
characteristics between the surface of
76015 that was exposed in the plane
of the ecliptic and the surface that
was exposed perpendicular to the
ecliptic.

Carter et al. (1975) have studied the
euhedral crystals of pyroxene,
plagioclase, ilmenite, metallic iron,
and troilite that line the vugs of
76015.

Phinney (1981) reports that large
apatite crystals occur in the vugs of
76015 as honey-yellow, transparent,
single crystals up to 1 mm in greatest
dimension. They are found to be
doubly terminated and loosely
adhering to the cavity walls. Large
beta-cristobalite crystals and wiry
and dendritic metallic Cu are also
reported in these cavities.

PROCESSING

A slab and a column were cut from
the center of this rock (see maps in
Phinney, 1981). A second slab and
column were cut at right angles to
the first slab in 1988. A large piece
(330 g) has been used for public
display.

The largest piece remaining (,18)
weighs 1307 g and is stored at
Brooks Air Force Base. The second
largest piece (,19) weighs 630 g.
There are 30 thin sections.
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Figure 12: Melting relations of 76015 as function of temperature and pressure. From Delano (1977).
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Figure 13: Orientation and exposure geometry of 76015,105 ,24 and 40. From Morrison and Zinner (1975).
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Figure 14: Size-frequency distributions of zap pits on oriented surfaces of 76015. From Blanford et al. (1975).
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Table 1: Whole-rock chemistry of 76015.
a) Rhodes et al. (1974a); Hubbard et al. (1974); b) Palme et al. (1978)
See also Wiesmann and Hubbard (1975) and Phinney (1981).

Split ,22M (a) ,»37M (a) 41IM (a) ,64M (a) 12 (b)
Technique XRF, IDMS XRF, IDMS XRF, IDMS XRF, IDMS XRF, INAA
Si09 (wi%) 46.16 46.38 46.38 46.59 46.52
TiO9 1.52 1.55 1.53 1.48 1.54
Al;04 17.17 17.78 17.77 18.00 17.86
Crp04 - - - - 0.19
FeO 9.81 9.65 9.07 5.10 8.08
MnO 0.13 0.13 0.12 0.12 0.11
MgO 13.03 12.40 12.67 12.43 12.57
Ca0 10.77 11.13 11.11 11.10 10.99
Na,O 0.70 0.72 0.69 0.75 0.68
K20 0.26 0.26 0.26 0.29 0.24
P105 0.27 0.29 0.29 0.28 0.28
S 0.09 0.06 0.08 0.08 0.39
Nb (ppm) 32

Zr 490 515 507 484 480
Hf 12.5 12.7 - - 11.81
Ta 1.62
U 1.46 1.59 1.96 1.48 12
Th 5.44 5.64 5.56 541 4.18
Y 112

Sr 172 178 177 174 180
Rb 6.41 6.67 6.57 7.46 -

Li 183 19.8 21.6 18.5 17.7
Ba 348 362 358 354 340
Cs 0.20
Ni 1140
Co 90.2
Sc 16.7
La - 343 334 299 338
Ce 833 85.9 849 78.4 89.2
Nd 528 54.4 54.0 49.3 54
Sm 149 153 152 14.0 14.11
Eu 1.94 2.02 1.99 1.97 1.99
Gd 18.7 19.0 18.9 17.6 18.1
Tb 3.04
Dy 19.5 20.0 19.9 18.3 19.9
Er 11.5 11.8 11.7 109 -
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Table 1: (Concluded).

Split »22M {(a) w37M (a} »41M (a) ,64M (a) ,12 (b)
Technique XRF, IDMS XRF, IDMS XRF, IDMS XRF, IDMS XRF, INAA
Yb 10.6 11.0 10.8 10.0 11.43

Lu - - 1.30 1.50 1.55
Ga -

F 458

ql 6.9

Ge (ppb) -

Ir 43

Au 18

Table 2: Trace element data for 76015. Concentrations in ppb.
From Higuchi and Morgan (1975).

Sample
76015,77
matrix
Ir 341
Os
Re 0.315
Au 1.89
Pd
Ni {ppm) 135
Sb 1.02
Ge 164
Se 76
Te 27
Ag 1.02
Br 468
In
Bi 0.22
Zn (ppm) 28
Gd 32
T 0.67
Rb (ppm) 5.77
Cs 266

U 1490
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Table 3;: Rb-Sr composition of 76015,
Data from Nyquist et al. (1974).

Sample 76015,22M 3™ AIM 64M
wt (mg) 523 53.5 63.6 51.5

Rb (ppm) 6.41 6.67 6.57 7.46

Sr (ppm) 171.8 1775 176.6 1738
87Rb/80ST 0.1079+9  0.1088+9 0.1076 £ 9 0.1242+ 10
87gy/86gr 0.70589 + 5 0.70605 £ 5 070589+ 11  0.70693+6
TB 4,39 +0.07 4.45+0.07 4.40+0.11 4.40 +0.07
TL 4.45 £0.07 452+007 . 445+0.11 4.44+0.07

B = Model age assuming I = 0.69910 (BABI + JSC bias)
L = Model age assuming I = 0.69903 (Apollo 16 anorthosites for T = 4.6 b.y.)
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76035

Nonvesicular Impact Melt Breccia

376.2g,12x55x5¢cm

INTRODUCTION

Sample 76035 was collected from
the soil about 20 meters downslope
from the large boulder in the
Station 6 area. It is a nonvesicular,
clast-bearing, blue-grey impact melt
breccia.

Chao et al. (1975) believe that 76035
is very similar to 77115 and to
72435. Ryder (1993) describes the
maitrix of 76035 as fine-grained with
oliviné microphenocrysts.

" PETROGRAPHY

The photo of one side of this sample
(Fig. 1) shows that the main mass of
it is the blue-grey impact melt
breccia typical of the highlands; the
other side has an assemblage of light
and dark clasts folded together like in
an omelet (Fig, 2). Angular
inclusions of light impact melt
breccia are included in the blue-grey
matrix of 76035, There is an
apparent basaltic clast included in

the blue-grey impact melt (see

Fig. 1). Some thin sections show the
dark lithology is a soil breccia—but
it is very minor portion of the overall
sample.

This sample has not been studied.

There are only three thin sections of
77035.

Figure 1: Freshly broken surface of 76035, showing basalt clast. There are few vesicles compared with
the Station 6 Boulder. Scale is | cm. S73-19355.
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Figure 2: Angular inclusions of light impact melt breccia included and attached to matrix of 76035.
Scale is 1 cm. S$73-15457.







