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INTRODUCTION

INTRO—v

The Catalog of Apollo 17
rocks is a set of 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.
The present volume, for the
South Massif and Light
Mantle, describes the 55
individual rock fragments
collected at Stations 2, 2A, 3,
and LRV-5. Some were
chipped from boulders, others
collected as individual rocks,
some by raking, and a few by
picking from the soil in the
processing laboratory.

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
1992. 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well as some unpublished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 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 gnly in such
journals. We have attempted
to be consistent in format
across all of the volumes, and
have used a common
reference list that appears in
all volumes.

Much valuable information
exists in the original Apollo

17 Lunar Sample Information
Catalog (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. These make
the original Information
Catalog inadequate,
outmoded, and in some cases
erroneous. However, that
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.

Where possible, ages based
on Sr and Ar isotopes have
been recalculated using the
“new” decay constants
recommended by Steiger and
Jager (Earth Planet. Sci.
Lett. 36, 359-362); however,
in many of the reproduced
diagrams the ages correspond
with the “old” decay
constants. In this volume,
mg' or Mg' = atomic Mg/(Mg
+Fe).

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
Imbrium basin, and to sample
pyroclastic materials believed
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Figure 1: Apollo and Luna sampling sites on the near sidé of the Moon. 584-31673

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
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
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Figure 2: Apollo 17 landing site region showing major geographic features. AS17-M-447

of the rock samples have been
studied in detail, and some,
particularly massif boulders,
have been studied in co-
ordinated 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 t0 3.8 Ga
ago. The sequence is perhaps

of the order of 1400m thick.
The sequence consists of
several different types of
basalt that cannot easily be
related to each 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 conspicuous, and is the
unit that mantles both the

valley fill and part of the
nearby highlands. However,
they were found to be not
considerably younger than
other Apollo volcanics, but
only slightly younger than the
valley fill. These glasses too
are high-Ti basait in
composition. The orange
glasses occur in the rocks
only as components of some
regolith breccias.
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Figure 3: Apollo 17 traverse and sample collection map.
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The sampling of the massifs chemistry to first type, but is which formed meter-sized
was directed at coherent more aluminous and much clasts or individual boulders),
boulders and some rocks, and  poorer in TiO?. It contains a as well as more evolved types
are dominated by a particular much greater abundance and including gabbros and

type of crystalline impactmelt  variety of clast types. Opinion  felsic/granitic fragments.
breccia. This is found on both  still differs as to whether these  Feldspathic granulites are
massifs, and is characterized aphanites are a variant of the common as clasts in the melt
by an aluminous basalt Serenitatis melt or represent matrices (both aphanitic and
composition and a poikilitic something distinct. Both poikilitic) and occur as a few
groundmass. The samples are  aphanitic and poikilitic melts small individual rocks.
widely interpreted as part of seem to be most consistent Geochronology shows that
the impact melt produced by with an age of close to 3.87 many of these granulites and
the Serenitatis basin event (+/- 0.02) Ga. A few rare pristine igneous rocks date

itself. A second type of impact
melt, dark and aphanitic, is
represented only by samples
from the South Massif
stations. It is similar in

samples of impact melt have
distinct chemistry. Other rock
and clasts are pristine igneous
rocks, including dunite,
troctolite, and norite (some of

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
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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
cm), 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.

Sampling Site

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:

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:

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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TWXY( Unsieved
material
(usually <1 cm)
TWXY1 <1 mm
TWXY2 1-2 mm
TWXY3 2.4 mm
TWXY4 4-10 mm

Rocks from a documented bag
are numbered TWXYS5 -
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.
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SOUTH MASSIF ROCK
SAMPLE INVENTORY

Sample Type =~ Mass  Station Description Page #
(a) grams
72215 B 3719.2 2 Aphanitic impact melt breccia 3
72235 B 619 2 Aphanitic impact melt breccia 21
72255 B 461.2 2 Aphanitic impact melt breccia 33
72275 B 3640. 2 Fragmental polymict breccia 55
72315 B 1314 2 Micropoikilitic impact melt breccia 93
72335 B 1089 2 Micropoikilitic impact melt breccia 101
72355 B 3674 2 Micropoikilitic impact melt breccia 105
72375 B 182 2 Micropoikilitic impact melt breccia 109
72395 B 536.4 2 Micropoikilitic impact melt breccia 113
72415 B 323 2 Cataclastic dunite 127
72416 B 11.5 2 Cataclastic dunite 137
72417 B 113 2 Cataclastic dunite 139
72418 B 3.6 2 Cataclastic dunite 147
72435 B 160.6 2 Micropoikilitic impact melt breccia 149
72505 P 3.1 2 Impact melt breccia(?) 161
72535 R 2214 2 Microsubophitic impact melt breccia 163
72536 R 523 2 Microsubophitic impact melt breccia 167
72537 R 5.2 2 Impact melt breccia(?) 171
72538 R 1.1 2 Impact melt breccia(?) 173
72539 R 112 2 Microsubophitic impact melt breccia 175
72545 R 41 2 Impact melt breccia(?) 179
72546 R 49 2 Impact melt breccia(?) 181
72547 R 5.0 2 Impact melt breccia(?) 183
72548 R 293 2 Micropoikilitic impact melt breccia 185
72549 R 21.0 2 Micropoikilitic impact melt breccia 189
72555 R 10.5 2 Impact melt breccia(?) 193
72556 R 3.9 2 Impact melt breccia(?) 195
72557 R 4.6 2 Impact melt breccia(?) 197
72558 R 5.7 2 Micropoikilitic impact melt breccia 199
72559 R 27.8 2 Granoblastic impactite 203
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Sample Type Mass  Station Description Page #
(a) grams

72705 P 2.4 2 Impact melt breccia 207
72736 28.7 2 Micropoikilitic impact melt breccia 215
72737 3.3 2 Impact melt breccia (?) 219
72738 R 238 2 Microsubophitic impact melt breccia 221
73145 P 5.6 2A Impact melt breccia(?) 225
73146 P 3.0 2A Cataclastic troctolitic anorthosite 227
73155 793  2A Impact melt breccia 231
73156 3.2 2A Impact melt breccia or granoblastic

impactite 235
73215 1062. 3 Aphanitic impact melt breccia 237
73216 1622 3 Impact melt breccia 2717
73217 138.8 3 Impact melt breccia 281
73218 397 3 Impact melt breccia 291
73219 2.9 3 High titanium mare basalt 293
73225 P 3.7 3 Impact melt breccia(?) 295
73235 8783 3 Aphanitic impact melt breccia 297
73245 P 1.6 3 Granoblastic impactite(?) 309
73255 3941 3 Aphanitic impact melt breccia 311
73275 429.6 3 Micropoikilitic impact melt breccia 335
73285 P 2.6 3 Glass-coated polymict breccia 343
74115 15.4  LRV-5 Friable regolith breccia 345
74116 12.7 LRV-5 Friable regolith breccia 347
74117 3.7 LRV-5 Friable regolith breccia 349
74118 3.6 LRV-5 Friable regolith breccia 351
74119 1.8 LRV-5 Friable regolith breccia 353

(a) B=sample of boulder R =rake sample P= picked from soil in laboratory



BOULDER 1, STATION 2

BOULDER 1, STATION 2-—1

Sample 72215; 72235; 72255; 72275

Boulder 1 at Station 2 was one of
three boulders sampled on the lower
slopes of the South Massif. The
immediate area is a strewn boulder
field about 50 m above the break in
slope at the base of the massif, and
has a slope of 5° to 10° to the north
(Fig. 1). The boulders probably
came to rest on the light deposit
after rolling from the upper portions
of the massif, although none had
tracks leading to them. In the field
the light blue-gray color of Boulder
1 appeared to match that of blue-
gray materials observed near the top
of the west portion of the South
Massif (Schmitt, 1973). The
boulder lay approximately 35 m
southwest of the LRV parking spot
(Fig. 1).

Boulder 1, Station 2 is a 2 m boulder
with a uniquely foliated or layered
structure (Fig. 2). It was embedded
in the regolith, projecting 1 m above
the soil line, with a well-developed
fillet about 30 cm high on the uphill
side (fillet material was sampled as
72220, 72240 and 72260). The
surface of the boulder had five
roughly parallel layers, studded with
knobs ranging in diameter from 1 to
15 cm, giving the appearance of
being highly eroded. The knobs
were reported by the crew to be
mostly fine-grained clasts eroded
from a more friable fine-grained
matrix. The crew also reported dark
elongate clasts parallel to the
layering, but these are not
discemnable in the photographs.

Some closely spaced shear planes
and open cracks cross-cut the
boulder normal to the layering. The
surface of the boulder is rough and
grainy and has a light, spotty patina
of the type that develops on friable
materials as they constantly shed
small particles (Marvin, 1975).

The astronauts took four specimens
from three different layers in the
southeast face of the boulder (Fig.
2). All four samples are complex
polymict breccias, and show that the
boulder is unique in several respects
other than its morphology. Each of
the samples was a prominent feature
on the boulder (Marvin, 1974).
72275 stood up in bold relief at the
top; 72235 was a black knob from a

Figure I: Location of Boulders at Station 2. The view is approximately to the south into the South Massif, showing
the horizon at the top of the mountain. The distance from the LRV to the farthest boulder is about S0m. (AS17-138-

21072). :
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lower portion of the same layer; and  four samples of Boulder 1 were Indomitabile reports, Vols, 1 and 2,
72215 and 72255 were gently conducted by the Consortium 1974; and the special issue of The
rounded bulges on two different Indomitabile, led by J.LA. Wood (sce  Moon, Vol. 14, #3/4, 1975).

layers. Most of the studies on all in particular the Consortium

Figure 2: The southeast face of Boulder 1, Station 2 prior to sampling, and showing sampling locations. The
JSoliated/layered morphology of the boulder is clearly visible. The gnomon has a height of 62 cm. (AS17-138-21030).
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72215

Aphanitic Impact Melt Breccia

St.2,379.2¢

INTRODUCTION

72215 is an aphanitic, clast-rich
impact melt that the crew sampled
as a rounded clast in Boulder 1 (see
section on Boulder 1, St. 2, Fig. 2).
Its groundmass crystallized about
3.83 Ga ago. The sample, which is
nearly 10 cm long, is irregularly
shaped (Fig. 1), tough, and medium
light gray [N5-N6]. The exposed
surface had many zap pits with
glass linings.

72215 proved to be the most
coherent of the four samples
collected from Boulder 1. Itis a
fine-grained, foliated and
hetercgeneous, medium gray
polymict breccia. A few of the
clasts in 72215 are more than a

centimeter across (Fig. 1). The clast
population comprises a wide
variety of lithic and mineral types.
The bulk rock has a low-K Fra
Mauro composition that is a little
more aluminous and a little less
titaniferous than the coarser
poikilitic Apollo 17 impact melt
rocks. Laser Ar-Ar ages show an
age of about 3.83 Ga for the
crystallization of the groundmass.
Srisotopes did not equilibrate
between melt and even tiny clasts,
showing that the high temperature
period was very short. Rare gas
analyses suggest an exposure age of
about 42 Ma.

Most of the studies of 72215 were
conducted by the Consortium
Indomitabile (leader J.A. Wood).

A slab cut lengthwise across the
foliation of 72215 (Fig. 2) made a
comprehensive petrographic and
chemical study possible. Detailed
maps of the exterior surfaces and
the slab based on the macroscopic
observations, as well as descrip-
tions of the sample allocations,
were given in Stoeser et al. (in CI
2, 1974).

PETROGRAPHY

Specimen 72215 consists of
coherent material, with a rounded
knob encrusted with a poikilitic
anorthositic breccia at one end
(Marvin, 1975; CI 2, 1974).
LSPET (1973) described the
sample as a layered light gray

surface; the lower part visible was exposed and shows patina and zap pits. S-73-23563.
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Figure 2: Slab cut from 72215 in 1974. The slab was further subdivided.

§-74-21189.

breccia; Simonds et al. (1975)
listed it as a fragmental breccia
(clast-supported); and Stoffler er ai.
(1979) and Knoll ez al. (1979)
included it among their granular
crystalline matrix breccias, a
product of crystallization of a
fragment-laden melt. The most
detailed descriptions of the
petrography of 72215 are given in
Stoeser et al. (in CI 2, 1974) and in
Ryder et al. (1975), although these
refer to the sample as metamorphic
rather than impact melt
(nonetheless noting the obvious
shearing, areas of melting, and
fluidity of the sample during the
high-temperature phase). That the
groundmass texture is that of a melt
was recognized later {e.g. James,
1977, Stoffler et al., 1979).

The main mass consists of gray
breccia that ranges in color from
light chalky to dark sugary gray
(Figs. 1, 2). The darker material,
which is more coherent and
uniform than the rest, appears as an
irregular band through the matrix,

and as a partial rim on the knob. In
thin sections the colors and textures
are virtually indistinguishable.
Typical matrix is shown in Fig. 3a.
It consists of angular to rounded
mineral and lithic clasts with a
seriate grain-size down to about 20
microns. The host melt material is
very fine-grained with pyroxenes
and plagioclases less than a few
microns across; Simonds et al.
(1975) quoted less than 5 microns
for both phases in the groundmass.
In some places the clasts include
obvious dark blobs of essentially
similar material (Fig. 3b).

Stoeser et al. (in C1 2, 1974), on the
basis of macroscopic observations
and a set of thin sections from the
slab that traversed the entire
sample, subdivided 72215 into
seven domains (Fig. 4). Four
domains are melt matrix (referred
to by Stoeser er al. as dark matrix
breccias) and three are cataclastic
poikilitic/poikiloblastic feldspathic
granulites (referred to by Stoeser et
al. as cataclastic granulitic and

poikilitic ANT breccias). The latter
are essentially large crushed clasts.
Most of the sample consists of the
melt matrix material,

Domains 1-3: Domains 1 and 2
were distinguished because of
megascopic differences, with 1
corresponding with dark sugary
gray material and 2 corresponding
with light sugary gray material.
Domain 3 was distinguished from 2
only because of a hiatus in the
sampling. All three are very similar
in thin sections, consisting of dark
melt breccias with a variety of
clasts including globby dark clasts
of material similar to the matrix
itself. The darkest globs are
vesicular. In domain 3 the material
to the left of the dashed line (Fig. 4)
is denser, darker, and more
vesicular than that to the right.
Defocused beam microprobe
analyses of the matrix domains
show that all three are very similar
in composition (Table 1),

Domain 5: Domain 5 is darker
than the others, and has a more
vesicular groundmass. In some thin
sections it appears t¢ be continuous
with the denser portion of domain
3. It is distinct from the other melt
domains in its greater abundance of
granitic clasts (Table 2). The
defocused beam analyses show that
the bulk composition of domain 5 is
also distinct in being far more
potassic (Table 1). Silicate mineral
analyses for domain 5 (Fig. 5) show
populations similar to those of
other Boulder 1 melt matrices,

Domains 4 and 7, Cataclastic
feldspathic granulite: (cataclastic
granulitic ANT breccia of Stoeser
etal., in CI 2, 1974; and Ryder et
al., 1975). Domain 4 consists of
brecciated material that is crushed,
fine-grained feldspathic granulite,
strung out into a lenticular mass
(Fig. 4), and mixed to some degree
into domains 3 and S. Following
cataclasis, annealing was sufficient
to eliminate porosity. The feldspa-
thic granulite is finer-grained and
more beterogeneous than the
poikilitic variety in domain 6. A
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Figure 3: Photomicrographs of 72215. All plane transmitted light, all about Imm width of view.

a) 72215,184, typical dense dark groundmass, showing fine grain size of matrix and abundance of small clasts.
b) 72215,193, blobby groundmass in Domain 1.

c) 72215,107, poikilitic feldspathic granulite (lithology GA) and crushed equivalent that is Domain 6.
d) 72215,184, basaltic-textured melt clast (left) and feldspathic breccia (right) in Domain 2 groundmass.
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2-3,4,5

5-3
==

SAQ 797
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Figure 4: Photographs and sketch maps of traverse through 72215 (from Stoeser et al., in CI 2, 1974), showing
domain designations as circled numbers. The knob is to the left.

defocused beam microprobe
analysis (Table 1) shows that it is
also less feldspathic than domain 6,
with a lower mg'. The domain 7
granulite is very similar to that of
domain 4, and has a sharp contact
with domain 6.

Domain 6, Cataclastic poikilitic
feldspathic granulite: (cataclastic
poikilitic ANT breccia of Stoeser et
al., in CI 2, 1974; also Clast 4).
Domain 6 consists mainly of a
cataclasized, coarse-grained,
poikilitic granulite 3 (Fig. 3c).
Equidimensional chadacrysts of
plagioclase (Angg.g6) are
embedded in pyroxene oikocrysts
(En74-77W03.5) that are more than
4 mm across. Augite and olivine
are present but minor. Some of the
plagioclases contain small spherical
inclusions of mafic minerals.
Modally the granulite is an
anorthositic norite, as also shown
by the microprobe defocused beam
analysis (Table 1). Domain 6 also
contains some minor clear brown
and finely devitrified glass and
finer granulitic material.

Goldstein er al. (1976a,b) analyzed
metal and cohenite (Fe,Ni)3C in
72215 melt (from domain 2). They

found an equant bleb of kamacite
that contained both carbide
(cohenite) and residual tacnite. The
Ni content of the taenite is higher
than that in the metal of iron
meteorites; the Ni at the alpha/
gamma interface indicates
equilibration down to about 500
degrees C.

Stoeser ef al. (in CI 2, 1974)
tabulated a survey of clast
populations in the melt domains
(Table 2}, The populations of each
are similar, except that domain 5,
which is comparatively darker and
more vesicular, has a much higher
proportion of granitic clasts. The
populations (clasts larger than 0.2
mm) are dominated by feldspathic
granulites (~20%), anorthositic
breccias (~8%), and plagioclase
(including devitrified maskelynite)
fragments (~25-40%). Stoeser ef al.
(1974, in CI 2) reported bulk
analyses by microprobe defocused
beam for several of these clasts
(Table 1b); they show a range of
compositions with mg' varying
from 0.63 to 0.80. Other lithic
fragments include various basaltic-
textured ones (~2%), granites (4-
23%), ultramafics, and norites (less
than 2%). Other mineral clasts

include pyroxene, olivine, spinels,
and silica phases. Examples of the
anorthositic breccia and a basaltic-
textured fragment are shown in Fig.
3d. The latter, some of which
contain small pink spinels, are
probably at least mainly impact
melts. Defocused beam analyses
show that they are aluminous,
olivine-normative fragments (Table
1c).

The granitic clasts in Boulder 1,
including those in 72215, were
described by Stoeser et al. (1975)
and Ryder et al. (1975), with
photomicrographs of some clasts.
Those in 72215 show the range of
petrographic features typical of
those elsewhere in the Boulder.
They are characterized by their
high K50 (6-10%) and SiO3 (70-
80%) as shown by defocused beam
analyses. Some clasts are glassy,
others crystalline, the latter
consisting mainly of potash
feldspar, silica, plagioctase
feldspar, and pyroxenes. Some of
those in 72215 show feldspars in
the forbidden region of the
compositional field (ternary
feldspars) (Fig. 6a). Pyroxenes are
iron-rich augites and pigeonites.
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Figure 5: Compositions of plagioclases (a), olivines (b), and pyroxenes (c,d,e) in domain 5 (from Ryder et al.,
1975). Most of these analyses are for mineral clasts, rather than for the tiny melt-crystallized phases.
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Table 1: Defocused beam analyses of materials in 72215
(from Stoeser et al., in CI 2, 1974).

a) melt matrices (dark matrix breccias).

1. 2. 3. 4. 5. 6. 7.
794 794C10 797 797C4 797C6 793 793
matrix vesic. matrix vesic. nonvesic. matrix matrix
dom, 1 DMB dom. 2 DMB DMB dom. 3 dom. 5
clast clast clast
WT. % OXIDES
5102 46.20 48.04 45.05 45,52 46,78 46.75 48.02
TiOjp 0.56 0.79 0.60 0.60 0.58 Q.68 0.66
Al1203 18.30 16. 86 19.81 17.38 18.31 19.64 18.79
Cr203 0.14 0.15 0.13 0.12 0.18 Q.14 0.04
FeO 8.39 8.30 7.32 8.40 8.86 8.20 8.00
Mnn 0.12 0.11 0.12 0.17 0.12 0.11 0.12
MgO 11.04 13.46 9.71 14,16 11.39 10.54 7.32
CaO 12.01 10.80 12.62 11.31 12,10 12.73 11.81
Najy0 0.51 0.56 0.56 0.55 0.57 0.49 0.77
K»0 0.21 0,29 0.18 0.21 0.25 0.22 1.02
Bao 0.03 0.04 0.0% 0.14 0.11 06.05 0.09
P205 0.24 0.19 0.21 0.19 0.21 0.1l8 0.34
TOTAL 97.74 99.58 96,39 g98.74 99,47 99,75 97.00
CIPW NORM
FO 5.7 5.8 5.8 13.9 7.0 5.7 -—
FA 3.3 2.7 3.3 6.4 4.2 3.3 -
EN 20.0 25.4 16.8 16.0 18.5 18.2 18.8
FS 10.6 10.6 8.7 6.6 10.0 9.7 14.2
WO 4.7 4,1 4.5 4.5 5.1 4.7 5.0
OR 1.3 1.7 1.1 1.3 1.5 1.3 6.2
AR 4.4 4.7 4.9 4.7 4.9 4.2 6.7
AN 48,1 42.8 53.0 44.9 47.0 50.9 46,2
ILM 1.1 1.5 1.2 1.2 1.1 1.3 1.3
CHR 0.2 0.2 0.2 0,2 0.3 0.2 0.1
oT2 - -— —-——- -—— ——- - 0.6
COR --- -—= —== --- --= -=- ---
AP 0.6 0.4 0.5 0.4 0.5 0.4 0.8
COMP. NORM MIN.
OL: FO 7r.2 75.9 71.7 76.0 70.8 71.1 -
PX: EN 62.1 68.6 61.5 64.1 60.6 61.3 55.4
FS 25.1 21.8 24.3 20.3 25,0 24.9 31.9
wO 12.7 9.6 14.2 15.6 14.3 13.7 12.8
PLAG: OR 2.3 3.4 1.8 2.4 2.7 2.3 10.4
AB 8.7 10.2 8.9 9.9 9.7 7.8 12,0
AN 89.0 86.4 89.3 87.7 87.6 89.9 77.6
atomic Mg/ (Mg+tFe) 0.701 0.742 0.702 0,750 0.696 0.696 0.619
MgO/ (MgO+Fe0) 0.568 0,619 0.570 0.628 0.562 0.562 0.478

No. of analyses 14 15 21 11 14 16 15



SAMPLE 72215—9

b) feldspathic breccia (" ANT-suite") clasts.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
797C2A 797C2B 793 793Cé6 793C7 793 793C2  793c4  793C1 793C3
anorth. ™“glassy dom. 4 gran. gran. dom. 6 poik. poik. glass gran.
breccia vein" gran. ANT ANT ANT ANT ANT vein ANT

clast ANT clast clast breccia clast clast in clast
breccia poik.
WT. % OXIDES ANT
S5i0) 45,17 43.68 47.48 46.59 48B.41 45.81 46.43 46.26 45,23 47.56
TiO, 0.50 1.17 0.79 0,43 0.1 0.61 0.12 0.19 0.11 0.18
Al04 28.62 23,05 23.14 26.45 22.56 23.93 26.89 25.55 25.45 22.32
Crp0s 0.05 0.05 0.04 0.51 0.07 0,07 0.07 0.10 0.06 0.04
Fel 2.05 5.17 6.63 4.93 7.08 5.83 3.47 4,15 4,19 6.83
Mno 0.06 0.11 0.05 0.07 0.08 0,05 0.06 0.10 0.09 0.15
MaO 2.73 11.48 6.37 5,12 8.17 7.09 6.97 7.76 7.65 7.77
Cao 16.17 13.72 14.76 15.37 13.46 14.72 15.15 14.40 15.49 13.32
Najz0 1.00 0.74 0.58 0.65 0.64 0.46 0.44 0.38 0.50 0.69
K20 0.31 0.19 0.34 0.17 0.14 0.28 0.08 0.11 0.11 0.33
Bao 0.07 0.09 0.07 0,04 0.06 0,10 0.04 0.03 0.03 0.10
Po0g 0.03 0.06 0.66 6.27 0,60 0,39 0.01 n.d. g.02 0.10
TOTAL 96.77 99.49 100.89 100.59 101.37 99, 36 99.74 9%.06 98.93 99.39
CPIW NORM
FO 0.5 18.2 - 6.1 0.1 2.7 2.3 2.5 7.3 2.2
FA 0.2 5.4 -— -— 0.1 1.7 0.9 1.0 3.2 1.6
EN 6.4 2.8 15.7 12.6 19.9 13.9 14.1 16.0 B.9 16.3
FS 2.8 0.8 10.8 7.9 12.6 7.7 5.1 6.1 3.6 10.5
Wo 3.2 3.7 3.9 2.4 1.9 3.4 1.7 1.6 4,2 3.7
CR 1.9 1.1 2.0 1.0 0.8 1.7 6.5 0.7 0.7 2.0
AB 8.8 6.3 4.9 5.5 5.4 3.9 3.7 3.2 4.3 5.9
AN 75.1 59.4 59.0 68.4 57.5 62.9 71.4 68,3 67.6 57.2
LM 1.0 2.2 1.5 0.8 0.2 1.2 g.2 0.4 0.2 G.3
CHR 0.1 0.1 .1 6.7 0.1 0.1 0.1 0.1 0.1 0.1
QTZ -— - 0.6 -—— — -— — —— - -—
COR - ——— - — -— -—- ——- - --- -
AP 0.1 0.1 1.5 0.6 1.3 0.9 -— -—- - a,2
COMP. NORM, MIN.
OL: FO --- 82.9 = - -—- 70.4 7.6 77.4 76.6 67.1
PX: EN 56,5 42.7 57.5 60.8 63.8 61.2 72.6 72.5 s8.4 59.4
FS 19.0 8.8 30.1 2%.1 30.9 25.9 19.8 21,2 17.8 29.2
WO 24.5 49.5 12.4 10.0 5.3 13.0 7.6 6.3 23.7 11.5
PLAG: OR 2.2 1.6 3.0 1.3 1.2 2.0 0.6 0.9 0.9 3.0
AB 10.7 10.0 7.8 7.7 9.0 6.5 5.2 4.7 6.2 9.6
AN 87.1 88.4 89.2 91.0 89.8 91.5 94.2 94.3 92.8 87.4
atomic Mg/ (Mg+Fe) 0.704 0.798 0.631 0.650 0.672 0.683 0.781 0.769 0.765 0.670
Mg0/ (MgO+FeQ) 0.571 0.689 0.490 2.509 0.536 0.548 0.667 0.651 0.646 0,532

No. of analyses 7 6 14 9 7 15 20 23 8 15
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wWr'. t OXIDES

5102
Ti0)
A1203
Cr203
Fe0
MnO
MgO0
Ca0
Na20
K,0
Bao
P305

TOTAL
CIPW NORM
FO

FA
EN

<) pink spinel troctolite basalts.

794C1

PSTB

48.17
0.36
22.30
0.05
4,13
0.07
9,07
14.44
0.51
6,35
n.d.
0,06

100.11

[ Y- N

atomic Mg/ (Mg+Fe)

794C2
ol-pheno. FS
basalt wo
OR
AB
AN
43.67 ILM
0.20 CHR
18.86 QTZ
0.04 COR
6.73 AP
0.07
17.24 COMP. NORM MIN,
1.3
0.39 OL: FO
0.09 PX: EN
n.d. FS
0.09 Wo
PLAG: OR
98.71 AB
AN
25.1 Mg0/ (MaO+Fe0)
7.8 ’
1.7

No. of analyses

5}
OO N
[ Y W RN

1
1
]

-
—

78.4
65,3
18.0
16.7

3.2

7.1
89.7

0.773
0.657

12

oy
| CODWONN

]
1
]

82.3
66.3
14.4
19.4

1.0

6.6
92.4

0.820
0.719

12

Table 2: Clast populations of 72215 matrices; percentages by volume, in three size categories
(from Stoeser et al., in CI 2, 1974).

DCMAINS 1 + 2 DOMAIN 3 DOMAIN 9
0.2-0.5 0.5-1.0 >1.0 TOTALS [ 0.2-0.5 0.5-1.0 >»1.0 TOPALS | 0.2-0.5 0.5-1.0 >1.0 TOTALS
mm mm mm il mm mm Toue ™m mm
ANT suite (26.1) (5.5}  (3-7) (35.3} (32.6) (7.7) (1.5) (41.B) {31.9) (h.2y  (2.6) (36.8)
ANT breccias (4.3) (1.8) (2.0) (8.2} (5.7) (0.5) (0.5) (6.7) (7.8) - - (7.8)
mafic 0.6 0.2 0.2 1.9 - - - - - - - -
gabbroic 2.1 1.1 1.2 4.k .3 0.5 0.5 5.3 7.8 - - 7.8
anorthositic 1.7 0.5 0.6 2.8 1.4 - - 1.4 - - - -
Granulitic ANT (15.5) (2.3) (1.0) (19.8) {16.3) (6.2) (1.0) (23.5) {18.1) {4.3) (2.6) (25.0)
gabbroic 13.6 2.3 0.8 16.7 13.9 6.2 1.0 21.1 16.4 4.3 2.6 23.3
anorthositic 2.9 - 0.2 3.1 2.4 - - 2.4 1.7 - - 1.7
Poikiloblastic ANT 0.6 0.3 - 0.9 1.0 - - ¥.0 - - - -
Poikilitic ANT 0.9 0.2 0.2 1.3 5.3 - - 5.3 2.6 - - 2.6
Coarse ANT 3.1 0.9 0.5 4.5 4.3 1.0 - 5.3 3.4 - - 3.4
Unclassified ANT 0.6 - - 0.6 - - - - - - - -
Ultramafic particles 2.0 0.2 0.2 2.4 1.4 - - 1.4 1.7 - - 1.7
Basalts (1-6) (L) (0.9) (3.6} (1.8) - - w09 - - (0.9
0l.-noxm. pig. baa. - 0.3 0.5 0.8 - - - - - - - -
pink sp. troct. bas. 0.9 0.6 0.2 1.7 1.4 - - 1.4 0.9 - - .9
mafic troct. bas. 0.2 - - 0.2 - - - - - - - -
uaclassified bas, 0.5 0.2 0.2 0.9 - - - - - - - -
Microgranites 3.4 0.6 0.2 .2 8.6 2.4 11.0 19.B 3.4 - 23.2
Civet Cat norite - - 0.2 0.2 0.5 - - a.5 - - - -
Devitrified maskelynite 12.0 1.7 0.3 .0 8.6 1.4 - 1.0 2.6 - - 2.6
Glassy clasta 0.2 0.2 - 0.4 - - - - - - - -
Mineral fragments {38.3) {2.1) - {40.4) (31.5) {2.5) - (34.0) (30.2) {2.6) - {32.9)
plagioclase 23.4 1.1 - 2%.3 16.7 1.0 - 17.7 19.0 2.6 - 21.6
olivine 4.9 0.2 - 5.1 6.2 0.5 - 6.7 1.7 - - 1.7
Pyroxene 9.8 0.8 - 10.6 8.1 1.0 - 9.1 9.5 - - 9.5
Chzomite c.2 - - 0.2 - - - - - - - -
Silica phases - - - - 0.5 - - Q.5 - - - -
TOTAL % 83.6 1.4 5.5 100.5 84.6 13.0 1.5 100.1 e7.1 10.3 2.6 100.0
NO. OF CLASTS a4y T2 33 652 177 29 3 209 1oL 12 3 116
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Figure 6: Compositions of minerals in granitic fragments from 72215 and other Boulder I samples.

a) Plagioclase feldspars. b) Pyroxenes. Ryder et al., 1975.
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Figure 7: Rare earth element plots of matrices/bulk rock samples of 72215.
Solid line and dots = ,64; spaced dotted line = ,60; close dotted line with
open circles = ,47; dot-dash line = ,92; all Blanchard et al. (1975). Dashed
line and crosses =,22; Palme et al. (1978).

Spudis and Ryder (1981) showed
photomicrographs of clasts in
72215, including granoblastic ones
and clasts with accretionary rinds.
They noted the differences in clast
population of 72215 (and other
Boulder 1 samples) from those of
the coarser poikilitic melt breccias
from the site.

CHEMISTRY

Chemical analyses of bulk melt
matrix are reproduced in Table 3,
arranged according to sampling
domain and description. Rare earths
for these analyses are plotted in
Fig. 7. Analyses of the poikilitic
feldspathic granulite (= anorthositic
gabbro, poikilitic ANT breccia,
lithology GA, domain 6, and clast
4) are reproduced in Table 4, with
the rare earths plotted in Fig. 8.
Table 4 also reproduces a partial
analysis of an "anorthositic™ clast
separated from a different area.

Table 3 and Fig. 7 show that all the
different colored/textured matrix
domains have essentially the same
composition. The major elements
are in substantial agreement with
the compositions determined by
microprobe defocused beam
analyses (Table 1), except that the
latter have slightly lower alumina.
Two partial analyses of darker
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Table 3: Chemical analyses of matrices/bulk rock samples of 72215,

Slab; average matrix {ordinary breccia O8) Domains 2,3

| Slab; dark sugary matrix (DSG) Dom 1

264 240 122 ;39a 235b ,68a ,68b ;60 ;59 ,54
Split wt % Split wt. %
$i0g 45.1 46.7 44.9 $i0y
Ti0z 1.0 0.70 0.9 Ti0y
AlxO3 20.7 203 21.2 AlpOg
CrpOs 0.265 0.243 0.25 CraO3
Fel (2) 8.45 10.3 (0) 849 FeO
MnG 6.133 0117 6.12 MnO
MgQ 9.81 10.3 i1.5 MgO
Ca0 12.0 12.5 1.9 Ca0
NagO 0.500 0.475 0.524 Nz0
K20 0.323 0.214 0.235 K20
P30s 0.236 P10g
ppm ppm
Sc 189 18.5 18.4 Sc
v v
Co 23.8 26.9 29.5 Co
Ni 120 154 170 120 158 Ni
Rb 4.88 6.63 5.02 Rb
Sr 160 139.1 Sr
Y 90 Y
Z 360 7r
Nb 25 No
Hf 9.4 9.11 9.9 B
Ba 299 Ba
Th 4.5 3.94 4.298 3.768 4.656 4.327 5.5 Th
u 1.36 1.1 1.185 1.023 1.272 1.179 1.520 u
Cs 0.180 0.216 Cs
Ta 1.4 1.14 1.4 Ta
Pb 2.387 2.122 2.638 2.344 Pb
la 28 28.1 30 La
Ce 13 72.0 81 Ce
Pr Pr
Nd 45 N
Sm 13.0 11.2 145 Sm
Bu 1.34 1.34 1.41 B
Gd 15.5 [¢:}
Tb 2.3 2.47 2.6 To
Dy 17.2 Dy
Ho 3.77 Ho
E Er
Tm 1.56 Tm
Yb 9.6 9.29 10.7 b¢)
518 1.32 1.26 1.45 Iu
Li 12.2 Li
Be Be
B B
[ [od
N N
S 320 S
F 18.8 F
Cl 14.0 Cl
Br 0.0281 0.05 0.0286 Br
Cu Cu
Zn 1.8 1.6 Zn
ppb ppb
An 2.26 Au
Ir 5.02 Ir
I I
At At
Ga 3900 Ga
Ge 141 144 Ge
As As
Se (1] 72 S¢
Mo Mo
Tc Tc
Ru Ru
Rh Rh
A Pd
Ag 0.461 0.464 Ag
Cd 3.6 3.0 Cd
In In
Sn Su
Sb 0.66 0.92 Sb
Te 3.32 2.5 Te
W W
Re 0.372 0.380 Re
Os Qs
Pt Pt
Hg Hg
T 0.53 0.63 Tl
Bi 0.14 0.32 Bi

(1) (2) (3) (4) {4) (4) (4} (1) (2) (s)

References and methods: Negs:

(1) Blanchard et al. {1974); AAS, INAA

(2) Hignchi and Morgan (19752), Morgan et al. {1575), Hertogen ot sl. (1977); RNAA
(3) Paime ct al. (1978); XRF, MFB, INAA, RNAA

(4) Nunes snd Tatsumoto (1975); IDMS

(5) Compston et al. (1975); XRF, IDMS

(6) Jovanovic and Reed (1974, 1975a,b,cd, 1980) INAA

(2) AAS; INAA = 8.45%
(b) AAS; INAA = 825%
(c) AAS; INAA = 8.57%
(d) AAS: INAA = 8.19%

{e) Poor Th concentration data.
() Combined leach and residuc fracticns.
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Table 3: Continued

Slab; dark sugary breccia (DSG)---—-----—-|

Slab; light gray breccia (LB) F

Knob; gray breccia--------|

;61 :51a 2591b 247 .44 ;15a ;155-1 215b-2 292 ;88
Spiit wi % Split wi %
Si0g 45.1 45.6 $i0g
TiO2 0.7 0.8 TiOg
Alp03 21.4 20.9 Alz03
Crp05 0.251 0.224 Crp0
FeO (c) B.35 (d) 8.44 FeO
MnO 0.129 0.125 MnO
MgO 113 10.1 MgO
Ca0 12.0 12.3 CaC
Kap0 0.548 0.504 NayO
K0 0.195 0.253 K20
Py0Os P20s
ppm ppm
Sc 18.5 18.5 Sc
v v
Co 31.6 23.0 Co
Ni 250 146 140 136 Ni
Rb 2.83 3.88 Rb
S Sr
Y Y
Zr Z
Nb Nb
uf 9.9 9.4 Hf
Ba Ba
Th 4.871 4.635 4.8 () 4.633 (c) 4.081 5.084 3.1 Th
u 1315 1.290 1.32 1.408 1.232 1.369 1.62 u
Cs 0.115 0.198 Cs
Ta 1.4 13 Ta
Pb 2.936 2.987 2.464 2.716 Pb
la 30 30 La
Ce 76 79 Ce
Pr Pr
N Nd
Sm 15.0 15.4 Sm
Ba 1.44 1.34 By
Gd G4
Tb 2.7 2.6 Tv
Dy Dy
Ho Ho
Er s 4
Tm Tm
Yb 111 9.9 Yh
In 1.47 1.25 In
Li Li
Be Be
B B
C C
N N
S 3
F F
Cl <1
Br 0.0222 0.0144 Br
e Cu
Zn 1.7 1.8 Zn
ppb rpb
An 2.06 1.76 Au
Ir 5.34 3.92 Ir
I 3
At At
Ga Ga
Ge 117 124 Ge
As As
e 49 T Se
Mo Mo
Te Te
Ru 8 Ru
Rhb Rh
M M
Ag 0.562 0.466 Ag
Cd 38 5.3 Cd
In In
Sn Sn
8b 0.64 0.71 Sb
Te 2.4 4.9 Te
w W
Re 0.3%7 0.27¢ Re
Qs 21 Os
Pt Pt
Hg Hp
T 0.41 0.46 T1
Bi 0.29 0.45 Bi

(%) (4} (4) 1) (2} (4) {4) (4) (E) (2)
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Table 3: Continued material picked from 72215,104,
from the knob area, differ in having
extremely high Rb. Possibly these

Kaob: dark sugary brece o s represent domain 5. The melt
ST = A04 gray . — SR matrix compositions are similar to
Si0y Si0y those of petrographically similar
Ti0y TiOg .
AlzOs AROs materials from the other Boulder 1
S0 :%03 samples. They are a low-K Fra
MO MaO Mauro composition, (K20 ~0.2 -
ey py 0.3%), and differ from the coarser
Ny R0 poikilitic melts at the site in being
pfgs 0.57 Pa0s slightly more aluminous and less
ppin gom titaniferous. The siderophile
v v element ratios are also distinct from
1‘3; = those of these coarser melts;
& PP L - S Morgan et al. (1975) placed 72215

along with other Boulder 1 samples
in a meteoritic Group 3L, distinct
from the common Group 2 at
Apollo 17. However, Blanchard et
al. (1974, 1975) and Winzer ef al.
(1975) emphasize the similarity of
all the melts at the Apollo 17 site.

The data of Jovanovic and Reed
(several publications; see Table 1)
include analyses for leach and
residue fractions for some
clements; these are combined for
Table 1. They discuss some of their
data as suggesting vapor clouds
being responsible for the leachable
materials, and with varied parents
for the non-leachable materials.

129
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o 0 RADIOGENIC ISOTOPES
1.1 Schaeffer ef al. (1982a,b) used laser
Ar-Ar techniques to determine ages
of clasts and to infer the age of the
g melt in section 72215,144,
T providing 16 analyses (Table 5).
2 Most of the ages were for
M, plagioclase and felsite ("feldspar-
o a thoid") clasts. The felsite clasts
= - give the youngest ages, averaging
e o 3.83 Ga; the higher ages for the
. ¥ plagioclases range up to 4.02 Ga;
os o some of these plagioclases are in
T e noritic lithic clasts. The age of the
o 1 felsite clasts, which probably

degassed during melting, is the best
“ = 8 *) estimate for the age of the melt
groundmass, which is therefore
about 3.83 Ga old. (The felsite
clasts were preheated to 650 de-
grees C. The ages are total release,
hence K-Ar, of the greater than 650
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Table 4: Chemical analyses of poikilitic feldspathic granulate and

other anorthositic materials in 72215,

Domain & (Clast 4) «remeeommooeeaoeeeeee:l An clast
L6 8 o102 ;154
Split wi % Split wt %
8107 44.7 Si0g
TiOy 0.5 TiOa
AbOs 27.3 AlyO3
Cra03 0.126 Crp03
FeO (a) 4.80 FeO
MnO 0.067 MnO
MO 1.1¢ MO
Ca0 14.9 a0
NapO 0.483 N0
X0 0.113 K20
P05 $.12 P20g
ppm ppm
S¢ 7.68 Sc
v v
Co 11.9 Co
Ni 50 56 N
Rb 1.48 0.86 Rb
St 164.6 st
Y Y
Fs Z
Nb No
4 2.4 Hf
Ba Ba
Th 1.30 Th
U 0.52 0.59 U
Cs 0.0516 Cs
Ta 0.310 Ta
Pb Pb
1a 1.3 la
Ce 18.3 Ce
Pr Pr
] o)
Sm 3.36 Sm
Ba 1.00 I
o Gd
T 0.66 T
Dy Dy
Ho Ho
B E
T Tm
Yb 31 Yo
In 0.44 In
Li 9.2 Li
Be Be
B B
< c
N N
5 s
F F
cl (b) 102 (o]
Br 0.0290  (b) 0.052 Br
Qo oY
Zn 1.3 Zn
ppb ppb
An 0.793 A
Ir 2.95 Ir
I 1.6 1
At At
Ga Ga
Ge 42.2 Ge
As As
Se 14.5 S
Mo Mo
Tc Te
Ru Ru
Rh Rh
M Pd
Ag 0.502 Az
cd 6.7 [o"]
In In
Sn Sn
Sb 0.31 Sh
T <5.4 Te
w W
Re 0.187 Re
Os Os
Pt Pt
Hg H
Tl 0.59 Tl
Bi <0.71 Bi
(1) €2) (3) (4)
References:

(1) Blanchard ex al. (1974); AAS, INAA

(2) Higuchi and Morgan (1975a), Morgan et al, (1975), Hertogen et al. (£977); RNAA

(3} Jovanovic and Reed (1974, 1975a,b,¢,d,1980); INAA
(4) Competon ot al. (1975} IDMS

Noies:
(2) AAS; INAA =4.59%
(b) Combined residuc and leach fractions

degrees C fraction, Assuming there
is a well-developed plateau above
that temperature, the ages are
reliable).

Compston et al. (1975) reported
Rb-Sr isotopic data for whole-rock
samples of matrix and an
"anorthosite” clast in 72215 (Table
6). The matrix and anorthosite clast
fall on a mixing line of about 4.4
Ga, and the Sr isotopes did not
equilibrate on the scale of the
plagioclase crystals (< 0.1mm).
Thus the time for high-temperature
assembly was very short. The dark
gray matrix fraction has a high Rb
content that presumably reflects
microgranite. This fraction forms a
precise 3.95 +/-0.03 Ga alignment
with the anorthosite-depleted
matrix fractions and BABI (Fig. 9);
this age is a well-determined age
for the granites, and is not sensitive
to even quite large errors in
estimating the Rb/Sr ratio of the
granite. These granites are older
than the breccia-forming event.

Nunes and Tatsumoto (1975)
reported U, Th, Pb isotopic data for
6 matrix samples of 72215, deri-
ving some age parameters (repro-
duced as Tables 7a,b,c). The data
are shown, with other samples from
Boulder 1, on Fig. 10, a lead con-
cordia diagram. All data, corrected
for blanks and assumed primordial
Pb, lie within estimated uncertainty
of a 3.9-4.4 Ga discordia line,
typical of many lunar highlands
rocks, Nunes and Tatsumoto (1975)
interpret the 4.4 Ga intersection as
merely representing an average of
events older and younger than 4.4
Ga, and the 3.9 Ga intersection
representing differentiation or
metamorphic events at that time,
Braddy et al. (1975) reported that
they measured P and U fission
tracks in whitlockites and zircons in
72215, but presented no data or
results. They found zircons large
enough to date in sections.
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Plag/comp
Pyroxene
Matrix
Felsite*
Felsite*
Felsite*
Felsite*
Felsite*
Felsite*
Felsite*

(Samples degassed at 225 degrees centigrade during bakeout after sample loading)
* = preheated at 650 degrees centigrade

Table 5: Laser microprobe data for materials in 72215,144.

Ca%

B DD ek O ek ek O DD

AAAAANA
O e Y
[ N ol N N )

<10

Recalculated from Schaeffer ef al. (1982a,b).

Ard0/39
35.85+/-0.49
3568 0.72
36.82 034
38.06 (.88
3985 091
36.14 226
36.56 0.61
3049 117
3298 033
3466 099
31.10 0.75
3503 0.60
3540 1.80
3377 130
3429 0.55
3576 080

........

Table 6: Rb-Sr isotopic data for samples from 72215

---------

158
147

139

(Compston et al., 1975).

Rb ppm St ppm
5.02 1391
0.86 164.6
4.05 149.7
44.19 162.2
43.98 161.0

87Rb/86ST

0.01514

0.0782

0.7893

0.7915

Age Ga

3.905 +/-.040
3847 039
3897 027
3949 044
4022 043
3867 103
3885 035
3602 064
3723 027
3.847 042
3682 050
3868  .043
3885 088
3810 070
3835 041
3.899 050
875r/868r
0.70572+/-3
0.70006 2
070424 3
074534 3
0.74513 4
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Table 7a: Concentrations of U, Th, and Pb in 72215 samples
{(Nunes and Tatsumoto, 1975).

Concentrations. of U, Th, and Pb in some Apollo 17 whole-rock samples from Boulder 1

Sainple Description Run Weight Concentrations 232Th 238  2381)/204Pp
me) 3 Th  Pb

72215,15  Dark clast (GCBx) Ci 46.1 1.408 (4.633) 2.987 (3.40) 2801

72215,15 Light-gray Cl 46.0 1.232  (4.081) 2.464 (3.42) 3227
breccia (GCBx) C2e 855 1.369 5084 2716 3.84 1890

72215,51  Sugary dark gray Cl 48.8 1.316 4871 2.936 3.82 2069
breccia (GCBx) C2e 98.1 1.290 4,635 37 L

72215,68 Ordinary breccia Cl 550 1272 4.656 2.658 3.78 1010
(GCBx) C2a2  101.8 1.179 4327 2344 3.79 2480

72215,39  Ordinary breccia Cl 471 1.185 4.298 2387 3.75 7353
{(GCBx)

72215,39  Light-gray breccia Cl 41,3 1.023 3768 2.122 3.81 3322
(GCBx)

72275,170 Pigeonite basait Cl 386 1.635 6.255 3.047 3.95 3045
clast (PB)

& Totally spiked sample data; other data were spiked after solution aliquoting.

® Underspiking and uncertainty in the sample 208Pb/208Pb yielded poor Pb concentration data.
Data in parentheses uncertain owing to poor Th concentration data.

All 72215 samples are competent breccias with colors ranging from black to light-gray.
C=concentration run (GCBx)=gray competent breccia (PB)=pigeonite basalt.

Table 7b: Isotopic composition of Pb in 72215 samples
(Nunes and Tatsumoto, 1975).

Isotopic composition of Pb in some Apotlo |7 whaole-rock samples from Boulder ©

Sample Description Run Weight QObserved Ratios® Corrected for Analytical Blank
tmg)
€. ERh 207Ph 20EPH 2|lle 207Ph 2OEPh 'IUTPb WEphH
203p iph wapp  2upp 20ipp 201ph 06ph epp
7221815 Dark clast P 49.8 1402 786.6 1363 9] 2508 4323 0.5584 0.9625
{GCBx} Cl 46.1 1118 628.7 - 270 1528 - 0.5596 -
7221515 Light-gray P 48.5 1593 837.3 1545 (36540) (19073 {34980} 0.5220 0.9573
breccia Cl 46.0 1040 549.3 - 3016 1581 - 05226 -
tGCBx} C2e 85.5 1382 T14.6 - 1755 906.1 - 05162 -
7221554 Sugary dark P 47.3 505.7 293.2 498.1 686.0 396.0 668.4 0.5772 0.9744 ;
gray breccia Ct 48.8 1910 580.1 - 2094 1198 - 0.5720 - z
(GCBx) C2e 98.1 1059 627.6 - 1219 7216 - 0.5920 z
2
7221568 Ordinary P 372 933.0 514.2 902.2 2899 1586 2759 0.5471 09520 >
breccia C1 55.0 662.9 306.9 - 9791 539.3 - 0.5508 - =
(GCBx) cze 101.8 716 891.5 - RATH 1199 - 0.5186 z
N
72215,39 Ordinary P 8.3 1207 635.2 1180 3952 2066 381S 0.5227 0.9656 ;,
breccia <l 47.1 1629 $53.5 - &892 3599 - 0.5223 - ;
(GCBx} 4
72215,39 Light-gray P 390 1383 763.3 1332 1173 (6432) (a4 0.5483 0.9500
breccia Cl1 41.3 1096 605.3 - 3197 1756 - 0.5492 -
(GCBx)
72275170 Pigeonite P 389 2360 1079 2387 (34287) 115592) {34420} 0.4547 1.0038
basalt clast C1 38.6 1299 597.2 - 2072 1220 - 0.4568 -
(PB)

P - composition run: C == concentration run; (GCBx) =gray competent breccia; (PB)=pigeonite basalt.

* Totally spiked runs from solid sample splits; other runs were obtained from sampies which were divided from solution.

" Pb blanks ranged from 1.4 ta 2.1 ng lor the solutton aliquoted data and were 1.05 ng for the totally spiked data.

“ Raw data corrected for mass discrimination of 0.15%4 per mass unit. *#Pb spike cortribution subtracted from concentration data.
Data in parentheses subject to exirenie error owing to Pb blank unceriainty.

All 72213 samples are competent breccias with colors ranging {from black 1o light-gray.
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10°

Table 7c: Age parameters and single-stage ages for 72215 samples
(Nunes and Tatsumoto, 1975).

Age paramelers and single-stage ages of some Apolio 17 Boulder | whale-rock sampies

Sample Description Run  Atomic ratios corrected for Single-stage ages < 10® yr -
blank and primordial Pb :‘

208Pp 207pY 2WPh 208ph 20ph wipy 207pY 208 ph ?1:

28] 35 208p}, 32T 20013 XY 208pp 2TTY T

S

7221515 Dark clast CIP 05726 4.73 0.5573 0.2740 4380 4394 4400 4895 g
{GCBx) Ci 09713 74.70 0.5577 - 4373 4393 4402 - z

7221515 Light-gray CIP 05344 67.23 0.5218 0.2612 4253 4288 4304 4630 5
breccia Cl 0.9317 67.13 0.5226 : 4244 4286 4306 - a

(GCBx) C2>  0.5299 66.36 0.5131 - 4218 4259 4279 o

722158 Sugary dark CIP  0.9%83 78.47 0.56%9 0.2466 4464 444} 4433 4455 5
gray breccia Cl 1.008 79.14 0.5696 - 4493 445] 4432 3

(GCBx) 5

7221568 Ordinary cip 0.9657 72.61 0.5453 0.2421 4357 4365 4368 4367 E
breceia Cl 0.9596 7207 0.5455 - 4337 4359 4369 E

{GCBx) C2% 09286 66.09 0.5162 4234 4271 4288 5

72213539 Ordinary CiIP 0915t 67.22 0.5214 0.2397 4256 4288 4303 4343 3
breccia i 04.9360 61.30 0.5215 - 4259 4288 4303 3

(GCBx) e

1221539 Light-gray CIP 09616 72.64 0.547% 0.2395 4343 4365 4375 4340 g
breceia <1 0.9596 72.49 0.5476 - 4337 4363 4375 =

(GCBx) ]

12275170 Pigeonite CIP  0.8776 55.00 0.4547 0.2228 4061 4087 4100 4005 :
basait clast C1 0.8747 54.82 043435 - 4051 4084 4100 E

{PB} E

— Z
2 Concentrations determined {rom totally spiking a sampie. C ion and composition splits were divided from perfect sotutions prior 1o "

spiking for all other analyses.
All 72215 samples are competent breccias with colors ranging from black to tight-gray.
P --composition run; C=concentration rurt; {GCBx)==gray competent breccia; {PB) - pigeonile basalt.
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Figure 8: Rare earth element plot for poikilitic
Jeldspathic granulite in 72215. Blanchard et al. (1975).
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Figure 9: Mixing line defined by 72215,104 dark gray
and other samples. The mixing line determines the age
of the microgranite, which dominates 72215,104 dark
gray, because the microgranites are so radiogenic. The
4.03 Ga age is calculated using the "old"” Rb decay
constants; using the constant of 1.42 x 10-11/yr gives
3.95 Ga.
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i o 72215
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Concordia diagram (Wetherill, 1956) with Boulder 1 data corrected for blanks and primordial

Pb. All data for 72215 (circles) and pigeonite basalt clast 72275,170 are from this report; all other

72275 (squares) and 72255 (triangles) data are from Nunes er al. (1974a). U/Pb errors of +29; are

shown for the two most extreme analyses, but are omitted from the other data points for clarity.

Individual analyses are labelled with their subnumbers. LB=light-gray breccia; b.y. =108 yr. Apor-

thositic breccia clast 72275,117 is considered to lie outside of error below the 3.9-4.4 b.y. discordia
line; all other samples, including matrix sample 72275,73, lie within error of this line.

Figure 10: Concordia diagram for 72215 and other Boulder 1 samples (Nunes and Tatsumoto, 1975).

EXPOSURE AGES

Leich et al. (1975) measured the
isotopic compositions of the rare
gases He, Ne, Ar, Kr, and Xe in
three matrix samples from 72215,
Trapped gas abundances are very
low, with only small to negligible
solar wind components, The
cosmogenic Kr isotopic spectra
give an exposure age of 414 +/- 1.4
Ma, in good agreement with that of
72255, It is lower than the exposure
age of 72275 (52 Ma), probably
because of differences in shiclding.

PHYSICAL PROPERTIES

Magnetic data for 72215 samples
were reported by Banerjee and
Swits (1975) and Banerjee and
Mellema (1976 a,b,c), with the aim
of determining palecintensity
{Table 8). The average direction
of NRM was the same as that in
72255 and 72275, while the stable
components differed in direction.

The Shaw method suggests an
averaged large field of .41 Oc at
4.0 Ga at Taurus-Littrow. This is
similar to the size of the field
determined from carbonaceous
chondrites; the authors suggest a
field of solar origin. Cisowski et
al. (1977) noted that 72215 did not
have hystereris characterization
available, and did not have the
minimal requirements of a single
phase NRM. Thus, they did not
accept the paleointensity
measurement as meaningful.

Adams and Charette (1975) and
Charette and Adams (1977)
obtained reflectance spectra for
chips and powders of 722135 (Fig.
11). All the samples have
absorption bands near 0.9 and 1.9
microns, from Fe2* in
orthopyroxene. The anorthositic
gabbro curve (poikilitic feldspathic
granulite), 72215,101, is
characterized by deep pyroxene and
plagioclase Fe2* bands; a high left
shoulder at .7 microns relative to
right shoulder at 1.1 microns; and
the absence of any absorpticn

feature near 0.6 microns. The
lighter breccias differ from the
darker ones, with the latter (,58)
having weaker pyroxene and
plagioclase bands, more-nearly
equal shoulders, and a flatter slope
of the continuum.

PROCESSING

The details of the processing of
72215 were given by Marvin in CI
2 (1974), with detailed allocation
information. During PET in 1973 a
documented chip was used for thin
sections, and others were later
taken for varied purposes. Marvin
and Agrell made detailed surface
maps (July 1973). A single saw cut
was planned to section all features
of interest across the foliation;
during sawing (1974) the knob
broke from the main slab,
producing several subsamples (Fig.
2). Two thin subslabs were cut
through the original slab, and
devoted to thin sections (Fig. 12).



20—SAMPLE 72215

Table 8: Palecintensity determinations for 72215 samples (Banerjee and Mellema, 1976)

Sample Number of H s.d Range
# determinations (Oersted) (Oersted)
56 7 0.55 0.10 0.74-0.44
46 7 0.41 0.17 0.60-0.21
93 8 0.28 0.07 0.37-0.18
12215101
SLAB

7221590

7221563

72215.58
W

L . A i
0.5 10 15 20 2%
WAVELENGTH (gm:!

REFLECTANCE (10% INTERVALS)

Figure 11: Spectral reflectance diagrams for 72215
samples (Adams and Charette, 1975).

,101 is poikilitic feldspathic granulite (anorthositic
gabbro); 45 and ,90 are light to medium-gray matrix;
38 is dark matrix; and ,63 is matrix intermediate to
dark and light.

LB

N34

x

Figure 12: Dissection of the original slab to show the
source of the thin section transect (,31; ,36; ,34) and
other sample numbers (from Marvin, CI 2, 1974).
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72235

Aphanitic Impact Melt Breccia

St.2,61.9¢

INTRODUCTION

72235 is an aphanitic, clast-rich
impact melt interlayered with
feldspathic clast material that was
sampled as a resistant knob on
Boulder 1 (see section on Boulder
1, St. 2, Fig.2). The knobhas a
patch of adhering medium light-
gray [N6-N7] friable matrix similar
to 72275 (Fig. 1). 72235 was given
the name "Dying Dog" during
processing. The knob is about 4 ¢cm
across and angular; its dark gray
[N3] and very light gray [N8]
materials are tough. The exposed
surface is brownish gray with a few

2ap pits,

The dark and light layers of the
knob appear to have been crushed
and fluidized; veinlets of dark
material intrude white layers, and
veinlets of white layers intrude the
dark material. The dark material is
fine-grained, almost glassy looking,

]

impact melt with numerous clasts.
The light material consists of
feldspathic granulites, other

‘feldspathic breccias, and other

lithic types including plutonic
KREEP norite. The aphantic melt
appears 1o be a low-K Fra Mauro
composition, contaminated with
meteoritic material. No isotopic or
exposure studies have been
conducted.

Most of the studies of 72235 were
conducted by the Consortium
Indomitabile (teader J.A, Wood).
A slab was cut perpendicular to the
layering in the knob for
comprehensive petrographic and
chemical study (Fig. 2). Detailed
maps of the exterior surfaces and
the slab based on macroscopic
observations, as well as
descriptions of the sample
allocations, were given in Stoeser ef
al. (in CI 2, 1974).

s

PETROGRAPHY

72235 consists of a coberent knob
of interlayered dark gray-to-black
and white breccias, with a piece of
adbering light-gray friable matrix
similar to that of 72275 (Marvin,
1975; CI12, 1974). LSPET (1973)
described 72235 as a layered light-
gray breccia. Simonds ez al. (1974)
listed it as a fragmental breccia
(clast-supported). The most
detailed descriptions of the
petrography of 72235 are given in
Stoeser et al. (inCI 2, 1974) and in
Ryder et al. (1975). When 72235
broke from Boulder 1, it proved to
be a clast of roughly layered gray
and white breccias almost wholly
enclosed within a gray-black,
aphanitic rind. Marvin (1975)
described the dark and light layers
as appearing to have been crushed
and fluidized under confining
pressure, with the two phases
mutually intrusive. The rind varies

Figure 1: Bottom (arbitrary) face of 72235 prior to slabbing. The topmost visible part was exposed and has patina
and zap pits; the remainder is freshly broken. Scale in centimeters. S-73-23589 B.
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Figure 2: Cutting of 72235 in 1974. ,13 and 11 are end pieces; ,6; ,14;
and 15 are matrix pieces that broke away; .16 is the slab piece. Apart from
a thin section from ,6, all further subdivisions and allocations were made
Jfrom ,16. Scale in centimeters. §-74-20429,

in thickness from Iess than 1 mm to
5 mm.

The adhering light-gray friable
breccia contains numerous angular
fragments of aphanitic gray
material and a few yellowish
patches that are possibly pigecnite
basalt. In thin sections it varies
from very fine-grained and porous
to blobby (Figs. 3aand b). It
contains a variety of lithic and
mineral fragments but no pigeonite
basalts occur in the sections.

In the hand specimen the rind looks
markedly darker and more vitreous
than any of the interior layers.
Macroscopically it appeared as an
annealed breccia with several
percent small angular inclusions.
The white layers appeared to be
"cataclastic gabbroic anorthosite”
with 10 to 20% yellow and brown
mafic crystals plus traces of metal
and troilite. The white layers
include a few dark gray aphanitic
clasts and at least two prominent
holocrystalline lithic clasts of
coarse mafic silicates.

The set of thin sections from the
slab revealed that the central clast is
composed of a number of different
breccias with a complex structural
history. Stoeserefal. (in CI12,
1974) divided it into 6 domains
(Fig. 4).

Domain 1—anorthositic polymict
breccia.

Domain 2—dense dark matrix
breccia (impact melt).

Domain 3—white feldspathic
granulite breccia.

Domain 4—"core" polymict
breccia.

Domain 5—monomict noritic
anorthosite breccia.

Domain 6—dark matrix breccia
(impact melt),

Domains 2 and 6 correspond with
the rim, and domain 1 lies outside
these domains. Domains 3 to § are
the interior of the knob.

Domain 1: Domain1isa
feldspathic polymict breccia
consisting almost entirely of
unshocked mineral fragments of
plagioclase and pyroxene, with
some fragments of dark melt
material and feldspathic granulite.
The monomineralic fragments
appear to be the crushed remnants
of an anorthositic lithology with an
average grain size greater than 100
microns and with 10 to 20% mafic
silicates. The contact between
domains 1 and 2 is sharp.

Domain 2: The rind, domain 2, is
the darkest of the melt breccias in
72235, and the least porous. It
contains few clasts larger than 0.5
mm, and is poorer in clasts than the
other domains (Fig. 3¢). A
defocused beam analysis indicates
its general low-K Fra Mauro
composition (Table 1, col. 8) and
similarity to other Boulder 1 melts.

Domain 3: Domain3isa
monomict breccia consisting of
fragments of feldspathic granulite
in a crushed matrix of itself (Fig.
3d) with a porosity of about 10%.
It is similar to other granulites in
Boulder 1 except that is appears to
contain more ilmenite. Defocused
beam analyses indicate that it is
chemically similar to domain 35
(Table 2).

Domain 4: The core of 72235isa
complicated polymict breccia
consisting of lithic clasts (including
melt breccias and feldspathic
granulites) and mineral fragments
that are crushed and intermixed.
The core appears to have been
formed in a turbulent environment.
Some of the melt breccia clasts are
very dark and somewhat vesicular.
Defocused beam analyses of such
materials show the common low-K
Fra Mauro composition {Table 1,
cols, 9 and 10), although the core
appears to have more titanium,

Domain 5;: Domain 5 is a narrow
zone (Fig. 4) of monomict breccia
containing no polymineralic
fragments. The parent consisted of
about 75% plagioclase and 25%
pyroxene, with small amounts of
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Figure 3: Photomicrographs of 72235; all plane
transmitted light, all about 1 mm width of view. a)
72235,9 crushed fragmental fine matrix, dominantly
mineral fragments.

Figure 3c: 72235,59 rind (domain 2) of knobby clast.

Figure 3b: 72235,86 blobby fragmental matrix
showing dark melt blobs and mineral fragments.

R T W ey

Figure 3d: 72235,61 cataclastic feldspathic granulite
(domain 3).
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Figure 3e: 72235,52 fragment of KREEP norite.

pink spinel. A defocused beam
analysis (Table 2, col. 12) shows
that it is very similar to domain 3
feldspathic granulite.

Domain 6: The rind represented
by domain 6 is similar to that of
domain 2 except that it is a little
lighter in color, contains larger
clasts, and is slightly more porous.

Stoeser er al. (in C1 2, 1974)
reported a survey of clast
populations in the 72235 melt
phases (dark matrix breccias;
domains 2, 4, and 6) (Table 3) for
clasts larger than 200 microns.

Few clasts exceed 1 mm. Comp-
ositions of olivines are shown in
Fig. 5. The clasts in the melts are
dominated by feldspathic materials
(varied feldspathic breccias and
plagioclase fragments), but there
are significant contributions from
basaltic (mainly impact melts?) and
granitic fragments (see also Spudis
and Ryder, 1981). The basaltic
fragments include olivine-
normative pigeonite-bearing basalts
and "troctolitic" fragments bearing
pink spinels. Defocused beam
analyses of these basaltic fragments
are in Table 4. Most of the olivine-
normative pigeonite basalts in the
boulder are from 72235, and the
mineral data given in Fig. 6a are
mainly from 72235. The granites
were described by Stoeser et al.

(1975) and Ryder et al. (1975);
some mineral data for the granites
is given in the catalog section on
72215. They include glassy and
holocrystalline varieties.

A distinctive clast in 72235 was a 3
mm fragment of KREEP norite
(Fig. 3e) that was yellowish-brown
and embedded in feldspathic
material. It was recognized
macroscopically as distinct, with
coarse anhedral brown pyroxene
and gray translucent plagioclase
(Stoeser et al., in CI 2, 1974). Thin
sections show that the KREEP
norite consists of equal amounts of
plagioclase and pyroxene, with
about 1% accessory minerals that
are mainly ilmenite and troilite,
with a trace of phosphate. The
silicate grains occur in interlocking
domains vup to 1 mm diameter. The
compositions of silicate minerals
are shown in Fig. 6b. The Or
component of the plagioclase is
uncommonly high,

Stoeser et gl (in CI 2, 1974) note
that the textural relations of the
materials in 72235 are inconsistent
with simple plastering on of a rind
to anorthositic material in flight.
Both lithologies were fluidized and
intermixed with rotation. The
origin is somewhat complex.

CHEMISTRY

Chemicat analyses for matrix and
clast samples are given in Tables 5
and 6, with the rare earths
diagrammed in Fig. 7. None of the
matrix samples in Table 5 are pure
impact melt, but are mixtures of
melt and white clast material, ,46
and ,48 are the domain 4 polymict
breccia from the interior of the
clast: ,11 is the entire end-piece
consisting of all the domains. The
chemistry is consistent with a
mixture of melts similar to those in
72215 and 72255 (as suggested by
the defocused beam analyses in
Table 1) with dominantly
feldspathic granulites. The
analysed materials are obviously
contaminated with meteoritic
siderophiles. The anorthositic
breccia (Table 6) is the more pure
material of domain 3, feldspathic
granulite; it too is obviously
contaminated with meteoritic
siderophiles, It is far less enriched
in incompatible elements than is the
bulk rock (Fig. 7).

Higuchi and Morgan (1975) and
Morgan et al. (1975) placed the
meteoritic signature of 72235in a
group 3L with samples from 72215,
and distinct from 72235 and 72275,
They suggest a heterogeneous
impacting body (they assume the
siderophiles are derived from a
single impacting body).

PROCESSING

72235 was left intact during PET,
and was mapped in May, 1973. A
chip of dark aphanitic material fell
off and was mainly used for thin
sections. In 1974 a 1.5 ¢m thick
slab was cut from the center of the
large clast, after a chunk of the
friable matrix broke away. The
main cutting is shown in Fig. 2.
The slab ,16 was cut into 3 pieces
(Fig. 8). ,28 was used for thin
sections, and ,29 for other
allocations. The remaining piece
,16 was not allocated,
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SAQ 803

Figure 4: Photograph and sketch map of thin section 72235,59 which is a complete section through the 72235 knob.
The circled numbers on the sketch map correspond with the domains. Dark matrix (melt) materials are indicated by
barbed lines. From Stoeser et al. (in CI 2, 1974).
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Table 1: Microprobe defocused beam analyses of
dark matrix materials in 72235
(from Stoeser et al., in CI 2, 1974).

8. 9. 10.
803 803C20 803C20

matrix wvesic. DMB
dom. 2 DMB rim
clast

WT. % OXIDES
§io, 45.68 46.71 45.81
TiQy 0.70 2,05 0.83
Al203 21.15 20,11 21.52
Cra04 0.21 0.25 0.28
Fel 8,00 8.44 7.57
Mn" 0.11 0.12 0.13
MgQ 8.92 8.99 8.33
caC 12,15 12.13 12,36
Na50 0.49 0,68 0.55
K20 0.25 0,35 0.20
Bal 0,05 0.02 0.03
P05 0.23 0,2% 0.31
TOTAL 97.98 100.17 97.90
CIPW NORM
F2 3.6 1.8 1.8
FA 2.4 1,1 1.2
EN 17.6 19.8 18.7
FS 10.7 10.7 11.3
WO 1.8 3.2 1.6
OR 1.5 2,1 1.2
AB 4.3 5.8 4.7
AN 55.9 50.7 56.9
ILM 1.3 3.9 1.6
CHR 0.3 0.4 0.4
QT2 - —— -——
COR - - -
AP 0.5 0.7 0.7

COMP. NORM MIN.

OL: FO 68.3 70.8 68.5
PX: EN 17.6 64.5 65.3
FS 29,9 26.6 30,0
WO 5.7 8.9 4.7
PLAG: OR 2.4 3.5 1.9
AB 7.3 10.4 7.9
AN 90,2 86,1 90,2

atomic Mg/ (Mg+Fe 0.666 0.655 0.662
Mg0O/ (MgO+FeQ) 0.527 0.516 0.524

No. of analyses 27 18 10

Table 2: Microprobe defocused beam analyses of
feldspathic interior materials in 72235
(from Stoeser et al., in C1 2, 1974).

11. 12.
803 803
dom. 1 dom. 5
gran. crushed
ANT gab.

breccia anorth.
WT. % OXIDES

510, 40.43 41.72
Ti05 0.15 0.14
al,d, 26.98 27.41
Cr203 0.08 0.09
Fed 3.84 4.00
Mno 0.04 0,06
Mg 5.85 5.02
Ca0 14.35 15.06
Nag0 0.39 0.40
Ko0 0.06 0.09
Ba0 n.d. n.d.
P30 0.04 0.09
TOTAL 92.23 94.13
CPIW NORM
FO 8.5 5.8
FA 4.4 3.6
EN 3.6 5.0
FS 1.7 2,8
2[0] - 0.6
OR 0.4 0.6
AB 3.6 3.6
AN 77.0 77.3
LM 0.3 0.4
CHR 0.1 0.1
QTZ - -
COR 0.3 =3
AP 0.1 0.2
COMP. NORM, MIN.
QL. FO 73.7 69.8
PX: EN 73.7 64,8
FS 26.3 28.0
WO —-—— 7.1
PLAG: OR 0.5 0.7
AB 4.7 4.6
AN 94.9 94,7
atomic Mg/ (Mg+Fe 0.731 0.690
MgQ/ (MgO+Fe0) 0.604 0.557
No. of analyses 22 21
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Table 3: Clast populations of 72235 dark matrix materials. Percentages by volume in three size categories.
(From Stoeser et al., in CI 2, 1974),

0.2-0.5 0.5-1.0 1.0 TOTALS

mn mm mm
ANT suite (46.4) (8.6) (0.2) (55.2)
ANT breccias (17.5)} (3.1) - {20.6)
mafic 0.4 0.2 - 0.6
gabbroic 13.0 2.3 - 15.3
anorthositic L1 6.6 - boy
Granulitic ANT {24.8) (5.3) - (29.1)
gabbroic 22.9 4.3 - 27.2
anorthositic 1.9 - - 1.9
Poikiloblastic ANT - - - -
Poikilitic ANT - - - -
Coarse ANT 3.1 0.4 0.2 3.7
Unclassified ANT 1.0 0.8 - 1.8
Ultramafic particles 1.6 - - 1.6
Basalts (1.8) (0.6} (0.6) (3.0)
0l.-norm. pig. bas. 0.4 0.6 0.6 1.6
Pink sp. troct, bas. 0.8 - - 0.8
Unclassified 0.6 - - 0.6
Microgranites 4.5 0.8 - 5.3
Civet Cat norite 0.2 - - 0.2
KREEP norite - - 0.2 0.2
Devitrified maskelynite 10.8 1.2 - 12.0
Glassy clasts 2.3 -~ - 2.3
Mineral fragments (19.8) (0.4) - (20.2)
Plagioclase 2.3 0.2 - 12.5
Olivine 1.8 - - 1.8
Pyroxene 5.7 0.2 - 5.9
TOTAL % 87.4 11.6 1.0 100.0

NO. OF CLASTS 450 58 5 513
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Table 4: Microprobe defocused beam analyses of basaltic textured particles in 72235. Cols. 1-5 are olivine-

normative pigeonite basalts; col. 6 is a pink spinel-bearing troctolitic basalt.

WT. % OXIDES

5i03
Ti032
A1203
Cr203
FeO
Mno
Mg0O
Cao
Na20
K0
BaO
P20¢g

TOTAL
CIPW NORM

FO
FA
EN
F3
WO
OR
AB
AN
ILM
CHR
QT2
COR
AP

COMP. NORM MIN.
OL: FO
PX: EN

PLAG: OR

atomic Mg/ (Mg+Fe)
MgO/ (MgO+Fe0)

No. of analyses

1.

803Cl1

quench
basalt

48.04
0.40
12.26
0.25
15.02
0.25
9.25
12.17
0.40
0. 86
0.05
0.02

98.98

=
. .

[

[ %
0O WU W ) W

| b QO e dn NP O O 0

52.7
39.5
35.4
25.1
13.5

9.4
77.1

0.526
0.381

16

(From Stoeser et al., in CI 2, 1974).

2. 3. 4.
803C4 8QG3C7 803C9
ol-phenco. ol-pheno. equigran.
basalt basalt basalt
46.92 46.17 45,47
0.84 0.34 0.49
11.52 10.9% 11.03
1.23 0.28 0.59
16.51 14.89 16.97
0.28 0.27 0.27
13.29 11.91 13,17
10.26 10.42 10.22
0.11 0.22 0.16
0.07 0,20 0,04
0.07 0.04 0.05
0.02 n.d. 0.01
101.12 95.75 98.46
6.1 4.7 8.8
5.8 4.7 9.0
24.0 24.3 20.8
20.6 22.1 19.2
8.3 10.2 5.1
0.4 1.2 0.2
1.0 1.9 1.3
30.4 29.7 29.7
1.6 0.7 0.9
1.8 0.4 0.9
60.5 59,0 58.7
51.2 48.7 48.0
33.4 33.7 33.9
15.4 17.6 18.1
1.3 3.8 0.7
3.2 6.1 4.5
95.5 90,1 - 94.7
0,589 0.588 0.580
0.446 G,444 0.437
16 17 17

5.

803C10
suboph.
basalt

45,37
0.23
14.73
0.88
12.75
0.26
10.58
11.45
0.13
0.08
0.03
0.02

96.51

[aadl ]
. .
Wb @HFEWULWLMOoE &

-3
HOOHOwmEH WW
e e v s e e oas

60.3
51.2
33.7
15.1

1.1

2.9
96.0

0.59¢6
0.453

34

803C5

PSTB

41.80
0.82
22.89
0.05
5.72
0.06
12.91
12.89
0.51
0.16
0.03
0.11

97.96

(8]
~d
.
w O

T PR

=2
OOl OOk ey
[ e B e N " R |

91.5

0.801
0.693
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Table 5: Chemistry of polymict materials
of 72235.

46 ,11 ,40 48
_ (black md)

Split
wt %

§i02 44.6
Ti0y 0.8
Al03 2.1
Crp03 0.21

ReO 7.28
MnC 0.111
MgC 3.9

NazO 0.514
R0 0.20 0.218
Pa0s

8¢ 15.4

Co 24.0
Ni 190 186 195

Rb 8.57 5.10

Hf 9.5
Th 4.0 4.67

u 1.15 1.690 1.350
Cs 0,332 0.220

la 2.7

— o

Zowlgrpe

- Nelg-iic

0.0361

o=
o
-
w
&

2.0 1.8

2.46 2.77
7.16 71.51

169 124

FTPPEUREEINe
C

iE

E|RE

(1) (2} 3) (3)

References gnd methods;
(1) Blanchard gi gl (1975); INAA,AAS - slsa in C}(2)
(2) Trucheer g 8 (1975)%; g. ray
(3) Higuehi ad Moyen (1975)% RNAA
Meyer cial (1975}

Table 6: Chemistry of feldspathic granulite (domain
3) interior clast material from 72235,

;36 .37

Split

wi %

$i0p 44.5

TiOy 0.8

Alz03 25.8

Cra0n 0.146

PeD 6.1%

MnO 0.080

Mz0 8.52

G0 14.4

Na0 0.42

K20 6.11

P05

ppm

Sc 9.84

v

Ce 43.7

Ni 500 307

Rb 1.41

Sr

Y

7

Nb

Hf 2.2

Ba

Th 1.6

U 0.430

Cs 0.0746

Ta 0.5

Pb

la 7.2

Ce 20

Pr

Nd

Sm 3.66

B 0.92

Gd

Th 0.80

Dy

He

E

Tm

Yb 2.9

In 0.41

Li

Be

B

c

N

$

F

a

Br

s3} ¢.0434

Zn 1.3
_ppb

An 4.89

Ir 17.6

I

At

Ge

Ge 210

As

Se. 25

Mo

Te

Ru

Rh

Pd

Ag 0.357

o] 4.4

In

Sn

5h 0.86

Te 2.7

W

Re 1.19

Os

Pt
I

Tt 0.38
Bi 0.33

(1) (2)

Beferences aud methods:
(1) Blanchard gf gl (1975); INAA,AAS also in CL. (2)
(2) Higuelin ad Moyen (1975); RNAA

Meyer ct g (1975)
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72235 B/GCBx
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Figure 5: Compositions of olivine in the dark matrix material of 72235. From Ryder et al. (1975).
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Figure 6: a) Olivine, plagioclase, and pyroxene compositions for olivine-normative pigeonite basalts, mainly from
72235. b) Plagioclase and pyroxene compositions from the KREEP norite clast in 72235. From Ryder et al.
(1975).
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Sample,/Chondrites

Figure 7: Rare earth elements in polymict breccia
(solid line) and feldspathic granuliie (dashed line) in
72235. All data from Blanchard et al. {1975).

Figure 8: Diagram of cutting of slab and subdivision of
slab from 72235 in 1974,



72255

SAMPLE 72255—33

Aphanitic Impact Melt Breccia

St.2,461.2 ¢

INTRODUCTION

72255 is an aphanitic, clast-rich
impact melt that was a rounded
mass or bulge on Boulder 1 (see
section on Boulder 1, St. 2, Fig. 2).
It may have been part of a single
large clast in the boulder (Marvin,
1975a). Its groundmass crystallized
about 3.8 Ga ago. The sample,
slightly more than 10 ¢m long but
only 2.5 cm wide, is subrounded on
all faces except for the freshly
broken interior (Fig. 1). 72255 is
moderately coherent, hetero-

e

geneous, and polymict, with color
varying from medium light gray
[N6] 10 light gray [NS]. The
exposed surfaces show a firm dark
patina with some zap pits (Fig. 2).

72255 is superficially similar to
72275, but is mote coherent. It is
fine-grained and heterogeneous,
with prominent clasts and a zone
rich in chalky white lenses and
stringers. The most prominent clast
in Fig. 1 is the Civet Cat norite, a 2-
cm cataclastic fragment with a
relict plutonic texture and a

probable crystallization age of 4.12
Ga. Other ¢lasts include aphanitic
melt blobs and fragments,
anorthositic breccias, feldspathic
granulites, basaltic/troctolitic
impact melts, and granites, The
melt groundmass has a low-K Fra
Mauro composition similar to
others in the boulder. Rare gas
analyses show an exposure age of
about 43 m.y.

Most of the studies of 72255 were
conducted by the Consortitm
Indomitable {leader J.A. Wood). A

Figure 1: Top (arbitrary) face of 72255, the broken interior. The dashed lines show the location of the cuts for the
slab. The prominent clast between the lines is the Civet Cat norite. The area 10 the right (east) is a zone rich in
chalky white lenses and siringers. Scale in cm. 5-73-237268.
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Figure 2: Slab cut from 72255 (center). Lower is west end, upper is main
mass, showing exterior patina, and location of other chips. The slab was
further dissected. Scale in cm. §-73-32620.

slab was cut across the sample to
include the Civet Cat clast (Figs. 1,
2), providing samples for
comprehensive petrographic,
chemical, and isotopic studies.
Detailed maps of the exterior
surfaces and the slab based on
macroscopic observations, as well
as descriptions of the sample
allocations, are in Marvin in CI 1,
1974).

PETROGRAPHY

Specimen 72255 consists of
coherent material that is dominantly
a dark matrix breccia (Marvin, in
Cl1 1, 1974; 19754a; Stoeser et al., in
CI 1, 1974; 1974a,b; Ryder et al.,
1975b). Stoeser ef al. (1974a)
suggested about 60% matrix,
although what constituted matrix
was not clearly defined; it was
described as "small monomineralic
ang lithic clasts in a finely

recrystallized submatrix”. The dark
breccia material is polymict, with a
groundmass that is a fine-grained
impact melt (e.g. James, 1977,
Spudis and Ryder, 1981). LSPET
(1973) listed the sample as a
layered light gray breccia. Simonds
et al. (1974) described 72255 as a
clast-supported fragmental breccia,
with both matrix feldspars and
matrix mafic minerals smaller than
5 microns, and some angular clasts
larger than 30 microns. Knoll and
Stoffler (1979) described 72255 as
having a dark, fine-grained,
equigranular crystalline matrix that
contains some areas of lighter,
coarser-grained matrix.

The thin sections show a melt
groundmass similar to that of
72215 (Fig. 3a,b), polymict and
dense. The fine material consists of
abundant small monomineralic and
lithic clasts in a crystalline melt
groundmass that consists of
plagioclase, pyroxene, and
disseminated ilmenite tablets.
Magnetic data show that the matrix
has about 0.76% metallic iron
{Banerjee and Swits, 1975). The
monomineralic clasts are
plagioclase, olivine, orthopyroxene,
clinopyroxene, and sparse-to-trace
pink-to-red spinel, chromite, and
ilmenite. Compositions of the
olivines and pyroxenes are shown
in Fig. 4; at least most of the
olivings are clasts, not melt-
crystallized phases. The clivines
include examples more forsteritic
than those in the anorthositic and
granulitic clasts. The only lithic
fragments in the sample with such
forsteritic olivine are the basaltic
troctolites. The magnesian
pyroxenes have no counterpart in
any lithic fragments from the
boulder. The mineral compositions
in 72255 have compositional ranges
similar to those in 72215 and the
dark breccias in 72275. Ryder
(1984a) analyzed olivine fragments
in 72255, finding that many have
calcium contents high enough
(0.05-0.15%) to be consistent with
having an origin in shallow, rather
than deep, plutonics.



SAMPLE 72255—35

Figure 3: Photomicrographs of materials in 72255. Width of field about 1.5 mm, except for d) which is about 300
microns. Figures a and d are crossed polarizers; b anc ¢ plane light.
a) 72255,89; general matrix showing dense dark impact melt with angular to subrounded small mineral and
lithic clasts.
b) 72255,130; contact between Civet Cat norite (right) and groundmass (left). The contact is extremely sharp
and straight, without evidence of reaction.
¢) 72255,123; Civet Cat norite, with deformed plagioclase (top) and crushed orthopyroxene (bottom).
d) 72255,123; orthopyroxene in Civet Cat norite, showing its lineated features.
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Table 1: Defocused beam
analyses of groundmass of 72255
(Stoeser et al., in CI 1, 1974).

3 4
72255, 105
72255,95 Civet Cat
matrix rind
5i09 45.1 46.5
TiOg 0.6 0.9
Cry03 0.2 0.2
Als03 20.0 21.4
FeO 7.7 8.5
MnO 0.1 0.1
MgO 9,1 9.4
CaQ 12.7 12.3
Na,O 0.5 0.3
KoO 0.2 0.2
P,0g 0.2 0.4
Total 96. 4 100.2
Fo 1.3 1.9
Fa 2.8 1.2
En 17.3 20.8
Fs 10.2 12.1
Wo 4.3 0.8
Or 1.3 1.3
Ab 4.1 2.3
An 53.9 56.5
Im 1.1 1.7
Chr 0.2 0.3
Qtz 0.0 0.0
Cor 0.0 0.0
Ap 0.5 0.8

The chemical composition of the
groundmass (including small clasts)
derived by defocused beam
microprobe methods is low-K Fra
Mauro basalt (Table 1; see also
chemistry section), similar 1o other
samples from the boulder and
differing from coarser Apollo 17
impact melts in its lower TiO2 and
higher Al203. Goswami and
Hutcheon (1975) using fission track
methods found that U was
uniformly distributed on a 10
micron scale. Some of the matrix
areas are lighter-colored, and more
feldspathic, and contain clasts of
dark matrix breccia, visible on the
sawn surfaces. In thin sections the
dark clasts are difficult to
distinguish from the groundmass,
and evidently are of very similar
material. The groundmass has
reacted with the clasts, producing
re-equilibration rims up to 15

Table 2: Clast population survey of particles greater than 200 microns
in diameter in 72255. Percent by number, not volume.
(from Stoeser et al., 1674a).

-

Clast type 72255

Granulitic ANT breccias 31.3%

Granulitic polygonal anorthosite 6.3

Crushed anorthosite 5.2

Devitrified glass 13.8

Glass shards —

Ultramafic particies 1.5

Basaltic troctolite 2.2

Pigeonite basalt —

Other basaltic particles 1.9

Granitic clasts 2.6

“Civet Cat” type norite 0.7

Monomineralic plagioclase 19.3

Monomineralic mafic silicates 14.5

Monomineralic spinel & opaques 0.7

Number of clasts surveyed 269
microns thick around pyroxenes compositional field (ternary
and olivines, and reaction rims feldspars), about Ans550140.
around spinels and granite clasts. Defocused beam microprobe

Some of the granites have partially-
melted internally, and all the
glasses are devitrified, including
those of feldspar composition that
were presumably once maskelynite.
All these features demand a high
temperature (more than 800 or,500
degrees C), but lack of total
equilibration shows that the high
temperatures were not maintained
for long periods:

A wide variety of lithic clasts is
present in 72255, The clast
population (Table 2) is similar to
that in 72275, but lacks the
volcanic KREEPY pigeonite
basalts. Other basaltic fragments
are present. The dark gray melt
clasts/blobs are abundant, but the
anorthositic clasts are relatively
small and rare. Most of the latter
are pure white, sugary, and
granulitic. The types of material are
described in Stoeser et al. (in CI 1,
1974; in CI 2, 1974; 1974a,b) and
Ryder er al. (1975b}), mainly
without specific identification of
those clasts from 72255 except for
photomicrographs. The granites
were described by Stoeser er al.
(1975) and Ryder ¢t al. {1975a).
They include varieties with
feldspars in the "forbidden”

analyses of anorthositic breccias,
troctolitic basalts, and devitrified
glasses are given in Table 3;
similarly-produced analyses for a
basaltic particle and a granite are
given in Table 4. The analysis of
the Civet Cat norite in Table 4 is an
estimate (see Table caption).

The Civet Cat clast that is
conspicuous on the broken face of
the sample (Fig.1, 2) is an angular
fragment about 2.5 cm long with
light lenses and streaks in a dark
groundmass. The rock is a
cataclastic norite, essentially
bimineralic and with a grain size
originally of 1 to 4 mm (Stoeser et
al., 1974a; Ryder et al., 1975)
Orthopyroxene and plagioclase
(Figs. 3b, ¢, d) have very narrow
compositional ranges (Fig. 5). The
plagioclase (Ang2.94010 5-1.0) is
partially transformed to
maskelynite and otherwise
deformed (Fig. 3¢c). The
orthopyroxenes (En72.74Wo2.4) is
commonly kinked, and contains
abundant small brown plates of
ilmenite along the cleavage planes.
Rare augite is present as small
grains and lamellae. Accessory
minerals include cristobalite,
baddeleyite, ilmenite, chromite,
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Figure 4: Compositions of monomineralic olivines and pyroxenes in groundmass of 72255 (from Ryder et al.,
1975b).

Table 3: Defocused beam analyses of feldspathic granulitic clasts {cols. 1-4), anorthosite breccia (col. 5),
polygonal anorthosite (col. 6), troctolitic clasts (cols. 7-9), and devitrified glasses (cols. 10-12)
(from Stoeser et al., in CI 1, 1974; Ryder et al., 1975b).

i 2 3

770C10 770C39 770083
2 3 4 5 & 7 devitrified devitrified devitrified
770C7  70CI2  TTOC24  770C27?  770C26  T70C37  ((0CE2 TT0C30 TI0CT7  glass plass maskylenite

$i0g 43,9 16.2 511 44.3 44.9 42.8 42.3 12,5 11.2 44,0 42,4 14.8
TiOg 0.1 0.1 0.3 0.2 0.1 0.1 0.3 0.2 0.4 0.2 0.3 0.1

Cry0g 0.0 0.0 tr. tr, 0l tr. 0.3 0.1 0.0 0.1 tr, tr.
Aly03  25.8 32.2 20,6 23,8 33,9 35.3 16.3 9.8 12.5 25.3 31.6 32.8
FeO 4.1 2.4 6.3 6.4 0.8 0.2 6.5 9.7 13.3 3.0 3.7 0.7
MnQ 0.1 tr. 0.1 0.1 tr. tr. 0.1 0.1 0,2 0.1 0.1 0.1
MgO 3.7 1.0 7.9 11.8 0.8 tr. 25,6 30.5 24,4 12.0 0.7 0.4
Ca0 15.8 17.5 12.2 13.8 19,3 19,4 8.7 6.3 7.1 13.9 17. 1 18. 4
Na,0 0.4 0.6 0.4 0.3 0.4 0.3 0.3 0.3 0.2 0.4 0.3 0.5
K:_.E) 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 tr. 0.1
Pa05 tr. tr. tr. tr. tr. tr. 0.2 0.1 0.1 0.1 tr. 0.2

BaQ tr. tr. 0.1 0.1 a.1 0.1 0.1 0.1 0,0 0.1 0.1 -
Total 96,0 100. 1 99.2 100.5 100.5 98,3 100. 8 99,8 99.5 101.3 96.3 98. 1
Fo 1.0 0.0 0.0 15. 1 0.0 0.0 44,1 50.0 40.5 19.2 0.1 0.0
Fa 2.3 0.0 0.0 6.7 0.0 0.1 8.8 12.8 17.7 6.3 0.5 0.0
En 9.1 2.5 19.8 7.2 2,0 0.0 0.5 4.9 3.5 2.1 1.6 1.0
Fs 4.8 4.4 113 2,9 L3 0.0 0.1 1.2 1.4 0.6 .1 1.2
Wo 4.3 0.9 2.7 1.6 2.0 14 0.0 2.2 0.6 0.7 0.0 1.7
ar 0.7 0.3 0.9 0.6 0.8 0.4 0.5 0.4 0.3 0.8 0.2 0.5
Ab 3.3 5.2 3.3 2.2 3.0 2.6 2.7 2.4 1.8 3.5 2.8 1.0
An 71.3 84,6 54.5 63.3 90.3 94, 3 41.9 25,4 33.3 66.0 88.0 89.2
Im 0.1 0.1 0.7 0.3 0.2 0.2 0.5 0.4 0.7 0.6 0.2 0.2
Chr 0.0 0.0 0.0 0.0 0.1 0.0 0.4 0.1 0.0 0.2 0.1 0.0
Qtz 0.0 1.8 6.8 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 2,1
Cor 0.0 0.0 0.0 0.0 0.0 0.8 0.3 0,0 0.0 0.0 0.0 0.0
Ap 0.0 0, 0 0.1 0.1 0.0 0.1 0,3 0.2 0.2 0.2 0.1 0.0
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Table 4: Defocused beam analyses of recrystallized (?} intersertal basalt
(col. 1), and a granite (col. 2). Column 3 is an estimate of the
composition of the Civet Cat norite, from the mode of 60 +/- 10%
orthopyroxene and 40 +/- 10% plagioclase, and using two defocused
beam microprobe traverses (2mm x 100 microns) in orthopyroxene-
and plagioclase-rich areas whose modes were determined.

(from Stoeser et al., in CI 1, 1974).
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Figure 5: Chemistry of pyroxenes (left) and plagioclases (right) in the
72255 Civet Cat norite. (From Ryder et al., 1975b).

~ metallic iron, and troilite. An
exceptional phase is niobian rutile
(Marvin, 1975b); two analyses have
19.7% and 18.5% Nb20s5, making
it the most Nb-rich mineral
analyzed (at least by 1975) in any
extraterrestrial sample. Ryder et al.
(1980a,b) analyzed metal grains in
the norite, finding them to be Ni-
free, with 2.1 to 4.0% Co. Hansen
et al. (1979b) plotted data for an
Mg-rich plutonic fragment in 72255

(presumably Civet Cat) on
diagrams of Mg' (low-Ca px) v. Ab
(plag) and Mg’ (liquid, calculated
from opx) v. Mg' (plagioclase).
{The actual data is not tabulated nor
its source described.).

The pyroxenes in the Civet Cat
norite were studied by Takeda and
his group, to assess the thermal
history of the lithology and
compare it with eucrites (Takeda

and Ishii, 1975; Takeda et al.,
1976a,b, 1982; Mori et al.,
1980,1982). They used microprobe,
x-ray diffraction, and transmission
electron microscopy methods.
Takeda and Ishii (1975) noted
intergranular recrystallization with
exsolution of (001) augite from
pigeonite well below the pigeonite
eutectoid reaction point line; the
clinopyroxene inverted to
orthopyroxene (Stillwater-type).
Takeda er al. (1976a,b) reported
microprobe analyses for augite
(EnggWo44) and orthopyroxene
(En73W07), and single crystal
diffraction results. The pyroxenes
showed very weak reflections of
secondary pigeonite, as well as
minor augite, with pigeonite having
(100) in common with host
orthopyroxene. The diffraction
spots were diffuse because of
shock. Augite was detected as
lamellae as well as rare small
discrete grains. Mori and Takeda
(1980) in single crystal diffraction
and TEM studies found diffraction
patterns for orthopyroxene similar
to those in the Ibbenburen eucrite,
but also diffraction spots of
pigeonite. Mori et al. (1982) and
Takeda et al. (1982) reinvestigated
the pyroxenes using ATEM for
comparison with eucrites and other
lunar samples, determining the
composition of exsolved augite.
The pyroxene differs from that in
the 78236 lunar norite in that many
grains have abundant augite
lamellae (although some have very
few). The lamellae average 0.2
microns thick, but are as much as
0.4 microns thick. Opaque
inclusions are in the lamellae. The
host consists of altemate layers of
orthopyroxene and clinobronzite;
there are abundant fine clino-
bronzite lamellae or stacking faults
up to 20 nm present with (100) in
common, In some areas wide clino-
bronzite slabs intrude the ortho-
pyroxene with a comb-like texture.
There are no Guinier-Preston
zones, Takeda et al. (1982)
attribute the presence of the clino-
bronzite lamellae to shear trans-
formation in shock deformation
from impact. The exsolution
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lamellae are 20x thicker than those
in the Johnstown eucrite, and are a
product of cooling at depth before
shock, The microprobe opx-aug
data suggest last equilibration at
900 degrees C, and the ATEM
host-lamellae studies suggest 1000
degrees C, suggesting that the latter
results from thermal annealing from
the shock event. These authors
suggested a model-dependent depth
of 10 to 70 km for the equilibration.

The apparent primary texture, the
wide pyroxene solvus, the narrow
compositional ranges, the Ni-free
metal, and the bulk and trace
element composition (including
lack of meteoritic siderophiles) (see
below) are consistent with the Civet
Cat norite having been a plutonic
igneous rock, James (1982) and
James and Flohr (1983) classed the
Civet Cat norite with the Mg-
norites on the basis of its
mineralogy and chemistry.

CHEMISTRY

Chemical analyses for the matrix
are given in Table 5; for the Civet
Cat norite clast in Table 6; and for

" other materials in Table 7. Rare

earth plots for the matrix are shown
in Fig. 6, and for the Civet Cat
norite and others in Fig. 7.

The average of the matrix analyses
is very similar to those of other
melt matrices in Boulder 1,
including major and trace element
chemistry. However, the small
samples analyzed by Blanchard et
al. (1975, and in CI 1, CI 2) show &
range, prestmably because of
unrepresentative sampling (i.e.
varied clast contents). (One sample,
a subsplit of ,52, is distinct in
chemistry, being less aluminous
and more ferrous; it is also lighter
in color.) Both Blanchard er al.
(1975) and Winzer er al. (1975a)
emphasize the similarity in
composition of 72255 with all other
Apollo 17 boulder melts, despite
the higher alumina and lower
titania of 72255. The K abundance

Sample/Chondrites

ml 1 1 i i

La Ce Pr Nd

SmEu Gd Tb Dy He Er Tm Yb Lu

Figure 6: Rare earth element plot for matrix samples of 72255, Solid line
without symbols is data of Palme et al. (1978); other data is from
Blanchard et al. (1975, and CI 1, CI 2).
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Figure 7: Rare earth element plot for Civet Cat norite (solid line, in center)
and the rind (upper dotted line) and core (lower dotted line) of clast #3. All

data from Blanchard et al., (19

75, and C11, CI 2).



40—SAMPLE 72255

Table 5: Chemical analyses of matrix and bulk rock samples of 72255.

1 2 ,73(a) 79(a) _,52(a) ,52(d) ,64(a) ,69(d) N1icy] 44 ,83 ,52
Spiit Split
wi % wi %
5107y 44.8 45.0 49 45.0 45.1 447 46 46.72 8i0g
TiOg 0.9 0.9 1.4 0.75 0.8 0.8 0.7 0.76 TiOg
AlR03 19.4 20.7 14.5 20.4 21.9 20.5 19.8 20.82 Ay
Cr303 0.630 0.234 0.22 0.232 0.231 0.308 0.46 0.240 Cra0g
FeO (b)3.05 (c)8.31 14 (3)8.55 (£)7.42 9.5 [E] 8.1 TeO
MnQ 0.127 0.129 0.163 0.129 0.12 0.108 011 0.117 MeO
M0 10.5 11.3 9.7 11.3 10.7 10.5 10.4 9.9 MgO
Cal 11.5 12.0 10.7 12.0 12.4 12.3 12.3 12.56 Ca0
a0 0.495 0.584 0.32 0.563 0.496 0400 0.38 0.48 NagO
K20 0.218 0221 0.393 0.214 0.27 0.231 0.268 0.280 9.25 0.158 K20
P205 0.252 P20s
_Ppm ppm
Sc 15.5 18.2 19.8 13.3 173 1%.5 18.8 Sc
v v
Co 2530 28.9 28 25.6 26.6 21 24.5 Co
Ni 7700 260 150 180 150 222 227 N1
Rb 4,98 685 5.8 Rb
Sr 151 Sr
Y 100 Y
2| 400 Z
Nb 28 Nb
Hf 9.1 11.2 9.8 10.4 9.9 13,1 10.50 H
Ba 328 Ba
Th 4.8 4.4 6.6 5.4 5.8 4.3 4.31 Th
u 1.28 1.20 1.41 1.820 1.790 u
Cs 0.18 0.287 0.240 Cs
Ta 1.5 1.6 1.0 1.27 Ta
Pb Pb
1a 25 31 31 35 26 43 31.7 la
Ce 62 79 80 94 69 95 3.3 Ce
Pr 111 Pr
Nd . 51 NI
Sm 1.7 157 15.5 16.5 13.2 20 12.86 Sm
B 1.26 1.45 1.45 1.44 1.32 1.76 1.39 Ea
Gd 15.6 Gd
Tb 1.9 2.8 3.8 3.0 2.2 4.7 2.83 Tb
Dy 177 Dy
Ho 4.00 Ho
Er 111 Fr
Tm 1.68 Tm
Yb 8.55 10.5 11.6 123 9.04 14.8 10.50 Yb
In 1.10 1.34 1.69 1.66 1.15 2.25 1.42 In
u 12.8 Li
Be Be
B B
C C
N N
S 375 S
P 28.0 F
Cl 10.2 Cl
Br 0.03 0.104 0.101 Br
Q 3.01 Cu
Zn 2.43 2.2 2.8 Zy
ppb ppb
An 2.6 2.9% 2.00 An
T 7.01 5.28 I
1 1
At AL
Ge 3660 Ga
Ge <100 174 Ge
As 86 As
Se 67 77 Se
Mo Mo
Te Tc
Ru Ru
Rh Rh
M <10 Pd
Ag 3.03 0.57 Ag
Cd <50 6.8 §.1 ol
In In
Sn Sn
sb 1.74 0.77 Sb
Te 33 4.7 Te
w 630 W
Re 0.3 0.5¢3 0.498 Re
On [+
Pt P
e Hy
T 2.18 1.18 T
B 0.67 0.21 Bi
(1) (2} (3) {3) 3) {3} (3) (3) (3 (4) (5) (5)
Referepces xnd methods:

(1) Pruchter gt gl (1975); gamma-ray
(2) Keith gt g (1974); gamma-ray

(3) Blanchard gt g] (1975) CI(1), CI(2); INAA, AAS
(4) Palme gt al (1578); INAA, RNAA, XRP

(5) Morgsn gt gl (197%), Higuchi and Morgan (1575); RNAA C(1).
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Table 5: Continued

(61 4 59A(g) ,5%B(z) 59(h) ,53{h) (53(1} 1 67(1) ,54(i) ,60(k) ;52
Split Split
ot % wi %
$i0p Si0y
TiOg TiOy
AlO3 AlaO3
Cra03 L&y 18]
FeO RO
MnO MnO
MgO Mg0
Ca0 (e)12.0 a0
NmpO NeO
K30 ()0.276 K20
P205 0.25 PyOs
pPpm ppm
Sc Sc
v v
Co Co
Ni Ni
Rb 14.98 14.63 9.79 5.69 5.78 Rb
Sr 145.6 141.7 1412 137.0 141.2 140 Sr
Y Y
7r 376 7r
Nb Nb
)23 Hf
Ba 324 Bz
Th 4.222 5.724 6.362 Th
u 1 1.145 1.536 1.663 1.42 u
Cs Cs
Ta Ta
Pb 2.478 3.080 3.540 Pb
la la
Ce Ce
Pr Pr
Nd Nt
Sm Sm
i1 R
[+~ ] Gd
Tb To
Dy Dy
Ho Ho
E E
Tm Tm
Yb Yo
1a In
Li 11 L
Be Be
B B
C C
N N
3 $
F 41 B
Ct (n9.1 o]
Br (£0.082 Br
Cu o
Zn Zn
ppb ppb
An An
I Ir
I 0.8 I
At AL
Ga Ga
Ge Ge
As As
Se Se
Ma Mo
Te Te
Ru >20 Ru
Rh Rh
g P
Ag Ag
Cd o1
In In
Sn Sn
Sb Sb
Te Te
w W
Re Re
On 17 Cs
Pt Pt
e
i T
Bi Bi
(6} (7} (%] (7) 7) (7} (8) (8) (8) (%)
References and methods:

(6) Jovanovic and Reed (1575 b.c.d, 1980 a); INAA

(7) Competon ¢t gl (1975% ID/MS

(8) Nuncs ctal (1974); IVMS

(9) Leich gt gl (1975); irradiation/MS (K, Ca), others ID/MS
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Table 5: Continued

73 Sewdust

79 Interior Chip

.52 White te light gray matrix
52 Gray to medium gray matrix
64 Medium gray matesial

,69 Derk material

69 Dark material

INAA; AAS =5.38%
INAA; AAS =8.48%
INAA: AAS =8.35%
INAA; AAS =8.02%
Combined dlast and residue fractions

Gray fractions

Light gray fractions

Dark mainix

Lighter matrix

Mixed dark and light matrix
Revised from C1(2)

Table 6: Chemical analyes of the Civet Cat norite in
72255.

;42 ,42 42

102 52

AlaO3 15.5

a0y 0.16

FeO 7.4

MnO 0.122

Mg0 15.9

a0 9.1 (s) 13.0
Nag0 0.33

K20 0.08 (a) 0.17

Sc 13.2

Co 29

Rb 1.27
Sr 139

iy 132

H 5.5
Ba 172

0.240 0.45
Cs 0.058

-
@ o

15.3

4.5

0.008
0.6040

61

Yz RoSERNp YRz oREr D S REQIRER|E TR

180

FEH

FRZE

- A
i"u’ﬂ
e
Wi

o

v9F
e
L=
(=]
o
2

5

=

6.30
0.30

=

(1) (2) (1

ferences and methods:
(1) Blanchard g1 al (1975) and CI1(1), C1(2); INAA, AAS
(2) Morgas st a] (1974, 1975 a, b), Higuchi and Mergan (1975); RNAA, C(1)
3) Leich ¢t al (1975); imadiation, MS (K, Ca), others ID/MS

Notes:
(a) revised from Cl{2)
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Table 7: Chemical analyses of white core and dark rind on clast #3 and other clast material in 72255.

45 () 145 _(b) 252 (e) ;53 (1} 53 (g)
Split
wit %
Si0y 43.0 45.7
TiOp 0.65 1.2
AbOy 35.8 1%.7
Crp0g 0.003 0.263
RO (c) 0.13 (d) 9.05
MoO 0.003 0.136
MgO 1.43 11.3
Cal 18.2 11.5
Kx0 0.631 0.542
K20 0.118 0.277
P05
ppm
Sc 0.45 201
v
Co 0.33 24.9
Ni 140
Rb 1.1 5.52 5.57
Sr 140.6 319.7 190.6
Y
2
Nbv
uH 0.10 14.2
Ba
Th 6.6
u
Cs
Ta 1.7
Pb
La 1.15 40
Ce 2.68 102
Pr
N
Sm 0.39 18.8
Ba 1.39 1.53
Gd
Tv 0.08 3.4
Dy
He
Er
Tm
Yb 0.202 142
In 0.030 1.88
Li
Be
B
[o4
N
S
F
(o]
Br
Cu
Zn
ppb
An
Ir
I
At
Ga
Ge
As
Sc
Mo
Te
Ru
Rb
]
Ag
(o]
In
Sn
§b
Te
W
Re
Os
Pt
i
T
Bi
1) (1) (2) (2} {2)

Referenoes and methody:
(1) Blanchard gt gl (3975; C11; C12); INAA, AAS
{2) Comapston ¢t al (1975, T 1); ID/MS

Notex:

(a) white

(b) black

(c) INAA

{d) AAS; INAA =8.77%
{c) anorthosiwx clast

{f) clear plagioclase

(g) shocked plagioclase
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of the bulk rock as measured by
gamma-ray is lower than that of the
matrix samples (Fruchter er al.,
1975). Palme et al. (1978) noted
that their anatyses of 72255 and
72215 matrix material were similar
to some Apollo 16 samples (i.e.
68516) except for the siderophile
elements. Higuchi and Morgan
(1975a), Morgan et al. (1975), and
Hertogen ef al. (1977) assigned the
matrix to their siderophile Group
3H (assigned with 72275 to
Crisium by Morgan et al., 1974a,b).

The Civet Cat norite (Table 6; Fig.
6) is quartz-normative, and its
chemistry is consistent with it being
a cumulate plutonic rock containing
20 to 30% of trapped liquid that
would be evolved, approaching
KREEP (Blanchard et al., 1975).
The norite lacks meteoritic
siderophile contamination.

Blanchard et al. (1975) analyzed
the dark melt rim and the interior
white material of clast #3 (,45;
Table 7, Fig. 7). The rim material is
similar to the general matrix; the
white material is very anorthositic
in major and trace elements, but has
a high mg' compared with typical
ferroan anorthosites. Rb and Sr
analyses for other materials appear
to represent varied mixtures of
feldspathic material and matrix.

RADIOGENIC ISOTOPES AND
FISSION TRACK AGES

Schaeffer et al. (1982a,b) used laser
Ar-Ar techniques to determine ages
of clasts and to infer the age of the
melt in section 72255,134,
providing 20 analyses (Table 8).
Most of the ages were for
plagioclase or plagioclase-
composite clasts; two were for
felsite (“feldsparthoid”) clasts. The
two felsites, the most K-rich
fragments, give ages generally
younger than the feldspars. The
higher ages for the plagioclases,
some of which are in noritic lithic
clasts, range up to 4.29 Ga.
Schaeffer er al. (1982a,b) suggest
that the age of the felsite clasts,

0.2
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Figure 8: Apparent age and K/Ca data from 72255,52 matrix (Leich et al.,
1975a). The ages shown correspond with the "old” decay constant;
recalculation shows that the two highest plateaus correspond with 3.93 Ga,
and steps 11 and 12 with about 3.83 Ga.

which probably degassed during
melting, is the best estimate for the
age of the melt groundmass, which
is therefore about 3.85 Ga, the age
of the most precisely dated of the
felsites. (The felsite clasts were
preheated to 650 degrees C; the
ages are total release, hence K-Ar,
of the greater than 650 degrees C
fraction. Assuming a well-
developed platean above that
temperature, the ages are reliable).

Leich et al. (1975a) reported Ar-Ar
analyses for a matrix sample of
‘72255 (Fig. 8). Leich et al. (1975a)
believe that the intermediate-
temperature (800 to 1000 degrees
() and the high-temperature (1400
degrees C) plateaus are reliable
indicators of the age of the sample;
these plateaus give an age of 3.93
Ga. However, the age of the 1000
to 1400 degree release is the one
that agrees with the age inferred by

Schaeffer et al. (1982a,b), and the
Leich et al. (1975a) plateaus must
be compromised by the plagioclase
clasts that did not completely
degas.

Compston et al. (1975) reported
Rb-Sr isotopic data for matrix and
small clast samples of 72255 (Table
9). For split ,53 the total rock and
plagioclase clasts are well-atigned
on a 4.30 +/- 0.24 Ga "isochron”
which should be regarded as a
mixing line rather than a true
isochron (Fig. 9). The clasts are not
cogenetic, and the data for 72215
shows that the clasts and matrix did
not reach Sr isotopic equilibration,
and so 4.30 Ga does not date the
assembly of the breccia. Split,59
materials also fall on a mixing line
that is the chance result of mixing
unrelated anorthositic material,
unidentified old "basaltic" material
(i.e. low-K Fra Mauro source
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Table &: Laser microprobe data for materials in 72215,144.
Recalculated from Schaeffer et al., 1982a,b).

Phase K% Ca% Ard0/39 Age Ga

Plag 0.02 8 37.31+4/- 0.333.917 +/-.027

Plag 0.02 34 38.56 1.73 3.970 076
Plag 004 8 33.60 1.28 3.753 .065
Plag 0.02 35 36.25 1.73 3.872 .079
Plag-comp 0.09 36 47.04 0.62 4.288 .032
Plag-comp*  0.30 <10 4343 0.99 4.161 .050
Plag-comp 0.05 13 43.96 1.00 4179 044
Plag-comp*  0.04 <10 37.92 1.42 3924 .069
Plag-comp 0.04 3 3872 0.61 3.976 034
Plag-comp*  0.04 <10 40.07 10.00 4082 350
Plag 0.19 15 36.31 0.50 3.874 032
Plag 005 4 40.70 1.52 4.055 .065
Plag-comp 0.12 3 38.85 0.31 3.981 .026
Plag-comp*  0.16 <10 36.02 1.24 3912 .065
Plag 0.02 3 33.36 0.73 3.740 041
Matrix 0.10 4 37.02 035 3.905 027
Matrix 0.27 5 3407 0.19 3.774 024
Matrix 0.32 12 37.60 0.32 3.929 027
Felsite* 3.9 <10 34.63 0.57 3.846 .043
Felsite* 23 <10 32.75 275 3.767 135

(Samples degassed at 225 degrees centigrade during bakeout after sample loading).
* = preheated at 650 degrees centigrade

Table 9: Rb-Sr isotopic data for samples from 72255
(Compston et al., 1975)

Sample Mass ing Rb ppm Srppm 87Rb/86Sr 87Sr/86S8r +/-se
59 gray A 16.2 14,95 145.6 0.2967 0.71693+/-6
.59 gray B 16.8 14.63 141.7 0.2983 0.71695 4

,59 light gray 197 9.79 141.2 0.2001 0.71116 4

,59 anorth clast 43 1.11 140.6 0.02275 0.70050 8

,53 It-gyl 29.0 5.69 137.0 0.1198 0.70664 6

,53 It-gy2 14.0 5.78 1412 0.1183 0.70642 3

.53 plag 1 {clear) 08 5.52 319.7 0.0499 070223 11
,53 plag 2 (shocked) 31 5.75 190.6 0.0871 0.70450 8

se = internal standard error of mean

,39 gray = plagioclase clasts in opaque matrix

,59 It gy = plagioclase clasts smaller, subrounded, matrix texture variable
,53 It gy = coherent uniform matrix with angular plagioclase and small
anorthosite clasts

A,B = duplicates from reasonably homogeneous powder
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Table 10: Concentrations of U, Th, and Pb in 72255 samples.
(Nunes et al., 1974b)

Concentrations (ppm)

Weight
Sample (mg) U Th Pb FThi¥"U *UF™pPb

72255,67 matrix

(dark) 132.5 1.145 4222 2478 3.81 1,414
72255,54 matrix

(light) 98.2 1.536 5724  3.080 3.85 2,998
72255,60 matrix mixture

(dark and light) 196.7 1.663 6.362  3.540 395 2,135
72255,49 Civet Cat clast plag.-

deficient 51.6 0.3874 1.216  0.9448 3.24 {95
72255,49 Civet Cat clast piag.-

enriched 35.7 0.2151 — 0.6939 —_ 177

*Concentration run divided from solution; all other analyses were of splits from crushed solid
material obtained prior to spiking.

BOULDER 1, ANORTHOSITE CLASTS AND MATRIX
59 LGHI CRaY © 952 us
e e, e
{ © MICROGRANITE}
| 4-4 AE MIXING LINE
[_cunkouc ANORTHOSITE END-MEMBER ? ]/&"53 .
708 |— e
54 Ghav A
/ o 72275
104 orav a4 O 53 MAGIOCULASE 2 o 72255
i a 73
702 b— 053 PLAGIOCLASE |
5 59 anoRrtHOSIEE
o 454 aNoaTHOSITE ) Yen s,
/ BABI 0105 ollo °'l‘5 oizo

Figure 9: Mixing lines generated by anorthositic clasts within breccia matrix samples and an unidentified gabbroic
anorthosite end-member; and between gabbroic anorthosite and microgranite, for 72255 and other Boulder 1
samples. If anorthositic samples are cogenetic, the line marked 4.4 Ae defines their igneous age. Using new decay
constants, this line has an age of 4.31 Ga. (See also 72215, Fig. 9).
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Table 11: Isotopic composition of Pb in 72255 samples.
(Nunes et al., 1974b)

Corrected for blank
and primordial Pb Single-stage agesinm.y.

®™Pp  Pb  Pb  **Pb  *Pb  Pb *Pb  "Pb

Sample Run 8y sy Mepy Iy Mgy ey Iepp ey
72255,67 matrix
(dark) cip 0.9906 77.36 05667 0.2459 4480 4.486 4,489 4.503
Ci 0.9873 7722 0.5676 —_ 4,469 4,484 4491 —
72255,54 matrix
(light} (830 4 09321 6641 0.5170 0.2324 4285 4331 4353 4,281
C1 09317  66.13 0.5151 — 4284 4327 4348 —
72255,60 matrix mixture
(dark and light) CIpP 09745  74.53 0.5550 0.2349 4427 4448 1,458 4322
1 0.9743 74.61 0.5557 — 4,426 4,449 4.460 —
72255,49 Civet Cat clast plag.-
deficient CIP 1.065 92,15 0.6281 02499 4717 4664 4641 4.570
C1 1.069 90.76 0.6159 — 4.732 4,649 4.612 —
72255,49 Civet Cat clast plag.-
enrichedt Cip 1.464 147.8  0.7326 —_— 5382 5050 4916 —
Cl 1.443 169.7 0.8533 — 5.867 5,146 4.865 —

*Note: Concentration and composition splits were divided from solution prior to adding the *Pb
enriched spike. All other analyses were of splits from crushed solid material and the concentration
portions were totally spiked prior to dissolution.

+The gross difference between the CP and C enly calculations must be because of an heterogeneous
splitting of this sample prior to spiking-—calculated U/Pb ratios from the concentration only data (i.e.
where only the **Pb/**Pb ratio from the composition run was utilized) are the most accurate.

Table 12: Age parameters and single-stage Pb ages of 72255 samples.

(Nunes et al., 1974b).
Observed ratiost Corrected for analytical blanki
Sample T T T N -
Wpp  Mpp  Ppp pp Wpp  Mpp  Mepy  0%py
72255.67 matrix
(dark) _loog P 1,596 908.5 1.526 2815 1,601 2,682 0.5685 0.9527
1325 C* 1,092 624.7 — 1,405 802.5 — 0.5711 —_—
72255,54 matrix
(light) 1241 P 2.08% 1,085 2,023 3,296 1,709 3.186 0.5187 0.9666
982 C* 1.734 8989 — 2.803 1.449 B 0.517M —_
72255,60 matrix mixture
(dark and light) 190.3 P 1.987 1.107 1.909 1282 1,233 2,128 0.5573  0.9619%
1967 C~ 1,897 1,060 — 2,080 1,166 — 0.5582 —
7225549 Civet Cat clast
plag.-deficient 6.2 P 185.7 120.9 163.5 198.2 128.9 1733 06505 0.8743
516 C* 199.2 127.2 — 2176 i38.6 — 0.6369 —
72255,49 Civet Cart clast 129 P 204.9 153.2 148.8 2454 183.3 173.3 0.7467 0.7062
plag.- enriched 357 C* i60.0 138.5 —_ i80.5 156.4 — 0.8663 —

*Samples totally spiked prior to digestion.

?*Pb spike contribution subtracted from Pb concentration data.

tAnalytical total Pb blanks ranged from 0.59 to 1.96 ng except for the 75055 composition blank
(2.9ng), and the 74220 concentration blank (2.8 ng).

P = composition data; C = concentration data.
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Table 13: Fission track analysis of whitlockite in 72255
(from Goswami ef al., 1976a). Track density in cm-2 x 107. The wable differs from that in Goswami and Hutcheon

(1975) in that the observed track density has increased from 30.2 and the row labelled "spallation recoils” has been
added, exactly accounting for the increase. Goswami and Hutcheon (1975) also mislabelled the density units as

being multiplied by a factor of 10-7 instead of 107.

Track contributions 72255*

Observed track density 363+1.5

Fe-group cosmic rays 1.0£0.5
Spallation recoils 6.1+06
Reactor-induced fission 1.65+0.06
Lunar neutron-induced fission <0.15

. . . +1.7

High-energy cosmic ray-induced fissiont 33 1.0

. +1.7

Spontaneous fission tracks 242 22
Tracks from “*U fission 16.1+1.18
Tracks from **Pu fission 8.1 * ;3§
+0.10

Ob! . .

served pe.fpu 0.51 _0.14

*Goswami and Hutcheon (1975).

fThis work.

tAssumes Th/U = 12:2,

§C, =71 £ 4 ppm; track retention age = 3.96 G.y.

1C, = 83 x4 ppm; track retention age = 3.98 G.y.

Calcuiations use the foliowing decay constants: A, =703 % 107" yr* (Roberts er
al., 1968): Ap™ = 1.55x 107 yr~' (Jaffey et al., 1971); A5 = 1.045 x 10~" yr~' (Fieids et
al., 1966); A, =8.50x 10~* yr~' (Fields er al.. 1966).

Table 14: Rb-Sr data for the Civet Cat norite in 72255
{Compston et al., 1975).

RD; Sr, and #7Sr/88Sr for samples of the Civet Cat clast 72255,41. Total-rock samples are independent
fragments rather than homogenized aliquots, so analytical differences are expected due to sampling
effects. Mineral separates are grouped with the total-rocks from which they were separated

Weight Rb Sc 87Rb/88Sr 87Sr/8%Sr +-se

(mg) (ppm) {ppm)
Plagioclase-rich total-rock (1) 5.2 4.20 219.5 0.0552 0.70250+7
Plagiociase-rich total-rock (2) 4.3 1.96 226.5 0.0504 0.70222+3
‘Mixed’ totai-rock (1) 15.8 2.56 101.4 0.0729 0.70348 +2
‘Mixed® total-rock (2) 14.6 3.02 100.9 0.0864 0.70443 12
Plagioclase (1) 4.5 .59 224.6 0.0461 0.70203 13
Plagioclase (2) 4.6 3.60 221.2 0.0469 0.702024 3
Plagioclase (3) 3.6 3.29 209.5 0.0453 (0.70168+-8)P
Plagioclase (4) 3.7 2.89 198.0 0.0421 0.70175+3
Pyroxene (green) 8.3 1.09 16.12 0.1956 0.71080 415
Pyroxene (black) - 37 0.74 22.08 0.0972 0.70518-+6
Pyroxene-rich total-rock (1) 15.5 5.68 79.8 0.2053 0.71148 13
Pyroxene-rich total-rock (2) 14,4 5.75 99,7 0.1662 0.70919 +4
Plagioclase (5) 5.6 6.67 147.1 0.1309 0.70743-+3
Pyroxene (green--black) 43 1.80 19.16 0.2721 0.71498+8

% Internal standard error of mean.
b Strong anomalous isotopic fractionation ~ discard.
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material), and granitic material (see
72213, Fig. 9 for diagram). U, Th-
Pb isotopic data and age parameters
for matrix samples were presented
by Nunes ef al. (1974b) (given here
as Tables 10, 11, and 12, with data
for the Civet Cat norite), and also
discussed by Nunes and Tatsumoto
(1975). The matrix data plot within
error of concordiain a4.24 to 4.44
Ga range (see 72215, Fig. 10).
Although these Boulder 1 data can
by themselves be explained by a
simple 2-stage U-Pb evolutionary
history whereby ~4.5 Ga material
was disturbed by ~4.0 Ga event(s),
other intermediate events could be
masked by the uncertainty of the
data. Hutcheon et al. (1974b),
Braddy et al. (1975b), Goswami
and Hutcheon (1975), and
Goswami ef al. (1976a,b) used
fission tracks to assess the age of a
whitlockite grain in the 72255
matrix (Table 13, Fig. 13).
Adopting 71 ppm U for the
whitlockite, the tracks are in excess
of those from 238y alone, and the
excess is assumed to result from
244py, A (Pu/U), of 0.020 gives an
age of 3,90-3.93 Ga for the
whitlockite (Hutcheon et al,,
1974b); if the ratio is assumed to be
the same as that of the St. Severin
meteorite, i.e. 0.015, then the age is
396 (+0.04, - 0.07) Ga. Such a
track retention age of the
whitlockite most probably refers to
the last high-temperature event.

Radiogenic isotopes in the Civet
Cat norite clast were investigated
by Leich et al. (1975a,b) (Ar-Ar),
Compston et al, (1975) (Rb-Sr),
and Nunes et al. (1974b) and Nunes
and Tatsumoto {1975a) (U, Th-Pb).
The Ar-Ar release data are shown
in Fig. 10. From 800 to 1200
degrees Centigrade the sample has
an apparent-age plateau of 3.93 +/-
0.03 Ga; the plateau includes 57%
of the total 39*Ar. The 1400
degree centigrade fraction has an
age significantly higher (~3.99 Ga)
and contains 25% of the total
39%Ar. The Ar isotopic data as a
whole suggest that the platean age
is reliable, and it is consistent with
the disturbances indicated in the Sr
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Figure 10: Apparent-age and K/Ca data from 72255,42. (Leich et al.,

1975a)
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and Pb isotopic data. The Rb-Sr
isotopic data for the Civet Cat are
given in Table 14, and Figs. 11, 12,
and 13, and include many mineral
separates. The six "bulk" samples
alone define a perfectly fitted
isochron of 4,10 +/- 0.06 Ga, with

initial 875r/868r of 0.69919 +/- 8
(Fig. 11). Compston ef al. (1975)
interpret this age as the igneous
crystallization age, because (1)
these entititics were created during
an igneous event (2) the intitiat St
isotope ratio is low whereas the
Rb/Sr is quite high, and (3)
metamorphic equilibration in the
sample is limited to smaller
volumes. Including the plagioclase
separates refines the age to 4.08 Ga,
Some separates do not fit the "bulk”
isochron (Fig. 12), and the pattern
resembles that of response to a
younger heating event; however,
re-equilibration was not complete
on the scale of less than 0.2 mm.
An age of 3.81 +/-0.23 Ga
approximates the time of mineral
disturbance. A detailed discussion
is given in Compston ef al. (1975).
Alternatively, if the Civet Cat was
not a closed system during re-
heating, then those separates richest
in Rb might represent Rb gain.
Then an alignment of black
pyroxene, plagioclase-rich total
rocks, and other plagioclases give
an age of about 4.36 +/- 0.13 for the
maximum possible original
crystallization age.

The U, Th-Pb isotopic data of
Nunes et al. (1974b) for the Civet
Cat norite are in Table 10. The
Civet Cat norite contains excess Pb
relative to U, plotting well above
concordia. The excess probably
reflects transfer of Pb from the
matrix, which is relatively Pb-rich,
into the clast during breccia
formation, although other times are
possible. The two analyses are too
uncertain to yield an accurate age
determination (Nunes and
Tasumoto, 1975a).

EXPOSURE AGES:

Leich et al. (1975a,b) measured the
isotopic compositions of the rare
gases He, Ne, Ar, Kr, and Xe ina
matrix sample and the Civet Cat
norite in 72255. Trapped gas
abundances are very low, with only
small to negligible solar wind
components. The cosmogenic Kr
isotopic spectra for the matrix
sample gave an exposure age of
44.1 +/- 3.3 Ma. (Leich et al,,
1975b, tabulated preliminary Kr
ages of 44.6 +/- 2.9 for the matrix
and 36 +/- 10 for the Civet Cat, but
in Leich et al., 19753, no Kr age
was tabulated for the Civet Cat
norite sample because there are
large uncertainties in the cosmo-
genic 81K /83K ratio). The age is
similar to that of 72215, but lower
than the exposure age of 72275 (52
Ma), probably because of differen-
ces in shielding. The less-precise
Ar-Ca exposure ages (48 Ma for
Civet Cat, 56 Ma for matrix, +/-
about 25%) are consistent with the
Krage.

Particle track data bearing on
exposure were reported by
MacDougall et al. (1974),
Hutcheon et al. (1974b), Braddy et
al. (1975b), Goswami and
Hutcheon (1975), and Goswami ef
al. (1976a,b). The track density
profile was produced from thick
sections 72255,30 and ,32, using
SEM and optical methods. The
interpretation is complicated by
correction for exposure geometry
(assumed equivalent to present-day
exposure throughout) and
uncertainty in the erosive history
(assumed as 1 mm/Ma). The
external surface of the sample is
saturated with craters, suggesting a
recent exposure of more than 1
Ma. Hutcheon et al. (1974b) using
a simple one-stage exposure model
calculated an age of 19 +/-2 Ma.
The uneven distribution of shock
alteration effects could be a
complicating factor. Goswami and
Hutcheon (1975) added more data
(Fig. 14); they found that if
normalized to the Kr exposure age
of 42 Ma, then agreement at depths

greater than 1 cm was good, but not
at less than this depth (Fig. 15). The
disagreement could result from
small-scale (mm size) cratering
event late in the boulder history.
MacDougall et al. (1974) had
placed an upper limit of 15 t0 20
Ma on the exposure, but noted that
erosion was in any case a problem
for interpretation; such track ages
do not necessarily date the time that
the boulder rolled into its present
position, but only some later
spalling event.

Yokoyama et al. (1974) noted that

72255 was saturated in 26AL,
requiring an exposure of at least a
few million years.

PHYSICAL PROPERTIES

Magnetic data for 72255 samples
were reported by Banerjee et al.
{1974a,b) and Banerjee and Swits
(1975). Samples from the Boulder
were oriented with respect to each
other (accurate to within about +/-
20 degrees). Two samples from
72255 had the same direction (Fig.
16), and within error of those from
72255. The two 72255 samples had
the same intensity of 1.2 x 103
emu/g. In an attempt to separate
stable primary NRM from unstable
secondary NRM, the authors
attempted thermal demagnetization,
avoiding oxidation; however, from
the continually decreasing NRM
(Fig. 17), it appeared that perm-
anent damage was done to the
magnetic carriers and the procedure
was unadvisable, AF-demagnet-
ization showed no zig-zag patterns,
and the NRM direction after
demagnetization in fields at 80 Oe or
greater are stable and primary;
however, these fields differ in
direction from those in 72275 by
130 degrees (Fig. 18). Banerjee and
Swits (1975) presented data for
paleointensity, suggesting a field of
0.35 Qe, different from those of
72275 and 72215 (suggesting 3
different events, as also suggested
by the differing directions of NRM
under AF-demagnetization).
However, given the problems of
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obtaining and interpreting magnetic
data for lunar samples then neither
the directions nor the intensities can
be said to have known meanings
(see also discussion by Cisowski er
al., 1977).

Adams and Charette (1975)
reported spectral reflectance
measurements for the 0.35-2.5
micron range for a gray noritic
breccia that was heavily
contaminated with saw-blade metal
(,74). The reflectance curve may
be artificially flattened by the
presence of the opaque
contaminant; it shows little
absorption at the 1.9 micron band
that results from pyroxene and that
is typical of other highland rock
samples.

PROCESSING

The details of the intial processing
of 72255 were given by Marvin in
CI 1 (1974). Three documented
pieces had broken away during
transport, and partly used for thin
sections. The sawing of a 1.5 cm-
thick slab (Figs. 1,2) was
accomplished in July, 1973. The
slab, 72255,10, was removed as a
single piece and ,11 broke off along
a pre-existing crack. Some chalky
white material was sawn from the
east tip (,18) and used for thin
sections and chemistry, and surface
chips were taken from elsewhere
on the main mass (Fig. 2). The slab
was subdivided, with the main
divisions as shown in Fig. 19.
Many thin sections were made from
slab materials. A second slab and
related pieces were cut from the
main mass 72255,23 in 1984, but
studies of them have only recently
commenced.
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Figure 14: Measured track densities in 72255,30 and ,32 plotted as a
function of distance from the exterior surface. SEM and optical data,
without normalization. The solid line is the best fit through the data points.
(Goswami and Hutcheon, 1975).
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Figure 16: Absolute NRM directions of samples of
72255 and 72275, Average directions for each sample
are denoted by the larger symbols. 95% cones of
confidence are indicated. (Banerjee et al., 1974a).
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Figure 17: Decay of NRM intensity on thermal
demagnetization of 722355 and 72275 samples in zero
field and in an H2.CO3 gas-buffered furnace.
(Banerjee et al., 1974a).
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SAMPLE 72275—55

Fragmental Polymict Breccia

St.2,3640 g

INTRODUCTION shaped with rounded comners. After
collection it broke into several

72275 is a fragmental breccia that pieces (Fig. 1). The exposed

may represent the matrix of surface had a thin patchy brown

Boulder 1, although it stood up in
bold relief on the top of the boulder
(see section on Boulder 1, St. 2,
Fig. 2). It is predominantly light
gray [N7], fairly friable, and
encloses several protruding
subrounded coherent knobs. Most
such knobs are darker colored
(medium gray {N5]). The sample
was 17 cm long, and irregularly

patina, with a few zap pits on some
surfaces (N, E, B). Splashes of
black glass covered some of the
sample. An opposite face, tilted
down toward the boulder, had a
powdery covering that was layered
and ripple-marked.

72275 is a porous aggregate of
angular mineral, devitrified glass,

and lithic fragments constituting a
fragmental polymict breccia. The
sample is not a regolith breccia. A
few of the clasts are more than a
centimeter across, including a con-
spicuous rimmed clast (Figs. 1, and
2) 1abelled Clast #1 or the Marble
Cake clast, Other conspicuous
clasts are the Apollo 17 KREEPy
basalts (~3.93 Ga old) unique to
this sample, many dark melt-matrix
breccias, and varied feldspathic
granulite and other feldspathic
breccias. Numerous rock types,

Figure 1: Reconstructed 72275, with documented pieces mainly on the right, and undocumented pieces in the
Joreground. The exposed north side shows thin brown patina. Clast #1 (Marble Cake clast) is prominent on the front
Sace. Scale in centimeters. S-73-16077.



56—SAMPLE 72275

Figure 2: Initial slabbing and slab dissection of 72275, leaving irregular
surface, and exposing the dark clasts #2 and #3. Clast #1 is to the lefi.
Cubes are 1 inch. S-73-34463.

such as other basalts, granites, and
impact melts, are present as smaller
fragments. Rare gas analyses
suggest an exposure age of about
52 Ma, a little older than 72215 and
72255 and suggesting a two-stage
exposure history for the boulder.

Most of the studies of 72275 were
conducted by the Consortium
Indomitabile (leader J. A. Wood).
A slab cut across the sample (Fig.
2) in 1973 made a comprehensive

petrographic and chemical study
possible. Detailed maps of the
exterior surfaces and the slab based
on the macroscopic observations, as
well as descriptions of the sample
allocations, were given in Marvin
(in CI 1, 1974) (Fig. 3a, b). Two
new slabs parallel to the first were
cut in 1984 (Figs. 3c, 4, 5) for new
consortium studies (leader L. A.
Taylor). They were described by
Salpas et al. (1985).

PETROGRAPHY

72255 is conspicuously polymict
(Figs. 1-5). LSPET (1973)
described the sample as a layered
light gray-breccia. Simonds et al.
(1975) listed it as a fragmental
breccia. The most detailed
descriptions of the petrography of
72275 are given in Stoeser et al.
(1974a, and in CI 1, C1 2, 1674),
Marvin (in CI 1, 1974), and Ryder
et al. (1975b), who described
72275 as a light gray friable
breccia. The Apollo 17 KREEPy
basalts were described in particular
by Ryder et al. (1977) and Salpas et
al. (1987).

Mapping of the sample before and
after slabbing (Marvin, in CT 1,
1974) showed four main lithologic
types (Fig. 3a, b)

1) the light gray matrix with minor
darker gray zones, appearing as a
friable aggregate of mineral and
lithic clasts with a range of sizes up
to about 0.5 mm. Plagioclase and a
few percent brown and yellow
mafic silicates were identifiable,
with sparse grains of pink or amber
spingl, and metallic iron.

2) anorthositic clasts of which the
most canspicuous is clast #1
(Marble Cake clast), with a black
rim. Smaller white clasts, with and
without rims, occur throughout the
specimen. Clast #1 is not pure
white, but has 10 to 20% yellow
mafic silicates, and appears to be a
fluidized cataclastic breccia,
interlayered with gray breccia and
black rim material.

3) Dark gray aphanitic clasts ,
including clasts #2 and #3, which
are hard, resistant dark gray
materials (later identified as
aphanitic impact melts). These
clasts contain small angular
fragments and thin white streaks
indicating that they are polymict
breccias. Small fragments are
common in 72275,

4) Basaltic clasts and zones, which
are the relics of the Apollo 17
KREEPYy basalts. Most of the clasts
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are rounded, and consist of white
feldspar laths and yellow pyroxene.
Most conspicuous are clasts #4 and
#5 on the slab pieces. The clasts
are embedded in zones of fine-
grained basaltic debris, but these
zones are difficult to delineate
macroscopically. (Other basaltic
clasts were later found and mapped
on the newer slab cuts by Salpas et
al., 1985, 1987).

Three distinct lithologic units in the
1984 surfaces were recognized by
Willis (1985). A darker and coarser
unit separated two lighter, more
fine-grained units. Each is distinct
with respect to clast sizes,
abundance, and types. One of the
Highter units consists mainly of
basalts sitting in ¢rushed basalts,
whereas the other changes from
breccia clasts (mainly dark melt
breccias) to basalts towards the
interior of the rock. The dark coarse
zone consisis mostly of dark melt
breccia clasts. In ail the units the
average clast dimension decreases
from the first face exposed to the
last.

Stoeser et al. (1974a, and in CI 1,
1974) and Ryder et al. (1975b)
considered that the sample had two
major lithologic types, that of the
gray polymict breccia, and that of
the KREEPYy basalt (which they
referred 1o as "pigeonite basalt™)
breccia; the latter forms about 30%
of the exposed surfaces. The light-
gray friable breccia is composed of
porous, poorly-sintered matrix,
with angular mineral and lithic
clasts (Fig. 6a, b). A clast

population survey was tabulated by )

Stoeser et al. (1974a) (Table 1);
however, this table omits the dark
matrix breccias (the aphanitic
melts) that are the dominant clast
type. The dark aphanitic melts,
which resemble samples 72215 and
72255 in petrography and
chemistry, are themselves polymict,
containing all the other clast types
except for the KREEPy basalts,
Materials similar to the Civet Cat
norite and granites appear to be
dominantly, if not absolutely,
confined to the dark aphanitic
melts. Neither glass spherules or

Table 1: Population survey of clast types in 72275 light gray matrix,
excepting the dark impact melt breccias. % by number, not area.
(Stoeser ef al., 1974a).

Clast type 72275
Granulitic ANT breccias 48.3%
Granulitic polygonal anorthosite 35
Crushed anorthosite 5.1
Devitrified glass 7.9
Glass shards 0.4
Ultramafic particles 1.6
Basaltic troctolite 2.0
Pigeonite basalt 51
Other basaltic particles 20
Granitic clasts 1.6
“Civet Cat” type norite 04
Monomineralic plagioclase 15.0
Monomineralic mafic silicates S8
Monomineralic spinel & opaques 1.2

Number of clasts surveyed 254

ropy glass clasts, nor their
devitrified equivalents that are
characteristic of regolith breccias,
occur in the light-gray friable
matrix. The range of mineral
fragments (Figs. 7-9) is similar to
the range in the dark aphanitic
melts (Figs. 9, and 10), with
plagioclase, low-Ca pyroxenes, and
olivine predominant. [Imenite,
troilite, Fe-metal, pink spinel,
chromite, and trace amounts of K-
feldspar, silica, zircon, and
armalcolite, are present. The
differences in lithic clast

. populations preclude the possibility
that the light-gray friable matrix is

a crushed version of the dark
aphanitic melts, The lack of
equilibration rims and lack of
extensive sintering suggest that the
light-gray matrix was not subjected
to high temperatures for any great
length of time,

A17 KREEPy Basalts:

“The KREEPy basalts, originally

referred to as Pigeonite basalts
(Stoeser et al. in CI 1, 1974, and
1974a,b) occur as fragments and
breccia zones in the light gray
matrix (Fig. 3a,b). They have not
been found in the dark impact melt
breccias, nor in any other samples.
The brecciated zones consist almost
entirely of crushed basalts, and are
clots or bands up to 2 cm thick.

(Marvin, in C! 1, 1974; Stoeser et
al., in CI 1, 1974). The clasts are
rounded, with prominent white
feldspar and yellow mafic silicates.
Few of the relict basalt fragments
are more than a few millimeters
across; rare examples reach one
centimeter.

Most of the KREEPy basalts clasts
have a mesostasis-rich subophitic to
intersertal texture (Fig. 6e) (Stoeser
etal,CI1, 1974; CI 2, 1974,
1974a.b; Ryder et al., 1975b, 1977;
Irving, 1975; Salpas et al., 1985,
19864, 1987). Most have a medium
grain size (silicates 500-1000
microns), but there is a range down
to fine-grained equigranular and
glassy vitrophyric varieties, which
are less common. The textures are
homogeneous, and the fragments
contain no xenoliths or other
features suggestive of an impact
origin for the melt phase, The
¢hemical evidence (below) also
suggests that these basalts are
veolcanic. The range in grain sizes
and textures suggests that a
sampling of both flow interiors and
exteriors was obtained. The
dominant subophitic basalts consist
of approximately equal amounts of
plagioclase and clinopyroxene
{mainly pigeonite), with 10% to
30% of a complex fine-grained and
opaque mesostasis (Fig. 6¢). A
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Figure 4: Exposed west face of first 1984 slab (,328) after removing irregular surface left in 1973 slabbing. Most of
the surface visible is that exposed in Fig. 2; another large clast has been exposed, Cube is 1 inch; rule scale is
centimeters. §-84-45540.

SateR puas =

Figure 5: Exposed east face of second 1984 slab (,337) and its subdivisions. There is an obvious lack of large clasts
compared with the earlier exposed faces. Cube is 1 inch; rule scale is centimeters. S-84-46145.
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Figure 6: Photomicrographs of 72275. All plane transmitted light except c), crossed polarizers. All about 2mm field
of view.
a) 72275,13: general friable matrix of undocumented chip, showing feldspathic granulite clasts and schlieren
(right), clasts or blobs of dark melt matrix breccias, and numerous mineral clasts.
b} 72275,134: general matrix of 1973 slab near clast #5, showing rounded dark melt breccia pieces, mineral
clasts, and small fragments of KREEPy basalts.
¢) 72275,138:; anorthositic breccia from the core of clast #1, the Marble Cake clast.
d) 72275,145; matrix of clast #2, a dark melt breccia.
e) 72275, 147: clast #5, a monomict breccia or cataclasite of KREEPy basalt.
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Figure 7: Compositions of pyroxenes in 72275 light gray friable matrix samples. The large outlined area is the
range of compositions of pyroxenes in the KREEPy basalts; the smaller outlined areas are the ranges for
anorthositic breccias. a) b) are general matrix, ¢) is a white streak in the matrix in ,128 a) from Stoeser et al.
(1974a). b)c)from Stoeser et al. in CI 1, 1974,
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Figure 8: Histograms of olivine compositions in 72275 matrix and clasts.
a) monomineralic olivines in general light gray matrix. b) olivines from
Jeldspathic granulite clasts. ¢) olivines in clast #1 and the white streak in
,128. d) olivines in the troctolitic basalts (impact melts?) and the KREEPy
basalts (= pigeonite basalts). Stoeser et al. (1974a).
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Figure 9: Compositions of olivines
in 72275 lithologies. Marble Cake
is clast #1; GCBx are the dark
impact melt breccias; LFBx is the
general light gray matrix. Ryder et
al. (1975b).

silica mineral (cristobalite?), minor
chromite, Fe-metal, and very rare
olivine are present outside of the
mesostasis. The mesostasis consists
of ilmenite, Fe-metal, cristobalite
(), plagioclase, ferroaugite,
phosphate, troilite, potash feldspar,
zircon, and a Si-rich glass. Both Fe-
metal and troilite occur as veins.

The compositions of silicate
mineral phases are shown in Figs.
11, 12, and 13, and analyses of
metal grains in Fig. 14. Representa-
tive microprobe analyses of phases
are tabulated in Stoeser et al. (in CI
1, CI 2, 1974; 1974b; Ryder et al.,
1977). Phases in the relict basalt
fragments and the brecciated zones
show similar ranges (e.g. Figs. 11,
and 12).

Plagioclases, which form an
interlocking network of laths, is
zoned normally; the trend towards
extreme Or-enrichment in
plagioclase appears to be unique
among lunar samples. Some of the
plagioclase borders contain glassy
or microcrystalline silicic globules
less than10 microns in diameter,

possibly trapped magma.(Ryder et

al.,, 1977) Clinopyroxene, which
encloses plagioclases, is elongate to
tabular. Many are twinned; none
are sector zoned. The first pyroxene
to crystallize was Mg-pigeonite;
orthopyroxene such as is common
in A 15 KREEP basalts is absent.
Zoning to more Fe-, Ca-rich
pyroxenes is commonly erratic.

The silica polymorph is a late-stage
phase, and composes as much as
5% of some clasts. It has the
mosaic fracture pattern
characteristic of cristobalite. Some
grains are laths (poorly-developed)
and up to 500 microns long.
Chromite is a eahedral to subhedral
early-crystallizing phase, most less
than 50 microns, that is aluminous
and zoned to titanian chromite rims.
Olivine is rare, small (less than 300
microns), and a compositional
range from Fo69-64. It appears to
have survived by enclosure in other
silicates. The mesostasis forms
interstitial triangular patches
several hundred microns across.
There is no evidence of
immiscibility, although it is
heterogeneous, appearing 1o be
more Fe-rich adjacent to pyroxene
and more silicic adjacent to
plagioclases (Stoeseret al., inCI 1,
1974). The mesostasis rims are not
all sharply defined. The bulk
composition of the mesostasis is
Fe-, Si-, and P-rich, and poor in K
compared with many other lunar
mesostasis compositions. Fe-metal
and (less common) troilite occur in
the miesostasis, as veins, and as
blebs in early-crystallizing phases.
Their low Ni contents are
consistent with lack of meteoritic
contamination and thus, a volcanic
origin for the basalts.

Dark Impact Melt Breccias:
Materials originally labelled "dark
matrix breccias” (Stoeser et al. , in
(I 1, 1974) and later gray to black
competent breccias (e.g. in Ryder et
al., 1975b) are a distinctive feature
of 72275, They are the dominant
clast material, and occur as discrete
clasts and as rinds to, or intermixed
with, feldspathic clasts such as
feldspathic granulites. They are
similar to the dark matrix materials

that form the other Boulder 1
samples 72215 and 72255, and
were similarly eventually
recognized as aphanitic impact
melts (e.g. Ryder and Wood, 1977;
Spudis and Ryder, 1981} and not
the metamorphosed breccias
originally suggested (e.g. Stoeser et
al., 1974a, Ryder et al., 1975b).
They are also similar to the Station
3 samples 73215, 73235, and 73255
{e.g. James ef al., 1978). The dark
breccias were described by Stoeser
etal, (1974ab,and in CI 1, CI 2,
1974), Ryder et al. (1977b), and
Spudis and Ryder (1981).

Most of the dark melt breccias are
less than 1 mm, but some are much
larger, including Clasts #2 and #3
exposed on the sawn faces (Fig. 2-
4), Clast #3 was not allocated, but
clast #2 was allocated for
petrographic and chemical studies.
The Marble Cake clast {clast #1) is
a complex rimmed clast (see
below). Clasts #1 and #2, and many
of the smaller dark breccias, have a
"globby" nature, with rounded and
irregular outlines (Figs. 2, 4, and
6a, b). In thin sections they are very
dark and dense, with a very fine-
grained groundmass enclosing a
variety of clasts, usually small
(Figs. 6a, b, d). The lithic clast
population consists of feldspathic
granulites, other feldspathic
breccias, some basalts and coarser
impact melts, and sparse granites,
Monomineralic clasts are mainly
plagioclase, but olivines and
pyroxenes are also common. Some
dark clasts have vesicles. The melt
matrices are fine-grained, mainly
plagioclase and probably pyroxene
commonly less than 5 microns, and
the melt fraction is probably about
50-70% of the volume. Composi-
tions of monomineralic silicate
phases, mainly clasts, are shown in
Fig. 9b (plagioclases) and Fig. 10
(olivines and pyroxenes). The range
in compositions of mafic minerals
is greater than that of anorthositic
breccias (e.g. granulites), and
indicates that a wide variety of
lithologies contributed to the dark
melt breccias. However, no
fragments of the A 17 KREEPy
basalts have been found in these
melt breccias. Defocused beam
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analyses (Table 2) show that the
dark matrix breccias have low-K
Fra Mauro basalt compositions
similar to those in 72215 and 72255
(see also chemistry section),
suggesting a common SOurce,
although there is some variation.

Clast #1 (Marble Cake):

The distinctive 3 cm clast visible on
the north face (Fig. 1) and after
slabbing (Figs. 2-4) was described
by Stoeser et al. (1974a, and CI 1
and CI 2, 1974), Marvin et al.
(1974), and Ryder et al. (1975b). It
consists of a light-colored core
(white, with about 10 to 20%
yellow minerals) with a dense
envelope of dark breccia material
that also is crudely interlayered
with the core. The rim and the core
have been fluidized simultaneously.
Part of the clast was thin sectioned
and mapped (Fig. 15).
Compositions of mafic mineral
phases are shown in Fig. 16.
Defocused beam analyses of some
clasts are given in Table 3. The
dark breccia consists of an
aphanitic impact melt, similar to
other dark breccias in 72275 except
that it is darker, more vesicular, and
higher in K and P than most (Table
2, col. 9) (Stweser et al., in C12,
1974). The core material is a
complex mix, dominaied by a
coarse-grained feldspathic lithology
that has been crushed (Fig. 6¢).
Some of its fragments are
granulitic, and more than one
feldspathic rock type may be
present. The parent rock was
plagioclase-rich (more than 80%),
and contained olivine (Fog-68)
bronzite, and augite: a cataclastic
troctolitic ferroan anorthosite.
Ilmenite microgabbros are small
igneous (or possibly metamorphic)
fragments that are fine-grained and
not reported from other lunar
samples; they consist of 43-57%
plagioclase (Angs-80 Ors-15), 25~
46% pyroxene (Mg' about 50; see
Fig. 16), and 9-18% ilmenite. They
also contain minor amounts of
cristobalite, troilite, and metallic
iron. They are more similar to sodic
ferrogabbro fragments at Apollo 16
(Roedder and Weiblen, 1974) than

BRECCIA CLASTS

o ondHth
%

[ PR

T
50

Hd

DARK MATRIX BRECCIAS

X vl x

— PIGEONITE BASALT BRECCIA MATRIX

»
a0 30 20 0 Fs

e GRANULITIC ANT

Figure 10: Compositions of olivines (a, b) and pyroxenes (c, d) in dark
impact melt breccias (GCBx) in 72275. a) Stoeser et al. (1974a), b),d)
Ryder et al. (1975b), c) Stoeser et al., CI 1.

other samples, but are actually
unique. Some exsolved pyroxene
fragments that are 200 microns
across (hence bigger than those in
the ilmenite microgabbros) have a
composition similar to those in the
ilmenite microgabbros; their source
could be a coarser-grained
equivalent. Other clast types
include an orange glass (spinel
troctolite composition), some fine-
grained "basalts" with quenched
appearance that give the impression
of being impact melts, and
microgranites. The latter are fairly
common.

Feldspathic Breccias:

72275 contains a variety of
feldspathic lithic materials ranging
from cataclastic ferroan
anorthosite-like materials to
feldspathic granulites; some of
them reach several centimeters
long. Apart from the dark melt
breccias (in which they are a clast-
type), they are the most abundant
clasts in 72275; they also occur as
discrete fragments in the light gray
friable breccia. The feldspathic

clasts were described by Stoeser et
al. (1974a, and in C1 1, CI 2, 1974),
and by Ryder et al. (1975b) under
the now-obsolete acronym ANT
(anorthosite, norite, troctolite).
Some are several centimeters in
size, and are petrographically
similar to those found in other
Boulder 1 samples and elsewhere at
the Apollo 17 site. Recrystallized
varieties (feldspathic granulites,
both poikilitic and granulitic in
texture) are most common. The
compositions range from noritic to
troctolitic anorthosites. They have a
range of mineral compositions (e.g.
Fig. 17), though most individual
clasts are fairly well-equilibrated.
The ranges are not unlike those
reported for other feldspathic
highlands breccias; they do not
include mafic minerals with Mg’
much higher than 0.83, and the
plagioclases are dominantly very
calcic.

The samples described by Stoeser
etal. (19743, andin CI 1, CI 2,
1974) and Ryder et al. (1975b)
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Figure 11: Compositions of plagioclases in A 17 KREEPy basalts. a) Ryder
etal (1975b) b) Salpas et al. (1985, 1987). Clastic refers to plagioclases in

comminuted zones.

were classified as unrecrystallized,
granulitic, and poikiloblastic
"ANT" breccias. Poikilitic
fragments are rare to absent. The
unrecrystallized fragments have
porous fragmental matrices, and
appear to be crushed anorthositic
igneous rocks. The dominant part
of the core of the Marble Cake clast
is one such fragment. The granulitic
fragments are characterized by
triple point textures typical of
recrystallization. Their
compositions and textures are
varied. Poikiloblastic fragments are
distinguished by their small
poikilitic pyroxenes enclosing
smaller plagioclases, set in a
mosaic of much coarser
plagioclases; all are fine grained,
with even the larger plagioclases
rarely more than 200 microns.
Salpas et al. (1986b, 1987a)
described an anorthositic clast from
the 1984 slabbing that they referred
to as the first Apollo 17 ferroan
anorthosite; however, there are
other candidates for that honor
(including the core of the Marble
Cake clast, which is certainly
closely related). The smail
fragment (less than S mm) is

monomict, consisting of about 95%
anorthite (Angs 1.97.1) and 5%
pyroxene (augite and pigeonite;
Fig. 18). The pyroxene occurs as
small (less than 100 micron) grains
interstitial to larger plagioclases.
Salpas et al. (1986b, 19873) also
described six feldspathic granulite
clasts from the 1984 slabbing, Their
characters are summarized in Table
4. In general they are composed of
rounded to angular fragments of
vlagioclase and olivine in
granoblastic or poikiloblastic
matrices of plagioclase and
pyroxene. The amount of olivine is
rather small (<5%). The textures of
the granulites suggest that most are
brecciated assemblages which were
subsequently recrystallized.

72275 also contains small amounts
of other lithic clast types, ranging
from olivine-normative mare
basalt-like fragments, ultramafic
particles, troctolitic basalts
(probably impact melts), and
granitic fragments (Table 1).

CHEMISTRY

A large number of chemical
analyses have been made on 72275
matrix and its clastic components,
ranging from fairly comprehensive
analyses to analyses for one or two
clements as part of
geochronological studies, The
chemical data are given in Tables
5a, b, ¢ (light gray matrix and dark
melt breccias), Tables 6a, b
(KREEPy basalts), Table 7 (Clast
# 1, Marble Cake, lithologies), and
Table 8 (feldspathic breccia clasts).
The data given by Jovanovic and
Reed (several papers) includes
some combined leach and residue
data.

Light gray friable matrix and
dark melt breccias:

The several analyses of bulk friable
matrix show some variability at the
scale of the rather small samples
generally analyzed (less than 50
mg) (Tables 5a, b; Fig. 19), The
chemistry differs from that of the
dark melt breccias and from other
boulder matrices at the Apollo 17
site in being less aluminous and
more iron-rich, The chemistry is
consistent with a mix of dark melt
breccias, feldspathic breccias, and
KREEPy basalts. The latter
component is seen in the very high
Ge content of the matrix (Morgan
et al., 1974, 1975), as high Ge is a
distinctive character of the
KREEPYy basalts. The matrix
analyses reported by Salpas et al.
(1987b) are identical in all respects
with the KREEPy basalts
themselves and these samples must-
have very low contents of
feldspathic granulites or melt
breccias. Their abundances of
incompatible elements {Fig. 19b) is
higher than most other matrix
samples and similar to those in the
KREEPy basaits (Fig. 20).

Of the dark melt breccias, only
clast #2 (Table 5c) and the Marble
Cake rind (below) were analyzed,
apart from the defocused beam
microprobe anatyes (the defocused
beam analysis of clast #2 agrees
tolerably well with the atomic
absorption analysis except for its
higher nommative feldspar). The
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Figure 12: Compositions of pyroxenes in A 17 KREEPy basalts and breccias, plotted on quadrilaterals. a) Stoeser et
al. (1974). b) Ryder et al. (1977). c) Salpas et al. (1987)

V{l"o | .. . "t::l-l-" -k
Y7 Ll i
o ) K ettt ) R . . R Ti
2 ‘ om
e - - .
Wt % PN e el e Tt 0
a0, S A R X
L L " " L . L *
| o . lerronuqnas\
* . * . .'. .
TisAl g, fTaletaty ’ .
. . ™ AR . .
"-lﬁ‘
[s] 1 1 i N L L 1 Il 1
1.0r . "
Moot oon
Wi, LA .
. . -. - *
Cr,0, 051 - L
oW .
. . B
Al . pryeonites
0 1 L L . . L R . s az Ny V3 3 MW v v Cr
Q.1 02 0.3 0.4 Q.5 0.6 Q.7 [oX -3 [=2:] 1.0

Atomic Fe/Fe+ Mg

Figure 13: Abundances and ratios of minor elements in pyroxenes in A 17 KREEPy basalts. Arrow indicates
direction of crystallization. Ryder et al. (1977).



66—SAMPLE 72275

*« 3LEBS
x MESOSTASIS

o VEIN
S X
®oosk X% txe .
3 ‘ !;.'x'.': Pt o
¥ X
f X
a U PO | il L0
o ) B
Wt % Ni
L o Basaitle
o Detrital e —
Matoerits
o Flald
< -
3
L
b i i L 1 |
2 4 6
%N

Figure 14: Compositions of metals in A 17 KREEPy basalts. a) Ryder et al. (1977). b) Salpas et al. (1987). In b}
field labelled "72275" is taken from a) and the difference is stated by Salpas et al. (1987) to be an analytical
problem in the Ryder et al. (1977) study,

72275, 142
MARBLE CAKE

[ ] ANORTHOSITIC BRECCIA

E] DARK MATRIX BRECCiA

[ ) catacLasTic pLAG 7ANORTH
[ caBBROIC ANORTHOSITE
ILMENITE MICROGRABBRO
GRANITIC CLASTS
"BASALT"CLASTS

ORANGE GLASS PARTICLE
T GRANULITIC ANT BRECCIA - :

Lo

Figure 15: Sketch map of the interior of clast #1 (the Marble Cake clast). The white areas consist of a mixture of
finely-crushed gabbroic anorthosite and ilmenite microgabbro. Uncrushed remnants large enough to map are
indicated by clast type. Stoeser et al. (in CI 2, 1974) and Marvin et al. (1974).



SAMPLE 72275—67

Table 2: Defocused beam electron microprobe analyses of dark aphanitic melt breccias in 72275.
Key: 5) 72275,128, average of 10 analyses of 2 clasts. 6) 72275,134, average of 21 analyses of clast. 7) 72275,12,
average of 5 analyses of rind around anorthositic clast. 8) Clast #2, average of 15 analyses. 9) Dark melt material of
clast #1 (the Marble Cake clast), (Stoeser et al., in CI 1, 1974).

5 6 7 8 9
72275, 128 72275, 134 72275,12 72275, 146
DMB DMB vesicular clast #2 72275, 140

matrix matrix rim matrix DMB
5i0g 49.7 47.7 43.9 47.0 46.6
TiO2 1.1 1.1 0.9 1.0 1.3
Cro0O3 0.2 C 0.2 0,2 0.2 0.2
Als03 i8. 8 20.3 22.9 22,8 19.6
FeO 10. 0 10.6 8.7 8.9 11.0
MnO 0.1 0.2 0.1 0.1 0.2
MgO 9.0 10.0 1z.1 8.7 8.2
Ca0 11.4 11.5 11.6 12,9 11.4
NaoO 0.5 0.5 0.7 0.6 0.6
KoO 0.3 0.2 0.3 0.2 0.5
P205 0.5 0.4 0.3 0.5 .8
TFotal 101.6 102.7 101.7 102.9 100.4
Fo 0.0 3.4 16.5 4.5 i.6
Fa 0.0 2.7 8.8 3.3 1.5
En 22,0 19.5 6.1 i4.8 18.2
Fs 16.3 13,9 3.0 9.9 15.5
Wo 2. 1 0.7 0.0 0.8 1.1
Or 2.0 1.3 1.6 1.3 2.9
Ab 3.9 4.2 5.4 4.9 5.5
An 47.5 51,1 55.1 57.4 48.7
Ilm 2.1 2.0 1.6 1.8 2.5
Chr 0.3 0.3 0.3 0.3 0.3
Qtz 2.7 0.0 0.0 0.0 0.0
Cor 0.0 0.0 1.0 0.0 0.0
Ap 1.1 1.0 0.6 1.0 1.8
CATA. ANORTH. Dl

ILM. MICROGRABBRO
[} EXSOLVED PX

[G] GRANITIC CLASTS
"BASALTS"

® WEIBLEN B
ROEDDER,
11973}

Figure 16: Compositions of pyroxenes and olivines in phases of the interior of clast #1 (the Marble Cake clast) and
sodic ferrogabbros for comparison.
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Table 3: Defocused beam electron microprobe analyses of four types of
clast in the light-colored interior of clast #1 (the Marble Cake clast).
(Stoeser et al., in C1 2, 1974).

1. 2.
790C10 7%0cCls8
anorth. gabbroic
gabbro anorth,

WT. % OXIDES
sio, 43.38 41.16
TiOg 0.08 0.06
Al;05 20.87 29,96
Cr203 0.06 0.03
FeO . 7.85 4.16
Mno 0.13 0.04
MgO 8.79 3.56
caC 12.70 16.01
Najz0 0,28 0.26
K30 0.05 0,05
Bao 0.04 0.04
Po0x 0.02 0.03
TOTAL 94,29 95.43
CIPW NORM
FC 6.1 5.3
FA 4.4 4.9
EN 14.5 1.8
FS 9.6 1.5
WO 3.3 -——
OR 0.3 0.3
AB 2.5 2.3
AN 58.9 83.1
ILM 0.2 0.1
CHR g.1 -——
QTZ — -—
COR -——- 0.4
AP 0.1 0.1
COMP. NORM MIN.
OL: FO 66.5 60.7
PX: EN 58.9 60.7
FS 29.7 319.3
WO 11.4 _——
PLAG: OR 0.5 0.3
AB 4.3 2.9
AN 95.3 96,8
atomic Mg/ {(Mg+Fe} 0.§&66 0.604
MgO/ {MgO+Fe0) 0.528 0.461
No. of analyses 26 16

clast # 2 analysis is similar to those
for 72255 and 72215 dark melt
breccias except for slightly higher
abundances of incompatible
elements (the Marble Cake rind has
even higher abundances of
incompatible elements). Blanchard
et al. (1975) described clast #2 as
intermediate in chemistry between
the rind material and more typical
dark melt breccias such as those in
72255.

The 72275 brecciated materials
have obvious meteoritic
contamination (Morgan et al.,
1974, 1975). Morgan et al. (1975)
grouped the meteoritic materials in
72275 and 72255 as distinct from

3. 4, 5. 6.
79G6C1 790C2 790C5 790C6
ilmenite ilmenite orange
microgab. microgab. “"basalt" glass

45,89 48.48 47.10 43.20

4,38 6.39 2.89 0.26

14.70 14.54 16.09 13.96
0.05 0.05 0.11 0.05
11.70 10.01 15.19 8.49
0.17 0.14 0.19 0.05
5.67 3.38 7.32 22.87
12.16 9.42 13.08 8.96

0.91 0.85 0.37 0.66

0.82 0.90 0.25 0.23

0.11 0.11 0.09 0.04

0.46 0.42 0.35 a.d.

97.27 95.05 98.02 98.81
——= -—- -— 38.5
-— -— ——- 11.3
14, 8.9 18.7 2.7
14.6 7.7 20.6 0.7
10.3 4.8 16.1 4.2
5.6 5.6 1.5 1.4
7.9 7.6 3.2 5.6
34.3 35.0 25.8 34.9

8.6 13.2 5.6 0.5

0.1 2.1 0.2 0.1

2.7 15.8 5.3 -—=

1.1 1.0 0.8 ——-

- - - 83.2

42.0 47.0 39.0 39.2
32.2 31.1 32.1 7.9
25.8 21.8 28.9 52.9
11.5 11.5 5.0 3.3
17.4 16.5 11.0 14.1
7.0 J2.0 84.0 82.6

0.463 0.375 0.462 G.827

0.326 0.252 0.325 0.729

12 4 3 1

those in the other Boulder 1

samples: Group 3H, and 3L for the
72215 and 72235 samples. Alt are
distinct from most other Apollo 17
samples (Group 2). The
distinctions are not a result of the
high Ge in the KREEPY basalts,
Jovanovic and Reed (e.g. 1975¢)
interpreted their data on some
volatile elements as constraining
the thermal history of Boulder 1:
since consolidation it probably has
not been subjected to temperatures
greater than 450 degrees C, and
vapor clouds from external sources
permeated the source regions for
the boulder materials,

A 17 KREEPy BASALTS:
Analyses of the KREEPy basalts
sampled from the 1973 sawing
(clast 5 and probably clast 4) are
given in Table 6a, and numerous
analyses of small clasts (mainly
basaltic breccia) sampled from the
1984 sawing in Table 6b. Most of
the latter are partial analyses. The
rare earths are shown in Fig. 20.
The KREEPy basalt is quartz-
normative, with an evolved Mg’
similar to some mare basalts, but
with elevated rare earths compared
with mare basalts. The sampie lacks
meteoritic contamination (Morgan
et al., 1974, 1975). The rare earth
elements are KREEP-like, but the
heavy rare earths have a slightly
steeper slope than other KREEP
basalts. These basalts cannot be
related to other known KREEP
basalts by fractional crystallization
or partial melting of common
sources. They are quite distinct
from the only other volcanic
KREEP samples known, the Apollo
15 KREEP basalts (Ryder et al.,
1977; Irving, 1975). Ryder et al.
(1977) discussed the chemistry as
being intermediate between mare
and KREEP basalts. Salpas ef al.
(1987b) found that the breccias and
the actual basalt clasts were
indistinguishable in composition.
They interpreted their analyses to
represent fragments of a single flow
or of a series of related flows, with
a fairly consistent trend on an Ol-
Si-An diagram for the 9 samples
that they analyzed more completely
(Fig. 21). However, this diagram
may be misleading: Some of the
variation that they found undoubt-
edly resulis from unrepresentative
sampling, and the SiO7 abundances
are obtained by difference, not
analysis. The trend on the diagram
is not that of pyroxene or
pyroxene+plagioclase (as the
petrography would indicate), but of
olivine control; it may be an
artifact.

The very high Ge content of the
KREEPy basalt is distinctive, and is
accompanied by lesser enrichments
in Sb and Se (Morgan et al., 1974,
1975).
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Clast #1 (Marble Cake clast):
Analyses of both white and dark
portions of the Marble Cake clast
are given in Table 7, with the rare
earth elements shown in Fig, 22,
Both phases are polymict, although
the white material is dominantly a
cataclastic troctolitic
anorthosite/feldspathic granulite,
and the dark material is dominantly
an aphanitic melt breccia. The
analysis of the white material
probably includes some dark melt
component (Blanchard et al., 1975)
and presumably ilmenite
microgabbros and other lithologies.
The rare earth element abundances
are higher than expected for
anorthositic or granulitic rocks. The
dark rim material contains much
higher incompatible element
abundances than most other dark
melts in the boulder; this includes

as suggested by Stoeser et al.
(1974a). The rim material contains
meteoritic contamination, but no
analysis for meteoritic siderophiles
was made for the core. The rim
siderophiles have ratios
corresponding with group 3
siderophiles that characterize other
boulder matrix samples.

Feldspathic breccias:

Salpas ef al. (1987a) provided
analyses of an anorthositic clast and
six feldspathic granulites obtained
from the 1984 sawing (Table 8;
Fig. 23). The anorthosite (,350) is
similar to other ferroan anorthosites
except that its rare earth elements
and transition metals are slightly
higher than typical; however, the
sample mass was only 17 mg. The
clast has a positive Eu anomaly and
on the basis of the low upper limits

sources, because they show a range
in Mg' consistent with their
mineralogy. All are intermediate in
major element compositions
between ferroan anorthosites and
Mg-suite troctolites. Their rare
earth element abundances are
similar, with fairly flat patterns and
mainly small Eu anomalies. All
show elevated Ni, Au, and I
abundances indicative of substan-
tial meteoritic contamination; these
elements show abundances higher
than in A 16 feldspathic granulites.

STABLE ISOTOPES

Oxygen isotope ratios were

measured by Clayton and Mayeda
(1975a,b) and Mayeda et al. (1975)
for a friable matrix sample, both
bulk and mineral separates, and for

Rb, U, and Th as well as the rare on the Ni and Ir abundances, the mineral separates from a KREEPy
earths. These abundances are sample woutd appear to be basalt fragment. The bulk breccia,
higher than their counterparts in the  uncontaminated with meteoritic for which delta 180 (5.80) and
KREEPy basalts and are more material. delta 170 (2.94) were measured,
similar to the levels in A14 or Al15 The six granutites show a range in £alls on the earth-Moon mass
KREEP, Tht“. rlm a{ld the core are alumina from 22.1 to 27.2%, with fractionation line (Clayton and
absolutely distinct in composition; corresponding variations in Fe, Mg, Mayeda, 1975a,b). A second split
the rim is not melted core, but Sc, and other transition metals. g ) 18
appears to be plastered on in flight,  They appear to represent distinct of the matrix gave delta “20 of
Oi ; x ., He
T/ I AT S N
g R
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Figure 17: Compositions of silicate mineral phases in feldspathic (mainly feldspathic granulite) breccia clasts in
72275 (and including daota for some similar clasts in 72255). a) pyroxenes, Stoeser et al. (1974a). b) pyroxenes,
Ryder et al. (1975b). c) plagioclases, Ryder et al. (1975b). d) olivines, Ryder et al. (1975Db).
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Figure 18: Compositions of pyroxenes in a cataclastic ferroan anorthosite
clast (thin section 72275,9018). Salpas et al. (1987a).

5.40, with plagioclase at 5.61 and
pyroxene at 5.20. The basalt
separates gave plagioclase 5.69 and
pyroxene 5.35 (Mayeda et
al,,1975). The matrix values are at
the low end of highlands rocks.

RADIOGENIC ISOTOPES AND
GEOCHRONOLOGY

Light gray friable matrix:
Compston et al, (1975) analyzed a
16.2 mg sample of matrix for Rb
and Sr isotopes (Table 9). The data,
which are plotted but not
specifically discussed by Compston
et al. (1975), fall on the mixing line

between "gabbroic anorthosites”
and microgranites discussed in the
section on 72255. These data are
fairly similar to those of the
KREEPy basalt, which is probably
a component of the sample
analyzed. Nyquist ef al. (1974a,b)
also anayzed a bulk matrix sample
for Rb and Sr isotopes (Table 9),
with results similar to those of
Compston ef al. (1975). The
Nyquist et al. (1975a,b) data
correspond o TR AB]I and T, UNI
model ages of 4.13 and 4.15 Ga
respectively (original calculation
of 4.22 and 4.24 Ga +/- 0.05 using
the old decay constant).

Leich et al. (1975a, b) attempted to
date a friable matrix sample using
40Ar-39Ar methods. The release
diagram (Fig. 24) for this sample
(,57) shows an incipient apparent-
age plateau that is cut short by a
drop-off in the 1000 degree C
fractions. The release is broadly
similar to that of clast #5 KREEPy
basalt (also on Fig. 24). As ,57 is
from matrix adjacent to KREEPy
basalt clast #4, this matrix sample
may be reflecting the pattern for the
KREEP basalt. The friable matrix
has many components, so a simple,
one age release cannot particularly
be expected. Leich er al. (1975a, b)
interpret the pattern as resulting
from trunctation of the plateau to
two temperature steps from
outgassing of Fe- or Ti-rich (or
both) phases, and state that the data
are not adequate for chronological
interpretation.

Nunes ef al. (1974), Nunes and
Tatsumoto {1975a), and Tatsumoto
et al. (1974) reported U, Th-Pb
isotopic data and age parameters
for 72275 samples, including the
friable matrix (72275,73; Table 10).
The Pb data plots within error of
concordia at about 4.25 Ga (see

Table 4: Petrographic features of 6 feldspathic granulite clasts in 72275 (Salpas et al., 1987a).

INAA/PM: 439/495 355/502 351/9019 397/9021 433/493 none/480
Texture cg g-c cg gc S g<
Plagioctase
Mode 46% 66% 59% 57% 76% 52%
Size < 10-350 < 10-400 < 10-650 < 10-500 < 10-340 < 10-500
pm Hm Hm sm pm Hm
An 95.9-97.1 94.1-95.3 95.8-96.4 95.4-96.3 94.8-958 05.2-973
Pyroxene
Mode 50% 31% 35% 40% 20% 44%
Size < 10 um < 10 pm < 10 pm < 10 pm < 10 pm < 10 pm
na na na na na ni
Olivine
Mode 1% 3% 5% 1% 2% 2%
Size 40-175 pm 50-150 pm  80-450 ym  100-150 pm  30-45 um  45-500 um
Fo 80-82 71-77 63-64 76-77 75-76 75-77
Fe metal
Mode 3% < 1% 1% 1% 2% 2%
Size < 10 ym < 10 um < 10 ym < 16 pm < 10 pm < 10-20 gm
na na na na na see text

¢ = cataclastic; g = granulitic; na = not analyzed. Analyzed compositions are for mineral fragments
and do not include groundmass minerals that were generally too small for accurate analysis.



SAMPLE 72275—T1

Table Sa: Chemical analyses of friable matrix samples from 72275.

57 ,57 ,101. X 57 52 .73 ;73 ,110 .66
Spltt 1 2 Split
wi % wi %
8102 48.6 48 46.2 3i0y
TiOz 1.2 0.8 0.94 Ti0y
AlpO3 14.7 17.9 18.4 AbOy
03 0.444 0.25 0.383 0y
RO (a)13.8 9.9 (0)11.9 TeO
MnO 0.226 0.12 0.182 MnO
MgO 9.52 11.0 9.9 MgD
CaQ 11.0 11.0 11.7 11.8 Ca0
Naz0O 0.480 0.40 0.49 Nay0
K20 0.276 0.22 0.265 0.30 K20
Py0s P205
ppm ppm
Sc 44.7 39 30.6 Sc
v v
Co 304 27 226 Co
Ni 75 950 97 Ni
Rb 5.9 8.2 Rb
Sr 112 115.3 Sr
Y Y
i 667 yid
Nb Nb
H 16.5 14.0 14.1 hf
Ba 346 Ba
Th 6.1 5.6 5.962 6.285 Th
u 1.500 1.52 1.561 1.672 1.6 U
Cs 0.255 Cs
Ta 1.7 1.6 3.096 3.451 Ta
Pb Pb
la 50.5 47 38 1a
Ce 130 150 104 Ce
Pr Pr
Nd Nd
Sm 24.6 245 9.1 Sm
B 1.57 1.67 1.46 pitl
Gd Gd
Tb 3.9 6.1 3.4 Tb
Dy Dy
Ho Ho
B E
Tm Tm
Yb 15.0 15.1 133 Yo
Ia 2.01 2.21 1.74 In
Li 12 i
Be Be
B B
C C
N N
S §
E 117 F
Cl 29.6 <
Br 0.048 0.124 Br
Cu Cu
Zn 2.7 Zn
ppb ppb
An 0.82 Au
Ir 226 I
I 33 1
At At
Ga Ga
Ge 406 Ge
As As
Se 34 Se
Mo Mo
Tc Te
Ru <3 Ry
Rh Rh
M M
Ag 0.74 Ag
cd 13 [+
L In
S$n Sn
b 1.17 Sb
Te 4.14 Te
w W
Re 0.225 Re
Os 1.5 Os
Pt Pr
e
n 07 %‘
Bi 0.1 Bi
{1) (1) (1) (2) (3) {4) (5) (5) {6) {¢)
Refercnoce and roethods:

(1) Blanchard ¢t gl {1975); AAS; INAA Q(1) Q(2)
(2) Morgan g1 gl (1974, 1975); RNAA Q(1) Q(2)

(3) Leich gt a] (1975); Invadiation/MS (K, Ca) others, IDMS C(2)

(4) Compston ¢t al (1575); ID/MS

(£) AAS; INAA = 142%
(b) AAS: INAA = 118%
{c) from Wiesmann and Hubbard et g, (1974) gives 0.288% )

(5) Nunes ¢t al (1974) Tatsumoto giad, (1974) CI(1); ID/MS Tsb ct al (1974).

(6) Jovanovic & Reed (1974, 8, b 1975) C1(2); RNAA
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Table 5a: Continued.

;98 , 2 , 2 ,71 .2 ,108
Split
wi %
8102 47.31 47.54 4835
TiOg 0.94 0.91 0.95
AlO3 16.90 17.01 17.2
Cratny 0.34 0.343 0.36 039
PeC 12.45 11.58 11.4
MnO 0.19 0.18
MO 9.47 9.35 8.94
Ca0 11.72 11,71 11.6
NazO 6.35 0.36 0.38 0.40
X0 0.22 (c)0.276 0.28 0.25
PoOs 0.38 0.35
ppm
Sc 40 48
A 75 115
Co 37 33
N 127 [ 120
Rb 4.6 8.97 8.7 6.1
Sr 135 122.7 121
Y 88 129 160
pid 545 605 613 485
Nb 24 32 31
Hf 14.6 13.3
Ba 330 350 440
Th 3.29 6.70
U 1.56 1.7¢
Cs 0.31
Ta
Pb <2 4.0
la 35 41.0 42.9
Ce 106 114
Pr 17
Nd 67.4 73
Sm. 18.8 21.3
B 1.49 1.37
Gd 23.4 24.4
Tb 3.86
Dy 23.2 24.4
Ho 5.85
Er 13.7 15.8
Tm 2.1
Yb 9.2 11.6 13.9
Lu 1.71 2.1
Li 13 13.8
Be 3.8
B
[ 23
N 45
s 800 860 890
F
Cl
Br
Cu 5.4 5
Zn < 4 3
PpPb
Au
Ir
1
At
Ga 3200
Ge
As
Se
Mo
Tc
Ru
Rh
Pd
Ag
Cd
In
Sn
£1]
Te
W
Re
On
Pt
Hg
Tl
Bi

7) (8) (9) (19} {1%) (12}

RBefereoecs sod methods;

(7) Rose gl gl (1974); XRF, OE; etc.

(8) Hubbard gt al (1974) Wicsmann & Hubbard (1975); AAS, ID/MS. Nyquist gl gl (1974) a b,
(9) LSPET (1973 ab); XRF

(16) Moeore 2t al (1974, a, b), Moore & Lewis (1976); combustion

{11) Gibson and Moore. (1974 g, b)

(12) Taylor gt 3l (1974); SSMS/microprobe.
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Table 5b: Chemical analyses of friable matrix samples from 72275,
All data by neutron activation, Salpas ef al. (1987b).

413 417 a3
Major Flements (wt )}
e 14.50 15.05 15.16
Ca0 10.1 10.3 12.1
Na.O 0.42 0.38 0.37
Trace Elements ippm)

Sc 45.7 48.6 498
Vi na na na
Cr 3062 3088 3255
Mnt na na na
Co 313 333 353
Ni 12 55 <10
Rb 13 12 14
Sr 138 93 <160
Cs 0.37 0.40 0.44
Ba 370 400 400
la 47.9 50.2 52.3
Ce 129 133 139
Nd 80 81 8s
Sm 222 23.5 25.5
Eu 1.62 1.66 1.68
Tb 4.59 4.97 5.10
Yb 13.5 13.9 13.1
Lu 1.73 1.80 1.50
Zr 600 765 700
Hf 16.4 17.2 17.9
Ta 1.55 1.66 1.58
Th 5.52 5.46 6.01
U 1.30 1.58 1.26
It nd nd nd
Au(ppb) <5 <7 <6
weight {mg 105.10 123.88 23.59

*Si0, by difference.

'nd = not detected (Ir detection limit = 2 ppb).

tna = not analyzed.

section on 72215, Fig. 10). The
high U and Th abundances in
72275,73 suggest that it contains a
high proportion of A 17 KREEPy
basalt.

A 17 KREEPY basalts:

Compston et al. (1975 and in C1 2,
1974) reported Rb-Sr isotopic data
for separates of a KREEPy basalt
sample, 72275,171, described as a
basalt of medium grain size. It was
probably a subsample of clast #4; it
certainly was not clast #5. The data
conform to an internal isochron age
of 3.93 +/- 0.04 Ga with an initial
875t/865r of 0.69957 +/-14 (Table
11a; Fig. 25a). All the splits fit the
isochron within analytical
uncertainty. Compston ef al. (1975)
interpret the age to be that of
original lava crystallization, before
incorporation into the breccia,

Rb-Sr isotopic data for separates of
a split ,543 of the KREEPy basalt
were reporied by Shih ef al. (1992)
(Table 11b). The data yield an
isochron age of 4.09 + 0.08 Ga
(new Rb decay constants) and
initial 8781/86Sr of 0.69960 +
0.00012 (Fig. 25b). A subsetof
whole-rock and 3 separates yields a
good linear relationship
corresponding with 4,06 £ 0.01 Ga.
The age is older than and resolved
from that calcualted from the data
of Compston et al. (1975). The
initial isotopic ratios agree within
uncertainty., Shih er al. (1992) infer
separate but similar volcanic
events. The data scatter around the
best fit line and suggest some
disturbance. The model age
(TLuni) for 543 is similar to that of
other KREEP materials at about 4.3
Ga.

Shih et al. (1992) also reported Sm-
Nd isotopic data for separates of
split ,543. (Table 11¢). The data
correspond with an age of 4.08 +
0.07 Ga (Fig. 25¢), with all points
fitting within uncertainty of the Rb-
Sr age (whichever Rb decay
constant is used, and whether the
whole Sr data set or the subset is
used). Shih er al. (1992) prefer the
old Rb decay constant and suggest
that the basalt is 4.08 Ga old, and
significantly older than Apollo 15
KREEP basalts. The initial
(Epsilon) Nd value relative to
CHUR is slightly negative at -0.61
+0.23, suggesting derivation from
a non-chondritic, low Sm/Nd (light
rare earth enriched) source.

Leich et al. (1975) provided 40Ar-

39Ar data for 7227591, 2
subsample of the clast #5 KREEPy
basalt (Fig. 24). They found the
data inadequate for chronological
interpretation, mainly because of
the drop-off at 1000 degrees C,
similar to the friable matrix sample.
The highest ages indicated
correspond roughly with the Rb-Sr
isochron age.

Nunes and Tatsumaoto (1975)
provided U, Th-Pb isotopic data and
age parameters for 72275,170, the
same clast analyzed by Compston
et al. (1975) (Table 12). The data
lie within analytical uncertainty of
an approximately 3.9-4.4Ga
discordia line; varied calculated
single-stage ages are in the 4.05 - 4.

.10 Ga range. However, if the

crystallization age is 3.93 Ga (Rb-
Sr), then the older 207pp/206py,
age (4.1 Ga} must result from
addition of Pb to the sample. This
is presumably from the boulder
matrix.

Dark impact melt breccias:
Leich et al. (1975a) provided 40Ar-

39 Ar data for the dark melt breccia
clast #2 , split 72275,83 (Fig. 26a).
The drop-off of the intermediate
plateau precludes an age
determination, although an age of
about 3.9 +/- 0.1 Ga is surely
suggested by the data.
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Table S¢c: Chemical analyses of dark melt breccia {(clast #2) in 72275.

,83 .83 .83 61

Split

wi %

Si0y 46

TiOg 0.8

Ai03 19.7

Cry03 0.24

FeO 9.9

MO 0.111

M0 104

Ca0 12.0 11.9

N0 830

K20 0.25 0.28

P05 0.6
ppimn

Sc 28

v

Co 10

Ni 147

Rb 5.4

Sr

Y

7

Nb

i3 13.7

Ba

Th

u 1.840 2.7
Cs 0.255

Ta

Pb

La 41

Ce £12

Pr

Nd

Sm 18.7

B 1.50

Gd

To 3.8

Dy

Ho

B

Tm

Yb 12.1

1u 1.82

L 8
Be

B

C

N

S

F 77
o] 28.9
Br 0.095 0.395
Cu

Za 2.4

ppd

At 1.30

I 1.44

1 1.5
At

Ga

Ge 178

As

Se 52

Mo

Te

Ru 6.8
Rh

Pd

Ag 0.56

cd 26

In

So

5b 1.06

Te 2.74

W

Re 0334

Os 10
Pt
He

!
oo
—Ch
[Ty

(1) (2} (3) (4)
References and methods:
(1) Blanchard ¢t al {1975); AAS, INAA C(1) C(2)
(2) Morgan g1 4] (1974, 1975); RNAA Q(1) Ci2)
(3) Leich ¢t gl (1975); Imadistion/M$ Cl(2)

(4) Jovanovic & Reed (1975 a.bcd); RNAA Cl(2)



SAMPLE 72275—75

Table 6a: Chemical analyses of A 17 KREEPy basalts made from 1973 slab allocations, plus ,543

.21 .21 .91 JA71 (1) A7t (2) ,170 2543
Splic Split
wi % wt %
Si0; Y] Si0g
TiOp 1.4 TiOy
Alz0y 13.5 Al03
Cr 0 0.46 0y
FeO 15 KO
Mn0Q 0.156 MO
MgO 10.0 MgO
Ca0 10.5 11.6 C0
NizO 0.29 Nap0O
X0 0.25 0.29 X0
P05 P05
Epm PP
8¢ 61 Sc
v Y
Co 37 Co
Ni 43 N
Rb 8.0 §.34 1.52 7.23 Rb
Sr 92 8l1.1 91.8 89.20 S
Y Y
I $23 Zr
Nb Nb
H 18 H
Ba 355 Ba
Th 6.255 Th
U 1.560 1.33 1.635 u
Cs 0.355 Cs
Ta Ta
Pb 3.049 Pb
1a 48 La
Ce 131 Ce
b3 Pr
N £65.15 Nd
Sm 23 18.13 Sm
B 1.58 Eu
Gd (¢ ]
Tb 4.5 T
Dy Dy
He Ho
Er E
Tm Tm
Yb 11.9 Yo
L 1.75 Lo
Li L
Be Be
B B
C (o
N N
S S
F F
1 <
Br 0.044 Br
n (o]
2n 2.7 Zn
Ppb PPb
An 0.045 Ao
I 0.023 I
I L
At At
Ga Ga
Ge 12949 Ge
As A
Se 230 Se
Mo Mo
Te Te
Ro Ra
Rh Rh
M d
Ag 0.58 Ag
Cd 8.3 Ccd
A s
Sa Sn
Sv .87 5b
Te 7.8 Te
W w
Re 0.0066 Re
2] On
Pt Pt
Hr Hy
n 0.58 n
Bi 0.14 Bi
(1) (2} {3) (4) (4} (s) (6)
Refercnces and methode: .
(1) Blanchard gl 3l (1975); AAS: INAA CI(1) CK2) 91 is claat 5

(2) Morgan i al (1974, 1975); RNAA Ci(1) Q(2)

(3) Leich gt al (1975); Imadiation/M$ (K, Ca) other: IDVMS
(4) Compaton gt al (1975); IVMS CI(2)

(5) Nunes & Talszmoto (1975); IDVMS

(6) Shib gt al, (1992)

170 and 171 are probably clast #4.



76—SAMPLE 72275

Table 6b: Chemical analyses of A 17 KREEPY basalts and pristine basaltic breccias made from 1984 slab
allocations. All data from neutron activation; SiO2 where given is by difference.

(Salpas et al., 1987b).

137 359 I65A 3658 415 127A 4278 427C a3}
. Major Elements twi 9c)
Si0. 5t3 50.7 50.1 510 K6 S0.1 48.3 479 49.6
TiO. 1.54 1.03 £.20 1.29 1.48 101 1.20 1.22 1.25
AlLO, 14.5 13.7 15.9 13.6 3.3 12,5 12.5 13.4 13
FeO 139 4.0 12.5 138 5.5 16.1 i6.5 17.0 159
MgO 6.8 9.6 96 89 9.3 104 1.4 0.8 90
Ca0 10.8 10.4 10.5 10.8 1.1 92 95 9.0 i0.3
Na,O n.slo 0.401 0.474 0.409 .473 0.442 0415 0.438 1.408
Trace Elements {ppri)
Se 51.9 474 387 N 48.9 463 455 47.4 S1.4
v 97 134 89 19 118 125 135 144 132
Cr 1960 3270 2460 2670 s 3780 4420 45350 790
Mn 1340 1670 1500 1630 1770 1320 1700 1940 1470
Co 09 345 284 324 332 318 46.4 437 166
Ni <30 52 sl 39 42 76 112 80 64
Rb 12 is 3} 21 10 19 12 i6 16
Sr 92 91 83 78 90 124 98 90 105
Cs 0.40 0.35 0.46 0.94 (.46 0.43 0.30 0.46 n.4l1
Ba 500 330 440 425 430 360 365 350 380
La 61.7 9.7 471 53.2 5i.4 4.7 46.2 5t a6.4
Ce 155 102 122 138 139 14 121 130 128
Nd 108 66 9 87 83 % 75 85 3
Sm 289 183 222 4.9 24.0 20.7 223 242 17.8
Eu 1.87 1.42 1.62 1.72 |.69 1.50 1.45 1.59 1.51
Tb 5.82 392 4.48 488 4.06 448 4.31 5.1% 4.70
Yb 15.5 1.0 13.2 4.3 143 12.3 124 12.5 133
Lu 2.18 1.49 L7 1.94 1.86 .66 1.67 1.38 1.72
Zr 610 450 600 620 640 520 540 490 600
Hf 20.5 13.5 159 179 18.0 5.3 15.9 17.5 16.2
Ta 1.50 1.20 145 1.58 1.62 t.33 1.37 1.56 1.48
Th 6.73 4.46 597 6.10 5.84 472 5.28 5.60 5.0
u 1.95 1.22 1.40 1.52 1.58 (.30 1.45 1.33 1.30
it nd nd nd nd nd nd nd nd nd
Au (ppb) <4 <4 <4 <4 <5 <4 <4 <4 <2
weight (mg) 8.48 84.42 33.67 48.40 76.00 35.8t 29.50 5.34 64,64
347 I83A 363B mn 385 387 389 391 393 411 419A 43 449 453 460
Major Elements (wt 5} Major Elements (wr %)
FeQ 15.5 147 14.8 14.56 15.18 13.64 15.77 14.61 14.85 13.50 12.37 14.92 14.88
Ca0 9.7 10.4 LG It.4 9.1 i0.4 9.t 10.0 10.3 94 9.7 112 « 10.1 120 10.0
Na, 0 0.440 0.485 0.473 0.34 0.35 0.412 0.394 0.431 0.408 0.47 0.37 0477 0419 035 0.33
Trace Elements (ppm) Trace Elements (pprm)
Sc 48.2 66 s1.0 9.4 50.0 509 49.0 43.0 499 30.1 4.9 49.0 36.2 9.5 492
Vi na na na na na na na na na na na nz na na na
Cr 3120 2990 2240 3056 3370 1825 3280 3130 3605 3120 1190 2263 2580 2940 3550
Mni na na na na na na na na na na na na na na na
Co 324 3t4 30.1 3128 351 36.3 351 24 387 324 126 337 28.6 33t 373
Ni 45 54 0 35 50 16 54 62 50 <100 62 19 100 60 %
Rb ¢ 10 18 6 14 14 15 12 It 8 13 18 10 i8 13
Sr 60 104 77 90 93 ] 93 58 130 70 63 100 7% 60 70
Cs 0.37 0.44 047 0.48 0.55 0.43 0.53 .30 0.35 .37 0.51 0.60 0.43 0.47 0.40
Ba 400 425 440 400 440 360 160 360 325 430 406 420 160 400 300
La 50.6 49.4 56.7 504 52.5 449 453 39 41.3 5t.7 495 50.8 438 532 9.7
Ce 128 128 148 135 140 122 123 125 114 138 132 138 116 142 134
Nd 85 38 94 8l 92 69 3 8 63 91 85 85 71 34 9%
Sm 233 233 26.7 233 238 H2 20,9 20.9 20.8 214 27 23.6 19.6 257 29
Eu 1.60 1.59 1.76 1.68 1.62 1.54 1.53 1.56 163 1.67 1.61 1.68 1.54 1.70 1.60
Tb 459 4.54 5.5 4.86 499 4.99 156 4.65 4.21 4.94 1.33 497 127 5.22 494
Yb 13.6 133 t4.9 14.0 13.8 12.7 12.4 127 10.8 13.8 13.2 4.2 2.3 13.5 3.5
tu 185 1.80 2.09 1.81 1.83 1.64 1.65 169 1.43 1.83 137 186 1.64 1.95 L7
2r 600 570 650 650 800 570 680 640 540 50 750 670 620 790 600
Hf 17.0 16.5 19.0 175 17.4 15.5 15.5 15.2 14.6 1.3 16.6 17.8 147 18.6 16.8
Ta 1.49 |44 1.70 1.54 1.62 141 1.45 |.46 Li? 1.61 1.56 1.66 1.49 1.65 1.56
Th 5.85 575 6.79 5.72 598 491 529 5.68 296 6.16 5.68 594 561 6.20 583
U 1.42 .54 1.60 1.28 1.30 1.2t 1.35 £.30 .80 1.65 0.9 .40 1.08 1.35 1.18
It nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Auippb) <4 <4 <4 <7 <7 <7 <3 <4 <3 7 <6 <4 <$ <6 <0
weight (mg) 66.04 32,39 2234 110.26 58.10 84.40 45.60 49.74 70.65 49.62 55.18 7436 6l.78 3143 61.48

'SiOi by difference.
"nd = not detected (Ir detection Limit = 2 ppb).
na = not analyzed.



SAMPLE 7227577

Table 7: Chemistry of components of clast #1 (Marble Cake clast) of 72275.

White (An Bx)

Dark (BC Bx)
80

X 117 el 166(,62%8 81 80 80 L 168(,62)
Split Split
wt % wi %
5i0p 47 47 47 Si0y
TiOy 1.8 1.8 1.1 TiOg
Al O3 23.5 17.9 18.2 AlyO3
Crs0y 0.20 0.46 0.27 Cry0g
FeO 7.4 10.3 (b)10.9 FeOQ
MnO 0.077 0.104 0.167 MnO
MgO 5.24 9.43 9.14 MgO
Ca0 14.2 14.6 11.7 11.2 8.5 CeO
Nay0 0.36 0.39 0.63 Na0
K30 0.32 0.40 0.47 0.49 0.41 K20
P05 P05
ppm ppm
Sc 25 34 26.3 Sc
v v
Co 18.7 28 225 Co
i 130 122 121 Ni
Rb 1.3 13.0 Rb
Sr 17t 151 Sr
Y Y
i d 473 908 s
Nb Nb
B 14 19.8 25.1 )14
Ba 361 683 Ba
Th 12.8 13.21 Th
u 0.670 1.60 3,500 3.9 3.100 3280 U
Cs 0.47 0.5¢ Cs
Ta 3.5 Ta
Pb 1410 7.878 Pb
la 48 78 8 1a
Ce 131 213 206 Ce
Pr Pr
N Nd
Sm 225 36 36 Sm
B 1.81 2.14 2.10 B
Gd ad
Th 4.7 1.2 7.7 Tb
Dy Dy
Ho Ho
B B
Tm Tm
Yo 13.9 24 25.4 Yb
In 2.04 3.5 3.5 In
Li Li
Be Be
B B
Cc C
N N
] S
R F
Cl ca
Br 0.290 0.283 Br
Cu Cu
Zn 2.8 1.7 Zn
ppb ppb
A 1.16 1.84 A
Ir 2.54 3.9t Ir
1 I
At At
Ga Ga
Ge 137 Ge
As As
Se 63 12 Se
Mo Mo
Te Te
Ru Ru
Rh Rb
M M
Ag 0.93 146 Ag
cd is 13.9 Cd
In In
So Sn
5b 0.94 1.42 k1]
Te 3.46 1.9 Te
w W
Re 0.233 0.3350 Re
Os o)
Pt b

Hg __Hp

T o7 1.40 ji]
Bi 0.14 0.59 Bi

[¢9] (2) (3) (1) (1} {2) (3) (4) (4)
Refereners and methods:
(1) Blanchard gt g] (1975); AAS, INAA CI(1) CU(2)
(2) Nunes gt 2 (1974); Tatsumoto gt gl (1974); ID/MS CI(1) Notes:
(3) Leich gt al (1975}; Trradiation, MS (K,Ca) and MS/ID) (others) Q1(2) (a) Dark scpara from interior white,

(4) Morgan ¢t a] (1974, 1975); RNAA and Higuchi and Moyen (1975)

Qg aw)

(b) AAS; INAA = 10.8%



78—-SAMPLE 72275

Table 8: Partial analyses of six feldspathic granulites and one anorthosite (FAN)
from 72275, obtained by neutron activation.
Salpas et al. (1987a).

Granulites FAN
351A 351B 355A 397 433 439 350
Major Elements (wt %)
TO, 0.31 0.32 0.29 0.22 0.15 032 na
ALOy 221 231 27.2 26.2 24.6 26.3 na
e 8.87 7.83 4.85 571 510 4.95 0.485
MgO 115 99 7.6 79 8.0 9.7 na
Ca0 119 12.6 14.8 14.8 14.2 14.5 19.2
Na,O 0.307 0316 0.349 0353 0.362 0.350 0456
Trace Flements (phm)
Sc 14.97 1292 813 7.81 8.24 7.12 1.12
v 69 65 19 20 24 25 na
Cr 2414 1646 810 842 881 846 46.6
Mn 934 792 489 499 481 462 na
Co 35.1 34.1 270 39.3 30.6 52.0 0.440
Ni 250 290 340 455 422 540 <7
St 124 129 157 160 160 163 205
Cs 0.124 . 0118 0.164 0.19 0.23 0.10 0.016
Ba 58 55 70 72 87 62 40
La 4.86 3.56 4.04 3.66 4.72 3.76 0.567
Ce 10.9 8.62 987 10.1 126 105 1.48
Nd 7.0 55 56 5.7 6.2 5.0 <25
Sm 2.04 1.60 1.82 1.56 1.93 1.67 0.228
Eu 0.698 0.713 0.864 0.835 0.860 0.870 0.928
1 0473 0410 0.456 0.375 049 0.381 0.045
Yb 2.05 1.66 1.67 1.69 2.06 155 0.125
L 0.302 0242 0.251 0.238 0.292 0.230 0.020
Hf 1.67 1.24 1.46 1.46 198 1.22 0.133
Ta 0.266 0.199 0.233 0.302 0.309 0.190 0.015
Th 181 1.38 1.18 1.17 2.06 1.02 0.047
U 0.39 0.27 0.30 0.34 0.37 0.19 0.020
Ir (ppb) 96 113 13.0 164 14.0 222 nd
Au (ppb) 34 36 5.0 6.8 6.5 4.3 <08
na = not analyzed.

nd = not detected (Ir detection limit = 2 ppb).

Table 9: Rb-Sr isotopic data for 72275 friable matrix samples.

Sample  Mass mg Rb ppm Srppm _ 87Rb/87Sr 878r/87Sr+/-s.e.
a) ,52 16.2 8.20 1153 0.2053 0.71 139 3

b) ,2 52.8 8.97 122.7 0.2115 0.71188 3
a) Compston et al. (1975) b) Nyquist et al. (1974a,b).



SAMPLE 72275—T79

Table 10: U,Th-Pb data and age parameters for 72275 friable matrix and clast #1 (Marble Cake) samples.
Nunes et al. (1974).

Concentrations {(ppm)

Weight ‘
Sample (mg) 'U Th Pb :J:Th/:JuU ::nU/.mPh

Boulder |, Station 2

72275,73 matrix 131.8 1.561 5.962 3.096 3.95 4,284
150.0 1.672 6.285 3.451 3.89 4,712

72275.81 clast # |

black rind 31.7 3.500 13.21 7.878 390 2,493
72275.117 clast # 1

white interior 50.7 0.670 — 1.410 — 2.445

Observed ratios? Corrected for analytical blankt
Weight Mepy  Mipy  Mép,  Nep, W7, Xep, 0T, Ep
Sample {mg) Run — o

Bpp  Tpp  pp Ppp Opp  pp  Pepp  opp

Boulder 1, Station 2

72275.73 matrix 162.0 P 1.097 537.1 1.09¢ 1.225 599.3 t,218 0.4893  0.9945
131.8 CI1* 2715 1.308 — 3.961 1.905 — 0.4811 —_
Cc2r 3220 1.545 _— 4,556 218 —_ 0.4792 —
T2275.81 clast # 1
black rind 53.3 4 1,578 959.2 1.532 1.937 1.176 1.880 0.6072 0.9705
ns c* 1,688 1,000 _ 2521 1492 -_— 0.5918 —_
T2275.117 clast # 1
white interior 83 P 502.2 S20.8 860.4 1.423 818.2 1.347 0.5752  0.9472
507 C* 9204 5333 — 2361 1.360 — 0.5761 —
Corrected for blank
and primordiat Pb Singie-stage ages inm.y.

*py  ¥pp  ph  ™pp  pp  ¥py  Wpp 2%ph

Sample Run By By Mepy, Sy mey  mey  mepp  oeqy
7227573 matrix CIP 09175 6126 04845 02274 4236 4250 4256  4.198
Cl 09223 6095 0479 — 4252 4245 4241
72275,81 ciast # 1
biack rind CIP 1006 8388 0.6048 02478 4531 4568 4585  4.53
C1 1008 81.90 05899 — 4534 4544 4548

72375147 clast = |
white interior clp (.5595 75.60
C1 0.9620  76.09

5717 — 4377 4463 4502 —
5740 — 4385 4469 4508 —



80—SAMPLE 72275

Table 11a: Rb-Sr data for KREEPY basalt separates.
Compston et al. (1975).

Rb, Sr, and 37St/388r analyses for pigeonite basait 72275,171. Blank levels for these data are 0.035 ng
Rband 0.10 ng Sr. Our mean normalised 87Sr/86Sr for the NBS987 reference sample is 0.71028 +- 1 (s.e.)

Weight Rb Sr {total) 87R b/8éSr 878r/808r (+-s.e.)8
(mg) (ppm) (ppm)
Mesostasis 1.48 18.8 122.9 0.4417 0.72489 4+ 6
Plagioclase 1.65 1.68 173.3 0.02799 0.70117 44
Pigeonite 1.93 0.427 5.80 0.2127 0.71124+42
Total-rock 1.3 6.34 81.1 0.2260 0.71262+3
n
Total-rock 11.9 7.53 91.8 0.2370 0.713074+9
(2)

* Internal standard error of mean.

Table 11b: Rb-Sr data for KREEPy basalt separates.
Shih et al, (1992).

Sample Wt. (mg) Rb (ppm) Sr (ppm) ¥TRb o5y @ ¥IGp s Hegr ab Tyon (Ga)
WR 11.16 7.323 89.20 02375 +12 0.713690 + 17 4314+0.02
Plag 2.10 1.040 184.1 0.01634 + 12 0.700530+ 19

Opx 2.76 0.6779 18.95 0.10350 + 74 0.705463 + 25

Opaques 1.04 28.10 96.95 0.8386 +49 0.748935+ 19

p<2.75" 3.50 6.364 199.3 0.09241 + 48 0.705221 + 10

p=233-355 6.94 3.250 2125 0.4424 +23 0.725513+29

p>3.55 2.07 2.859 18.68 04428 +24 0.725716 + 19

NBS 987 (n = 13) 0.710251+28 ¢

? Uncertainties correspond to last figures and are 2¢,,.

> Normalized to %8Sr/ %8St = 8.37521 and *’Sr/ ®¢Sr = 0.71025 for NBS 987.

¢ Calculated for A(®Rb)=0.0139 Ga~".

4 Model age relative to the LUNar Initial ¥Sr /%Sy (LUNI = 0.69903 of Nyquist et al. [21,25)).
¢ Density in g/cm:‘ for all mineral separates obtained using heavy liquids.

t Mean value of thirteen measurements made curing this investigation; error limits are 2q,,.

Table 11c: Sm-Nd data for KREEPy basalt separates.

Shih et al. (1992).
Sample Wt. {mg) Sm (ppm} Nd (ppm) WIgm /1M Nd @ MING s 'MNGg &P Teuon (Ga) o4
WR 11.16 18.13 65.15 0.16830+ 17 0511036+ 12 4.60 +0.01
Plag 2.10 1.549 6.160 "0.15203+75 -
Opx 2.76 2.127 6.394 0.20118 +29 0.511943+12
Opaques 1.04 88.47 326.3 0.16398 + 17 0.510937+ 13
p<275° 3.50 9.926 37.63 0.15951 +17 (0.510816+ 12
p=133-355 6.94 9.118 30.27 0.18219+18 0511418+ 12
p>3.55 2.07 10.10 34.71 0.17607 + 18 0511257+ 12
Ames Nd Standard {n = 16) 0511088+ 12 f

® Uncertainties correspond to last figures and are 20,,.

b Normalized to 146 Nd / 4 Nd = 0.724140 and l“"Nd/ 14 Nd = 0.511138 for the Ames Nd melal standard which is equivalent tg
CIT nNdg standard of Wasserburg et al. [15].

¢ Calculated for A(**’Sm) = 0.00654 Ga ",

4 Model age relative to the CHONdritic Initial INd/ " Nd (CHONI = 0.505893 of Jacobsen and Wasserburg [31]).

¢ Density in g/cm? for all minerat separates obtained using heavy liquids.

T Mean value of sixteen Nd standard measurements made during this investigation; ~ 325 ng of Nd standard were used for each
measurement; error limits are 20, as reported in [14].



SAMPLE 72275--81

Table 12: U,Th-Pb data and age parameters for 72275 KREEPy basalt (probably clast #4).
Nunes angd Tatsumoto (1975a).

Sample Description Run Weight Concentrations 232Th/238y  2381J/204Pb
(mg)
® U ™
72275,170 Pigeonite basalt Cl 38.6 1.635 6.255 3.047 1395 3045
clast (PB}
Sample Description Run Weight Observed Ratios © Corrected for Analytical Blank ®
me) 206p, V 207pp énxnl;ér 206ph 207ph zospb‘r h 2071.:-;* ,7;08_??
204pp, 204pp 204pp,  204pp 20spp, 204pp 208p}, 208pp,

72275170 Pigeonite P 389 2360 1079 2387 (34287) (15592) (34420) 0.4547 1.0038

basalt clast Cl 38.6 1299 597.2 - 2672 1220 - 0.4568 -

(PB)

P =composition run; C=concentration run; (GCBx)=gray competent breccia; (PB)=pigeonite basalt.

¢ Totally spiked runs from solid sample splits; other runs were obtained from sampies which were divided from solution.

" Pb blanks ranged from i.4 10 2.1 ng for ihe solution aliquoted data and were 1.05 ng for the totally spiked data.

v Raw data corrected for mass discrimination of 0.15% per mass unit. 2$pPh spike contribution subtracted from concentration data.
[>ala in pareniheses subject 160 extreme erfor owing to Pb blank unccrtainty.

All 72213 jcx arc b wah colors runging from black 1o light-gray.
Sample Description Run  Atomic ratios corrected for Single-stage ages X 108 yr
blank and primordial Pb
208p}y 207p}y 207p} 08P}, 208pp 207ph 207pp o 208ppy
23 I 208pp 232TH EETY T o] 208pp, 2aeTh
72275,170 Pigeonite CIP 0.8776 55.00 0.4547 0.2228 4061 4087 4100 4065
basalt clast Cl1 0.8747 54.82 0.4545 -~ 4051 4084 4100 -

(PB)

* Concentrations determined from totally spiking a separate sample. Concentration and composition splits were divided from perfect solutions prior to

spiking for all other analyses.
All 72215 samples are competent breccias with colors ranging frem black to light-gray.
P=composition run; C=concentration run; (GCBx)=gray competent breccia; (PB)—pigeonite basalt,

Table 13: Magnetic properties of 72275, 2.

Pearce et al. (1974b).
J, X, X, Equiv. Equiv. Feo
Sample (emu/g) (emu/g Oe) (emu/g Oe) H H. wi% w% Feo—
x10° x10* J.JL (Oe) (Qe) Fe® Fe ™™
Noritic rocks
733752 1.12 19.0 34 005 35 — 3l 3.72 359



82—-SAMPLE 72275

Table 14: Magnetic properties (hysteresis parameters) of 72275,67.

Brecher et al. (1974).

72275.67
Sample (mass. mg) uiis Q(104)
T (°K) 300 160 300 160

J. temuig) 1.28 1.19 877 93
L. (% 10° emu/g) 05 07 12 .145
xo (X 10° emu/g - Oe) 34.6 48.6 343 42.3
x» (X 10° emu/g - Oe) 6.92 6.62 7.86 7.84
H. (Oe) 72 105 150 185
Mg (WUL.%) .59 54 .40 43
frew (wt. %) 16.1 12.1 16.0 10.5
Fe*/Fe™" 036 045 025 .04
J 1 .04 .06 136 156
Ji I xo 1850 1790 1115 1185

Table 15: Native iron determined from Jg measurement of 72275 samples.
Banerjee and Swits (1975).

Sample No. Js (G-cm3 g 1)

Fe® content (wt. %) Average

7227546 3.26
7227547 (1) 4.47
7227547(22) 270
72275,56 4.09

1.52
2.08
1.26
1.90

1.69




SAMPLE 72275—83

72270 m

L s e e e S

Sample,/Chondrites

1

T T T T T 1

L ] | 1 § 1

ml " H 1 [ 1 1

la Ce Pr Nd

SmFu Gd Tb Dy Ho Er Tm Yb Lu

Figure 19a: Abundances of rare earth elements in 72275 friable matrix and
dark melt samples. Dark melt breccia clast #2 (,83) is a solid line with +'s,
and is similar to typical matrix. The extremely high REE sample (dashed
line with +'s) is a split of ,57, and is KREEPy basalt rich. Another split of
,57 {long dashes) has high light but not heavy rare earths. Split ,101 is
shortest dashes with x's. A larger sumple, ,2, is a solid line without added
symbols, and ,108 is dash-dot with o's. For references, see Tables 5a and

Sc.

Clast #1 (Marble Cake):
Leich et al. (1975a) provided 4CAr.

39 Ar data for the rind (,80) and the
interior (,76) of the Marble Cake
clast (Figs. 26a, b). Like the other
samples discussed above, the data
for the interior allow no firm
chronological interpretation,
although again some age around 3.9
Ga for outgassing is suggested by
the data. Leich et al. (1975a)
however do attach significance to
the intermediate platcau for the
rind, which gives an age of 3.93
+/- 0.03 Ga (new constants; Fig.
26b).

Nunes et al. (1974) provided U, Th-
Pb data for both rind (,81) and
interior (,117) of the Marble Cake
clast (Table 10), The data plot
within error of concordia near the
4.5 Ga point.

EXPOSURE AGES AND
PARTICLE TRACKS

Leich et al. (19752) tabulated
extensive rare gas isotopic data
(He, Ne, Ar, Kr, Xe) for 72275
samples: friable matrix (,57), clast
#1 (Marble Cake) core (,76) and
rind (,80 and ,166), and the
KREEPy basalt clast #5 (,91).
Only ,80 shows trapped Ne and Ar
components that might be
indicative of a small amount of
solar wind contamination. 81Kr-Kr
exposure ages for four of these
samples ( KREEPy basalt not
included in the exposure
tabulations) give a weighted mean
of 52.5my,, witha 1.3 m.y.
standard deviation. This age is
about 10 m.y. older than that of
samples 72215 and 72255, and
indicate different shielding

parameters for boulder samples.
Exposure ages from 38Ar, 83Kr,
and 126Xe are fairly consistent, but

from 21Ne and 3He are somewhat
lower. Exposures calculated from

38 Ar-Ca determinations are
unreliable (Leich er al., 1975a).
Goswami and Hutcheon (1975)
studied the particle track record in
72275,44. They found that the
extent of shock metamorphism is
heterogeneous, and that the sample
retained no solar flare tracks. The
constituents of the boulder were not
exposed to solar radiation prior to
the assembly of the boulder and it
is not a regolith breccia.

Goswami ef al. (1977a, b)
measured track densities in a
whitlockite crystal from 72275.
With various assumptions, they
calculated a track retention age of
3.98 +0.04/-0.06 Ga for the crystal.
This age is the age of last
significant heating of the crystal,
and therefore an upper limit for the
age of compaction of the boulder.

PHYSICAL PROPERTIES

Magnetic properties of 72275
friable matrix samples were
reported by Pearce et al. (1974a, b),
Brecher et al. (1974), Brecher and
Morash (1974), Banerjee ef al.
(1974a, b), and Banerjee and Swits
{1975). The data from Pearce et al.
(19744, b) is given in Table 13, and
that from Brecher ¢z al. in Table 14.
Native metal contents inferred from
J measurements by Banerjee and
Swits (1975) are in Table 15, and
are substantially higher than those
inferred for the matrix sample by
Pearce et al. (1974a, b) or Brecher
et al. (1974a, b). All measured
samples coniain much more native
metal than do mare samples.
Banerjee ef al. (1974a, b) and
Banetjee and Swits (1975) used
samples of known mutual
orientations (known within about
20 degrees). They found that the
average directions of natural
remanent magnetism in atl the
72255 and 72275 samples were
approximately the same (see
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diagrams in section on 72255). In
an attempt to separate stable
primary NRM from unstable
secondary NRM, the authors
attempted thermal demagnetization,
avoiding oxidation; however, it
appeared that permanent damage
was done to the carriers and the
procedure unadvisable, AF-
demagnetization showed no zig-zag
patterns, and the NRM direction
after demagnetization in fields of
80 Oe and greater are stable and
primary; however, they differ from
those in 72255 by 130 degrees (see
diagrams in 722535 section).
Banerjee and Swits (1975)
presented data for paleointensity,
suggesting a field of about 0.19 Oe,
lower than those for 72215 and
72255. However, given the prob-
lems of obtaining and interpreting
magnetic data for lunar samples,
neither the directions nor the
intensities can be said to have
known meanings. Brecher et al.
(1974a,b) also tabulated consider-
able NRM data for 72275 (Table
16), with extensive discussion.
They found 2 paleointensity similar
to that found by Banerjee and Swits
{1975). Boulder 1, Station 2 differs
greatly in magnetic behaviour from
the Station 7 Boulder (sample
77135) analyzed in the same study.
The paleomagnetic intensities
derived appear to depend directly
on thermal history, since drastic
changes in magnetic mineralogy
and character result from even brief
heating cycles at 800 degrees C.
Housley et al. (1977) in ferromag-
netic resonance studies found that
72275,109 had no characteristic
FMR intensity.

Adams and Charette (1975) and
Charette and Adams (1977)
measured the spectral reflectrance
(0.35 - 2.5 microns) of two samples
from 72275 (Fig. 27). 7227598 is
undocumented fines from sawing,
and 72275,103 is a surface chip of
matrix; both represent general
friable matrix. They show the
typical absorption bands near .9
microns and 1.9 microns that arise
from electronic transitions of Fe2*
in orthopyroxene, and a broad
absorption band near (.6 microns

that is commonly associated with
ilmenite.

PROCESSING

The 1973 processing and sawing
was described by Marvin (in CI 1,
1974), and the 1984 processing by
Salpas et al. (1985). The sample
arrived from the Moon with several
pieces dislodged from the friable
matrix; some of these could be
fitted together, but others remained
undocumented. Some were used for
thin sections and chemical
analyses. A slab (,42) was cut
(Figs. 2, 3), and subdivided (Fig.
28). Many allocations were made
from this slab. The end pieces
remained largely untouched, In
1984 two more slabs were cut
parallel to the first one (Fig. 3¢, 4,
and 5) and allocations, mainly of
clasts, were made from them.

Table 16: Magnetic properties of
72275,67. Brecher et al. (1974a).

Samples 7227567
{Mass. g) (.932)

NRM (x 107 ?) 6.1
IRM,? (x 107 ﬂ) 475
IRM,*/NRM ¢ 78
TRM'(Hiu) x 107° f—':—“ (0e) 336(.087)
TRM'/NRM 55
H,' (00 0.16
®M, xm'“%) 4.1
IRM,'/IRM,° 10.1
TRM?(Hiap) % 107° %(Oq 253 (.63)
TRM®/NRM 415
Ho' (Oe) 013
IRM, xm"ﬂ) 128
IRM,YIRM,” 27
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Figure 19b: Abundances of rare earth elements in 72255 friable matrix.
These samples are all rich in KREEPy basalts, and may be pure KREEPy
basalt breccias. Data from Table 5b (Salpas et al., 1987b).
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Figure 20: Rare earth elements in samples of KREEPy basalts and KREEPy
basalt breccias. 72275,91 is the solid line near the middle of the range
(Blanchard et al., 1975). The other five analyses are the two most REE-rich
(#357 and 363b), the two most REE-poor (#393 and 359), and one close to
an average composition (#347) from Salpas et al. (1987b).
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Figure 21: Pseudoquaternary phase diagram (0O1-Si-An) for A 17 KREEPy basalts (Salpas et al., 1987b). The black
dots are the 9 analyses that included major elements, with 5i02 by difference; the filled star is the average of these 9
analyses. The enclosed star is the analysis of Blanchard et al. (1975). The open circles are defocused beam
microprobe analyses of Ryder et al. (1977), with their average as an open star.
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Figure 22: Rare earth elements in lithologies of clast #1
{Marble Cake clast). The two upper plots are for rind
materials and are very similar. The lower plot is for the
white interior, and probably includes a component of
dark rind material. All data from Blanchard et al.
(1975).
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Figure 23: Rare earth elements in six felspathic
granulites (top patterns) and a ferroan anorthosite
(lower pattern) from 72275. Grid is drawn to conform
as closely as possible with other diagrams in this
section, so lower pattern falls below grid. Data from
Salpas et al. (1987a).
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Figure 24: 40Ar release dingram Figure 25a: Rb-Sr internal isochron for 72275 KREEPy basalt (probably
for 72275,57 (friable matrix) and clast #4). The age is 3.93 +/- 0.04 Ga with the new decay constants. Left
72275,91 (clast #5, KREEPy hand axis is 87 S1/86Sr; lower axis is 87Rb/S6Sr. Compston et al. (1975).
basalt). The apparent age scale is

caltbrated to the old decay
constants. Leich et al. (1975a).
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Figure 25b: Rb-Srisochron for KREEPY basalt sample 72275,543. Ages calculated with old Rb decay constant.
Shih et al. (1992).
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Figure 25c: Sm-Nd isochron for KREEPy basalt sample 72275,543. Shih et al. (1992).
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Fig. 26: Apparent 90Ar age and K/Ca for 72275 samples. Age calibrations are with old decay constants. Leich et al.
(1975b). a) 72275,76 (Marble Cake interior) and 72275,83 (dark melt breccia clast #2). b) 72275,80 (Marble Cake
rind).
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Figure 27: Diffuse reflectance spectra for 72275 and some other A 17 samples. Adams and Charette (1975).
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Figure 28: Subdivisions of 1973 slab 72275,42. (Marvin, in CI 2, 1974).



BOULDER 2, STATION 2

BOULDER 2, STATION 2—91

Sample 72315, 72335, 72355, 72375, 72395

Boulder 2 at Station 2 was one of
three boulders sampled on the
lower slopes of the South Massif
(see section on Boulder 1, Station 2
for description of area). Boulder 2
lay approximately 50 m southwest
of the LRV parking spot. It is
greenish-gray or tan gray, and
approximately 2 m wide and 2 m
high as measured from the lunar
surface. It is rounded, and smoother
than Boulder 1. Several sets of
fractures can be recognized, but no
layering is visible.The boulder has
a fillet about 25 cm high on its
uphill side but overhangs the
ground surface on its downhill side
(fillet material was sampled as
72320).

The astronauts took 5 samples from
Boulder 2 (Fig. 1). During
sampling, Schmitt observed a
distinctive half-meter patch on the
surface that he interpreted as a clast
of material similar to the rest of the
boulder. Sample 72315 represents
this "clast", and 72335 represents
the "contact” with the groundmass.
72355, 72375, and 72395 represent
normal boulder matrix.
Petrographic and chemical studies
show that all five samples are
virtually identical; the distinctive
patch was probably a spall. Each
sample has an exterior side (with
brown patina and zap pits) and a
freshly-exposed interior surface.

Most of the studies of Boulder 2
were made by a loosely-knit
Consortium led by the Caltech
group (Dymek et al. 1976). All are
clast-bearing fine-grained impact
melts of low-K Fra Mauro with
composition similar to others at the
Apollo 17 landing site. The boulder
is generally interpreted as a piece of
an impact melt unit created in the
Serenitatis impact at ~3.86 Ga ago.
It rolled down the South Massif to
its present position about 20 m.y.
ago, according to exposure data.

Figure 1. Sampling of Boulder 2, Station 2. The gnomon has a height of 62 cm. (AS137-20913).



SAMPLE 7231593

72315

Micropoikilitic Impact Melt Breccia

St.2,131.4 ¢

INTRODUCTION

72315 is a fine-grained, clast-
bearing impact melt with a
poikilitic texwre. Although it was
sampled to represent an apparent
distinctive half-meter clast (see
section on Boulder 2, Station 2),
72315 is identical in all analyzed
respects with all other samples
from Boulder 2. Although no
definitive geochronological data
exist, a general assumption is that
72315 crystallized at the same time
as other melts of similar
petrography and chemistry at the
Apollo 17 site, i.e. 3.86 Ga ago.
The sample, 10x 5.5 x 2 cm, is an
angular elongate light gray (N7)
slab (Fig. 1). It is tough and .
homogeneous, but with an irregular
distribution of clasts and vugs, and
there are some penetrative

fractures, Clasts larger than 1 mm
compose less than 5% of the rock.
The exposed surface (T) of 72315
has many zap pits and the broken
surface is hackly (Figs 1, 2, 3).
Irregular cavities forming about
10% of the sample range up to 3
mm, although most are much less
than I mm across; the larger ones
have brown pyroxene linings,
smaller ones have drusy linings,

723135 is so similar to other samples
from Boulder 2 that it will not be
described here in detail, but specific
studies are referenced. It was
studied mainly under a consortium
led by the Caltech group (Dymek et
al., 1976a), but not in as much
detail as 72395, The description of
72395 can be assumed as a
description of 72315. Following
chipping of a few small pieces of

72315, the sample was sawn to
produce mainly two end pieces and
two central slabs. These slabs were
entirely subdivided and produced
oriented samples for track studies.

PETROGRAPHY

All five samples from Boulder 2 are
very similar in petrography. Dymek
et al. (1976a) gave descriptions of
the petrography subsequent to a
briefer description by Albee et al.
(1974b) and Dymek et al, (1976b),
They did not give individual
descriptions of the petrography and
that practice is for the most part
followed here. Thus, for a
description and mineral diagrams of
72315 see sample 72395.

Figure 1: Exposed (top) and broken (lower) surfaces of 72315. The sample is homogeneous, with a few dark and
light clasts visible. Scale in centimeters. 5-73-18693.
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b

Figure 2: a) Post-sawing pieces 16 (W end); 15 (broken-off N edge); and ,18 (sawn from ,17, and from between
.16 and ,17). Split .19 fell off ,18. Cube is 2 cm. S-74-15094. b) Post-sawing piece .17 (E end) and subdivisions of
an unnumbered slab cut from it adjacent to ,18. Large cube is 2.54 cm. §-74-17830.
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Figure 4: Photomicrographs of 72315,78. Plane transmitted light, all about 1 mm field of view. a) Melt
groundmass and smaller clasts (larger white areas), mainly plagioclases with lesser mafic minerals. Ilmenites are
mainly grown in the groundmass. b) Contact between melt (top) and a larger lithic clast of feldspathic granulite
(bottom).
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The sample is a fine-grained impact
melt with a micropoikilitic texture
and some small clasts (Fig. 4 and
Dymek et al., 1976a). Simonds et
al. (1974) referred to it as "clast-
rich ophitic™ with matrix feldspars
and pyroxenes respectively 10 to 40
and 20 to 80 microns long.
Photomicrographs of matrix and
clasts are given in Dymek et al.
(1976a) and Spudis and Ryder
(1981). Engelhardt (1979) noted the
poikilitic texture and classified the
paragenesis as one with ilmenite
crystallizing only after pyroxene
finished crystallizing.

CHEMISTRY

Chemical analyses of bulk rock
(groundmass plus clasts) are given
in Table 1 and rare earth elements
are plotied in Figure 5 with other
data for comparison. Laul and
Schmitt (1974a,b, ¢} and Laul et al.
(1974) analyzed both exterior and
interior chips which are essentially
indistinguishable, The chemistry is
similar to that of the other samples
from Boulder 2 and other LKFM
poikilitic melts from the Apolio 17
landing site; the incompatible
element abundances are the lowest
arnong the Boulder 2 samples (Fig.
5).

3
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Figure 5: Rare earth elements in splits of 72315 (bold
lines) and other Boulder 2, Station 2 samples. 72315 data from Table 1:
solid line is ,3; long dashed line is ,4. The two splits are identical for

several elements.

probable crystallization age of the
rock (about 3.86 (Ga) because of
thermal fading of tracks over the
last 10 to 20 Ma, in which 50 to
60% of tracks have been annealed.

RADIOGENIC ISOTOPES AND
CHRONOLOGY

Tera et al. (1974a) reported Rb and
Sr isotopic data for a 24 mg whole-
rock split of 72315 without specific
discussion. 87Rb/86Sr (0.1445) and
8751/868r (0.70839+/-5)
correspond with TR AR of 4.44
Ga. Hutcheon et al. (1974b) studied
fission tracks in apatite crystals,
tabulating densities. Assuming
negligible cosmic ray induced
fission, the densities correspond
with ages of 3.09 Ga and 2.94 Ga;
assuming induced fission, the
densities correspond with ages of
2.51 Ga and 2.30 Ga (Table 2).
These ages are younger than the

EXPOSURE AGES

Hutcheon et al. (1974a,b,¢) and
MacDougall et al. (1974) studied
cosmic ray tracks in samples from
72315. Hutcheon et al. (1974a)
described the collection and
sampling of 72315; the studied
sample was a column (Fig. 6). The
inner side of 72315 was a crevice
on the boulder, and with the knmown
orientation, allows the
determination of the direction in
space from which the particles
arrived, The sampling allowed a
virtually uneroded Fe spectrum
averaged over several hundred
thousand years, in the range of

about 1 to about 460 MeV/a.m u.
By tying the intensity of solar flare
to that of galactic cosmic rays, an
exposure age can be determined
assuming production rates. The
track density-depth relationships
are shown in Figure 7. From these
data and the production spectrum of
Walker-Y uhas, Hutcheon et al,
(1974a) derived an exposure to
galactic cosmic rays of about (.22
Ma, and exposure to solar flares for
0.32 Ma (probably consistent with
each other), for an estimated
exposure of the crevice for 0.27
Ma. This exposure age is almost
certainly unrelated to the time that
the boulder rolled down the slope,
and reflects only the age of a spall
event that removed a large
fragment from the surface of the
boulder. Surface microcrater counts
suggest an exposure age of about
0.15 Ma. Hutcheon et al. (1974b)
measured tracks in an unoriented
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3(¢)
Split
pil ]
8i02
TiOy 1.4
Al03 19.8
Cra03 0.186
FeO 8.5
MnO 0.111
MgO 11
Ca0 11.6
Nag0 0.61
K20 0.32
P20s
Zpm
Se 16
v 50
Co 21
N 180
Rb
Sr
Y
i 400
Nb
H 10
Ba 290
Th 5.2
U 14
Cs
Ta 14
Pb
La 30
Ce T8
Pr
Nd 50
Sm 12.3
R 1.82
Gd
To 2.6
Dy 17
He
Er
Tm
Yb 10
Lu 1.3
Li
Be
B
c
N
S
F
(w]
Br
Cx
n
ppb
A 3
I s
1
At
Ga
Ge
A
Se
Mo
Te
Re
Rh
o |
Ag
Ca
Ia
Se
Sb
Te
w
Re
Os
Pt
Hg
T
Bi

m
Beferences and Methods:

Table 1: Chemical analyses of bulk samples of 72315.
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interior chip in 72315, located
several centimeters from the
colun sample. Assuming a simple

Table 2: Fission track data and calculated ages for apatites in 72315
{(Hutcheon et al,, 1974b). a=assuming cosmic ray induced fission.
b=assuming negligible cosmic ray induced fission.

exposure history would suggest an

exposure of about 5 Ma, but from .

the shape of the track density 72315 313

profile in the whole column it can Apatite i Apatite 2

be Shown that the bofﬂder has Uranium confent 72 78

experienced a complicated (ppm)

exposure extending over several Total track density 135 % 10" 1.58 < 10°

million years in an orientation {ticm?)

different from that at the present, Reactor induced 2.82% 107 3.06 % 10°

and that a spall occurred about .27 (tfem?)

Ma ago (above). Cosmic ray 3.0%10° 3.0x10°

(ticm™)

Keith et al. (1974a,b) tabulated C.R) Ensl)r.}ced fission* 282 %10 3.06x 107
B . (tjem™

count data for cosmogenic nuclides Age™ (m.y.) (a) 251x10° 230 % 10°

without specific discussion. b) 300 % 10" 594 % 10°

Yokoyama et al. (1974) used the
data of Keith et al. (1974a,b) in
discussing 22N3-26A1
relationships. They found the
sample to be unsaturated in 26}!;1,
suggesting very short exposure
times (of the order of 107 years),
consistent with the Hutcheon et al.
(19743a) results.

PROCESSING

Several early allocations were made
from small documented chips (,2 to
,6 and ,11) removed from 723135
prior to sawing, In 1973/4 sawing
produced the W end piece ,16 (17.1
g, now stored at Brooks; Fig. 2a)
and E end piece,17 (now 70.6 g).
Piece ,17 was resawn to produce
the slab ,18 (which was
subsequently entirely subdivided,
Fig. 3) and a second unnumbered
slab that was also entirely
subdivided (Fig. 2b). During
sawing a large piece (,15, 7.8 g) fell
off (Fig. 2a). Few of the slab pieces
have been used for allocations.

Figure 6: Sketch of the crevice side
of 72315, showing the orientation
of the track column extending
through the sample. Height of the
sample is about 10 cm. (Hutcheon
etal., 1974a).
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Figure 7: Track density profiles through interior (a) and exterior (b) parts of 73215. Triangles are for TEM
measurements and open circles are for SEM measurements. (Hutcheon et al., 1974a).



SAMPLE 72335101

72335 —

Micropoikilitic Impact Melt Breccia

St. 2,1069¢g

INTRODUCTION general assumption is that 72335 described here in detail, but specific
crystallized at the same time as studies are referenced. It was

72335 is a fine-grained, clast- other melts of similar petrography studied mainly under a consortium

bearing impact melt with a and chemistry at the Apollo 17 site, led by the Caltech group (Dymek et

poikilitic texture. It was collected to
sample the contact of the matrix of
Boulder 2, Station 2, with an
apparent clast, represented by
72315 (see section on Boulder 2,
Station 2). However, like 73215, it
is identical in all analyzed respects
with all other samples from
Boulder 2. Nonetheless, the
literature about 72335 is distinct in
that a granulite clast dominated the
early allocations, rather than the
matrix, leading to a temporary
inference that it was distinct.
Although no definitive
geochronological data exist, a

i.e. 3.86 Ga ago. The sample, 8 x
1.5 x 1.5 cm, is angular and
greenish gray (SGY 6/1) (Fig. 1). It
is tough, homogeneous, and lacks
penetrative fractures. Clasts larger
than 1 mm compose less than 10%
of the rock. The exposed surface
(N,T, part of E) of 72335 has a thin
patina and many zap pits. Irregular
cavities with drusy crystals form
about 30% of the surface; they
range up to 1 mm, 