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JOURNEY TO THE CENTER OF THE REGOLITH, REVISITED: MINERAL 
CHEMISTRY OF FERROAN ANORTHOSITES FROM DRIVE TUBE 68001168002 -- 
Gregory A. Snyder, Lawrence A. Taylor, and  Allan Patchen, Planetary Geosciences Institute, 
Department of Geological Sciences, University of Tennessee, Knoxville, TN 37996. 

Mineral-chemical and petrographic observations of three "new", rather large (0.536 to 1.362 g), ferroan 
anorthosites are presented. These anorthosites appear to be texturally pristine and will be analyzed for their trace- 
element compositions. One of the anorthosites has a significant (10-15 ~01%) proportion of mafic minerals that 
occur in clots throughout the sample. In light of the paucity of age information on ferroan anorthosites, this sample 
will be carefully evaluated for further chemical and isotopic studies. One other sample is roughly basaltic in 
texture, contains abundant armalcolite, and has a composition that is consistent with an impact melt. Another 
sample is a polymict breccia containing fragments of microgabbros, an ilmenite gabbro, and a troctolite. 
INTRODUCTION -- Ferroan anorthosites (FANS) are aguably the oldest rocks on the Moon and represent the late- 
stage crystallization products of the lunar magma ocean. However, due to the mineralogy of the samples (usually 
>98% plagioclase) and the prevalence of impacts early in lunar history that could have readily reset old ages, 
reliable crystallization ages have been difficult to determine. To date, only two precise ages have been forthcoming 
(4.44k0.02 Ga and 4.5620.07 Ga [I-21) and suggest a protracted period of FAN formation. Obviously, age 
information on several more pristine FANS is necessary to understand the earliest phase of lunar history. 

Double drive tube 68002/68001 was collected near South Ray crater, along the rim of Wreck crater, by Apollo 
16 lunar module pilot Charles M. Duke, Jr. [3]. Over twenty years later, sample 68002 (the upper part of the core) 
was extruded from the drive tube on February 17, 1993 and several dissection passes were made by the Curatorial 
Staff at Johnson Space Center, Houston. Two samples were originally allocated to our group, a ferroan anorthosite 
(,2131) and impact basalt (,229), and have been described previously [4-51. Seven other samples were allocated to 
our group this year and are the subject of this progress report. 
PETROLOGY AND MINERAL CHEMISTRY -- The seven "new" samples allocated from 68002 include two 
anorthosites (,I60 and ,2306), an anorthositic breccia (,2305), a basalt (,1104), a basaltic, polymict, clastic breccia 
(,2303), and two regolith breccias (,I102 and ,2304). Mineral-chemical data for the first five rocks are presented in 
Table 1. The two regolith breccias were not studied in further detail. 

Ferroan Anorthosites -- 68001,160 . . . 

is a probe-mount made of sub-sam 
,96 that had a mass of 602 mg. 
sample is a granulated anorthosite 
1; photomicrograph, "cracked" ni 
composed mostly (>80%) of 0.05 
rnm granular, anhedral grains o 
plagioclase. Olivines and pyroxene 
occur together in clots. Indiv 
crystals are fine-grained (<0.05 mm 
granular to globular in habit. 
Plagioclase is ophitic in orthopyroxene 
globules and is even finer grained ( 
mm) and anhedral. Clinopyrox 
rare. 68001, 2305 is a probe 
made of sub-sample ,2 1 10 that had a 
mass of 536 mg. This rock is a r ~ - -  .- 
cataclastized anorthositic breccia. 
Plagioclase phenocrysts are 0.1 to 0.3 
mm in size and subhedral in a finer- 
grained anorthositic matrix. A few small (<0.1 mm) pyroxene grains occur throughout. 68001,2306 is a probe- 
mount of sub-sample ,2160 that had a mass of 1.362 g. This rock is a relatively coarse-grained (0.4 to 0.8 mm), 
equigranular anorthosite (Fig. 2; photomicrograph, "cracked" nicols). Individual crystals are subhedral to euhedral 
and interlocking with no interstital mafic material present. Oriented, very fme-grained (< 50 pm), elongated 
inclusions of opaque oxides occur throughout, especially adjacent to grain edges. A few plagioclase grains are 
strained with twins being slightly bent around other grains. 
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"Basalts" -- 68001,1104 is a probe-mount 
made of sub-sample ,1074 that has a mass of 134 
mg. This rock is a fine-grained granular basalt 
(impact melt?). A few comparatively large (0.1 to 
0.2 mm) plagioclase phenocrysts occur in a mostly 
finer-grained matrix of subhedral, prismatic to 
blocky plagioclase (0.05 to 0.1 mm) and anhedral 
pyroxene (0.02 to 0.05 mm). Subhedral 
microphenocrysts of olivine (0.05 to 0.07 mm) are 
less common. Subhedral, often sieve-textured, 
elongated armalcolite crystals are conspicuous in 
this rock. A small microgabbroic fragment (0.2 x 
0.2 mm) is located along the edge of the sample. 
68001,2303 is a probe-mount made of sub-sample 
,2032 that has a mass of 280 mg. This sample, 
originally thought to be a basaltic breccia, turns out 
to be a complex, polyrnict breccia. A complex, 
angular clast (comprising 70% of the sample) is 
itself composed of at least five, slightly 

Table 1. Mineral Compositions of Clasts from Drive Tube 68001168002 

Sample Plagioclase Low-Ca Pvroxene High-Ca Pvroxene Olivine Ilmenite 
An Wo En Mg# Wo En Mg# Fo FeO TiO, Mg# 

- -- - - 

Anorthosites 
68001,160 95-97 5-7 64-65 69 38-41 45-47 75-76 65-76 40-41 53-54 11-16 
68001,2305 95-96 16-18 53-54 65 40-43 38-42 63-72 ------ ------ ------ -----. 
68001,2306 97-98 ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ 

disaggregated clasts. One clast is an ilmenite-rich gabbro, another is troctolitic with relatively large (0.1 mm) 
plagioclase grains, and the others are granular microgabbros. In these gabbros, tiny (10-20 pm), anhedral, blocky 
plagioclase grains are completely enclosed in globular pyroxene. In turn, these globular pyroxenes enclose and 
mantle larger (than the plagioclase), globular olivines. This complex clast (composed of five slightly disaggregated 
clasts) is set in a finer-grained anorthositic breccia. 

SUMMARY -- Mineral-chemical determinations of five igneous fragments from drive tube 68001168002 have 
defined three "new" ferroan anorthosites. These rather large (0.536 to 1.362 g) ferroan anorthosites have been 
selected for further study . Trace-element chemical compositions of the three ferroan anorthosites are planned in 
order to determine the pristinity of these rocks. If these rocks are found to be pristine, isotopic studies for age 
information may be in order. The paucity of reliable age information on ferroan anorthosites, the oldest rocks on 
the Moon, warrants further investigations of comparatively large fragments of these previously unopened drive 
tubes from the Apollo 16 collections. 

REFERENCES: [I] Carlson, R.W. & Lugmair, G.W. (1988) EPSL 90, 119-130; [2] Alibert, C. et al. (1994) 
GCA 58, 2921-2926; [3] Ulrich, G.E. et al. (1981), USGS Prof. Prr~er 1048, 539 pp; [4] Snyder, G.A. et al. 
(1994) LPSC XXV, 13 13-13 14; [5] Mitchell, J.N. (1995) LPSC XXVI, 977-978. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


