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We present mineral-chemical data and petrographic observations of nine "new", texturally pristine, coarse- 
grained rock fragments picked from Apollo 12 soil sample 12001. A tenth sample is extremely Fe-enriched and has 
evidence of brecciation, possibly due to impact. The nine pristine fragments exhibit cumulate textures and are 
classified as gabbros, olivine gabbros, and ilmenite gabbros. Other groups have used textures (specifically coarse 
grain-size) and mineralogy (i.e., inverted pigeonite) as evidence for a highlands origin. Based on these criteria 
alone, these nine fragments would be classified as highlands rocks. However, the mineral-chemistry of these rocks 
is similar to basaltic fragments taken from the same soil [I], leading us to question whether these rocks are indeed 
from the highlands crust. We must proceed cautiously in designating coarse-grained rocks from mare soils as 
highlands rocks. Instead, many of these coarse-grained rocks may be cumulates from thick basaltic flows. 
INTRODUCTION: Soil 12001 was the first sample collected by astronauts Pete Conrad and Alan Bean at the 
Apollo 12 landing site in the Sea of Storms. It was a soil sample with a mass of approximately 2.2 kg. In 1994, the 
curatorial staff at JSC-Houston sieved the sample and we picked several fragments from the 2-10 mm size range for 
W e r  study. The 2-10 mm sieve fraction is noticeably poor in anorthositic fragments. A total of 26 2-10 mm 
igneous fragments were selected from soil 12001 during "fieldwork" at JSC-Houston. Ten of these fragments can 
be classified as coarse-grained cumulates (gabbros, olivine gabbros, and a ferrogabbro) and are presented within. 
We have classified sixteen other samples as basalts or impact melts and are presented in this volume [I]. 
DISTRIBUTION OF PRISTINE HIGHLANDS ROCKS AT THE APOLLO 12 LANDING SITE -- To date, 
only 8, probably pristine, samples of highlands rocks have been delineated from the Apollo 12 collection; 6 alkali- 
suite rocks and only 2 magnesian suite samples. The two magnesian suite samples include a troctolite and a 
harzburgite (12071~10, the largest highlands rock at 1.3 g; and 12033,503, [2]). This six alkali suite rocks include 4 
anorthosites (12003,210 and 12033,501, [2]; 12033,532, [3]; and 12073,120, [4]) and 2 norites (12033,534 and 
12042,280, [3]). All of these samples are fragments of ostensibly larger rocks and have masses less than 1.3 g. 
Therefore, our knowledge of the highlands in the vicinity of the Apollo 12 landing site on the western lunar near- 
side is, at best, "fragmentary." The nine gabbros to ferrogabbros presented within offer the opportunity to more 
than double the number of pristine highlands samples known from this landing site. Conversely, these rocks may 
represent the slowly cooled portions of lava flows at the Apollo 12 landing site. 
PETROGRAPHY AND MINERAL 
CHEMISTRY: The defining 
characteristic of these rocks is the coarse 
grain size of the pyroxenes and olivines 
(0.3 to 1.8 mm) and the anhedral 
interstitial habit of the plagioclase (up to 
1 mm in longest dimension) (Fig. 1; 
photomicrograph of 12001,779: olivine 
gabbro). There is no doubt that these 
rocks are cumulates, and that they were 
cooled relatively slowly. However, 
whereas others have used these 
observations for similar rocks as proof of 
their highlands origins [5], we consider 
it equally likely that these rocks could be 
cumulates from within thick lava flows. 

The plagioclase often partially 
(occasionally completely) encloses the 
pyroxenes and olivines. Finer grained, - 
acicular to prismatic, plagioclase (<0.1 mm) is also present in some samples. Ilmenites occur in two separate habits: 
larger acicular to prismatic grains (0.1 to 0.3 mm) and smaller (generally <0.1 mm) blocky subhedral to anhedral 
grains. Fe-Ni metals occur in all samples though some are too fine-grained to analyze. Troilite is also present in 
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many samples and is associated with the metal. Small patches of K- and Si-rich glass (in one case, up to 15 wt?? 
K20!) are also present. One sample, 12001,798, is olivine-free and another sample contains only late-stage, fine- 
grained olivines with F02-3 (12001,841). Orthopyroxene is absent in 12001,788. All but one of these rocks 
(ferrogabbro 12001,841) is texturally pristine. 

Gabbros -- Although all of these rocks contain ilmenite, only samples 12001,784, 12001,786, and 12001,788 
are classified as ilmenite gabbros. The remaining samples (12001,779, 12001,780, 12001,789, 12001,798, 
12001,825) are classified as gabbros to olivine-gabbros, except 12001,782 (2 fragments) which contain 4 0 %  
plagioclase and would be strictly classified as a peridotite. However, the similarities in mineral chemistry, texture, 
etc. lead us to postulate that the rock that this sample was derived from was also a gabbro (Table 1). 
Orthopyroxenes in these gabbros generally vary in composition from En47 to En69, although a few Fe-rich grains 
dip down to Enz6. Clinopyroxenes typically vary in composition from En23 to Ens9. Plagioclases typically vary in 
composition from Ang6 to Ang4, although a few smaller grains may vary down to An78. Plagioclases are usually 
normally zoned with rims 1 - 10 An units lower, although reverse-zoning of 1-2 An units has also been observed in at 
least three samples. Olivines vary in composition from and may have rims that are reversely zone, 1-5 Fo 
units higher. However, two of the ilmenite gabbros (12001,786 and 12001,788) exhibit normal zoning of 1-15 Fo 
units with rims in contact with silica down to Spinels are interstitial, blocky, anhedral, and fine-grained 
(<0.1 mrn) and are Cr-rich (10.6 to 47.8 &A) with up to 1.2 wt?? V203. FeNi metals contain variable amounts of 
Ni (0.70 to 17.5 wt??) and Co (0.9 to 4.8 wt%). 

Table 1. Mineral Compositions of Highlands Fragments from Soil 12001 

Sample Plaeioclase Low-Ca Pyroxene Hieh-Ca Pvroxene Olivine S ~ i n e l  nmenite Fe-Ni Metal 

An Wo En Fs Wo En Fs Fo Cr# Mg# Mg# Ni Co 

87-94 9-22 50-62 25-29 31-39 43-48 16-21 61-63 
82-93 9-17 56-60 28-31 34-39 41-48 16-20 60-62 69-73 12-15 1-13 
87-92 9-29 47-63 24-38 31-39 42-47 17-23 56-63 64-73 11-27 13-18 
83-90 8-27 26-61 26-49 30-37 37-47 21-30 50-60 63-69 7-16 3-5 
88-92 9-19 53-62 28-33 30-40 43-47 17-23 57-63 57-83 11-20 16-17 
86-94 13-30 14-59 23-67 67-74 71-74 5-26 0-2 
78-94 7-17 34-69 24-58 21-36 35-51 20-37 54-63 68-73 6-22 
89-92 7-17 34-65 28-56 27-37 28-43 22-45 none 68-72 8-27 0-1 
80-94 9-18 56-62 25-35 30-40 42-51 16-23 57-68 67-74 10-32 13-18 
83-94 10-17 52-54 29-38 17-39 23-57 19-59 2-3 26-53 0-1 0-1 

Ferrogabbro -- Evidence of brecciation and pressure shadows due to impacts are noticeably absent in these 
cumulates, except in 12001,841 where several large (0.3-0.7 mm) plagioclase grains are composed of tiny (<0.02 
mm) anhedral granules. This gabbro is unique in other aspects in that the pyroxene crystals are twinned, only 
fayalitic olivine is present, and large (0.04 to 0.5 mm) composite oxides with generally central iilvospinel and 
ilmenite aroung the edges (not rims) also are prevalent. Spinels are noticeably Cr- (<4.5 e?) and V-poor (<0.3 
wt?? V203), and Ti-rich (3 1.3-33.5 @A). Pyroxferroite is common as rims on clinopyroxene and as tiny inclusions 
in silica. Orthopyroxene is rare. Plagioclases (cores = Ang3+J are zoned with rims at least 8 An units lower than 
the cores. A single tiny metal grain analyzed from this gabbro is noticeably Ni- and Co-poor. 
SUMMARY -- It is worth noting that, in our perusal of 2-10 rnm fragments from soil 12001, not one anorthositic 
fragment was encountered. Most all of the 26 fragments picked from soil 12001 were either gabbroic or basaltic 
(including impact melts). The similarity in mineralogy and mineral chemistry of these fragments to basalts studied 
from the same soil [I], suggests that these rocks may be cumulates precipitated from within thick lava flows and 
may not represent adjacent highlands material. If this hypothesis is true, then many samples previously classified as 
highlands rocks may need to be reevaluated. 
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