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A PETROLOGIC SURVEY OF SIX ROCK FRAGMENTS FROM THE APOLLO 14 
BULK SAMPLE: 14430, 14436,14440,14443,14444,14451. J.W. Shervaisl, G. Shroffl, 
and  C.B. Thompson2, l ~ e p a r t m e n t  of Geological Sciences, University of South Carolina, 
Columbia, SC 29208, 2Governor1s School for Science and  Mathematics, Hartsville, SC 
29550. 

Introduction: Recent petrologic studies of pristine nonmare samples from the Apollo 14 
site have demonstrated the unique character of the western highlands crust. Many of the 
lithologies which occur here are not found at other highland sites or represent unique variations 
of more common lithologies. Rocks of the Apollo 14 site are geochemically distinct from similar 
lithologies found at eastern highland sites (Apollo 15, Apollo 16, Apollo 17, and the Luna sites) 
- a fact which adds further complications to current petrogenetic models for the lunar crust (e.g., 
[I]; [2]; [3]). Nonetheless, an understanding of how the Apollo 14 highlands province formed 
and why it differs from highland crust in the east is crucial to our overall understanding of 
primordial lunar differentiation and petrogenesis. We report here new petrologic data on six 
previously unstudied rock fragments from the Apollo 14 bulk sample, which was taken from a 
location close to the lunar module during the first EVA. These fragments are coarser than 1 cm 
and were separated from the bulk sample with a 1 cm mesh seive. No work has been done on 
these fragments since they were described by Carlson and Walton [4]. 

Results: All six samples (14430, 14436, 14440, 14443, 14444, 14451) were studied 
petrographically and their constituent mineral phases analyzed with the University of South 
Carolina Cameca SX-50 electron microprobe. Operating conditions were 15 KV, 25 MA for all 
analyses, using natural and synthetic mineral standards from the National Museum of Natural 
History [5]. 

14430: Sample 14430 (4.81 gm; 2.0 x 1.4 x 1.2 cm) is described by Carlson and Walton [4] as a 
medium to light grey polymict breccia. It consists of lithic and mineral clasts up to 4 mm across 
in a fine-grained, crystalline matrix. Lithic clasts include older, dark-matrix glassy breccias, 
quench-textured meltrocks, K,Si-rich glasss, and brecciated Mg-suite troctolites and norites. 
Mono-mineralic clasts in the breccia matrix include plagioclase (An62 to An97.5, average 
An92), olivine (Fo68 to Fo85), pyroxene (Wo3g En47 to Wo1.7 En73). Lithic clasts include (1) 
a group I Mg-troctolite (2.5 x 1.5 mm) with cumulus plagioclase (Angg) and olivine (Fog3.7) 
and minor post-cumulus Opx (Wo2.2 Engl), and (2) a granulitic Mg-norite clast 0.5 mm across 
with equigranular plagioclase (h91.8) ,  Opx (Wo3.7-4.0 En70-72), and augite (Wo3g En47). 

14436: Sample 14436 (3.76 gm; 1.5 x 1.0 x 1.0 cm) is a dark grey, crystalline matrix impact melt 
breccia similar to 14430. It consists of mineral clasts < 0.5 across and rare lithic fragments in a 
fine-grained, crystalline matrix. The largest lithic clast is a fine-grained, cumulus-textured 
gabbronorite -1.7 mm consisting of plagioclase (Ang1.2), augite (Wo27-39 En53-44), pigeonite 
(Wo4.2 En67), and opaque oxides. It plots near the center of the Mg-suite field on an Fo-An plot 
(figure I), near the gabbronorite field of James [7]. Mineral clasts include olivine (Fo62), 
pyroxene, and plagioclase (An77 to Angq). 

14440: Sample 14440 (1.5 gm; 1.9 x 0.9 x 0.7 cm) is a dark grey, glassy-matrix impact breccia. 
The largest clast in this sample (-1 mm across) is a ferroan norite comprising fragmented 
cumulate plagioclase surrounded by post-cumulus pigeonite (Wo3.8 Engg to Wol3 En53) and 
rare augite (Wo42 En41). Other lithic clasts include older glassy-matrix breccias, K,Si-rich glass 
(shock-melted granite), and brecciated Mg-troctolite (plagioclase Ang0.4; olivine Fo77.9). 

14443: Sample 14443 (2.5 gm; 2.0 x 1.6 x 1.2 cm) is described by Carlson and Walton [4] as a 
"dust covered, slightly elongated, crystalline r o c k .  It is in fact a glassy matrix breccia with 
abundant mineral clasts of feldspar (An72 to Angg; average Angg), olivine (Fo62 to Fo8g.g; 
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average Fo74), augite (Wo35-41 En47-29), and low-Ca pyroxene (Wo4.5-13 En71-60). The 
largest clast observed in section is an olivine -1 mm across (Fogg.3). The only lithic fracment 
observed in dun section is a melted granite clast < 1 mm across, consisting of K,Si-rich glass 
(Si02= 69-78 wt%; K 2 0  = 6.6-9.8 wt%) and quartz. 

14444: Sample 14444 (1.6 gm; 1.6 x 1.1 x 0.5 cm) is a dark, fine-grained crystalline-matrix 
breccia with a variety of mineral clasts and two large lithic clasts. The largest clast is an Mg-suite 
troctolite 4 mm long x 2 mm wide. It consists of cumulus plagioclase (-55% modal, Ang3.g) 
and olivine (-20% modal, Fo77.7) enclosed in a matrix of post-cumulus hypersthene (Wo2.6-3.3 
Engo), augite (Wo32 Enjg), and ilmenite. On a Fo-An diagram (figure I), it plots with the 
"group 2" Mg-troctolites of Hunter and Taylor [6]. The other lithic clast is a -1 mm alkali 
gabbronorite granulite ( A n 8 6 5  hypersthene Wo6.g-8.8 En62-56, augite Wo38 En45). 

14451: Sample 14451 (2.1 gm; 1.3 x 1.0 x0.9 cm) is a dark grey, crystalline matrix impact melt 
breccia similar to 14430 and 14436. No lithic clasts were observed in thin section. Mineral clasts 
include olivine (Fo62), pyroxene, and plagioclase (An72 to Angg). 

Discussion: All of the samples studied here are impact melt breccias with glassy to crystalline 
groundmass, and a variety of highland lithic clasts. Several of these clasts can be considered 
texturally pristine, i.e., they preserve their original cumulate igneous textures and are 
presumabley chemically "pure". One clast is a rare (at Apollo 14) ferroan norite (14440~5); the 
other lithic clasts are all Mg-suite troctolites, norites, or gabbronorites. Glassy detritus from 
shock-melted granite fragments is common in several samples, which may preserve relict quartz 
(e.g., 14430, 14440, and 14443). Only one lithic clast with alkalic affinities was found, but the 
range in mineral clast compositions (with abundant An72 to An86 plagiolcase fragments) 
indicates that alkali suite rocks were extensively sampled by the breccia formation event. These 
clasts can help us extend the known range of luner rock compositions, and multiply-saturated 
samples can provide robust parent magma compositions if the major and trace element 
composition of the cumulate phases are determined by electron and ion microprobe techniques. 
Other coarse fragments from the Apollo 14 bulk sample may provide even more of these "new7' 
lunar rocks. 
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