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Introduction:  Crystalline impact melt breccias 

can preserve mineral clasts disaggregated from rocks 

that were originally located in the target volume of 

bolide impacts; the disaggregated clasts then were in-

corporated into the impact melt [1]. Detailed petrologic 

investigations of these clasts provide important in-

sights into the lithologies present in the crustal section 

prior to the impact [2]. Studies of the mineral clasts 

within Apollo 17 crystalline impact melts have shown 

the compositional diversity of pristine lunar igneous 

materials [2–5]. The crystalline impact melts collected 

at the Apollo 16 landing site selected for this study are 

either products of large basin-forming impacts (Imbri-

um [6,7] and/or Nectaris [8,9]) or, alternatively, were 

produced locally by smaller impacts [10]. To assess the 

compositional variability of the clast populations in 

these samples, we are systematically analyzing indi-

vidual mineral fragments contained in the melt matri-

ces of Apollo 16 crystalline impact melts.  

Previous studies have determined the geochemistry 

[11] and ages of similar clasts [12]. Here, we employ 

the approach of [3–5] and [13] to characterize the trace 

element geochemistry of individual mineral fragments 

in a suite of carefully chosen Apollo 16 crystalline 

impact melts, with a focus on the rare-earth elements 

(REEs), which are uniquely useful for facilitating 

petrogenetic understanding of lunar highlands materi-

als [14,15]. We discuss trace element concentrations 

obtained from plagioclase mineral fragments in the 

following Apollo samples: 

61156,62: This is a poikilitic impact melt collected 

25 m northeast of Plum crater [16] that has undergone 

some thermal metamorphism [17]. Classified as group 

2F [10] and aluminous poikilitic [12]. 

62235,124: This is a poikilitic impact melt collect-

ed on the rim of Buster crater [18].  This is classified 

as Group 1F [10] and mafic poikilitic [12].  

62295,78: This is a basaltic impact melt collected 

35 m SW of Buster crater [18]. Classified as group 

2MO [10] and as a troctolitic vitrophyre [12].  

66095,78 : This is a basaltic impact melt collected 

near the base of Stone Mountain [18]. Classified as 

Group 2DB [10].  

These are among the most fragment-rich and fine-

grained Apollo 16 impact melts, and so the clasts are 

less likely to have reacted with the melt, and therefore 

more likely to have preserved the original composi-

tions of the mineral fragments [11, 19, 20].  

The goals of this study are to (1) characterize the 

clast population geochemistry in these samples, (2) 

assess whether geochemical trends exist amongst these 

Apollo 16 clasts in order to determine the nature of the 

pre-impact lithologies, and (3) ultimately, compare the 

geochemical results produced from this study to simi-

lar studies from other Apollo landing sites in order to 

investigate basin-forming processes. 

Methods: We used optical microscopy, electron 

probe microanalysis, and laser ablation inductively 

coupled mass spectrometry (LA-ICPMS) on polished 

thick sections (>60 microns thick). Major elements 

were determined through point analyses of individual 

mineral clasts using ASU’s JEOL-8200 electron mi-

croprobe with a focused beam at 30 nA and an acceler-

ating voltage of 15 kV, counting for at least 15 s on 

each peak and 15 s on each background. Matrix effects 

were corrected using PAP-ZAF [21]. Additional major 

element point analyses and X-ray elemental abundance 

maps (Al, Ca, Cr, Fe, K, Mg, Mn, Na, Ni, S, Si, and Ti 

Kα) were collected using the JEOL JXA-8200 electron 

microprobe at Washington University in St. Louis. 

Microprobe point analyses proximal to the laser abla-

tion points provide accurate compositional information 

for the calibration required by the LA-ICPMS analysis.  

Trace element data were collected via LA-ICPMS 

using a New Wave UP-213 laser ablation system cou-

pled with a ThermoFinnigan Element2 ICPMS at the 

University of Notre Dame using a repetition rate of 5 

Hz and a spot size of 60 μm. Clast results were pro-

cessed using the microprobe-derived CaO content and 

the NIST 612 glass [22-24] as the internal and external 

standards, respectively. 

Experiments performed by [19] demonstrated that 

mineral fragments immersed in impact melt react with 

the melt, which causes zoning within the individual 

mineral fragments. Therefore, in order to minimize the 

possible contributions of zoning or melt reactions to 

these results, the analyses from this study were specifi-

cally targeted at the center of large mineral fragments, 

and every effort was made to avoid obvious inclusions 

in these clasts.  
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Results:  Geochemical data were acquired from 19 

plagioclase fragments in 61156 (An97-98), 10 plagio-

clase fragments in 62235 (An96-99), 1 plagioclase frag-

ment from 62295 (An97), and 4 plagioclase fragments 

from 66095 (An96-99). REE abundances vary from less 

than 1 up to 100 times chondritic (Fig. 1). Observed La 

concentrations range from 0-21 ppm (61156); 0.07-

1.63 ppm (62235); 7.2 ppm (62295); and 0.7-3.5 ppm 

(66095), which is within the compositional range de-

termined for the plagioclase clast populations in the 

poikilitic Apollo 17 melts [4]. Sr/Ba ratios for Apollo 

16 plagioclase fragments range from 0.8-26, which is 

again within the range determined for plagioclase 

clasts at the Apollo 17 site (0.5-37) [4].   

Conclusions: These results are consistent with 

contributions from both ferroan anorthosite [FAN] 

(high Sr/Ba, low REE) and Mg-suite rocks [MGS] 

(low Sr/Ba, high REE) in the Apollo 16 clast popula-

tion (Fig. 2) [14,15].   

Despite the fact that the Apollo 16 rocks have dif-

ferent whole-rock Al2O3(61156: 22.9 wt%; 62235: 

18.6 wt% [12]; 62295: 19.2 wt % [12]; 66095 24.0 wt 

% [12]) and La (61156: 21.5 ppm; 62235: 60.3 ppm; 

62295: 19.2 ppm; 66095: 22.66 ppm [25–27]) concen-

trations, MGS and FAN materials are both present in 

this clast population, which implies the presence of 

both types of lithologies in the pre-impact target re-

gions of all of these breccias. 

35% of the clasts are FAN and 50% are MGS on 

the basis of trace element geochemistry.  This differs 

from the Apollo 17 plagioclase clast population, which 

is somewhat more compositionally diverse (10% FAN, 

33% MGS, 57% uncertain affinity) [4].  Assuming that 

the relative clast proportions reflect the proportion of 

lithologies in the target regions, this finding implies 

that the relative abundances of FAN and MGS materi-

als in the targets of the Apollo 16 and Apollo 17 crys-

talline impact melt breccias were different. 
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Figure 1.  Combined REE element distribution plots 

of the clasts analyzed in this study. 
 

 

 
Figure 2.  Sr/Ba vs. La concentrations for ana-

lyzed plagioclase fragments.  MGS=Mg-suite, 

FAN=Ferroan Anorthosite Suite. 
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