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Introduction: Pyroclastic glasses 74220 and 15426 

are considered the most primitive samples obtained 

from the Moon, having originated from partial melting 

at a greater depth and undergone less fractional crystal-

lization than mare basalts [1-3]. These samples are 

vital for assessing the distribution of volatile elements 

in the lunar interior and in understanding lunar basaltic 

magmatism. Analyses of the interior of the orange lu-

nar pyroclastic glasses have given elevated H2O, Fl, Cl, 

and S contents [4], and it has been determined that 

olivine melt inclusions in 74220  contain up to ~1400 

ppm H2O [5]. These elevated volatile element abun-

dances are at odds with evidence from the moderately 

volatile elements, Zn [6] and K [7] which indicate 

volatile loss, and perhaps even condensed volatiles on 

the beads [8]. We present results from an analytical 

campaign [9] analyzing pyroclastic glasses 74220 and 

15426 using laser ablation inductively coupled mass 

spectrometry (LA-ICP-MS) to better understand the 

distribution of volatile elements within the lunar interi-

or and to better constrain moderately volatile element 

abundances in the lunar mantle. 

Methods:  Polished thick sections of 74220 (,701) 

and 15426(,180) were provided by CAPTEM and 

NASA JSC. Beads within polished thick sections were 

measured for 44 trace elements, with the emphasis on 

the moderately volatile elements Rb, Zn, and K, using a 

New Wave UP-213nm laser ablation system coupled to 

a ThermoScientific iCAPq inductively coupled plasma 

mass spectrometer at the Scripps Isotope Geochemistry 

Laboratory (SIGL). Edges and centers of the beads 

were measured in order to compare their moderately 

volatile and trace element abundances. NIST 610, 

BHVO-2g, and BCR2-g glasses were used as stand-

ards. Major elements for 74220 were measured using a 

JEOL JXA 8200 electron microprobe at the University 

of New Mexico. Major elements for 15426 were meas-

ured using a JEOL 8530F electron microprobe at 

NASA-JSC.   

Results: The major element data collected using 

the electron microprobe is generally similar to that of 

previously published data [1], but shows a much great-

er dispersion in wt% MgO and TiO2.  

Pyroclastic glasses 15426 and 74220 exhibit dis-

tinct K/U and Zn/Fe ratios. Rubidium/Ba ratios for 

74220 range from ~0.004 to ~0.105, while Rb/Ba rati-

os for 15426 show less dispersion and range from 

~0.007 to ~0.029. The centers and edges of 74220 

overlap with one another, as do the centers and edges 

of 15426 (Figure 1).  

 
Figure 1: Plot of Rb/Ba versus Ba. Edges and centers 

of 15426 and 74220 are shown. In grey are MORB 

glasses from the GEOROC database.  

 

      However, the average edge data for 74220 is ele-

vated compared to the average center of beads in 

74220, with several analyses of the edge of 74220 

within range of mid-ocean ridge basalts (MORB). The 

majority of Rb/Ba ratios for 74200 and 15426 fall ap-

proximately an order of magnitude below average 

MORB compositions. Pyroclastic glass 15426 exhibits 

a lower K/U ratio than that of 74220 (Figure 2).  

 
Figure 2: Plot of K/U versus U for the orange and 

green pyroclastic glasses. Grey circles represent 

MORB samples from the GEOROC database.  

 

Some of the most elevated edge and center K/U ra-

tios for 74220 are within range of average MORB. All 

15426 K/U ratios fall below that of MORB. Edge anal-

yses in 15426 have a slightly more elevated K/U than 

center analyses. 
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The Zn/Fe ratios for 74220 range from ~0.00001 to 

~0.001 and from ~0.000001 to ~0.0022 for 15426. The 

most elevated Zn/Fe ratios for both pyroclastic glass 

samples fall within range of MORB (Figure 3). Our 

Zn/Fe ratios agree with those from [9] for 15426, with 

their data falling in range of our Zn/Fe ratios for the 

center of 15426. The edges and centers of 15426 show 

distinct differences in Zn/Fe ratios, where the edge 

values are approximately two orders of magnitude 

higher than those of the center. Our Zn/Fe ratios when 

compared to data from [9] show a higher Zn/Fe ratio 

for 74220. The majority of our Fe weight percent data 

for 74220 are ~20 wt.%. Some analyses extend to 50 

wt.% Fe, while some 74220 samples contain values as 

low as 1 wt.% Fe, reflecting exsolution of ilmenite. 

Edges and centers in 74220 and 15426 do not seem to 

be correlated with a change in Fe content. 

 

 
 

Figure 3: Plot of Zn/Fe versus Fe (wt.%). Previous 

data for 74220 and 15426 by [9]. MORB analyses 

from the GEOROC database are shown in grey.  

 

Pyroclastic glass 15426 exhibits more elevated Ni 

abundances than those of 74220 (Figure 4). The edges 

in 15426 have a higher Ni content than the centers of 

15426. The edges and centers are less distinct in 

74220. However, the average Ni of the edge analyses 

in 74220 is ~70 ppm, while the average of the center 

analyses is ~61 ppm, so 74220 edge analyses exhibit 

elevated Ni abundances compared to the center. 

Discussion: Pyroclastic glasses 74220 and 15426 

can exhibit moderately volatile element ratios (Rb/Ba, 

Zn/Fe, K/U) that are within range of MORB. However, 

the majority of the analyses taken from the interior of 

the beads have moderately volatile element ratios 

greater than a magnitude below that of MORB. The 

orange glasses exhibit higher Rb/Ba and K/U ratios, 

indicating that the orange beads originate from a more 

volatile rich source than the green glasses. 

The edges and centers of 15426 show distinct 

Zn/Fe ratios. This difference could be due to the size of 

the glass beads. The beads in 15426 are significantly 

larger than those in 74220 [9, 10], and therefore when 

measuring these glass beads using LA-ICP-MS it is 

possible to more precisely target only the centers of the 

beads. 

 

 
Figure 4: Plot of Co versus Ni. Edges and centers are 

shown for 74220 and 15426. 

 

The edges of 15426 and 74220 exhibit elevated av-

erage Ni abundances compared to the center. However, 

the analyses of 15426 show more distinct differences 

between edges and centers. This could again be due to 

the larger bead size of the 15426, where using LA-ICP-

MS we are more effectively able to measure solely the 

center. The elevated volatile element contents on the 

pyroclastic glass beads have been shown to be surface 

correlated and are thought to originate from vapor dep-

osition [8, 11,12] or from interaction with a volatile 

rich crustal source [9]. Since both pyroclastic glasses 

have elevated average Ni abundances and Rb/Ba and 

Zn/Fe ratios on their exteriors, this supports the con-

cept that the volatiles are due to vapor deposition from 

impact processes. 
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