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Introduction: The origin of the “red spots” of the 

lunar Highlands that are thought to represent felsic 

lunar rocks [1], remains unknown. One possibility is 

that these formed by coalescence of late-stage liquids 

from crystallization of Highlands basalts at shallow 

levels within the lunar crust. We have explored this 

possibility by conducting low pressure crystallization 

experiments on lunar basalt 14053, looking at the na-

ture of evolved liquids. This sample is similar in com-

position to terrestrial basalts, and has been described as 

a microgabbro, with abundant plagioclase and pyrox-

ene with strong Fe-enrichment [2]. However, because 

of the recent verification that lunar basalts contained 

significant dissolved Cl (as evidenced in pyroclastic 

glass [4] and apatite [5,6]) and the composition 14053 

was specifically investigated in this regard [5], and the 

potential impact that Cl has on phase equilibria [7], our 

experimental starting material included 0.5 wt% Cl. 

Because of the likelihood that Cl-bearing magmas saw 

degassing during crystallization [8], the experimental 

design allowed for degassing and retention of a vapor 

phase during crystallization in order to get a better idea 

of how these coupled processes affected the residual 

liquids and mineral assemblages.  

 

Methods: The starting composition [2] was synthe-

sized from powered oxides, Fe
0
 metal, K- and Na-

silicates, as well as MgCl2 and MgF2. After grinding in 

an automatic mortar the powder was loaded into ultra-

pure Fe capsules, dried in evacuated silica tubes at 

~800 
o
C for 20 minutes, the silica tube sealed while 

under vacuum and the tube was loaded into a Pt-wound 

furnace. Each experiment was started by raising the 

temperature above the experimentally-determined 

liquidus of 1250 
o
C and allowing the melt to equili-

brate for one hour, then lowering the temperature (1 
o
C/min) to the crystallization temperature. Each ex-

periment was held at the crystallization temperature for 

2-48 hours to reach equilibrium.  At the end of each 

experiment, the entire silica tube is rapidly quenched 

(>5 sec) in cold water. 

After each experiment the capsules were sawn open 

and thin sections made. All phases were analyzed using 

the Cameca SX100 electron microprobe at the Ameri-

can Museum of Natural History, NY. Operating condi-

tions were: 15kV accelerating voltage, 20nA beam 

current, 5 micron beam diameter and measurement 

times of 20-40s per element. Standards included well 

characterized natural and synthetic materials. Na, K 

and F analyses were carried out using a defocused 

beam, with a 2nA beam current, for 10-20s per ele-

ment.   

 

Results: Experiments were conducted over a range 

of temperatures between 1250 
o
C and 985

 o
C. The 

highest temperature experiments produced only glass 

and was used to verify the bulk composition attained. 

Table 1 shows the composition of glass at 1250 
o
C. 

The increase in Fe is attributed to equilibration with the 

Fe capsule. Additional experiments are being conduct-

ed on a lower Fe composition to evalaute the im-

portance of this gain to the overall results. For compar-

ison, it also shows the composition of residual melt at 

the currently lowest experiment conducted.  

 

 
 

Preliminary phase assemblages of 14053 at low 

pressure (1 bar) are shown in Table 2. Plagioclase crys-

tallizes early relative to similar terrestrial basalts. Scans 

across select plagioclase grains boundaries at 1103 
o
C 

and 1015 
o
C display evidence for slight reverse zoning 

of the anorthitic plagioclase.  

Figure 1 illustrates how Cl varies in the melt. It 

shows that Cl was building up to high concentrations in 

the melt. Since F was building up similarly (compare 

columns 2 and 3 in Table 1), differential loss of halo-

gens to the vapor phase did not appear evident. Mass 

balance calculations will indicate the amount of each 

lost to the vapor phase at each temperature. The slight-

ly higher pressure of these experiments (~1 bar) com-

pared with the ~0.3 bars of [8] may account for the 

differences in halogen volatilty.  

Table 1: Comparison 

of glass analysis 

above liquidus 

(1250
o
C), after crys-

tallization (985
o
C) 

and actual sample 

composition. 
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  Table 2 – Present phases for each experiment.  

 
(Gl= glass, Pl= plagioclase, Ol= olivine, Py= pyroxene, Sp= 

spinel, Ilm= ilmenite, Fe= iron blebs, Si= unknown silica 

phase, ?= observed optically but not analyzed) 

 

Figure 1- Wt. % Cl in melt vs. temperature. 

 
 

The high Cl content in the melt may be re-

sponsible for the strong Fe enrichment of the residual 

melts (Fig. 2). 

 

 
Figure 2- Wt.% Fe in melt vs. temperature (Volatile-free, 

normalized to 100%)  

 

Compositional evolution of the melts is quiet dif-

ferent than expected. There is no evidence for silica 

enrichment, instead, liquids evolve to low silica com-

positions (e.g., Table 1). It is possible that the presence 

of Cl suppresses ferromagnesian mineral crystalliza-

tion, causing delayed depletion of Fe and Mg, so that 

felsic liquids are not produced, at least not during the 

first 82% of crystallization. Preliminary density calcu-

lations suggest that these residual liquids are denser 

than anorthite, opening up the possibility of plagioclase 

flotation and formation of anorthosite independently 

from the LMO.  

References: [1]Glotch T.D. et al. (2010) Science 

329, 1510-1513 [2]Papike J.J. et al. (1976) Rev. Ge-

ophys. Space Phys. 14, 475-540. [3]Grove T.L. and 

Bryan W.B. (1983) Contrib Mineral Petrol 84:293-309 

[4]Saal A.E. et al. (2008) Nature 454, 192-195 

[5]McCubbin F.M. et al. (2010) PNAS, 107, 11223-

11228. [6]Boyce J.W. et al. (2010) Nature 466, 466–

469 [7]Filiberto J. and Treiman A.H. (2009) Geology 

37 (12), 1087-1090 [8]Ustunisik G. et al. (2011) Am. 

Mineralogist. 96, 1650-1653.  

Acknowledgements: The authors are grateful for 

the assistance of J. Gross and the AMNH physical sci-

ences department for their assistance with microprobe 

standardization and analysis of our experiments. This 

work was supported by LASER grant NNX08AZ04G 

to H.N. 

 

2619.pdf44th Lunar and Planetary Science Conference (2013)


