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CLUES FROM ELEMENT MAPS 

« Photomosaics of each sample are created and crystals 
are traced by hand in Adobe Photoshop (Figure 2).  

« The length and area of the crystal are measured in 
ImageJ [14]. 

 
« CSDSlice is an Excel database that determines the 

best habit for the crystals [15]. 

« The habit, length, and width are entered into 
CSDCorrections producing the CSD graph [10]. 

« To compare CSDs from different samples, only 
plagioclase lengths ≥0.3 mm are used.   

.	  	  	  	  

«  Polymict breccias returned from Apollo 14 yielded unique clasts of 
very high potassium (VHK) basalts (e.g., [1]).  

«  Similar to Apollo 14 high-Al basalts, but have a unique K (and other 
alkali and alkaline earth elements) enrichment (e.g., [2,3]). 

«  K2O abundances >0.5 wt %, K2O/Na2O >1, and K/La ratios between 
500 and 1300 (Figure 1).   

VHK BASALTS 

UNIQUE ORIGINS FOR A UNIQUE ROCK 
« Unique K enrichment is enigmatic when trying to create the composition of VHKs through partial 

melting and/or fractional crystallization [4].  
« Four separate studies of 16 known VHK basalt samples have produced several hypotheses for 

formation that all involve high-Al magmas as a parental magma [1, 4-6].  
«  Assimilation of granite (e.g., [1]); derivation from a metasomatized source (e.g., [5]). 

« Are VHKs impact melts? The difficulties in identifying the petrogenetic source of the VHKs has 
questioned the pristine nature of VHK basalts because at least one sample contains elevated 
abundances of highly siderophile elements (HSE) [4].  

« Crystal size distributions (CSDs) [7-11] can aid in understanding the petrogenesis of VHK basalts [12,13].  
« CSDs compare the number of crystals and crystal size to the area of the sample [e.g. 7-9]. 
« Diagrams of the natural logarithm of the population density against the crystal size result in a negative 

correlation, the slope and linearity of which provide information into the crystallization histories [7-11]. 

WHAT CAN CSDs TELL US?  
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CSD CONSTRUCTION 

Figure 2. A: Sample 14305, 388 as seen through cross 
polarization. B: plagioclase crystals traced and filled.  
C: Area of sample traced and filled.  Attached breccia matrix is 
excluded from the measurement.   

Figure 3. Coarse grained ophitic texture.  K-
rich phases are interstitial in the basalt.  Whole 
rock = 0.35 wt.% K2O [16].   

Figure 5. Clast enclosed in breccia matrix. No whole rock  
data available for this small sample.  Petrographically 
classified as a VHK basalt.   
 

« Element maps collected on a JEOL JXA-8200 electron microprobe at Washington University, St. Louis.	  	  

PETROGENETIC IMPLICATIONS 

Figure 9. Fine grained basalt with acicular and corroded and partially resorbed olivine.  
Abundant K-rich interstitial material.  Whole rock = 1.22 wt.% K2O [16].   

Figure 4. Coarse grained basalt with subophitic 
texture.  Acicular plagioclase up to 1mm in length 
are curved and exhibit a flow texture around 
attached breccia matrix. K-rich material is seen in 
the attached breccia matrix as well as 
interstitially.  Whole rock = 1.42 wt.% K2O [1].   

Figure 6. Granulated basalt with relict subophitic texture.  Whole rock = 1.11 wt.% K2O [16].   
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Figure 7.  No K-rich material is present in the mesostasis of this 
plagioclase-phyric “VHK” basalt sample.  Whole rock = 0.14 wt.% 
K2O [4].  Is “(V)HK” signature due to adhering breccia matrix on the 
whole rock sample?  

Figure 8.  K-rich material  is seen within the breccia 
matrix as fluid like phase in veins in the VHK basalt 
clast. Whole rock = 0.46 wt.% K2O [16].  
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Figure 1.  Graph taken from [1] 
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«  VHK basalt clasts contain K-rich interstitial 
phases. 

«  VHK basalt clasts are derived from breccias 
containing K-rich phases in the matrix. 

«  Evidence in some cases of K-rich melt in 
breccia matrix pervading the basalt clast 
(e.g., 14303,328, Fig. 8). 

«  Evidence in other samples that the K-rich 
material in the basalt is distinct from that in the 
breccia matrix (e.g., 14305,388, Fig. 4). 

«  One sample (14303,245, Fig. 7) is 
NOT a VHK basalt as originally  
classified [4]. The relatively high K2O 
(compared to A-14 high-Al basalts) is probably 
due to adhering breccia matrix in the whole 
rock sample (14303,244).  

« Plagioclase CSDs of VHK basalts (Fig. 10; [17]) show all samples represent 
endogenous melts of the lunar interior, despite some containing impact-
generated K-rich melt. 

« Granite assimilation by a high-Al melt is still a viable petrogenetic model, 
but all VHK basalts require detailed study to correctly classify them as such. 

Figure 10.  Slope vs. intercept  CSD plot 
for plagioclase.    


