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Introduction:  Basin rims are well-known to ex-

pose deep-seated lithologies at the lunar surface [1-5]. 

A large array of remote sensing studies of the Crisium 

region based on Earth-based spectral data [1,6], Clem-

entine UV-VIS data [2], and Chandryaan-1 M3 and 

Spectral Profiler [7-9] provide important constraints on 

the composition of the rings of Crisium and variability 

in the crust in that area. These data indicate an abun-

dance of olivine (Fo90-65) along the rim of the Crisium 

Basin that has been attributed to excavation from the 

upper mantle-lower crust, igneous intrusions, or impact 

melt sheets (Fig. 1) [7-10]. The Luna 20 mission re-

turned samples from the noritic Hilly and Furrowed 

Terrain [11] associated with the Crisium basin-forming 

event (Fig. 1). Here, we examine the crystalline lithol-

ogies returned by the Luna 20 mission and integrate 

orbital and sample data to gain additional insights into 

the composition and origin of the crust surrounding the 

Crisium basin. Is the material from (a) magmatic intru-

sions emplaced in the crust (Mg-suite, FANs); (b) the 

lunar mantle; or (c) crystallization of impact melt 

sheets following the Crisium impact event?  

 
Fig. 1. M3 2µm band center map illustrating pyroxene 

compositions in Mare Crisium and adjacent regions, in-

cluding Luna 20 sampling site. Olivine-bearing assem-

blages are indicated by squares [7,10]. White = olivine 

with Mg#=65. Yellow = olivine with Mg#=90. Green 

=olivine, no compositional data. Spinel-bearing lithology 

is indicated by pink triangle [12].  

       Analytical Approach: Thin sections of sieved ma-

terial (250-500 µm) collected from the Luna 20 site 

and allocated to NASA were examined and integrated 

with data collected during consortium studies in 1973 

[13]. We collected backscattered electron (BSE) imag-

es, quantitative EDS analyses and X-ray maps with a 

TESCAN Lyra3 SEM. After imaging and analysis of 

all lithic fragments, we focused on crystalline litholo-

gies and conducted further chemical and modal miner-

alogy analyses.  

Results:  The fragments observed in this suite of 

samples include crystalline lithologies, breccias, im-

pact melt breccias, impact melts, basalts, and individu-

al minerals. Our focus for this initial examination was 

the crystalline rocks which appeared to be clast-free 

and products of crystallization from a melt. These fine- 

to medium-grained (<100 µm) lithologies include spi-

nel troctolites, troctolites, norites, gabbronorites and 

gabbros. No ultramafic lithologies (e.g., dunites) were 

observed. In addition to these fine-grained fragments, 

there are coarse-grained plagioclase fragments (>250 

µm) associated with much smaller mafic grains, pre-

dominantly pyroxene. BSE images of examples of dif-

ferent mineralogies and textures are shown in Figure 2. 

Pyroxenes in all these assemblages did not exhibit 

exsolution lamellae greater than 2-3 µm in width (Fig. 

2E). Earlier x-ray examination of pyroxene from Luna 

20 samples indicated sub-micron lamellae of varying 

degrees of complexity [e.g. 14]. 

Modal abundances of phases of these lithologies 

are shown in Figure 3A. These are compared with ap-

proximate modal mineralogy calculated from orbital 

data near the Crisium rim [10] (Figure 3B). 

Mineral chemistries are plotted on a traditional 

mafic silicate (Mg#) versus plagioclase (An) diagram 

(Figure 4). These lithologies fall within the Mg-suite 

and the ferroan anorthosite (FAN) fields. All the li-

thologies defined by coarse-grained plagioclase are in 

the FAN field. These plot at the more Mg-rich end of 

the FAN field defined by Apollo samples. Spinel 

(stricto sensu) occurs predominantly in the spinel troc-

tolites, although observed in other assemblages [15]. 

The spinel compositions are summarized by [15]. 

Discussion: It has been proposed that lunar mantle 

material was excavated by the Crisium event. There is 

limited evidence for this from the Luna 20 samples. 

Dunites are rare and Mg-rich olivine bearing-

assemblages appear to be derived from the shallow 

crust. It is puzzling that the suite examined here con-

sists of spinel-bearing lithologies which have been 

interpreted as representing deep crustal lithologies (30-

40 km) [e.g., 16], and numerous lithologies with fine-
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pyroxene exsolution lamellae, suggestive of rapid cool-

ing in shallow crustal environments. However, [17,18] 

provided alternative interpretations of spinel in mag-

matic rocks representing shallow crystallization.  

 
Fig. 2. BSE images of lithologies from Luna 20. A. trocto-

lite. B. spinel troctolite. C. norite, D. gabbro. E & F. FAN. 

Do these crystalline lithologies that seemingly 

crystallized in the shallow crust represent Mg-suite-

FAN plutonic suites, or crystallization products of an 

impact melt sheet associated with the Crisium impact 

event? Modeling the crystallization sequence of large 

impact melt sheets on the Moon [e.g., 19,20] produces 

abundant norites and ultramafic cumulates that appear 

not to match the lithologies represented by the present 

samples. Perhaps this difference is a product of the 

proportions and composition of crustal-mantle litholo-

gies that were melted. However [19,20] used a variety 

of starting compositions in their modeling. Another 

problem with the interpretation that these lithologies 

represent cumulates from a Crisium melt sheet is the 

chronology established for these rocks by Ar-Ar ages 

[15 and ref. within]. These data suggest crystallization 

ages that pre-date the Crisium event and fall within the 

range of ages for the Mg-suite. Although multiple 

chronometers would better define the crystallization 

history, we are left with the conclusion that these lithic 

fragments represent pre-Crisium episodes of shallowly 

emplaced Mg-suite magmas and FAN magmatism re-

lated to primordial differentiation.  

 

 
Fig. 3. Modal mineralogy determined from A. Luna 20 

samples; and B. remotely collected measurements [10]. 
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Fig. 4. Mg# versus An for lithologies from Luna 20. 
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