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  Introduction: The Luna sample return missions 

(Luna 16, Luna 20, and Luna 24) were carried out by 

the Soviet Union between September 12, 1970 (launch 

of Luna 16) and August 22, 1976 (return of Luna 24 to 

Earth). These three missions returned a total of 321 

grams of material. The Soviet Union shared some of 

this returned material with the United States, but a 

large mass of these samples still remain in Russia. 

These samples and their geologic context, as inferred 

from remotely sensed data, are particularly important 

in constraining models of the origin and evolution of 

the Moon as they provide material from outside the 

Apollo landing site zone. For example: (1) Recent iso-

topic measurements on magmatic samples returned by 

Apollo indicate that, in the Procellarum-KREEP ter-

rane (PKT) and immediate surroundings [e.g., 1,2] the 

model age for the mantle sources of mare basalts and 

the ages for Mg-suite and FAN rocks reveal a prepon-

derance of 4.34-4.37 Ga ages [3,4]. This event reflects 

either primordial solidification of a lunar magma 

ocean (LMO) or a widespread secondary magmatic-

thermal event on the lunar nearside such as LMO cu-

mulate overturn or a large far side impact event [3,4]. 

Is this thermal event Moon-wide or limited to regions 

sampled by Apollo (PKT region)? As basalt fragments 

from Fecunditatis (L16) and Crisium (L24) are farther 

from the PKT than the Apollo samples they may rec-

ord a different mantle or crustal thermal history. (2) 

Observations from GRAIL (thin crust beneath the ba-

sin) and Kaguya (exposures of olivine in the basin 

ring) have been interpreted as indicating that the 

Crisium impact event may have excavated into the lu-

nar mantle [e.g., 5]. Luna 24 basalts may provide in-

formation concerning mare magmatism following an 

impact event that penetrates the lunar crust to the up-

per mantle. Are mare magmatic processes different in 

basins with stripped crust and exposed mantle differ-

ent from basins with some of the crust still intact? 

With a new view of the Moon since the late-1970s and 

a renewed interest in the Luna samples, it is timely and 

necessary, to place these samples within the context of 

more recent mission observations, new empirical 

modeling, and new lunar concepts.  

  Basalts sampled by the Luna missions: The basalts 

returned by the Luna missions exhibit a relatively wide 

range in composition despite the limited volume of ma-

terial [e.g., 6-8]. As many of the fragments and glasses 

are small, any conclusions concerning their variation 

must be tempered with concern for sample size and 

representative sampling of lithologies. However, we 

can use the small samples in conjunction with remote 

measurements of composition to make broader connec-

tions. 

   Luna 16: The Luna 16 core has basaltic lithic frag-

ments and mare glasses. The basalts generally have 

subequal amounts of pyroxene and plagioclase with 

abundant ilmenite and minor olivine. The basalts range 

in composition from aluminous basalts with variable 

TiO2 to intermediate-TiO2 basalts ([6]; Fig. 1). The in-

termediate- TiO2 basalts potentially lie along multiple 

liquid lines of descent (LLD; Fig.1). Multiple crystalli-

zation trajectories are implied by the pyroxene compo-

sitions. It appears that these two basalt suites are not 

directly related by fractional crystallization. The inter-

mediate-Ti basalts have the following trace element 

characteristics (in ppm): K=581-1992, Th=1.1-1.7, 

Cr=550-2500, Ni= 79-147, and Co from 14-30. The 

more aluminous basalts some of the following trace 

element characteristics: K=996-3650, Th=1.1-1.7 ppm, 

Cr = 1400-2000, and Co from 30-100. Although mare 

glass compositions have been identified limited compo-

sitional data exists. 

   Luna 20: Basaltic lithic and mineral fragments and 

mare glasses have been identified in the impact-breccia 

dominated regolith returned by Luna 20 [9], but they 

are generally rare (e.g., mare glasses=0.4 to 1.6%) and 

are not well documented. Mare-like glasses have com-

positions that are similar to low-Ti basalts (Fig.1). Py-

roxene zoning compositions mimic trajectories identi-

fied in pyroxenes from Apollo mare basalts. KREEP 

basalt fragments have been identified [7].   

   Luna 24: Samples of basaltic composition exhibit a 

range of textural characteristics to include green, 

brown, red-brown, and orange glasses, vitrophyric, 

subophitic, and recrystallized basalts, and gabbros. The 

suite of Luna 24 basalts is dominated by very low-Ti 

ferrobasalt compositions (VLT) that consist of pyrox-

ene and plagioclase and minor olivine [8,10]. They po-

tentially lie along multiple LLD (Fig.1). Multiple LLD 

are corroborated by multiple pyroxene crystallization 

trajectories. More magnesian VLT basalt compositions 

lie along LLD trajectories [11]. The VLT basalts have 

some of the following trace element characteristics 

(ppm): K=200-350, Th=0.20-0.47, Ni= 20-80, and Co= 

38-59. Rare Ti-rich basalt compositions are implied by 

rare orange and red-brown glasses.  

   Interpretations: The origin of all of these “basaltic” 

lithologies (pristine magmatic versus impact-produced) 

is not always clear. Many of the basaltic glasses may be 

pristine based on the criteria of Delano [12]. A magmat-
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ic origin for many of the crystalline basaltic lithics may 

be confirmed with methods outlined by Fagan et al. 

[13].  Interpretation of high-P and T experimental data 

on L24 ferroan VLT compositions indicate that olivine 

does not occur as a liquidus phase over a broad range of 

P and T [14]. This suggests that these are not primary 

basaltic magmas from the lunar mantle but represent 

magmas that experience substantial fractional crystalli-

zation. Primary magmas for the basalts sampled by the 

Luna missions have compositions at the more Mg ex-

tensions of the LLD (Fig. 1). These primary melts are 

similar to the green, yellow, and orange picritic glasses 

sampled by the Apollo missions. This would imply that  

 
Figure 1. MgO versus TiO2 and MgO versus Al2O3 for Luna 

basalt samples. Square symbols represent basalts from L16 

(red=basalts, pink=aluminous basalts). Triangle symbols are 

from L20 (orange=basalts, green basaltic glass, red=KREEP 

basalt). Circle symbols represent basalts from L24 

(blue=basalts, brown=brown glass, green=green glass, 

white=high K glass, orange= high-Ti glass). Superimposed on 

the plots are LLD trajectories for near primary mare magmas 

from Longhi [11]. These trajectories include the appearance 

of mineral phases on each trajectory. 

the primary magmas for these basalts were generated 

from multiple sources residing at depths of ≥400 km. 

Trace element data indicates that the Luna primary 

magmas are not identical to the Apollo picritic glasses.  

   Relationship between Luna samples and Crisium 

and Fecunditatis basin flood basalts: Remotely   

sensed data from Apollo, Clementine, LRO, and M
3
 

reveal numerous lava flows in the Crisium and Fecundi-

tatis basins. In Crisium, basalts range in composition 

from very low-Ti, low-Ti and intermediate-Ti abun-

dances (up to ∼8%). Higher FeO content occurs near to 

Yerkes crater and northeastern portion of the basin and 

is similar to the VLT basalts.  Up to 3 basalts composi-

tions exist: (a) low-Mg, low-Ti basalts; (b) high-Mg, 

intermediate-Ti; (c) high-Mg, low-Ti. The latter may 

represent magmas that approach primary melt composi-

tions for the VLTs or olivine cumulates. Basalts ex-

posed at the surface of Mare Fecunditatis belong mostly 

to low to medium Ti types (0–6 wt% TiO2). High-Ti 

basalts crop out in central to north central areas of the 

mare. Mafic pyroclastic debris has been identified in 

the highlands SW of Crisium [15]. The relationship 

between the individual flows making up the Crisium 

and Fecunditatis basin may be better established by 

projecting the LLD, remotely collected chemical-

mineral data (Apollo, LRO, M
3
) and sample data on a 3 

dimensional plots of  Ti-Al/Si-Mg/Si. This will enable 

the remotely sensed data to be both placed within the 

context of primary to evolved basalts and potential 

mantle sources. 

Connecting Gravity and Composition.What was 

exposed during basin formation and where did it 

originate?: Numerical modeling of the Crisium impact 

event and analysis of GRAIL data provides a geologic 

frame of reference (e.g., temperature, pressure, crust-

mantle structure) in which to place the subsequent mare 

magmatism. Existing compositional data on Luna ba-

saltic fragments is useful to constrain remote observa-

tions. The inclusion of the full set of Luna samples will 

further constrain our knowledge of magmatic processes 

in this region of the Moon. Remote observations will 

then be used to bound the range of compositions erupt-

ed within this frame of reference and provide insight 

into the evolution of the lunar crust in a unique region 

of the Moon, outside of the Apollo landing sites. 
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