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Introduction: Lunar breccia 12013 is likely the 

most widely studied [1,2 and references therein] and 

well-known lunar samples that contains granitic materi-

al. Sample 12013 has a mass of 82.3 g and is a mottled 

mixture of dark and light colored breccias. The dark 

breccia is a clast-laden impact melt with mineral clasts 

of plagioclase, clasts of quartzofeldspathic and noritic 

lithologies, and a fine-grained groundmass of KREEP-

basaltic composition [1]. The light-colored breccia con-

sists of KREEPy basaltic clasts in a ground mass of 

granitic composition. The granitic (felsitic) groundmass 

accounts for 30-40% of the light-colored breccia [1]. 

Sample 12032,366-19 is a recently characterized, 

21.3 mg monomict granitic rock fragment [3]. It has an 

igneous texture with no clasts or indications of breccia-

tion. Because of the size and distinctive characteristics 

of sample 12013, it is reasonable to ask if other, smaller 

granitic rocks from Apollo 12 are related to it or perhaps 

just fragments of similar lithologies. Here, we compare 

the petrography, mineralogy, and bulk composition of 

the granitic components of 12013 with 12032,366-19. 

Methods: We analyzed thin sections 12013,13, 

12013,14, and thick section 12032,366-19 using back-

scattered electron (BSE) images using the JEOL 8200 

electron microprobe at Washington University. The 

objective is to compare 12032,366-19 to the matrix ma-

terials and clasts of 12013. Analytical procedures for 

mineral and bulk compositions can be found in [1] 

(12013) and [3] (12032,366-19). 

Petrography: The 

12013 granitic component 

(hereafter, 12013GC) and 

12032,366-19 are dominat-

ed by a graphic intergrowth 

of K-feldspar and quartz [2] 

(Table 1, Fig. 1); however, 

12032,366-19 also contains 

18.4 vol% sodic plagioc-

lase, which forms a sepa-

rate and distinctive graphic 

intergrowth with quartz. 

The scale of the K-feldspar 

and silica intergrowths is 

similar in both samples 

(Fig. 1). Both 12013GC and 12032,366-19 have compa-

rable abundances of ferroan pyroxene (Table 1). Olivine 

(fayalite) is absent in 12013GC, but composes 1.8 vol% 

of 12032,366-19. 

In 12013GC, quartz is both coarsely and finely (rela-

tively) intergrown with K-feldspar in the same region 

(Fig. 1B). Quartz and K-feldspar intergrowths in 

12032,366-19 occur in two scales – courser and finer, 

but do not occur in multiple scales in the same region. 

Pyroxenes in both 12013GC and 12032,366-19 have 

varying grain sizes. The 12013GC pyroxene is anhedral, 

but the 12032,366-19 pyroxene is euhedral to subhedral.  

Mineralogy: The compositional range of the K-

feldspars in 12013 (~An2.6-19,Ab15-41,Or39-78,Cn0.7-3.4) is 

wider than in 12032,366-19 (An1.2-6.1,Ab25-33,Or58-

74,Cn0.4-3.9) (Fig. 2). The 12013GC K-feldspar composi-

tions vary based on grain location within the sample. 

Much of the variation in the composition of the 

12032,366-19 K-feldspar is between rims and cores of 

the largest K-feldspar grains which are more albitic in 

the cores (we detect no variation of celsian content from 

rim to core), and compositions from grain to grain are 

similar (Fig. 2). Plagioclase in 12013GC (An50-58, 

Ab41-47,Or0.9-2.8,Cn0.1-0.2) is  less sodic than in 12032,366-

19 (An35-48, Ab52-64,Or0.9-1.3,Cn0.0-0.1) (Fig. 2).  

High- and low-Ca pyroxenes occur in 12013GC 

(En28-35,Fs27-34,Wo37 and En41-51,Fs42-50,Wo6.3-9.0) (Fig. 3)  

[1]. Pyroxene in 12032,366-19 is En4.6-6.2,Fs51-52,Wo43-44, 

close to end-member hedenbergite. Olivine occurs in 

12032,366-19 (fayalite, Fo2.7), but is absent in 

12013GC. Ilmenite in 12013GC is more magnesian than 

in 12032,366-19 (2.01 and 1.76 wt% MgO versus 0.12 

wt% MgO) [1,2].  

 Bulk Compositions: Both granitic phases are simi-

larly silicic (Table 2). Sample 12032,366-19 has [FeO] 

> 3 × higher than 12013GC, consistent with the pres-

ence of Fe-rich mafic minerals in 12032,366-19. [CaO] 

and [Na2O] are higher in 

12032,366-19 than in 12013GC. 

12032,366-19 has higher [ZrO2] 

reflected by relatively abundant 

zirconolite and the presence of 

baddeleyite. Also, 12032,366-19 

zirconolite has ~12 wt% more 

ZrO2 than the 12013GC zirco-

nolite. 

Petrogenesis: As deter-

mined by Quick et al. [1], 12013 

was likely a product of a single 

impact event in which the light 

and dark breccias were inter-

mingled. The granitic compo-

nent of the light breccia was 

probably derived from the im-

pact melting of granitic source 

rocks [1,2]. The intermixing of 

components between the light 

and dark phases of 12013 sug-

gests a petrogenetic relationship 

between them and their co-

Table 1. Modal mineralogy of 

12013GC and 12032,366-19. 

Phase  12013

GC [1] 

12032, 

366-19 

K-feldspar  ~50 44.4 

Silica ~40 29.7 

Plagioclase  ~1-2 18.4 

Pyroxene  ~5 4.4 

Olivine  Absent 1.8 

Ilmenite  ~1 0.9 

Zirconolite Trace 0.33 

ZrO2  Absent 0.015 

Phosphate Trace Trace 

All values are in vol%.  

Table 2. bulk composi-

tions of 12032,366-19 

and 12013GC. 

 

12032, 

366-19 

12013, 

09,13 

SiO2 70.1 73 

TiO2 1.07 0.6 

Al2O3 13.5 11.9 

FeO 4.98 1.4 

MnO 0.07 <0.1 

MgO 0.14 0.7 

CaO 3.04 1.4 

BaO 0.68 0.7 

Na2O 2.47 1.4 

K2O 4.58 6.8 

P2O5 0.052 0.1 

ZrO2 0.2 <0.1 

All values in wt%. 

12032,366-19 values are  

“Model 1” in [3]. 

12013,09,13 values are 

from [1]. 
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occurrence in 12013 suggests a proximal relationship in 

the source region where the components of this breccia 

were incorporated. Quick et al. [1] as well as Rutherford 

and Hess [4] entertained the possibility that

KREEP-basaltic and the light, felsitic components could 

have been related by silicate-liquid immiscibility, but 

Rutherford and Hess pointed out that experiments did 

not support SLI for the 12013 component compositions.

The alternative model for petrogenesis of the 12013GC 

parent holds that it was formed as a late

tiate from a large compositionally evolved

which all of the lithologies in 12013 were derived [1].

The petrography, mineralogy, and composition

12032,366-19 are most consistent with 

tional crystallization of an incompatible

parent melt followed by the separation of mineral pha

es based on density [3]. Sample 12032,366

then represent an accumulation of the low

es (quartz, K-feldspar, sodic plagioclase) plus a signif

cant amount of entrained mafic residual melt.

the parent melt must have had higher 

known KREEP composition to achieve the pla

compositions in 12032,366-19 (Ab35). 

Conclusions: 12013GC and 12032,366

pear similar at first, but have several important diffe

ences. Sample 12013 has been highly modified by i

pact; however, 12032,366-19 is clearly of igneous or

gin. 12013GC and 12032,366-19 have similar inte

growths of K-feldspar and silica and somewhat similar 

bulk compositions; however, other characteristics are in 

stark contrast. Sample 12032,366-19 contains a co

plete suite of minerals consistent with extreme fractio

al crystallization (K-feldspar, silica, Na

Figure 1. BSE images. A: K-feldspar and silica intergrowth in 

12032,366-19. B: K-feldspar and silica intergrowth in 

12013,13. Silica bleb is partially visible at the center

(dark, sub-rounded). 

occurrence in 12013 suggests a proximal relationship in 

the source region where the components of this breccia 

as well as Rutherford 

and Hess [4] entertained the possibility that the dark, 

basaltic and the light, felsitic components could 

liquid immiscibility, but 

t that experiments did 

not support SLI for the 12013 component compositions. 

petrogenesis of the 12013GC 

parent holds that it was formed as a late-stage differen-

compositionally evolved pluton from 

the lithologies in 12013 were derived [1]. 

The petrography, mineralogy, and composition of 

19 are most consistent with extreme frac-

n incompatible-element-rich 

by the separation of mineral phas-

. Sample 12032,366-19 would 

represent an accumulation of the low-density phas-

feldspar, sodic plagioclase) plus a signifi-

of entrained mafic residual melt. However, 

the parent melt must have had higher Na2O than any 

known KREEP composition to achieve the plagioclase 

 

12013GC and 12032,366-19 may ap-

l important differ-

ences. Sample 12013 has been highly modified by im-

19 is clearly of igneous ori-

19 have similar inter-

feldspar and silica and somewhat similar 

characteristics are in 

19 contains a com-

plete suite of minerals consistent with extreme fraction-

feldspar, silica, Na-rich plagioclase, 

ilmenite, hedenbergite, and fayalite) and has

than 12013GC. In 12013GC, plagioclase, pyroxene, and 

olivine are either absent or of different composition. 

Granite sample 12032,366-19 is a more extreme fracti

nate than 12013GC and any clast components

based on our examination of thin sections.

with [4] that although not supported by experimental 

evidence, there may still have been

dark and light components in 12013 via 

other hand, our assessment of the mineralogy, bulk 

composition, and assemblage of 12032,366

formed by extreme fractional crystallization coupled 

with density separation of phases and that it did not 

form directly as the silicic fraction of SLI. 
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Figure 3. Examples of pyroxene compositions in 12032,366

12013GC. 12032,366-19 values are red; 12013
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Figure 2. Feldspar compositions in 12032,366

(blue). Plagioclase shown as diamonds; K-feldspar 

 

) and has higher FeO 

13GC. In 12013GC, plagioclase, pyroxene, and 

olivine are either absent or of different composition. 

19 is a more extreme fractio-

nate than 12013GC and any clast components in 12013, 

based on our examination of thin sections. We agree 

with [4] that although not supported by experimental 

have been a relationship of 

dark and light components in 12013 via SLI. On the 

other hand, our assessment of the mineralogy, bulk 

composition, and assemblage of 12032,366-19 is that it 

formed by extreme fractional crystallization coupled 

with density separation of phases and that it did not 

form directly as the silicic fraction of SLI.  
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