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Introduction:  Early Isotopic dating of lunar rock 

samples led to the hypothesis of a spike in the impactor 
flux between 3.95 and 3.85 Ga in the inner solar sys-
tem (lunar cataclysm or late heavy bombardment, e.g. 
[1-5]). Ages of 4.2 to 4.0 Ga were less common in 
previous isotopic dating studies of Apollo and Luna 
samples and lunar meteorites. The interpretation of the 
age data may be biased because of resetting of chro-
nometers in impact ejecta during heating and melting 
and an overall sampling bias of Apollo samples caused 
by the proximity of the young Imbrium basin (e.g. [6-
7] and references therein). To obtain new evidence that 
may help to address these issues, in-situ U-Pb age data 
for Zr bearing minerals in well-characterized lunar 
samples may be useful (e.g. [7-10]).  

Material and Methods:  Thin sections of an Apol-
lo 14 impact melt rock (14310,19 and 14310,80) and 
an Apollo 16 breccia (67955,48) have been acquired. 
To identify Zr-bearing phases, their petrological con-
text and to quantitatively map the mineralogy of the 
sections, Quantitative Evaluation of Minerals by Scan-
ning Electron Microscopy (QEMSCAN) has been 
applied on all five thin-sections at the Institute of Min-
eralogy and Economic Geology at the Rheinisch-
Westfälische Technische Hochschule Aachen. Mineral 
phases of interest have been further investigated under 
the optical microscope (OM) and by Micro-Raman 
Spectroscopy (MRS) to identify and to investigate the 
structural order of Zr-bearing minerals. Energy-
dispersive x-ray spectroscopy (EDX), Back Scattered 
Electron (BSE) and Cathodoluminesecence (CL) imag-
ing of Zr-bearing phases have also been performed on 
selected Zr-bearing grains for mineral identification 
and determination of their composition at the 
Geoforschungszentrum Potsdam. 

Results and discussion:  The QEMSCAN results 
indicate that the three sections contain trace quantities 
of Zr-bearing minerals, typically with sizes of a few 
µm.  

Sample 14310.  This sample has been dated previ-
ously, using Rb-Sr and Ar-Ar. The Rb-Sr age of 
3.94 Ga has been interpreted to date the cooling age of 
the rock ([11]) and is similar to the Ar-Ar age of 
3.88 Ga ([12]). The thin sections 14310,19 and 
14310,80 are dominated by plagioclase needles which 
enclose pigeonite, K-feldspar, apatite, ilmenite, badde-
leyite and further accessory minerals. The thin sections 
show an isotropic basaltic texture. In 14310, Zr phases 

are mainly located in the interstitial spaces of plagio-
clase needles, together with pigeonite, K-feldspar, 
ilmenite and apatite (Figure 1). Two groups of Zr-
phases (all presumably baddeleyite) can be identified. 
The first type is very small (<3 to 6 µm) and occurs 
mostly as small clusters or swarms of round to irregu-
lar shaped grains (Figure 1). The second type is less 
abundant, reaches up to 15 µm and occurs predomi-
nantly as single grains. 
 

 
Figure 1: BSE image of a former melt pocket enclosed by 
plagioclase needles (dark). The small swarm of bright grains 
in the center are small Zr-phases (presumably baddeleyite) 
enclosed in a K-feldspar, pigeonite, apatite assemblage. 

Sample 67955.  In-situ U-Pb isotopic ages on zir-
conolite measured for a single clast in sample 67955 
were interpreted to reflect an impact event at 4.22 Ga, 
followed by a secondary event 300 Ma later ([7]). Thin 
section 67955.48 can be divided into two different 
domains. One domain comprises up to 3 mm long and 
1.5 mm wide plagioclase phenocrysts with interstitial 
olivine, enstatite and diopside. The second domain is 
defined by various rock clasts embedded in a frag-
ment-rich matrix. Based on their texture it appears that 
some clasts underwent up to two different fracturing 
events before their final assemblage in the bulk sample 
of 67955 (Figure 2). Mineral phase maps 
(QEMSCAN) further indicate that clasts vary by con-
tents, size and texture of olivine, diopside, enstatite and 
plagioclase. Zr phases are rare (less abundant than Zr 
phases in 14310,19 and 14310,80) and of small size (3 
to 15 µm). Zr phases in 67955,48 occur in a range of 
petrologic settings. Most Zr-bearing minerals in 
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67955,48 are located in large rock clasts (Figure 2) 
while a few grains also occur in the fractured matrix. 
 

 
Figure 2: BSE overview of thin section 67955,48. The blue 
rectancle shows a clast with fine grained boundaries towards 
other clasts. Two zircons are outlined in red. The zircon grain 
to the left is also depicted in Figure 3. 

MRS and EDX measurements indicate that the Zr-
bearing phases identified in 67955.48 are all zircon. 
The zircons are of blocky to subhedral shape. Some of 
the zircons show zoning in BSE and CL images. Zones 
are either concentric, irregular or show different do-
mains (Figure 3). A few zircons display inclusions. 
Apatite grains are blocky and, unlike zircon, predomi-
nantly occur in the matrix. Some apatite grains form 
cluster or follow the boundaries of clasts.  

 

 
Figure 3: BSE image of zircon from thin section 67955,48 
with complex zoning pattern. 

Conclusions:  The similar texture and distribution 
of baddeleyites in sample 14310 shows that they crys-
tallized in situ and date the impact that caused the 
formation of the rock. Due to textural variations of 
zircons observed in clasts and in the matrix, we inter-

pret the different zircons in thin section 67955.48 to be 
inherited from magmatic processes that formed the 
igneous precursors of the clasts. Furthermore no zircon 
has been observed in the clast-poor part of the thin 
section. Therefore crystallization of the zircons pre-
dates fracturing processes and assembly of the clast-
rich domain of 67955. The predominance of apatite in 
the matrix as well as its distribution in clusters or 
around clasts shows that the matrix of 67955 has not  
formed by fragmentation of the clasts but from materi-
al possibly similar to the material of the clast-free 
domain. Variations of the different clasts in texture, 
mineral content and mineral texture imply that portions 
of sample 67955 contain many different rock types that 
have been welded into the final rock. Further isotopic 
dating of Zr-phases and phosphates in this thin section 
will yield additional constraints on the formation of 
67955 and its components. In addition to isotopic da-
ting further work on the mineral chemistry of the dif-
ferent clasts in 67955,48 will be carried out to evaluate 
the origin of the different clasts. 
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