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Supplementary Materials: 
 
Supplementary Figure 1: Raw EBSD data for baddeleyite and feldspar. 
 
Supplementary Figure 2: Operator statistics (A), pole figure diagrams (B,C) and 
reconstructed tetragonal-ZrO2 packets (D) incorporated into reconstruction of a single cubic 
parent grain.  
 
Supplementary Figure 3: Target SIMS locations superimposed onto EBSD map of large 
baddeleyite grain in troctolite 76535.  
 
Supplementary Table 1: Chronological list of events leading to the observed baddeleyite 
structure and age data. 
 
Supplementary Table 2: All electron probe microanalysis (EPMA) chemical data for twelve 
analysis spots on the large baddeleyite grain located in Apollo troctolite 76535. 
 
Supplementary Table 3: Pb-Pb age data for large, microstructurally complex baddeleyite 
grain in Apollo troctolite 76535.   
 
Supplementary Table 4: Modelled influence of common lead corrections on the measured 
Pb-Pb age for baddeleyite grain in Apollo troctolite 76535. 
 
 
 
 
 
 
 
 
 



 
 

Supplementary Figure 1: Raw EBSD data for baddeleyite and feldspar. All baddeleyite 
indexes as monoclinic-ZrO2, indicating no preservation of the parent tetragonal or cubic 
phase. Reversion domains can be observed in band contrast imaging of the grain (A), which 
reveals a range of crystallinity between regions. All-Euler imaging of the grain (B) displays 
the crystal orientations (C), which yield orthogonally (90°)  related clusters in all pole 
directions. EBSD mapping of the surrounding feldspar grain (D) reveals less than 1° of 
crystal plastic deformation, highlighting an absence of shock deformation of the sample.  
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Supplementary Figure 2: Operator statistics (A), pole figure diagrams (B,C) and 
reconstructed tetragonal-ZrO2 packets (D) incorporated into reconstruction of a single 
cubic parent grain. Operator statistics (A) reveal peaks in disorientation at 90°, 120° and 
180° between the monoclinic variants inherited from a cubic crystal via Type 2 OR. The 
peaks at 80° and 115° can be attributed to misorientations between variants in Type 1 OR 
and those in Type 2 OR. The cubic-monoclinic heritage is further strengthened by the 
presence of three unique crystallographic axes in the <010> (b-axis) directions along the 
three <100> cubic directions of the prior cubic grain, as shown by the stereographic pole 
figures of the <100>, <010> and <001> directions (B) and {100}, {010} and {001} planes 
(C). The pole figures are simulated with the software GenOVa33 with Type 2 OR and Type 1 
OR in second and third line of (B,C), respectively. The pole figures cannot be explained by 
reversion from the tetragonal or orthorhombic systems alone2. To localize the intermediate 
tetragonal domains, the 12 monoclinic variants inherited from the cubic grains were 
partitioned into three packets of four variants sharing the same b-axis oriented along the 
same <100> c-axis (D). The analysis reveals that one b-packet dominates the two others, 
which proves that a majority (but not all) the baddeleyite grains come from a unique prior 
tetragonal domain (blue domains in D) crossed by a second large tetragonal domain (red) 
and smaller third domains (green). The unique orientations of these tetragonal precursors 
can be correlated with a single cubic parent (i.e. Figure 1c).  
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Supplementary Figure 3: Target SIMS locations on large baddeleyite grain in troctolite 
76535 with raw all euler EBSD map superimposed for reference. The youngest Pb-Pb ages 
are reported from SIMS spots located on densely twinned domains (i.e. spot 3), while the 
oldest ages are reported from more cohesive crystallographic regions (i.e. spots 1 and 4). 

 

 

Supplementary Table 1: Chronological list of events leading to the observed baddeleyite 
structure and age data. For each ‘event’, the observed ZrO2 structure, estimated 
temperature, estimated age and inferred process as detailed to aid interpretation of the P-T-t 
history of Apollo troctolite 76535. 
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Supplementary Table 2: All electron probe microanalysis (EPMA) chemical data for twelve 
analysis spots on the large baddeleyite grain located in Apollo troctolite 76535. For 
reference, average and standard deviation values are reported for all species.  

Supplementary Table 3: Pb-Pb age data for large, microstructurally complex baddeleyite 
grain in Apollo troctolite 76535. Spot numbers (@1-@6) correlate with spots 1-6 on labelled 
Supplementary Figure 3.  

Supplementary Table 4: Modelled influence of common lead corrections on the measured 
Pb-Pb age for baddeleyite grain in Apollo troctolite 76535. The influence of terrestrial 
common Pb (0 Ma), lunar common lead introduced to the baddeleyite at the time of 
crystallization (~4.3 Ga) from basalt-like (400 µ2) to KREEP-like (1000 and 2000 µ2) 
sources. Mixing of these common lead sources (50 µ3) to model contamination from 
surrounding phases (such as feldspar) is also presented from a range of lunar sources. In all 
scenarios,  a maximum shift in the Pb-Pb age of 0.8 Ma is observed, showing that common 
lead has a minimal influence on the calculated age of the grain.   




