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Introduction: Understanding the volatile inventory 

and isotopic compositions of meteorite samples is crit-

ical given the importance of these elements in a variety 

of cosmochemical and geochemical processes. As such 

there has been significant interest in their abundance 

and isotopic composition, particularly in the trace min-

eral apatite which is known to contain appreciable 

amounts of volatile elements [e.g. [1]. Since shock-

induced deformation is pervasive to varying degrees 

throughout many meteorite samples, any variation in 

observed apatite crystal structure related to shock may 

affect their volatile composition.  

Electron Backscatter Diffraction (EBSD) analyses 

provide crystallographic information at the µm and 

sub-µm length scales. In extraterrestrial samples, 

EBSD has mostly been used to interpret larger-scale 

plastic deformation [2] and shock deformation in geo-

chronometers such as zircon and baddeleyite [e.g. 3-5]. 

Importantly, these studies highlight the significance of 

understanding deformation at the µm-scale when inter-

preting complex U-Pb data and the mobility of Pb. 

More recently, an increasing complexity in phosphate 

deformation features with shock pressure has been 

observed in extraterrestrial apatite and merrillite [6-8]. 

Preliminary work has previously been undertaken 

to investigate apatite microstructures in eucrites [9] 

and their link to volatile composition for samples with 

previously obtained volatile data [10]. In this study we 

conducted a targeted investigation of the H and Cl 

abundances and isotopic compositions of previously 

EBSD-mapped apatite grains in three eucrites with 

moderate to high shock grades. Data from this work 

will further explore the relationship between shock 

deformation and volatiles. 

Samples:  The three samples selected for this study 

are basaltic eucrites of shock grades ranging from 

moderate to highly shocked: Puerto Lápice (S3)[11], 

Cachari (S4), and Padvarninkai (S5)[12]. Bulk compo-

sitions of these samples are broadly similar to each 

other and other basaltic eucrites [11, 13]. Of these, 

only apatite in Cachari has been previously analyzed 

for Cl [14] and H [15]. 

Methods: The Cl content and isotopic composi-

tions were measured using the Cameca NanoSIMS 50L 

at The Open University in scanning ion imaging mode 

using a modified protocol based on Stephant et al. [16], 

acquiring negative secondary ions of 12C, 18O, 35Cl, 
37Cl, and 40Ca19F simultaneously on electron multipli-

ers. Regions of interest (ROIs) were selected based 

primarily on the 35Cl/18O images. 

Hydrogen analyses were conducted on top of the Cl 

isotope image pits using the same instrument in multi-

collection mode based upon a well-established proto-

col [e.g. 17, 18] acquiring negative secondary ions of 
1H, 2H, 13C, and 18O. Measured D/H ratios are spalla-

tion corrected. 

Results: A total of 19 measurements from 12 indi-

vidual apatite grains were collected for Cl and a total 

of 17 correlated H measurements were made on top of 

the Cl image pits (Fig. 1). Where possible within the 

same apatite grain, one measurement was taken where 

EBSD maps showed fewer deformation features and 

another measurement was taken where these maps 

indicated more complex microstructures to allow for 

intra-grain comparisons. 

Apatite in the moderately shocked Puerto Lápice 

display a range in Cl content from ~ 750 to 1100 ppm 

with most analyses showing > 900 ppm Cl. Cachari 

and Padvarninkai contain more Cl overall, with Cl 

contents ranging from ~ 1000 to 1400 ppm. 

The δ37Cl values for apatite in Puerto Lápice (~ –

3.4 ± 1.1 to −0.6 ± 1.1 ‰, 2σ) are within error of ter-

restrial values although typically lower (< −2 ‰). Both 

Cachari and Padvarninkai have relatively 37Cl-enriched 

signatures (~ +5.4 ± 1.1 ‰ to ~ + 7.5 ± 1.2 ‰ and ~ + 

3.0 ± 1.4 ‰ to ~ + 7.7 ± 0.9 ‰, respectively), similar 

to some previously analyzed basaltic eucrites [14][19], 

although Padvarninkai shows slightly more variability. 

Water abundances for Puerto Lápice apatite grains 

exhibit a relatively large variation from ~ 240-840 ppm 

H2O similar to the basaltic eucrite Millbillillie [17]. 

Cachari has a similar range to Puerto Lápice at ~ 186-

780 ppm H2O. Padvarninkai, on the other hand, has a 

relatively more restricted range in water content from 

~ 965 to 1390 ppm H2O, which is in keeping with oth-

er basaltic eucrites such as Stannern and Dar al Gani 

844 [15, 17].  

The hydrogen isotopic composition of Puerto 

Lápice ranges from δD ~ +90 ± 65 ‰ to +160 ± 58 ‰ 

(2σ) within error of many of the basaltic eucrites with 

similar H2O abundance. The δD values for Cachari (~ 

−55 ± 135 ‰ to +98 ± 66 ‰) are within error of the 



previous data point (−158 ± 24 ‰), however, apatite 

display a positive correlation between δD and H2O 

content. Padvarninkai displays a similar range to 

Cachari (δD ~ −24 ± 70 ‰ to +129 ± 52 ‰) with the 

exception of a single data point that is lighter  (~ −157 

± 55 ‰).  

Figure 1: a) Plot of δD values versus H2O content 

of analyzed samples. b) δ37Cl values versus Cl content. 

Discussion: Overall the abundance and isotopic 

composition of both H and Cl in these shocked basaltic 

eucrites are similar to the other (of lesser shock grades) 

basaltic eucrites, previously analyzed [14-15, 17, 19]. 

While the ROI analyses provide compositions compa-

rable to that reported, the images reveal complex fea-

tures that are visible at the sub-micron level. Given the 

small scale of these features the uncertainties associat-

ed with their δ37Cl values are too large to reliably in-

terpret any isotopic changes, however, the Cl content 

shows local variations (Fig. 2). 

Other than a positive correlation between δD and 

H2O content in Cachari (Fig. 1a) and a potential nega-

tive correlation between δ37Cl and Cl content in 

Padvarninkai (Fig. 1b), there are no other obvious cor-

relations within or between samples. Volatile abun-

dance and isotopic composition are not obviously 

linked with deformation features revealed by EBSD, 

despite increasing shock grade. The consistent light Cl 

isotope composition observed in Puerto Lápice is in-

teresting as only the unbrecciated Stannern trend eu-

crite North West Africa 5073 displays consistently 

similar values. These light δ37Cl values (near –4 ‰) 

have been hypothesized to potentially record the pri-

mordial solar nebular signature.  

Figure 2: Isotope image displaying localized enrich-

ments in Cl in a Cachari apatite grain. The ROI is out-

lined by white lines using L’IMAGE. 

Conclusion: Data from this study highlight that 

whilst the microstructures observed in EBSD increase 

in complexity with shock grade [7][9], the abundance 

and isotopic composition of H and Cl in apatite within 

eucrites appears to remain unaltered. 
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