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Introduction:  Recent re-analyses of lunar samples 

for their volatile inventories have largely focused on 

the products of basaltic volcanism, i.e. picritic glasses 

and apatite in mare basalts [1-9], and apatite in intru-

sive rocks from the lunar highlands [10-13]. In con-

trast, relatively little work has been carried out on lu-

nar impact breccias. Previous studies of apatite in four 

impact breccias  (12013, 14305, 79215, and 72395) 

[3,14] for their H2O-δD systematics revealed that apa-

tite is consistently dry (~ 0 ppm H2O) with variable δD 

(covering a total range from -96 to 1000 ‰). Of these 

four samples, 72395 is an Impact Melt Breccia (IMB) 

in which Greenwood et al. [14] analysed an apatite 

grain reporting it as dry with an associated δD of ~ 350 

‰. It is important to further investigate volatiles in 

IMBs as they can provide critical insights into the 

volatility of hydrogen in response to shock, an under-

standing of which is crucial when attempting to finger-

print the sources for lunar volatiles, particularly in lu-

nar highlands samples. In this study we have measured 

the OH content (which is reported as H2O equivalent) 

and H-isotopic composition of five apatite grains in 

two Apollo lunar IMBs 15405 and 65785.  

Samples: 15405 is a clast-bearing IMB. The clasts 

in the breccia are predominately KREEP basalts and 

granites. The rock also contains a large proportion of 

mineral fragments (e.g. plagioclase). The impact melt 

(IM) itself is very fine-grained and composed of inter-

grown plagioclase, pyroxene and ilmenite grains (Fig. 

1a) with a groundmass composition similar to that of 

KREEP basalts [15]. Although our polished section of 

this sample contained different clasts, all of the ana-

lysed apatites were located within the IM itself. Apatite 

crystals are typically > 20 m in length, isolated but 

usually intergrown with merrillite. Their scalloped and 

partially resorbed crystal shapes suggest that they are 

relict grains of pre-existing target material.  

 65785 is also classified as an IMB although the IM 

itself is somewhat coarser-grained than that in 15405 

(Fig. 1). The IM is composed predominately of plagio-

clase (~ 200 m in length) intergrown with olivine, 

minor pyroxene, and other accessory phases such as 

spinel and apatite (Fig. 1b). Only two apatite grains 

were large enough to be analysed in this sample, the 

largest of which being ~ 50 m in length. 

Method: Polished sections of samples 15405 and 

65785 were mapped for their elemental abundances 

using an FEI Quanta 3D Dual beam Scanning Electron 

Microscope at The Open University, using a 0.6 nA 

and 20.05 kV electron beam. The OH content and H- 

isotopic measurements of apatites were performed us-

ing the Cameca NanoSIMS 50L ion probe at The Open 

University following protocols described in [1,9].  

 
Figure 1: Back scatter electron images of selected are-

as within the studied samples a) 15405 and b) 65785. 

Ap = apatite, Im = impact melt (matrix), Ol = olivine, 

Plag = plagioclase, Px = pyroxene, Sp = spinel. 

 

Results: We analysed a total of five apatite grains 

from the two samples. In sample 15405 apatite H2O 

contents range from 60 to 120 ppm with corresponding 

D values ranging from ~ -480 ‰ to ~ 330 ‰. The 

H2O content of apatites in 65785 ranges between ~ 20 

and 30 ppm with D values between 620 and 710 ‰.  

Discussion: Before using the measured H-isotopic 

composition of apatites to identify potential sources for 

H in IMBs it is important to apply appropriate correc-

tions for spallogenic production of both H and D [e.g.,  

8]. In this study the measured values were corrected 

using previously published cosmic-ray exposure (CRE) 

ages (11 ± 1.1 Ma for 15405 [16], 271 Ma for 65785 

[17]). For samples that have relatively young CRE 

ages (e.g., 15405) spallation corrections are insignifi-

cant (Fig. 2). In contrast, the elevated δD values (620 

to 710 ‰ ) measured originally in sample 65785 are 

dramatically lowered following the CRE-age correc-

tion, with corrected values ranging from ~ 50 to 100 ‰ 

(Fig. 2), due to the relatively long CRE age of this 

sample. The resultant δD strongly influences the inter-

pretation and understanding of data in the context of 

source region characteristics and/or magmatic process-

es involved in giving rise to the H-isotopic composi-

tion of apatites. Therefore, previously reported δD val-

ues, of apatite in impact breccias (including IMBs), 

that were not corrected for spallogenic effects should 

be used with caution. For sample 79215 (a holocrystal-

line feldspathic impact rock), the published CRE ages 

range from 170 ± 10 to 339 ± 24.2 Ma [18,19]. Using 
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an average CRE age of 245 ± 24.2 Ma [18,19], we 

corrected the data of [14] for 79215 for comparative 

purposes as shown in Figure 2.  

To a first order, the spread in D values for IMBs 

is larger than that observed for mare basalts and lunar 

highlands samples (Fig. 2). The range in D spans 

from non-terrestrial (i.e. elevated values up to ~ 400 

‰) to terrestrial like or CI chondrite-like values and 

extend towards even lower D values (~ -500 ‰), al-

beit with large uncertainties that overlap with the ter-

restrial range. One of the characteristics of apatite in 

these breccias is that they are very dry (< ~ 100 ppm 

H2O, and < 30 ppm H2O, excluding 15405). It is attrac-

tive to relate this feature to dehydration during breccia 

formation, especially given the temperatures (up to 

~ 2000 ºC) invoked for impact-melt formation [e.g., 22 

and references therein].  

In sample 15405, apatites occur as mineral frag-

ments surrounded by IM. Therefore, given the diversi-

ty of clasts within this IMB, it is impossible to identify 

specific lithologies from which these apatites might 

have originated. Interestingly, the occurrence of isolat-

ed relict apatite grains in IM has the potential to record 

the modification in their original D/H signatures 

through interaction with IM at elevated temperatures. 

In 15405 two analyses of one particular apatite grain 

span the entire range of IMB-apatite D, ranging from 

320 to -490 ‰ at constant H2O content (Fig. 2). The 

elevated D value (320 ‰) could be related to degas-

sing/diffusive processes [e.g., 9], whereas the lowest 

D values(~ -500 ‰) could suggest some incorpora-

tion of solar wind H [20,21].  However it is difficult to 

definitively attribute any process(es) or source(s) to the 

15405 apatite D compositions given the large associ-

ated uncertainties on D values (Fig. 2). Therefore, the 

most conservative interpretation of D values meas-

ured in apatites in 15405 is that they are similar to H-

isotopic compositions reported for other lunar samples, 

both shocked and unshocked (Fig. 2).  

In contrast the texture of IMB 65785 (Fig. 1b) sug-

gests that the apatite in this sample crystallised from 

the IM. If true then it could be speculated that the con-

sistent D of apatites in 65785 represents the D signa-

ture of the homogenized melted target lithology [22] 

which incidentally has a composition (D ~ 50-100 ‰) 

similar to that of some carbonaceous chondrites and 

other highlands lithologies (Fig. 2). Clearly further 

work must be conducted on apatite in these samples 

and other IMBs in order to fully assess the behaviour 

of H in response to impact-related thermal metamor-

phism.  

 
Figure 2: Plot showing both the measured (grey sym-

bols) and spallation corrected H2O contents and D 

values of apatites in samples 15405, 65785 [this study] 

and 79215 [14]. Data for 72395 are also from [14] but 

are not spallation corrected. Uncertainties are the com-

bined 2 analytical error and uncertainties associated 

with CRE ages and spallogenic production of H and D. 

Plotted for comparison are the available literature data 

for H2O-D values of lunar basalts (* = Apollo mare 

basalts and lunar basaltic meteorites [1,3,9]), Mg-suite 

norites [10,13], terrestrial range in D [23 and refer-

ences therein] and CI chondrites (bulk) D [24].  

 

Acknowledgements: CAPTEM is thanked for al-

location of Apollo samples. STFC is thanked for a PhD 

studentship to JJB, a research grant to MA (grant No. 

ST/I001298/1), and NanoSIMS access was through 

UKCAN by the STFC-funded grant ST/1001964/1. 

References: [1] Barnes J. J. et al. (2013) Chem. Geol., 

337-338, 48-55. [2] Boyce J. W. et al. (2010) Nature, 466, 466-

470. [3] Greenwood J. P. et al. (2011) Nat. Geosci., 4, 79-82. [4] 

Hauri E. H. et al. (2011) Science, 333, 213-215. [5] McCubbin F. 

M. et al. (2010) PNAS, 107, 11223-11228. [6] McCubbin F. M. 

et al. (2011) GCA, 75, 5073-5093. [7] Saal A. E. et al. (2008) 

Science, 454, 192-195. [8] Saal A. E. et al. (2013) Science, 340, 

1317-1320. [9] Tartèse R. et al. (2013) GCA, 122, 58-74. [10] 

Barnes J. J. et al. (2013) EPSC, Abstr.#105. [11] Robinson K. R. 

et al. (2013) LPSC XLIV, Abstr.#1327. [12] Robinson K. R. et al. 

(2014) LPSC XLV, this volume. [13] Barnes J. J. et al. In Review. 

[14] Greenwood J. P. et al. (2012) LPSC XLIII, Abstr.#2089. 

[15] Ryder G. (1976) EPSL, 29, 255-268. [16] Drozd R. J. et al. 

(1976) Proc. LSC VII, 599-623. [17] Schaeffer G. A. and 

Schaeffer, O. A. (1977) Proc. LSC VIII, 2253-2300. [18] Hudg-

ins J. A. et al. (2008) GCA, 72, 1673-1685. [19] McGee J. J. et 

al. (1978) LPSC IX, 720-722.  [20] Geiss J. and Gloeckler G. 

(1998) Space Sci. Rev., 84, 239-250. [21] Huss G. R. et al. 

(2012) LPSC XLIII, Abstr.#1709. [22] French B. M. (1998) 

Tech. Report, LPI-Contrib-954, 1. [23] Lécuyer C. et al. (1998) 

Chem. Geol., 145, 249-261. [24] Alexander C.M.O’D. et al. 

(2012) Science, 337, 721-723.  

1878.pdf45th Lunar and Planetary Science Conference (2014)


