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Introduction: Planetesimals >100 km in diameter have undergone partial or complete differentiation, followed 

by magmatic activity within the first 10 Myr of the Solar System history. Common differentiation mechanisms oper-
ating on achondrite parent bodies produced geochemically and/or petrogenetically similar lithologies. For example, 
Brachinites are ultramafic partial melt residues from low degrees of melting of a volatile-rich, oxidized chondritic 
parent body; although initially elusive, extracted melts may be represented by felsic, andesitic paired meteorites 
Graves Nunataks (GRA) 06128,9 [e.g., 1]. Likewise, Ureilites are coarse-grained, ultramafic rocks thought to repre-
sent the residual mantle of a partially melted, carbon-rich, and catastrophically disrupted Mercury- to Mars-size plan-
etary embryo [2-3]. Geochemically evolved crustal rocks associated with the ureilite parent body are represented by 
meteorites Northwest Africa (NWA) 7325, Northwest Africa 11119, and trachyandesitic clasts in Almahata Sitta [4-
6]. Here, we report on the measured water concentrations and hydrogen isotopic compositions of nominally anhydrous 
minerals (NAMs) in several primitive achondrites because they could have been an additional source of volatiles 
during the early accretion stages of the terrestrial planets.  

Methods: We measured H2O contents and D/H ratios in olivine, Cpx, and Opx in two Ureilites: LaPaz Icefield 
(LAP) 03587 and Cumulus Hills (CMS) 04048; and two Brachinites: Elephant Moraine (EET) 99402 and GRA 06129 
using the NanoSIMS 50L at ASU. A Cs+ primary beam of ~1 nA (D1-3) was rastered over a 25×25 μm2 area. 1H−, 
2D−, 12C−, and 18O− were measured simultaneously using the ES1 and AS, and electronically gated to the internal 50% 
of the rastered area. The electron gun (~500 nA) was used to compensate for sample charging. To remove potential 
surface contamination, the analysis area was pre-sputtered at 1 nA for ~10 minutes; 1H- and 12C− intensities were 
monitored to identify surface contamination. Two terrestrial standards with known D/H (PMR-53: δDSMOW = -115 ‰; 
and ALV-519: δDSMOW  = -72 ‰) were used to correct for the instrumental mass fractionation for the hydrogen isotope 
measurements. The water contents of NAMs were estimated using a H2O calibration determined from four standards 
(116610-18, PMR-53, DGO-166, and ALV 519) with known water concentrations. 116610-18 is an Opx with 119 ± 
22 ppm H2O (2σ); DGO-166 is a Cpx with 354 ± 100 ppm H2O  (2σ); PMR-53 is an Opx with 268 ± 16 ppm H2O 
(2σ); ALV-519 is a basaltic glass with 1700 ± 86 ppm H2O (2σ). The calibration was determined by linear regression 
of 1H−/18O− measurements in the standards vs. known H2O concentrations.  The calibration had a slope of 8.38 x 10-5 
(R2 = 0.95). San Carlos olivine served as an analytical blank with background concentrations of ~19 ppm H2O. 

Results and Discussion:  The ureilites show elevated H2O concentrations (461-2236 ppm H2O) and depleted 
δDVSMOW values (-333 to -7 ‰), relative to previously measured differentiated achondrites, e.g., Angrites and HED 
meteorites [7, 8]. LAP 03587 and CMS 04048 display differences in the H2O concentration of their silicate minerals. 
For example, olivine in LAP 03587 have a median of 663 ppm H2O, whereas Opx and olivine in CMS 04048 have a 
median of 839 ppm H2O. However, the measured δDVSMOW values are the same within 1s error. LAP 03587 olivine 
has a median δDVSMOW of -189 ‰; olivine and Opx in CMS 04048 have a median δDVSMOW of -213 ‰. 

Both Brachinites, EET 99402 and GRA 06129, display significant variations in δDVSMOW, i.e., -349 to +346 ‰ 
and -330 to -27 ‰ , respectively. No systematic variations are observed between different silicate mineral phases. 
Consistent with a felsic, andesitic sample such as GRA 06129, representing an extracted melt from a Brachinite source 
(10-30% partial melting) [e.g., 5], the average H2O concentrations measured are markedly higher: H2OGRA 06129 = 2953 
ppm and  H2OEET 99402 = 556 ppm. This observation is consistent with partitioning behavior and isotopic fractionation 
of hydrogen during partial melting, where partial melting can increase the H2O concentrations in the melt, due to the 
incompatibility of hydrogen, and leave the hydrogen isotopic signature relatively unchanged. Simple calculations of 
hydrogen partitioning behavior that can provide insights into the degree of melting are planned.   

 These first measurements of primitive achondrites suggest that their parent bodies were water-rich; therefore, their 
parent bodies could be an additional source of volatiles for the terrestrial planet building blocks because they formed 
very early in the solar system history (e.g., few Myr after CAIs; [9]). We propose that the parent bodies of Ureilites 
and Brachinites escaped extensive melting and formation of planetary scale magma oceans. The absence of large-
scale differentiation processes would have limited volatile loss. We will use our measurements, volatile element par-
titioning data, and mass-balance constraints to estimate the bulk volatile budget of primitive achondrite parent bodies.   
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