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INTRODUCTION. Impact-induced devolatilization is a process fundamental to 
accretion. Impact velocities of infalling planetesimals increase in proportion to planetary 
radius. At some point in a planet's accretion history, minimum infall velocities will be 
sufficient to cause incipient devolatilization of incident planetesimals, thereby creating a 
planet's earliest proto-atmosphere. Reaction of shock released water with iron or iron sulfides 
will influence both primordial atmospheric development and core formation [1,2]. Previous 
studies have examined impact-induced devolatilization in serpentine [3], carbonates [4], 
sulfates [ 5 ] ,  and Murchison [6,7]. Our earlier studies have established that for serpentine and 
Murchison meteorite, impact-induced devolatilization caused D:H fractionation between 
released gas and residual solid, with H being preferentially partitioned into the released gas 
[4,7]. In this study, we have shocked serpentine-iron and serpentine-pyrrhotite mixtures to 
examine the influence of a metal phase on the impact-induced devolatilization and D/H 
isotopic fractionation of water driven from serpentine by shock. 

EXPERIMENTAL PROCEDURES. We conducted a series of solid-recovery shock 
experiments on serpentine-Fe and serpentine-pyrrhotite (FelmxS) mixtures (50:50 by mass) 
using the 20 mm solid propellant gun at Caltech. Mixed powders of grain size 38 - 300 pm 
were pressed into the stainless steel sample recovery assembly, achieving initial densities of 82 
to 96 % of theoretical. Mixed phase (fully dense) shock equations of state were constructed 
from end member equations of state [8], assuming uniform stress throughout the shocked 
medium [9]. The Hugoniots of the porous samples were calculated from the full-density 
mixed-phase equation of state using expressions from [lo]. The assemblies were shocked 
using stainless steel impactors at velocities of 1.27 to 2.03 krnfs, yielding initial shock 
pressures of 16.1 to 27.2 GPa (Table 1). For comparison, peak reverberated shock pressures 
are also listed in the table. 

After recovery from the impacted assembly, 10 to 20 mg aliquots of the residual shocked 
solids were cornbusted at 90Q0C under vacuum. The resulting gases were condensed at liquid 
nitrogen temperature. C02  was released from the trap using a dry ice-solvent bath. The 
remaining H20  was released at room temperature and reduced to H2 by passing it over U 
shavings at 700°C. The volumes of each gas were determined manometrically and analyzed 
for isotopic composition using a gas source mass spectrometer. 

RESULTS AND DISCUSSION. Shock pressure and the mass and isotopic analyses are 
shown in Table 1. Incipient devolatilization of the serpentine plus metal mixtures occurs at 
about 16 GPa initial shock pressure, or about 30 GPa peak shock pressure. At the highest 
shock pressure studied, Pinitial of 27 GPa (Shot 1121), approximately 16 % of the hydrogen 
initially present in the sample was driven off. Previous studies of serpentine alone and 
Murchison indicate incipient devolatilization at about 5 - 12 GPa initial shock pressure. The 
addition of the relatively less compressible metals to the mixture (the bulk moduli Kos are 
approximately 74, 269, and 155 GPa for serpentine, iron, and pyrrhotite, respectively [8]) 
results in less shock heating of the mixture at a given shock pressure and hence greater shock 
pressure is needed to initiate devolatilization. 

The recovered residual solid is enriched in deuterium over the starting material indicating 
that H is preferentially partitioned into the evolved gas during impact devolatilization. This 
result is consistent with the previous shock-induced D/H fractionation studies of serpentine and 
Murchison [4,7]. However, the gas-solid fractionation factors 

agas-solid = (D/H)evolved gas/(D/H)residual solid = (1000 + 6Dgas)/(1@)0 + mresidual solid) 
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calculated from these results (Table 1) exhibit a greater deviation from unity than those of the 
previous studies. For serpentine and Murchison, agas-solid decreases from unity at low 
devolatilizations, has a minimum of about 0.9 at about 30 % devolatilization, and then 
increases toward 1 roughly symmetrically about that point. In the serpentine-metal mixtures 
agas-solid is about 0.67 at 2 % (incipient) devolatilization, and then increases monotonically 
reaching unity near 16 % devolatilization. This difference in the shape of the fractionation 
factor. versus devolatilization fraction curve reflects a chemical interaction between the water 
being lost and the metals present in these samples. Further work is underway to characterize 
this reaction. 

CONCLUSIONS. The addition of a significant fraction of Fe-rich metal to serpentine-rich 
incident planetesimals would delay the onset of impact-induced devolatilization, and hence the 
development of a primitive proto-atmosphere, .to greater planetary radii than would occur 
assuming homogeneous serpentine planetesimals. However, the metal phase would also cause 
a much larger D/H isotopic fractionation between the proto-atmosphere and the planetary 
interior than the simpler scenario indicates. The conclusions from these models will be 
discussed. 
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Table 1. Results of H analyses on shocked serpentine plus metal mixtures 
Sample, Initial Impact Initial Peak H2 in H2 ~DSMOW agas-raid 
ShotNumber Density Vel. Shock Shock Resid. Devola- Res~dual solid 

Press. Press. Solid tilized Solid 

% of 
g/cm3 km/s GPa GPa pm/mg initial Olm 

Serpentine + 
Iron 3.79 2.47 -97.5 
11 17 3.40 1.47 16.9 32.9 2.42 2.0 -91.5 0.67 
1118 3.19 1.81 19.9 42.3 2.34 5.3 -88.8 0.82 
11 19 3.63 1.27 16.1 27.6 2.70 -96.5 
1121 3.50 2.03 27.2 48.8 2.08 15.8 -94.3 0.98 

Serpentine + 
F'yrrhotite 3.34 2.39 -97.6 
1120 3.23 1.43 17.1 31.8 2.46 -98.1 
1122 2.75 1.81 17.4 42.3 2.31 3.3 -93.5 0.86 
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