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FIGURE 4. X-ray diffraction data from four breccia
samples. The gradual increase in intensity from ~16
to 34 2θ reveals glass in the breccias. Reflections
from brucite (expected locations indicated by dashed
gray lines) are absent, consistent with water vapor
release during serpentine decomposition. This
provides a logical source for the H2O seen in spectral
data. Reflections from quartz and serpentine are
strong. Some serpentine survived the shock and
accounts for part of the measured OH.

FIGURE 3. Micro-transmission FTIR spectra of melt in
two breccia pieces. Both OH and H2O are present in
the glasses, as evidenced by the diagnostic
absorbance maxima at 2.8 μm (fundamental OH
stretch) and 6.1 μm (H-O-H bend). Dashed gray lines
indicate the expected locations of these peaks.
Absorbance peaks between ~5 and 6 μm are not
related to OH or H2O but rather to Si-O bonds.

On Vesta, impact-delivered dark material is
associated with excess H [1] and OH-related
spectral features [2]. These signatures are
attributed to remnants of carbonaceous
chondrite-like impactors [1–3].

However, some [4–6] have suggested that
impact melt traps water derived from the
projectile. We assess the extent to which
impact melt, in contrast to projectile relics,
may be a reservoir for impact-delivered
water (OH or H2O) on asteroids like Vesta.

Hypervelocity impact experiments implicate impact melt 
as a host for impact-delivered water on asteroids

R. Terik Daly and Peter H. Schultz, Brown University, terik_daly@brown.edu

EXPERIMENTS
Experiments at the NASA Ames Vertical Gun
Range using serpentine projectiles, along
with sand and pumice targets, assessed the
extent to which the OH in hydrous projectiles
is retained by the target. Impact angle varied;
impact speeds were near 5 km s-1,
comparable to speeds in the main belt [7].

Projectile-bearing breccias were recovered
from both in and around the crater after
each experiment and then analyzed (Fig. 1).

RESULTS
How much of the projectile’s OH is retained?

FIGURE 1. (A) Crater formed when a serpentine projectile impacted dry
sand (45°, 4.6 km s-1). Some projectile-bearing breccia pieces (see
purple-outlined zoom in) stay inside the crater; others were ejected
beyond the downrange crater rim. (B) Examples of individual breccia
pieces recovered from this experiment.
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PURPOSE

15 cm

Impacts at speeds
typical of the main
asteroid belt create
melt breccias, such
as the ones shown
at right.

Glasses in breccia
pieces contain water
(OH and H2O). TGA
profiles, like those
at right, implicate
the projectile as the
source of this water.

On asteroids, impact
melt, in addition to
projectile relics, is a
likely reservoir for
the water delivered
by volatile-bearing
impactors.1 cm
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Is OH retained in relic clasts or impact melt?
Spectral data reveal OH and H2O in impact melt (Fig. 3). The
H2O comes from vapor liberated during impact and then
trapped. XRD data support this claim (Fig. 4).
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Many, if not all, large asteroids should be
laden with significant meteoritic debris as a
natural consequence of their impact history
[9,10]. These experiments suggest that other
large asteroids may also be splattered with
impactor-derived OH hosted in impact melts.

IMPLICATIONS

Hydrous dark material in Vesta’s 
Cornelia crater

Measurements of bulk chemistry and volatile
content, accompanied by geochemical mixing
models (see chart at right), reveal that during
impacts in sand, 8% of the projectile’s OH is
retained at vertical incidence; 2% remains at
45°. In pumice targets at 45°, breccias retain

10% of the projectile’s OH. This
seemingly inefficient retention of
the projectile’s OH is deceptive:
breccias actually capture between

23% and 58% of available OH,
based on how much of the
projectile was itself retained.
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Experiments using porous silicate targets
and typical asteroidal impact speeds reveal
that impact melt traps OH derived from the
projectile, consistent with prior work [5,6].

Natural impact glasses formed in regolith-
like targets contain OH and H2O [4–6] (Fig. 5),
which indicates that the trapping process
operates at larger scales. Hence, impact melt
serves as a reservoir for impact-delivered
water on asteroids, including Vesta.

CONCLUSIONS

FIGURE 5. Argentine loessoid deposits
like this one are a terrestrial analog to
porous silicate regoliths. The OH and
H2O observed in impact glasses
generated from these sediments [4–6]
reveal a larger-scale trapping process.
This allows results from these
experiments to be extrapolated to
asteroidal scales.
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