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Abstract. Basalt is the most common rock type on planetary surfaces. Post-shock temperature and 
particle velocity measurements constrain the equation of state of basalt and provide fundamental 
information about the outcome of planetary impact events. A high-speed, infrared, four-wavelength 
pyrometer, developed at Los Alamos National Laboratory (LANL), is used with customized front end 
optics at the Harvard Shock Compression Laboratory for concurrent observations of particle velocity 
and free surface thermal emission. In an experiment on Columbia River basalt released from a peak 
shock pressure of 28.9±0.2 GPa, the apparent post-shock temperature is wavelength dependent. The 
3.5 and 4.8-μm channels record apparent temperatures between 605 and 630 K, using an emissivity 
range of 0.7-1.0. The 1.8 and 2.3-μm channels record apparent temperatures of ~700 K and ~800 K, 
respectively. The pyrometry data are well fit by a two component temperature distribution: (1) a 
predominantly 565-610 K free surface, in good agreement with the 570 K predicted by the basalt EOS 
in the shock physics code CTH, and (2) a small area fraction of 1700-2000 K hot spots. The model is 
in good agreement with inferred basaltic meteorite hot spot temperatures; however, the hot spot model 
is not unique. Free surface velocity measurements are slower than predicted by CTH, indicating a 
steeper release path than in the model equation of state. 
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INTRODUCTION 
 
Shock temperature data are necessary to 

investigate a wide range of problems in the earth 
and planetary sciences, including phase changes 
during impact events, the temperature field 
surrounding fresh impact craters, and the thermal 
history of meteorites. The post-shock temperatures 
of rocks and minerals provide strong constraints on 
their equations of state. Multi-wavelength data also 
furnish insights into the heterogeneities of shock 
processes in natural materials.  

Most previous shock temperature studies have 
utilized optical pyrometry to observe high 

(typically, >1500 K) peak shock temperatures in 
transparent minerals and liquids or high post-shock 
temperatures in metals and minerals. Infrared 
pyrometry allows investigation of shock processes 
at lower pressures. Furthermore, in many natural 
materials, hysteretic release isentropes significantly 
complicate the calculation of post-shock 
temperatures, as demonstrated by the first study of 
low post-shock temperatures in minerals [1]. 

We have begun a new study of post-shock 
temperatures (in the range ~400-1500 K) in metals 
[2], rocks, and minerals. Here we present 
preliminary results from simultaneous 
measurements of particle velocity and near-infrared 
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free surface emission from shocked basalt. 
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FIGURE 1. Plan view of experimental configuration for simultaneous pyrometer and VISAR measurements on the Harvard 
40-mm gun. An off-axis parabolic mirror collects and collimates radiance emitted from a ~4-mm diameter spot on the 
downrange face of the sample, as well as focusing the incident and collecting the reflected laser light for the VISAR. The 
collimated light is split with a >1200 nm reflecting dichroic beamsplitter between the IR pyrometer and the visible (532 nm) 
VISAR. The optical path is enclosed in light-tight tubing to shield from propellant gases during the experiment. 

 
EXPERIMENTAL PROCEDURE 

 
Planar shock waves with peak pressures up to 

~35 GPa are generated in basalt using the 40-mm 
single stage powder gun in the Harvard Shock 
Compression Laboratory [3]. A Ø34×3 mm 
molybdenum flyer plate impacts a 2-mm thick 
aluminum-2024 driver plate, which also seals a 
small aluminum vacuum chamber containing the 
basalt specimen (Fig. 1). The sample vacuum 
chamber is purged with He gas and evacuated to 
<0.5 millitorr, eliminating any background 
emission from gas in the chamber. A 1-cm 
diameter aperture was placed behind the basalt 
sample to shield the pyrometer from any emission 
from the edges of the driver plate and from 
reflections off the walls of the vacuum chamber. 

Concurrent particle velocity and radiance 
measurements from the same location on the 
downrange, free surface of the basalt are achieved 
using a shared optical system [see description in  
2]. Free surface particle velocity is measured with a 
VALYN VISAR. The radiance is delivered to a 
high-speed, infrared, four-wavelength (1.8, 2.3, 
3.5, 4.8 μm) pyrometer with InSb detectors via a 1-
mm diameter chalcogenide C2 infrared fiber, and 

detector voltage is recorded on 12-bit 100 MHz 
digitizers [4]. The pyrometer is sensitive to 
radiance temperatures as low as 400 K and has a 
temporal resolution of ~17 ns. The system is 
calibrated with a Mikron M360 black body source 
that was observed with the same optics and fibers 
as used in the experiments. The calibrated radiation 
temperature is converted to an apparent 
temperature for each channel using the emissivity 
of the sample. If the apparent temperature of all 
four channels overlap, as in the case of our 
validation experiments on aluminum 2024 [2], then 
the apparent temperature is considered to be the 
true temperature of a homogeneous surface. 

The Columbia River flood basalt (CRB) 
specimens, from Snake River Valley near 
Clarkston, WA (〈ρ〉=2.83±0.10 g/cm3, 〈VP〉= 
5.73±0.28 km/s, 〈VS〉=3.46±0.04 km/s), are cored 
and cut from hand samples into nominally Ø34×2 
mm discs. The basalt and driver plate are lapped 
plane parallel with 15 micron diamond grit and 
hand polished to an optical (~100 nm) finish using 
58-nm alumina powder polish. The basalt is affixed 
to the driver plate using a ~10 μm layer of Loctite 
326 epoxy. No macroscopic pores intersect the free 
surface. The observed area, a ~4-mm diameter spot 
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for the pyrometer and ~1-mm diameter spot for the 
VISAR, contains microscopic pores that are 
typically several 10s μm across. 

 
 

RESULTS AND DISCUSSION 
 

The apparent temperature of basalt released 
from a peak shock pressure of 28.9±0.2 GPa 
(impact velocity of 2.24±0.01 km/s) is shown in 
Fig. 2. By applying an emissivity range between 
0.7 and 1.0 for basalt [5], we determine the range 
of apparent temperatures, indicated by the 
thickness of the data traces. There is a small 
temperature excursion at the time of shock 
breakout, which is seen in previous post-shock 
temperature measurements on metals and minerals 
[1, 2, 6]. The two longest wavelength channels are 
in good agreement, with a constant temperature 
following the breakout. The two shortest 
wavelength channels record significantly higher 
temperatures that increase with time. 

 
FIGURE 2. Multi-wavelength post-shock temperature 
measurements on basalt released from a peak shock 
pressure of 28.9 GPa, assuming an emissivity range of 
0.7-1.0. Horizontal bars indicate the apparent 
temperature at each detector wavelength for a two-
component temperature surface model described in the 
text. Inferred 565-610 K surface temperatures are in 
good agreement with free surface temperatures from a 
simulation of the experiment using the CTH basalt EOS. 

 
The high apparent temperatures in the 1.8 and 

2.3 μm channels cannot be reconciled by varying 
the emissivity as a function of wavelength. We 
interpret the discrepancy between the shorter and 
longer wavelengths to be evidence for hot spots in 

the field of view. We fit a simple two-component 
model to the data, where the radiance, L, at each 
wavelength, λ, is described by an apparent 
temperature, T´, given by Planck’s Law, 
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assuming the emissivities are equal. The long 
wavelength channels constrain the surface 
temperature between 565 and 610 K. The data are 
well fit by a ~590 K surface with hot spots in the 
temperature range of 1700 to 2000 K occupying an 
area fraction of 0.45 to 0.25%, respectively. The 
model apparent temperature at each wavelength is 
shown by the horizontal bars in Fig. 2. 

To produce 1700-2000 K hot spots, some 
material must reach the melting point. The 28.9 
GPa experiment is well below the pressure required 
for bulk melting for basalt, and the results are 
consistent with localized melting in shear bands or 
fractures [7] or at grain boundaries between 
different impedance minerals [8]. The inferred hot 
spot temperatures are in excellent agreement with 
petrographic studies of localized melting in basaltic 
meteorites from Mars shocked to similar pressures 
[8]. However, the measured surface temperature of 
CRB is about 100 K higher than the bulk rock post-
shock temperature inferred for the same meteorites. 

The two-component model probably 
underestimates the area fraction of hot spots. The 
model fit is dominated by the hottest spots, and a 
hot spot temperature distribution with the inferred 
peak temperature could also satisfy the data.  
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The free surface particle velocity provides 
information about the pressure-volume release path 
from the peak shock state. The free surface particle 
velocities, for basalt subject to peak shock 
pressures between 2.0 and 32.0 GPa, are shown in 
Fig. 3. Each experiment is modeled with the CTH 
shock physics code using the standard equation of 
state SESAME tables for the molybdenum flyer, 
aluminum 2024 driver, and basalt. The results are 
compared to the observed temperatures and particle 
velocities (Figs. 2-3, dashed lines). In general, the 
observed free surface particle velocities are lower 
than the calculations, indicating that the release 
path is steeper compared to the model EOS. 

 
FIGURE 3. Measured (solid) and modeled (dashed) free 
surface velocities of basalt shocked to peak pressures of 
2.0, 28.9 and 32.0 GPa. 
 

CONCLUSIONS 
 

New shock experiments on basalt provide 
fundamental information required to improve EOS 
models. Here we present the first post-shock 
temperature data on basalt, which provides insight 
into the distribution of temperatures following 
impact events. Our data quantify the heterogeneity 
that arises from pre-existing pores and fractures 
and/or the effect of mixing materials with different 
shock impedances. New EOS models will aid in 
calculations of post-impact conditions on Mars [9], 
the thermal history of meteorites [10], and 
conditions for melting subsurface ice [11]. 
Heterogeneous shock pressures and temperatures 
are observed around terrestrial craters and in 
meteorites. Understanding the effect of 
heterogeneities on the temperature distribution 

following impact events will aid in the 
interpretation of meteorites, terrestrial field studies, 
and simulating impact events on Mars. 
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