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at the Hugoniot state, most likely provides further evidence for 
a partially completed phase transformation. 

This kind of time dependence has been observed by Kormer 
el af. [1965] in studies on alkali halides, notably with sodium 
chloride. In these experiments they found anomalies in their 
shock velocity-particle velocity data, which they suggested 
were caused by a change in coordination number with a relax
ation time approximately equal to the wave transit time across 
the specimen. 

More recently, Horie and Duvall [1968] and Duvall [1971] 
have described numerical calculations which predict the wave 
propagation characteristics of a solid undergoing a rate-de
pendent phase transformation. Their results indicate that for a 
constant stress driving force, a propagation time of at least 
several times the transition time must pass before relaxation 
effects subside and conditions approximating a steady state 
two-wave structure occur. Hayes [1972] has shown that stress 
relaxation necessarily occurs at the impact interface and be
hind the shock wave, if one makes the reasonable assump
tion that the transformation rate is a function of the thermo
dynamic states of the constituents and that the shock velocity 
is constant and propagates along a characteristic. In the . 
present work, stress was not measured immediately at the 
impact interface; however, it is unlikely that the profile mea
sured at the first gage plane (approximately I-mm propagation 
distance in several experiments) differs considerably from the 
impact interface profile. 

The stress propagation characteristics of dolomite appear to 
be consistent with these earlier studies . Of particular interest is 
the explanation suggested by Kormer et al. [1965] of a change 
in coordination number in the material undergoing shock 
compression. In the present carbonate material at a pressure 
favoring higher coordination number, it is legitimate to raise 
the possibility that carbon may be assuming a CO, tetrahedral 
coordination similar to the SiO, groups in silicates [Verhoogen 
et al., 1970]. This condition, however, has not been produced 
experimentally, and the present work provides no evidence for 
such an occurrence other than that a fairly substantial volume 
change transition must be occurring to produce the observed 
wave propagation effects. 

Unfortunately, consider.able detail in the shock compression 
process of dolomite is .not yet understood. We have no in
dication of a high-pressure phase boundary. Extrapolation of 
the high-pressure data to zero pressure, as has been done by 
other authors, would be of little value in this case, since there is 
no clear indication of which data correspond to the completely 
transformed high-density phase. No experiments were per
formed to recover and isolate the high-density phase. 

We do not know with precision at what threshold stress the 
phase transformation initiates on loading. The shock velocity
particle velocity curve suggests that it may start as low as 
about 90 kbar. The experiments conducted in the neigh
borhood of 200 kbar certainly show evidence of partial 
transformation, and the higher-pressure experiments show evi
dence of crossing the phase boundary on unloading at about 
220 kbar. . 

Stress relaxation at about 420 kbar implies that the phase 
transition has not yet reached completion. Why stress relaxa
tion is not observed in the experiments below 300 kbar is not 
clear. Possibly the relaxation time is a function of the over
driving stress. 

Further study o f the remaining interesting and extremely 
important details is required. The present results, however, 
certainly show an unexpected complexity in the high-pressure 
shock compression properties of dolomite. 

Acknowledgments. The authors wishes to express appreciation to 
the staff of Poulter Laboratory for many discussions and considerable 
assistance. We wish to thank D. B. Larson of Lawrence Livermore 
Laboratory for his contribution in several discussions. It is our plea
sure to thank T. Ahrens of the California Institute of Technology for 
critically reviewing the manuscript and suggesting several changes. 
This work was supported by the U.S. Atomic Energy Commission 
through the University of California, Lawrence Livermore Labora
tory. 

REFERENCES 

Anderson, O. L. , The use of ultrasonic measurements under modest 
pressure to estimate compression at high pressure, J. Phys. Chern. 
Solids, 27, 547-565, 1966. 

Anderson, O. L., C. Schreiber, R. L. Liebermann, and N. Soga, Some 
elastic constant data on minerals relevant to geophysics, Rev. 
Geophys. Space Phys., 6, 491-524, 1968. 

Birch, F., The velocity of compressional waves in rocks at 10 kilobars, 
I, J. Geophys. Res., 65,1083-1102,1960. 

Cowperthwaite, M., and R. F. Williams, Determination of con
stitutive relationships with multiple gages in nondivergent flow, J. 
Appl. Phys., 42, 456-462, 1971. 

Duvall, G. E., Shock waves in condensed media, in Physics of High 
Energy Density, p. 7, Academic, New York, 1971. 

Duvall, G. E., and G. R. Fowles, Shock waves, in High Pressure 
Physics and Chemistry, edited by R. S. Bradley, vol. 2, p. 209, 
Academic, New York, 1963. 

Fowles, R., and R. F. Williams, Plane stress wave propagation in 
solids, J. Appl. Phys., 41,360-363, 1970. 

Grady, D. E., W. J. Murri, and G. R. Fowles, Quartz to stishovite: 
Wave propagation in the mixed phase region, J. Geophys. Res., 79, 
332-338, 1974. 

Grady, D. E., W. 1. Murri, and P. S. De Carli, Hugoniot sound 
velocities and phase transiti.ons in two silicates, J. Geophys. Res., 
80,4857, 1975. 

Graham, R. A., Shock-wave compression of X-cut quartz as deter
mined by electrical response measurements, J. Phys. Chern. Solids. 
35. 355-372, 1974. 

Hayes, D. B., Experimental determination of phase transformation 
rates in shocked potassium chloride, Ph.D. thesis , Washington 
State Univ ., Seattle, 1972. 

Heard, H. c., A. Duba, A. E. Abey, and R. N. Schock, Mechanical 
properties of Blair dolomite, Rep. UCRL-51465 , Lawrence Liver
more Lab., Univ. of Calif. at Los Angeles, Livermore, Calif., Octo
ber 1973. 

Horie, Y. , and G. E. Duvall, Shock waves and kinetics of solid-solid 
transitions, in Proceedings of the Army Symposium on Solid Me
chanics, p. 127, Appl. Mat. and Mech. Res. Center, Watertown, 
Mass. , Septem ber 1968. 

Kalashnikov, N. G ., M. N. Pavlovskiy, G. V. Simakov, and R. F. 
Trunin, Dynamic compressibility of calcite-group minerals, Phys. 
Solid Earth . 2. 80-84, 1973 . 

Kormer, S. B., M. V. Sinitsyn, A. I. Funtikov, V. D. Urlin, and A. V. 
Blinov, Investigation of the compressibility of five ionic compounds 
at pressures up to 5 mbar, Sov. Phys. JETP. 20. 811-819, 1965. 

Larson, D. B., H. C. Rodean, S. J . Spataro, and J. R. Hearst, ARPA
AEC Seismic evasion research program progress report, Rep. 
UCID-15948 , Lawrence Livermore Lab., Univ. of Calif. at Los 
AI1geles, Livermore, Calif., November 1971. 

McQueen, R. G., S. P. Marsh, J. W. Taylor, J. N. Fritz, and W. J . 
Carter, The equation of state of solids from shock wave studies, in 
High Velocity Impacl Phenomena. edited by R. Kinslow, pp . 
293-417, Academic, New York, 1970. 

Petersen, C. F., Shock wave studies for selected rocks, Tech. Rep. 
Poulter Lab., Stanford Res. Inst., Menlo Park, Calif., May 1969. 

Press, F. , Seismic velocities, Handbook of Physical Constants. revised 
edition, edited by S. P. Clark, Jr. , p. 195, Geological Society of 
America, 1966. 

Verhoogen, J ., F. J. Turner, L. Weiss, C. Wahrhaftig, and W. S. Fyfe, 
Earth: An Introduction to Physical Geology, p. 70, Holt, Rinehart, 
and Winston, New York, 1970. 

(Received January 27, 1975; 
revised September II, 1975; 
accepted October I, 1975.) 


