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Fig. 5. Collective plot of four particle velocity profiles in
cluding one on the free surface in Arkansas novaculite shocked 
to a peak stress of 300 kbar. 

(7) 

By using (5), the stress-volume path III the unloading 
region is determined. 

~ = _ 2(a + b) U2 
dV Po a - b (8) 

Note that the values of C. and C. can be quite unusual. For 
instance, C • . = 2U and C. = 00 correspond to stress un
loading at constant volume. 

Two experiments were performed with different thickness 
of explosive. The experimental parameters obtained from 
the data are given in Table 2. The errors in a and bare 
average values determined from ambiguity in the profiles. 
Errors in the shock velocity are small in comparison with 
errors in a and b. The quantity C is the acceleration wave 
velocity at which the foot of the relief wave from the free 
surface of the novaculite propagates (Figure 5). Values for 
U and C refer to Lagrangian or material coordinates. 

To determine whether the quartz-stishovite phase transi
tion is occurring behind the shock front, the stress-volume 
unloading path from the Hugoniot point in the mixed phase 
region is compared with the slope of the frozen concentra
tion path. The slope of the frozen concentration curve is 
determined from the acceleration velocity C, a frozen sound 
speed being assumed, and is consistent with estimates from 
thermodynamic data. 
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Fig. 6. Triangular wave profiles representing initial unloading 
behavior due to Taylor wave. 

TABLE 2. Relief Wave Data 

0y, Uu., u, C, a, b, 
Shot kbar mmh.ls mm/~s mm/J.lS mm/lls 2 mm/lJs2 

8909-2 301 2.10 5.45 16.5 -0.090 ± 0.014 -0.09 ± 0.014 
1883-6 241 1.63 5.65 12.4 -0.106 ± 0.02 -0.12 ± 0.04 

The results for both experiments are shown in Figure 7. 
The error in a and b results in an uncertainty in the stress
volume path. Initial unloading is within the shaded cones 
shown in the figure. The dashed lines are slopes of frozen 
quartz-stishovite concentration curves. The data suggest a 
slight tendency toward the stishovite phase i however, 
within experimental error we conclude that unloading is 
along paths of constant concentration at the considerably 
lower unloading rates of these experiments. This result is 
the same as that obtained at a much higher unloading 
rate in the plate impact experiments. 

DISCUSSION 

In the present work, stress wave profiles have been mea
sured that exhibit the nature of dynamic wave propagation 
in the high-pressure mixer phase region of quartz and 
stishovite. In particular, certain features of the shock
induced transition from €X quartz to stishovite have been 
observed. The dynamic loading is characterized by a two
wave structure. The first wave is associated with mechan
ical yielding of the material. Application of the Hugoniot 
conservation relation to both loading waves places the ma
terial well into the mixed phase region. The partial phase 
transition apparently occurred within the final shock front. 
There is no indication in the observed loading profiles that 
the yielding process and the phase transition occur at dif
ferent stress levels. Within the frequency response of the 
transducer system, no width was observed in the final load-
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Fig. 7. Taylor wave unloading in Arkansas novaculite . The 
shaded area indicates the uncertainty in the experimental 
determination of the initial stress-volume release path behind 
the shock front. 
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ing wave that would indicate a relaxation t ime with the 
initial phase transition. It can be stated that the relaxation 
time is substantially less than 0.035 p.s, which is the limit 
of resolution of the present system. 

For stress levels less than about 430 kbar the transition 
ceases (or substantially reduces in rate) before complete 
stishovite density is reached. The proportion of material 
transformed depends on the peak stress attained behind 
the shock front. Experiments performed in this work in
dicate that the init ial transformation rate (in the shock 
front) and the continuing transformation rate (behind the 
shock front) differ by at least 3 orders of magnitude. 

Analyses of the present experimental results have shown 
that the pressure-volume behavior of the material during 
dynamic relief from states in t he mixed phase region is 
along, or close to, paths of frozen concentration. This is a 
consequence of the extremely reduced t ransformation rat e 
after initial shock loading. 

The character of t he measured profiles below about 80 
kbar on unloading indicates that a transformation of the 
higher-density phase to a lower-density material is pro
ceeding. Thi conclusion is consistent with recovery work 
of several authors. Wackerle [1962] observed amorphous 
quartz in one recovered specimen of shock-loaded quartz. 
Similar observations were made by De Carli and Milton 
[1965] on quartz sandstone, and analogous results have 
been obtained on quart z powder in a copper matrix by 
Kleeman and Ah1"ens [1973]. 

In the interpretation of the present results it has been 
tacitly assumed t hat strengt h effects could be ignored after 
yield occurred in t he quartz material. Consistency of the 
present results with that assumption suggests that it is 
reasonable. Further justification is provided by the close 
agreement of stishovite initial density as determined from 
shock wave data and by measurement on stishovite samples. 
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