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melt zone [Dence, 1903], the rest being dis-
persed in the upper mixed breccias, At West
«.vis complex deseribed by Haslam [1968]. The  Clearwater and Manicouagan the greater pro-
\FM variation diagram of the lutter rocks com-  portion of the miclted rocks at euch erater
.ures closely to that of the Ries rocks plotted  occurs in the subhorizontal sheets that eover the
= erater floor around the central peak. The volume
of melt so distributed at Manicounagan is ealeu-
lated, allowing for ero=ion, to be 400 km®.

It appears that a greater proportion of the
impact energy is expended as heat and that
ystallization of the Ries rocks were suzzested  more of the resulting melt remains lining the
by von Engelhardt [1967]). The strongly oxi-  crater floor in the larger craters than in the

dized nature of the crystalline izneous rocks from  smaller. That large eraters are less efficiently
excavated is also suggested by the extenzive

distribution of shock metamorphism in the
basement rocks in the Charlevoix [Robertson,
10637 and Maniconagan [Murtaugh and Currie,
1969) craters.

.geous rocks i3 comparable to magnesium en-
ument in quartz normative rocks of the Ben

u Figure 2a. Huslam attributes the trend to
crystallization of water-saturated magma under
wpstant partial pressure of oxygen, as would
eour if the conling magma were in contact with
the atmosphere. Similar conditions during the

position, leaves little doubt that atmaspherie
oxvgen was available to provide eonditions of
erystallization similar to those deseribed by
Haslam. Tt follows that no emanations from
depth are required to explain their composi-
tional variations.

CoxcrrstoN

The position has been presented that the
distinctive igneous rocks found in shock-
metamorphosed structures are the product of
impact melting. The theory of hypervelocity
impact aceounts for the distribution and bulk
composition of the rocks and. with the exeep-
tion of Sudbury, is in reasonable agreement
with their observed volumes. The most distine-
tive features of the rocks, heterogeneity, abun-
dant inclusions of shocked fragments of conntry
rocks, and lack of phenocryvsts, are relatively
independent of eomposition. They are mast com-
pletely preserved in fresh, glassy rocks but can’
commonly be observed even in the more coarsely
crvstalline rocks in which assimilation and
locitics of 625 to 636 km/see by Gault and  erystallization have obliterated many features
Heitowit T1903] and Braslau [10707, who cal-  Although the theory suggests that the melted
culsted that 19 to 267 of the original energy  rocks may differ in composition from their
was retained in the farget as waste heat from  parental rocks by the addition of & mefeoritic

attenuation of the shock wave. The application  contamination and by selective fusion of com-

of these results to large natural emters is diffi-  ponents with relatively low melting points,
enlt hecanse of the uncertainties of extrapolat-  secondary effects introdueed during  eooling
ing to impact velocitics of 15-20 km/sec or  amd crystallization by cirenlating vapors and
more and to crater dimensions five orders of  solutions may lead to significant changes in com-
magnitude lareer than the dimensions of craters  position. The effects are similar to thase ob-
formed in the lahoratory. served in voleanie rocks erystallized under near-
On the other hand, there is a notahle differ-  surface conditions of water saturation and high
- ence between the position and relative propor-  partial pressure of oxygen due to access to the
tions of the melt rocks at DBrent and at the  atmosphere.

two larger craters. At Brent only about 14 of Further investigations will be concerned with

the ohserved 5 x 10" em' of izneous rock elucidating the crystallization history of the

(based on drilling results) is concentrated in the  melt rocks, the assimilation and reerystalliza-

Vorvyetric CONSIDERATIONS

The volume of igneous rocks in shock-
metamorphosed structures has heen considered
by Beals [1%53], Short [1965], and Dence
[1965], who all conclnded that mast if not all
of the izneous rocks ohserved at eraters such
33 Brent, Clearwater, and Municonagan could
be aceounted for by shoek melting. French
[1968h], on the other hand, coneluded that
impact melfinz alone was insufficient to gen-
erate the much larzer volumes of izneous rocks
at Sudbury.

The partitioning of original kinetie enerzy of
the projectile has been studied for impact ve-
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