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?:;t;m'ary sites [Spencer, 1933; Taylor, 1967]
meteo:;gs b(ee\!’l1 v.-lc:u-lyi related to the associated
! . Among the older ors disti
nickel enrichment has bccue rccprn::t'tl: g;:“:llf:
melt ll’ocks at East Clearwater Lake [Curm;
and §lmﬁqullnh, 1968] and from Lappajiry
[L_ehhnen, 1970] and Strangways [Brett ei al I
104.0.].' At Clearwater Lake the analvses of th.'
adjoining and apparently conwmpor:.u;t;-uu: cni
ayd west craters show large differences i;l d‘
mc.kt-l content of their respective melt mrklse
Tl_us effect may refleet different levels of =‘.m:
pling. At Eust Clearwater Lake crater, driTlm
umplefl'lhe upper levels of the melt mc'k wher:xE
meteoritic contamination could be expected t:;
:conccnlmrml‘ At the west erater the equiv-
nt levels bave been removed by erosion
.and the remainder contains no upp:\rcnt psiy
centration of nickel, : o
> Galiiags .
fo;. S(lccft.t'e mcllulq. E\'en after correction
‘meteoritic contamination the averuge com-
p:smonv o.f glass from the Henbury-'cmlcrs
shows distinctly less normative quartz than do
the subgreywackes rjected from the main r:rul T,
Com.pattm and Taylor [1969] have off n.-;l !\L\'c;
possible sfrlutions: (1) that the bias results from
preferential melting of the chlorite-clay matri;
of the parental rocks, or (2) that the spcciﬁ:
parent rock was richer in matrix mixncﬁis than
were any of the subgreywacke samples analyzed
The first suggestion receives support from th:
study (.:f fresh Ries glasses (Type T1 of Tal IL-
2), wthh are found to contain a much hi‘l’-“
pmportmn of inclusions of silica phzlscs: “l:
various stages of shock metamorphism th'l;'l ;\f
other mincrals [von Engelkardt, lf"if 1""1]
In .sm:h cases analyses made on gl-n«:’s }‘ ;
which inclusions have, as far as po;--.bl'e i:: o
removed wil tead 1 be binsed i the difection
of !owcr content of silica than the parent ma.
terial. This effect is unlikely to be apparent 'u-
:?}:l'mlzl mnrc.slnwl'y cooled izneons masses r:
1;.;:1_ most inclusions will have been assimi-
3. Composition of target rock.
melred.. .The difficult t.-\:-‘kouf detf-n;inaizlnm;ll[ny-
composition of the parental rocks is, of c:ur«:
common to all eraters and is r:mnl)'- nmcml;lv:
to direct solution. The data for Clearwarer Iy'\k‘
and Municc.‘ungnn suggest that, whcrel:\ prc‘;‘ii
recons.truc.!mn of rock distributions prior ;o
cratering is not possible, the method of aver-
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aging nllargc number of fresh samples of
rocks gives a surprisingl cuur:,—
least for large crate

4 \;_sntisfactory resulr, .
adjoining Clearwater I'.uk(t;rci.:\x‘tl;mra!llev o
lain by the same gneiss complex, an:l: e
rocks appear to be more ahbundant ulci-, +
west crater than under the east nnd" sy
rc‘ﬂ-:cled not only in the a\'ernge’com ﬂ‘"‘s §
of the country rocks but also in the o
tions of the igneous rocks in the n:m i

craters (Figure 15 and 1¢). e

‘On the other hand, at Brent the distj
dxﬂ'crf'nces. between the mean compositioj m’
the gnewssie country rocks and of the freﬂ o*l
art of the melt-zone rocks (BC, Fi I
and Z¢) may have a multiple cxplan,:ltiol:u;?; :
rr::nﬁc alndite dikes of Cambrian age ém. ":
Preeambrinn goeisses in the v:cini‘ty of thl'
crater and oeenr inclusions in the bree E
and the melt rocks. The dike< are at l:;\u:
:5)]9 m.y. older than the erater [Hartung et a;
071] and are only ineidentiy involved in th:
CrACnng process The analyses of Currie and
Shafiquiiah [1957] indicate that up to 5%
alnilite may be incorporated into the melt, U;v
proportion being contralled by the dnt:\, fnl:
T10;, Ca0, Cr, and V in anlCl;l:l?. all of which
are murjh more abundant in the alniite than in
the ;mr'?'scs‘ However such a mixture of gneiss
:m(!.:nlnunc lex a distinet N1 enrichment Al;d

a ,-nghx Fe enrichment in the melt rocks, sug-
g:\ﬁl}:ng that the melt rocks have also beer; wi
taminated by meteoritic material,

The group of Lrent analyses also provides

data on potash enrichment (Figure 1c) 'I'h;:
_rcpl;xccmem of Na by K is evident nm.. only
in th.e fine-grained parts of the melt ;one (BF)
nnd_ln the igneous components of the breecias
(I!ﬂo‘..’)_. but also in inclusions in which shocked
perthitie feldspars retain their original texture,
The textures show that the potassic chn;ncte;
of r}Am rocks results largely from replacement of
p'l:l_glocl:\sc by potash feldspar [Hartung et dl.
1071], through the action of solutions hcutcd’
by the residual heat in the crater. The effect
may be vcnmpnred with hydrothermal alteration
of rhyolitic glasses described by Fenner [1936]
;I'he n}nhlcf potash enrichment of nppnrentl!;
}'c;ll igneous Tocks at other craters is of a
snmxlnf character. Again, the relative enrich-
ment in magnesium shown by many of the same

. most craters, toget
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melt zone [Dence, 1963], the rest being dis-
persed in the upper mixed breccias. At West
Clearwater and Manicouagan the greater pro-
portion of the melted rocks at each erater
occurs in the cubhorizontal sheets that cover the
crater floor around the central peak. The volume
of melt so distributed at Maniconagan is ealeu-
lated, allowing for erosion, to be 400 km'.

It appears that a greater proportion of the
impact energy is expended as heat and that
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 erystalline igneous rocks from  smaller. That large craters are less efficiently
her with their structural  eXCuVs ed is also suggested by the extensive
distribution of shock metamorphism in the
basement rocks in the Charlevoix [Robertson,
1063] and Manicouagan [Murtaugh and Currie,

106G9) craters.

eons tocks is comparable to magnesium en-
yment in quartz normative rocks of the Ben
| vis complex deseribed by Haslam [1068]. The
\FM variation diagram of the latter rocks com-
.ures closely to that of the Ries rocks plotted
» Figure 2a. Haslam attributes the trend to
\mstallization of water-saturated magma under
opstant partial pressure of oxygen, as would
eour if the conling magma were in contact with
the atmosphere. Similar conditions during the
arystallization of the Ries rocks were suzgested

position, leaves little doubt that atmospheric
oxygen was av ilable to provide conditions of
crystallization <imilar to those described by
Haslam. Tt follows that no emanations from
depth are required to explain their composi-
tional variations.

CoNCLUSION

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 accounts for the distribution and bulk
composition of the rocks and. with the excep-
tion of Sudbury, is in reasonable agrerment
with their observed volumes. The most distine-
tive features of the rocks, heterogeneity, abun-
dant inclusions of shocked fragments of country
rocks, and lack of phenoerysts, are relatively
independent of composition, They are mast com=
pletely preserved in fresh, glassy rocks but can’
commonly be observed even in the more coarsely
ervstalline rocks in which assimilation and
erystallization have obliterated many features.
Although the theory sugeests that the melted
culated that 10 to 26% of the original energy  rocks may differ in composition from their
was tetained in the target as waste heat from  parental rocks by the addition of & meteoritic
attennation of the shock wave. The application contamination and by selective fusion of com-
of these results to large natnral emters is diffi- - ponents with relatively low melting points,
enlt heeanse of the uncertainties of extrapolat- sceondary  cffeets introdueed during  cooling
ing to impact velogitics of 15-20 km/sce or and erystallization by cirenlating vapors and
more and to crater dimensions five orders of  solutions may lead to significant changes in com-
magnitude larger than the dimensions of craters position. The eficets are similar to those ob-
formed in the laboratory. cerved in voleanie rocks erystallized under near-

On the other hand. there is a notable differ- surface conditions of water saturation and high
enee between the position and relative propor- partial pressure of oxygen due to access to the
tions of the melt rocks at Brent and at the atmosphere.
two larger craters. At Brent only about 1% of Further investigations will be concerned with
the ohserved 5 x 107 em' of igneous rock elucidating the erystallization history of the
(based on drilfing results) is concentrated in the melt recks, the assimilation and recrystalliza-

VoruymeTric CONSIDERATIONS

The volume of igneous rocks in shock-
metamorphosed structures has heen considered
by Beals f1m3], Short [1965], and Dence
{19657, who all coneluded that mast if not all
of the izneous rocks ohserved at eraters such
s Brent, Clearwater, and Manicouagan could
be accounted for by <hock melting, French
[196sh1, on the other hand, coneluded that
pe alone was insufficient to gen-
lurzer volumes of igneous rocks

impact melti
erate the much
at Sudbury.
The partitioning of original kinetic enerzy of
the projectile has bren studied for impact ve-
locities of 623 to 636 km/sec by Gault and
Heitowit (19631 and Braslau [10707, who cal-




