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the diversity of inclusions in various stages of
shock metamorphism, reervstaliization or as-
similation; and (2) the variation from crater to
crater in their hulk composition. The first fac-
tor is readily apparent in rocks that have been  of the inclusions, which in varying deer,
chilled so that their matrices are glassv or  heated as well as disordered hy-lhe shn:-‘:w >
aphanitie; the second is more apparent in rocks  ess [Chao, 1068]. s
that have cooled more clowlv, allowing homo- It should be emphasized that the Jgp..
genization, assimilation and reervstallization to  igneous bodies have not been formed by ::
proceed. The glassy rocks are representative of  gemation and welding of di fragment ,..
initial magma conditions, as indicated Ly eraters  shards, as in welded ignimbrites, but have l:
such as West Clearwater Lake, where the text-  emplaced as compact sheets or :;ools of ma
ural evolution from glassy to the most coarsely  Placid, near surface conditions of crvstalli oo
erystalline izneous rocks can be traced in rocks  allow grain sizes to reach 02 to 05 mm in‘xly.
that show little variation in bulk eomposition larger bodics. The mineralogy is normal nnli
(see section below). where the hulk mm:v:siliot; is nppmprin';
The glassy to fine-grained izneons rocks com-  follows Bowen's elassie reuction series. Fcldsm‘.-\
monly cantain frazments of the country rocke  show simple normal zoning. in which cores (¢
in such abundance that they mayv be ecalled  plagioclase are rimmed with alkali feldspars, 1)
breccins with igneous matriees [eg. Bostock, some cases where the melt has high nonnn;i\-
1969]. Detailed studies of fresh glisses [Chan,  feldspar and feldspar inclusions are common
1967; von Ewaelhardt, 197: von Encelhardt  overgrowths on the inclusions may give the rock
and Dence, 1971] have shown that the inclu-  a micraparphyritic appearance. ﬁowe\'er, there
sions exhibit all grades of shock metamorphism s geverally little diffieulty in distingnishing suel
[Chan, 196S: wvon Enaclhardt and Stifler, overgrowths from normal phenocrysts.
1968). Such shocked frugments are associated
with contorted incluzions and schlieren of lech-
atelierite, fused feldspars, and other phases,
all of which testify to temperatures well ahove
those of normal magmas [French, 19%a; Harz,
1065). Furthermore, the eomplete absenee of
phenoerysts in the glasses indieates that eonling
and, in the aphanitic rocks, crystallization did
not bezin until the magmas were virtually at
rest. Flow banding. where seen. 1= developed as
trains of small inclusinns or glassy sehlieren, in
some cases emphasized by oriented vesicles,
Little reaction is evident between inclusions
and matrix in the glassy and aphanitic izneous
rocks [French et al, 1970], but in more slowly
cooled rocks reaction anreoles commenly de-
velop. notably around silica frogments [Tevlor  diagram (Figure 2) provides additional inferma-
and Dence, 1960]. and inclusions are partially  tion on variations in the analvees, The main con-

or pletely melted, ilated, or recrystal- Tust from a ideration of these analysss
lized. The most stronalyv shocked inclusions are  are:

most vulnerable to assimilation. o that in rocks
in which the matrix grain size averages 0.1 mm
or coarcer only the largost or most weakly
shocked inclusions are preserved. However, such
rocks generally exhibit a distinet irregularly
mottled texture produced by variations in grain
size and by clustering of mineral specics, form-

ing the ‘ghosts’ of completely resorbed 3,
sions. The great effectiveness of the rcsn:r‘-
process is due to the orizinal superheated ..
of the melt, and to the kigh interna] enee

CoxtrosrTioNs

From the analyses and sourees listed in Table
2 the compositions of igneous rocks from fifteen
craters have been caleulated in terms of the
ternary ratios, normative quartz (Q) :norma-
tive plagioclase (Ab 4 An) :normative potash
feldspar (Or) and total alkalis (A) ziron (F):
magnesium (M), Similar ealeulations were car-
ried out for country rocks adjoining seven of
the craters.

Quartz and feldspar eompose 757 to 92% of
the normative constituents (with the exception
of 637% for Ries sample DB1), so that ternary
plots of Q-Or-(Ab 4+ An) show the main fes-
tures of these rocks (Fizure 1). The AFM

There is considerable seatter in the com-
positions of the melted rocks from the fiffeen
eraters (Fizure 1). Normative quartz and pla-
gioclase show, in general, inverse correlation, but
potash feldspar varies less regularly.

2. The country and,melt rocks for scme
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TABLE 2a. Chemical Analyses nl“ﬁmtzr Rocks

(New aualyscs of avernged analyses.)
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aaters are  closely similar in ,:omposm?::
whereas at other craters thyy differ cu.ns(x)
erably (Figure 1). Three v_:matmm occur .:;
e melt rocks are lower in normative gua
‘han the country rocks ( Henbury :\qd Lnst.
Clearwater) ; (b) the melt rocks are nchvr_ u:
potash feld<par than the country rocks (\‘\,:sh
Clearwater and Maniconagan); oF (€) t
conditions  hold (Carswell, B)rmt, and some
from the Ries crater).

m:“?he AFM plots (Figure 2) sl\‘nw cor:—
sderably less scatter than the .normnm'e ]"slo ts
(Figure 1). Much of the variation :chm\n is
encompassed by the analyses of the Ries crater

rocks (Figure 2a), which show a distinet trend

toward enrichment in alkalis relative to iron
and magnesium  from glassy tnck.f. ( T})ml;’
erystallized tacks (T3). The trend is revel ‘;
bowever, in the strongly altered x;hss.fmrf\ thi
deep Deininzen drill hole (DB1), wlucl_\ ;hmvls
digtinet enrichment in ivon and magnesium rel-
ative to alkalis, associated with depletion 1n
“1';-3 (:.;5“::1\? craters the AFM plots sho‘\;
anly slight differences between country F:\-e
and igneous Tocks. Most common 1§ & 1::: v lk
enrichment, in magnesium n the~ igneous mchs
with, in some cases, a decrease I alkalis. The
greatest magnesium enrichment is shown by tl 1;
analyses for Carswell and Brent, which al
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show the strongest potash mﬁchment _(F:gur:
15 and ¢). However, as therg s na enrluvhzwn
apparent in total u‘nk:\hs., sodxum s dc;z cle .u,e
5. Iron enrichment 1S indicated only mb

case of Brent analyses, though .lhe Hen‘\.xry
gluss would show a similar trend ;I_ghe analyses
had not been adjusted for meteoritic contami-
nation [Tavlor, 1967].

In summary, the melt rocks and glasses in
shnck-memmonvhnse\l structures s?.now greater
similarity to the composition of adjacent !:eoun-f
try rocks than to each other. In & n}xm' r of
eases, however, the igneous materials a.e‘ :-;
riched in magnesia and potash qnd deplet .
in silica and soda relative to their respccl:;‘:
country rocks. Those who n(l\'omfe :\_n.er;u‘d
genic origin for these stm?lums have gumn; i
the dificulties of shoeking and l'u?mgj S E,f
quantities of country tocks by _lhe explosion |
gases [Bostack, 1080] emanating, 'ﬂ]xcy[ g:‘:\r;n;
tain, from alkalic ullmbas;? materials I
and Shafiquliah. 1068); instead they -
focused on the differences between cm'm(ry :3 i
igneous rocks. These differences She) fio?:‘ue.
incompatibie with an impact origin xml o
fore a clear indication of :\.dccp—!enm -te oo
trial origin. This clam requires closc\: exami >
tion in the light of the sequence of events in
impact event.
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