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by a s_heel of igneous breccia (Onaping tuff)
that displays shock-metamorphosed fragments
[Fr.ench, 1063]. The Onaping tuff i3 a highly
varied, and possibly composite, unit, but ;mi«
yses 0( its more massive and uniform parts are
quite similar to those of the irruptive (Table 1)
and Sr-isotope data [Fairbairn et al., 1968] be;
suggest the same source. Many highly silicic
analyses of the Onaping tufl have been re:
port'ed, Y{ut they appear to be contaminated
Py ineclusions of quartzite [Speers, 1957]. The
igneous rocks of the Sudbury structure are
much lower in potash than izneous rocks from
other Canadian craters, but the matrix of the
common Sudbury breccius is enriched in po-
tassium and heavy metals compared to the
country-rock inclusions, aceording to the data
of Speers and the data shown in Table 1. o
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Manicouagan crater, an octagonal depress:
61 kmv aeross, 15 cut into Prccnmbrin:mot
.mnrphlcs and partally filled with sh, ':“C'H»
izneots rocks, throuzh which pr(»jvct‘%m’ N
wnzular, off-center block of shm:k-u-mta .
ph_nscd anorthosite [Currie, 1970¢] ]-‘Mu“r-
?h;rﬂ_ as large as Municouagan, thev ;li(ﬁ::ll‘nf‘—
in arriving at an average composition of cour tk:-
erng_ are obvions. However, convergence of " l‘:\
limiting estimnates (Table 5) suggests that ex-““T
are compensating, und the eomputed nve:m
is N:.‘l;l_)ﬂ‘:lm_\' accurate, Chemical data on ::L
composition of pseadotachylite (Table 5) f&
into two groups. Ome group could result fm:h
melting of wall rocks by frictional heat [PhIzz
potts, 1964]. The other group is much molyl.
ﬁ:rmmuznrsinn and evidently eontains an &de
mixture of foreign material. Chemical bal.-mr;
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1. Average country i

. 5 ry rock in erater (assumin

3‘»;73 ::\hnmncknc, and 1577 gueiss complex). *

2:”.’ verage country rock in crater (assuming 20
3% charnockite, and 337, gueiss complex).

anorthosite, 207 i iss, 3% i
o site, 20C; gabbro and mafic gueiss, 575 granit®,

s P
v+ anorthosite, 137, gabbro and mafic gueiss, 807, granite,

2: izf:nr;:dd:::;um of conntry rocks in crater (38 analyses),
itic igneous rock in crater, with st ard deviati 7 .
5. Average mafie, potassic pseudotachvhite (6 an':\l'l"‘-“:l;.‘l e itaan QO analyese)

6. Average country rock of psendotachylite (S analy

7. Average aluminons, sodic i !
inous, ¢ psendotachylite (2 anal
8. Average alkali busalt from crater (4 analyses) .

yses).

9. ic i ion i
Average ultramalfic inclusion in alkali basalt from erater (9 analyses)
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alcalations suggest 20-80% addition of pieritic
ki basalt. Willemse [1938] concluded that

qorite hiad been added to Vredefort psendo-

wehylite.

A p'u:rilic alkali basalt is expused at Mani-
uagan in the form of breceiated plugs and
anall lensoid sheets intruding and ineluding
suevitic breecias. The basaltic matrix (Table 5)
carfies pumerous blocks of an unusual ultra-
pasic Tock consisting of enstatite, phlogopite,
and minor olivine and diopside. The chemistry
is reminscent of some alkaline ultrabasie dike
varms. These inclusions appear 10 be xeno-
fiths of an early crystallizing fraction of the
slkaline basalt [Currie, 1970c].

Roughly %% of the igncous rocks at Mani-
couagan consist of 1wd ehects of granular to
trachytoid brownizh rocks, differing in grain
and mineralogy of pyroxene. The uniformity

size
of chemical compasition (Table 5) is very
striking. High K.O coutent el <ifics the rocks
as doreite, not andesite [.\'oci;ulxla, 1954], and
the alkaline character of the rock is shown also
by the MacDonald and Katsure [1964] clussifi-
cation. When correeted for denteric oxidation,
most analyses show normative olivine. Com-
parison of this Tock with the averaze Precum-
brian rock (Table 5) shows statistieally signi-
fieant differences for 9 of the 14 amalyzed
elements. An addition of 1675 of picritic alkali
basalt would bring the avernze country Tock
into coincidence with the average igneous.

DISCUSSION

The close association of igneous and shock-
metamorphosed Toeks sugeests three passible
origins for the igneous rocks: (1) crystallization
from impact melted eountry rocks. (2) crystal-
lization from endogenic magma whose emplace-
ment is mechamically or thermally controlled by
an impact strueture, or (3) Pf}'r':tllil{\(iﬂ“ from
an endogenic melt with whose emplacement is
associated shock metamorphic phenomena. Fach
hypothesis implies  specific geochemical and
physical consequenees. Tn addition to the data
summarized in Table 1, we may note physical
factors common to all, or most of, the occur=
rences: (1) the igneous rocks occur at the base
of tha crater (of Brent, Sudbury, Lake St.
Martin); (2) massive igneous rocks are gen-
erally fresh and unaltered, and the igneous
breccias are moderately to severely altered;
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(3) significant amounts of igneous rocks are
present in the form of dikes, some hundreds of
yards long, and tens of yards deep.
Tmpact melting chould produce a magma
identical in chemistry 10 the country Tocks,
except for differential volatilization (Taylor,
1966], which would be emplaced mainly at the
top of the fallback breceia [Roberts, 1965]. In
large craters, differential volatilization should
lead to depletion of volatile clements such as
b, P, and K. None of these elements are de-
pleted in any of the reported igneous rocks
except those from Mistastin Lake, and K is
enricied in most. After consolidation of an
impact melt, alteration and metasomatism may
take place by circulation of ground water
through the breccia zone [Milton, 1970). Even
assuming that the slight obeerved alteration is
cufficient to alter the eomposition, experimental
data [Ermanovics €t al., 1967 Burnham, 1967
show that near surince hyd!olhcnnnl altera-
tion, which consists mainly of leaching of alka-
lies and enrichment in silica with increase in
Na, K ratio, does not cause the observed in-
crease in K, Mg, and heavy metals. The only
near-surface metasomatic  process leading to
similar chemieal changes is fenitization, which is
invariably connected with alkaline magmatism.
Impact melting does not explun ¢ither the
variety of igneous rocks found in some craters
(carbonatite, monchiquite, trachyte at Brent:
meimechite, basalt, doreite at Alaniconagan) or
the homogeneity of other igneous umits over
Jarge areas. Can impact form homogeneous melt
over square mile areas, yet leave pools of aber-
rant composition?

The location of igneous rocks in well-pre-
served eraters suggests that the rocks all lie at
the base of the crater, a position quite com-
patible with intrusion of igneous rocks into the
base of a structurally weakened zone. Impact
creates long-lived disturbances in pressure and
temperature owing 10 crater excavation and in-
sulation by the breceia blanket, but caleula-
tions suggest that magma generation by this
mechanism would take millions of years, whereas
field evidence and isotopic age dating suggest
almost identical ages for the igneous racks and
breecia blanket in Canadian eraters. Mechanical
stresses associated with an impact could tup
preexisting magma by eracking the cover rocks,
or could create magma by sudden release of




