VOL. 76, NO. 23 )
JOURNAL OF GEOPHYSICAL RESEARCH

Impact Melts

Micuaer R. Dexce

Gravity Division, E hysie ranci
L n, Earth Physics Branch
Department of Energy, Mines and Resources, Ullaua, Ontario, Canada
i

pnnilclns are undoubter
as d estalli
(1) fresh, recrystallized or altered glass in mixed breccias;

subhorizontal

voleanic rocks by their heterogeneity, abundunt inclusions of shocked country
A L 0 d co

of pear-surface cryst
are euriched, suge

meters of impuct melt,

“The chemical composition shown by the two
analyses quoted is one little in accordance with
all that petrographers are accustomed to regard
as n?rmal for igneous rocks, . . . The lu\'a-;;)ck
of Jinisjirvi has the composition of an argil-
laceous sediment [Eskola, 1921, p. 8] ¢
mﬁ:ki:la's't'l;n htful study of the geological
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problc'm of accounting for the :g)n::\:t O:of‘:ll::
there is representative of early investigations of
ltrucufrcs that later became known as ‘erypto-
volt.'nmc' [Bucher, 1936] or ‘cryptoexplosion’
[Dietz, 1959]. APt

.JaPlsjiwi itself, north of Lake Ladoga, is now
within the USSR and has not been the ’snhjcct
of recent study. However, despite its absence
from current lists of possible impact sites [Short
and Bunch, 1968; Frecberg, 1969; Zotkin and
T.lv.ztfov, 1970], there can be little doubt that
Jﬁms):.zrvi belongs to the sclect group of struc-
tures. in which igneous rocks are found in char-
acteristic association with shock-metamorphosed

agirvi [Lehtinen, 19707, Dell
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magma. o

rocks they contain [French, 1958a]. The ap-
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rocks. Such an association has been recognized
at the Scandinavian localitics of Lakes Lap- -

en [Svensson,

;’;:m] and Mien [Svensson, 1060; Stanfors,
9607, all of which Eskola compared closely:

and textural

ﬁ_r;umls. However, there are distinet chemieal
liffereuces between the igneous rocks at the four
sites. As Eskola recognized, to aecount for these

of origin re-

g:lrns the massive assimilation of adjacent
untry rocks (Precambrian mica schists in the
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In the Iast decade hy i

. . ypervelocity impact of
;oemm bodies has been established as :\p viable
l}'pntlxgslw for the origin of structures such a3
those discussed by Fskola, and of the igneous

plicability of hypervelocity impact theory to

large, ancient

ct:;aters hng been conclusively demonstrated by
e analysis of Quaternary eraters at which the

shocked and
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changes with size and with the character of the
rock. In the case of craters formed in
!mck—memmorphnscd predomin:\n'ly crystalline silieate rocks, 23 are
Ls, in some most of the craters m Tuble 1, thos smaller
than about 5 km have a simple bowl form, &3
tinve to advocate & voleanic origin and to deny exemplified by the Barringer and Erent eraters.
the value of shock metamorphism as & specific Larger craters are complex, having a central
eriterion of natural hyperveloeity jmpact. In uplift that becomes more prominent with in-
particular those holding the voleanic viewpoint creased crater size, and the largest craters (>25
pave arzued that ecertain geochemieal data indi-  km) havea distinet ring structure, with or with-
cate an internal origin for the igneous rocks at out a prominent central peak [Dence, 1065,
several shock-metnmorphus("l structures [Currie 1068].
and Shafiquilah, 1967, 1068; Bostock, 14697,
(Others have suggested combinations of impuct
and volcanism. However, with the exception of
the compounil structure at Sudbury [French,
1068h] the eonsistency of the relationships ob-
erved at various craters over a wide range of
sizes indicates that a single process has pro-
duced both craters and their associated igueous
rocks. Debate therefore has focussed on the
requirement that the impact hypothesis ac-
count for the forms and disposition of melt
rocks in shock—mﬂnmurphnsml ctructures: their
textures: their composition, which, althongh
generally similar to adjaeent country rocks,
shows significant differences in detail; and their
rddative to crater dimensions.

aelted  Tocks is well documented [Spencer,
10332 Nininger, 1934; Shoemaker, 1900]. On country
the other hand in ancient, 8
craters the presence of igneous roc
coses in large quantities, has led some to con-

Fory AND DISTRIBUTION OF Mert Rocks

Yariations in crater structure, 2s outlined
above, are accompanied by variations in the
distribution of melt rocks, which can be illus-
trated by reference to the better known eraters
in Table 1. Melt rocks oceur in four main forms
at the different craters: (1) as isolated glassy
‘bombs.! (Table 1. column 1); (2) as glassy or
recrystailized masses in mixed breccias (Table 1,
columns 2-6): (3) as thick cheets of igncous
rock (Table 1, columns 4-6); (4) as minor dikes
and irregular intrusions into the basement of
the crater (Table 1. enlumns 6 and 7).

1. Glassy bombs. Tsolated glassy bombs or
impactite slags [Spencer, 19335 noer, 1954]
form part of the unconsolidated ejecta found
in and around the larger meteorite craters of
Recent age. Individual bombs may be 20 cm or
more AcTOss, aTe cenerally hizhly vesienlar, and
commonly show contamination with meteoritic
materials [Tavlor and Kolbe, 19653 Brett,
10677, as well as inclusions of shocked country

apparent volume
OCCURRENCES

On the basis of structure and the presence of

shock metamorphism, some sixty terrestrial To-

calities are now included in the prime list of

hypervelocity impact sites. Almost forty of these

are known to contain glasses or jeneous rocks,

and in all cases these structures are emplaced rocks.
hic country 2. Glassy or recrystallized masses in mired

in prcdominnntl_v quartzo-feldspat

rocks (plutonic or sedimentary). The apparent breccias. The uneonsolidated deposits and their

lack of melted materials at the remaining sites associated meteorite {ragments are stripped off
even slight erosion. In the somewhat more

can be attributed in some instances to depth of by
erosion or lack of detailed investigation. Tn  deeply eroded craters (Table 1. column 2) melt

many cases, however, the absence of melt prob- materials are presvn‘ed on the crater mm n
ably arises from the carbonate-rich eharacter of patches of more of less consolidated rock, in
the country rocks. At Ligh shock pressures euch  which the melt occurs as glssy of aphanitie
rocks may be expected t0 dissociate with evo-  masses associated with shock-metamorphosed
lntion of CO: instead of producing significant

-quantities of melt.

The craters that have associated melts are
listed in Table 1. arranged according to size
and relative depth of erosion. Depth of ero-
sion generally increases with increasing age. It
has been shown that crater structure also

rock and mineral fragments to form mixed
breccias.

Breceia associations of this type are prob-
ably the most distinctive lithologie unit in
shock-metamorphnsed structures and have gen-
erally been called ‘eyevite. Suevite at the type
location of the Ries crater [von Engelhardt




