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Impact :\/elts 

an~~~e chemical .composition shown by t he two 
)Bt'S quorcd LS one J.Htlc in 3ccord:mC'c \\ith 

all tku PClrogr:lphcT.! 3 r.~ :lel'U!"" med to ~Ird 
:: ~~"??,~ f~r ll!nCOUS ror k:!. , . , Tllc I:l\':.a-r~k 

aDtsJan I has the COl1l{>Q!iUUD oi .3n '1 
1!lC'colu ~~fimcnt rE:ll.ola, Ifl2 l. p. 51.' argl -

~k.ol!t S t houghtful Siudy of the I,...· I 
CUr~5ItY:lt J:ini::jii.f\'j (Y:illi.:-y:in 1) :I~~ooof"" I~.ae 
~ro ~m of 3CCOUOIing ior thc igneou.! rocks 
st1ere 

15 repr('S('nt.3ti\·e of C3rly 1n\'ffillt311nns of 
rllct~~s th!lt later bcc:tmc knol\-n tt5 'c . to­

volc3n1c [Buch er, 1!!36] or 'en ' t ,?;;~ , 
(Diet., 1050], - P oexp o_lon 

J~ni3j3n'i it.:clf, nonl! oi l :lke L1d . 
\\;thin the C'.:;:r. d h -. I')g3. IS nQW 
of . .... ~ nn ~'J not been the ~uhj(''Ct 

recent stu~r, IJo\re\'(' r, d!'Spite irs n. b;:f'nc 
from current h::ts of ptl,-:siLle iIDp!lCt sites [Sh ~ 
and BU1Jch, 19l'iS; Freeberg, IOC9' Zotkill o~ 
J;t .. e~~.ov~ 19;OJ . there c:l n be littl~ dou~) t. t~:t 

:1lI1$J:l n -1 ~('lo~g3 to the sc[cct ~rollp or ~truc­
tures, I~ l\hl(·h . lg~eous rocks:lTC found in ch:l r. 
acterlStlc :k~C1:lllon with shock-metrunorphosed 

Cop,.ri,1u: e 1911 by the AInCl'ic:an Woph,..ie.aJ Ulliou. 
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rock!. Such nn 8·~~i1 t10n II <II bee ' 
:It tIt -, (i" 1_ n rccoglllZed 

:' e . .... .:In 1O.1 \";tn Inr:l.liuf'S of I..nk!" 1..1 
1l.'1}.ln' , [Lcnti,'rr.. 14"';"0] " -II ' P- ' 
1'11''\] , ' .uc en rSl'~n.uoll 
11~:r)J ll~,J (rlen, [,)t·Cn.~JI<1l, Hl(Jfl; Stan/a,,' 
\\'it~; 'J ~ ,_ ~~ ~'lJlch E~kol.t comrnred closelj: 
groundstUl;;~.:\~~', on flnJctu Tal and fextu raJ 
(ni ' e cr. there src dl~t inC'{ chemical 

, Icr(,uCt·~ betwccn Ille i n{'() 
sircq, , \ 5 l~kol IY t; US Tl)cks .1t the four 
d IT n. reeo_nlzed, to aCCount ior these 

l .. ercnC'<'S. any ,"oic:tllic theo ry of oricin re­
q1Ilf('$ the m3.iSi ,"c assi rmht ion oi adiacent 

~untry f?r~~ (Prec:lmhrian micl schists in tbe 
('3SC of J.lIlI.:-J:l n 'i) I.,· !l11\' .. ," . 
llIa;rn;l. " po,,,rul.lh.:d pnmn.ry 

In. the L1St dcc:lde hYl'en'e1ority imP:lct or 
~~,~ml~ ~I'(,s h.1S bP~n, ~[:tbli.:hcd .1S a '"i:lbJe 
r '~ ~I~CI~ for the OTl~!n of struclure$ such 113 

'Oke ISClk-scU by E~kob .. find of tlie igneous 
ro~ 's ,t,lIey conini n [French, 1965a]. The t1 • 

rilca htlny nf h~-Pt' T\·clncif.'" impact theory fo ;:t problem of Interpreting such brge, 4n~'icDt. 
h' ers h:l~ been conc [lI.:in~lr demon"lr:H~ by 

t : a.o3!rs13 or QU3tern3TY crnters ,n w hich the 
:lS30CI!lllon of me teo rit es with shocked 3Dd 
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:udled rocks is well documented penur, 
:~: Kininr;cr, 1954; Shotmal:er, l ftf...o]. On 
d:e other hand 10 sneil"l1t, s!lOck-mct:.!llIoq)hosro 
tmlers the pr~e.ncc oi j~neous rocks. in some 
oSC! in b r~'" qutt ntiti""~, h:l'\ let! som~ to ('on w 

unue to adwxntc a \'OIC!Hlic on!!1n nnd to ueny 
the Y:llue of shock mctamnrphi.:m 3S 3 SJ'lf'cific 
entt'rion oi n.1tur!"11 h~lJt' ryclf)('ify imp3('t In 
p3rticul3r {ho~ bolding the volcanic yic'Wpc,iut 
lu\e ort!urd that c('rt':lIn !!('ochcmical data IIIdi­
Clte nn intcrnll orlt;"in Cor the ig:nrow: r()('k3 at 
:e,'eul shock-rnetaTllorplto~('4 1 structurrs (f 'u rn'~ 
amJ "",afi'lul/ah, Ifl!;';', l OG.,: Rostock, l~(;n], 

Others have 6u~a:cstcd combin3tioru oi imrJ.ct. 
rod \·olc3ni.onl . l[fI\\'c\'c r. l\'ith the e\.ception of 
the compounrl !tnlcture a t Sudbury [Fn:nrh, 
1965&) the con~istr'n('y oC Ihe rebtioDCbip .. ob. 
ser\'ed .3t y:mOl!:i cr:lters oyer a wllie ntnt!:p oi 
sizes indicates th:lt 3. 5in~le proc('ss ha! pro­
duced both cr:tters and their lL"t!ocmted iC:llro{Jus: 
rocks, Dcb:t te therefo re ha! iocu5S<'C1 tm the 
reqUIrement t hat the imp3et hypothm 3C" 

l't)Un t Cor the fOnDS :mrl ,Ii,~ltion of mrlt 
rocks in shock-m('13m"rpho~.Il"'In1C'1Ure.!: thei r 
lextnff'S: t hri r cOlllpocJlinn, wIHe'h. !thhtlilch 
genc r:tlly ~imib r to !1djarrnt count ry rurk:;, 
aho,,"3 !i!!nific:mt di iiefcncrs 10 clellul; !lnd thcir 
"'ppuE'nt \'olume rd3li\·c to cr!Iter dimen!ions. 

OccrRREXCE.5 

0:1 the b!l~is of stnlc\l ITc and tlir J'lT1"~nre of 
shock mcttlmorrh~m, ~ome !i'\:t~· trrr~lrhi 10-
cltiitit"s tlrC no,,' incIudro in t he prime list of 
hrprrvclocity imp:1ct ~itea. ,\ lmo.:t forty of tiaN'e 
nrc k-nown to COll!3j n ~1:lSSCS or i!::llf'Ou.; rocks. 
nnd in 311 ca:::es these 5tructn res :l re empbced 
in predomimmtly qU1rtzo.iddsp.,thic count ry 
rocks (plutonic or ~t"rli.mrn l:HY). Tbe nppn. rent 
bck of mel led nuterL1ls :1t the rem!l ininc: sites 
Cln IX' :lttnhul(.'(i in some in"I~Hlc(,'i to dcpth of 
tro.:,ion or I:u'k of dN3;!.,,, inw· .. ric:ntion. In 
m.1n\' C3<i:N. how(' \'cr, tlte ah.::('nf·e of mch prob­
:1htr-n. r i<lles from the C:l Thnn:J.l r -ri<"il cb3r:tCler of 
the country rock5, ,\t l.ic:h shork p r<'5SlIft s such 
rocks m!lY be expC'Cteti to dissocia.te l\'ith e\'o­
lul ion of CO: instc.ld of p roducing sitrnific:J.ut 
qtl!l ntitie! of melt. 

The cmter:r thnt h:we 3 .. ~i3ted melts n.re 
lis ed in T :lble 1. 3.tr!lngro :lccording to size 
:lnd T<'bti\'c drpth of l'ro:;:ion, Depth of ero.­
sion gcnernlly incrro!cs wit h increasing 3!:C. It 
has been shown that Cf'J.ter structure !llso 

chflng-:s with size and with the character oj the 
country rock. In thl> case of ('r3ter3 formed in 
p redominantly cryst!lllinf' silic..Itc rock!, 83 (lfe 
most oi the cr:lt<.-r3 in Table I. tIJo::-(' mbllcr 
th!!.n o.bout .; km hoxe u !imple bowl form. as 
excmpJific.'d by the B:lrringcr !l nrl Brent cr:tters. 
LHgcr craters are complex, h:n' in~ 3 (,POI T3 1 

upUt th4t becomrs more promiucnt \\; t h in­
Cfe:l"ed cr:ller size, .:md the bn:: (,~ l CT!lters (>~5 
J.. .. m) h;n'c :to di5tinct nO!::: !lruClure. with or with­
out. 3. prtJmineDt cl'nlf3.1 p<-3k [Dt1lU, Inn.";, 
I ~GS1, 

F OR;'! AS» DJ'STRl,Bl"IO~' OF ~I£LT ROCKS 

Yl r i.a.t ioll! in craler structUtc, as outlinoo 
!loon-. :ue "ccomp:mied by \':, rI3tioI13 in t he 
fiistrillUtinn of DWl! rock!. which ('3n ht- illus­
tr=tlt"'il hy r('fpre-nee to the beltC'r known rT:lV' r .: 

in T:.}'le 1. :\((,'It rnrk~ OCCll r in four main ion"s 
II I th~ different rr:lten: f 1) :IS l!ol3ted j:!; ltl'::5Y 
'bomo!!: (T ilLIe I , column) ); (2) !IS Jr l:t:osy or 
recryst:tWzed IIl3=:C:es in mL'(cd b rcC'ci3S (T:.ibl~ 1. 
column., 2-11): (3) M thick ~ht'eu of klll'ous 
rock (T :\},Jc I , columns 4-{;); (..J) :u minor dtkes 
and Irrr",:ub r mtru!ioll! into the b3scm .... IH oi 
Ih(" ('ratrr (TRI.le 1. enlumnll Ii ntld 7) . 

1. Glany ooml». lsobll·d t!bs-~y bnmh~ or 
imp3ctite slnc:s rSpcllcer, 1 !l~:l; .\'ini~ !1! r, I{).:H] 
Corm fU rl oi the ullconrolid:lted ejE"CT3 (ouOII 
in :s od orf\uod the L1r~cr rnC1I'Qrite C:":'liers of 
R("'C{'nt S!;e, Indh;dll31 hromh.3 m!ly be ~n C' m or 
more 3eTOSS, :sre C'cncl.llly hi:hly Y('~iCIII.I T . 3nd 
cr.mmnnly show cont!l.min:uinn wi th mel('oritic 
m3tcrbl3 [Ta ylor and Kolbe, 19f"l); Brett. 
1 ~67]. fl.S wcll 3S i.Jlclusions of shocked count ry 
rorks, 
~. Glau!/ or rcrn,rtalliud mm.tl".r in mir rd 

bn.'cciru . Th(' lIoromoli·i:tf('d nc~ir! 3no their 
a,s,ioci!lte.-l meTcorite frnc::mcnls nre 5t ri rrcd ofT 
by even s lic::ht erosion. In the somcwlmt more 
d('{'ply erndcJ cr!ltcrs (T:thlc 1. column 2) mph 
m'llt'n:us rae pr ~('n'ed on t he Cl":'tlt"f rim m 
l'!ltche3 of mnre or I~s eC',,;;m)ul:\fed rock. in 
which the melt ocellrs !lS t: b~..ty or 3phsnitie 
m35Sf'S a....~O{'i:\ted wi th .!"hock-mr t:101orphoN'd 
rock 3nd miner:l l fra~llI('nts to form mixed 
breccins. 

Breech a.cs()("htion~ of this type :Ire prob­
ably the most di~t incti \'c lit holo~ic u nit in 
1'lhock-metamorphoSCtl stnu~t urcs and Imxc J:'pn~ 

('rally been c:llIed 'rnc\'ite.' Suevi te at the h'pe 
ioc!ltion of the Ries cr!l ter [ von Ellgclhcrdt 
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