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5582 K L. C.1UIIL 

by a ~heet. of i~nrou;:; breccia (On:.lping- t llff ) 
that d lspby:s shock-me tamorphosed irasz;mentl J/am'colU1!Jan cT'.l ter, an octagonal d 
[French. I!JI>S]. Th. On:tpi.,~ ,uff i3 a III.h l\, 61 km Itcms.;. i.; Cllt in to P",camhri:~"" "'" 
\'ar:c'<l. ,nt! po ,ibl), romf""il •. unit. hut .~ai- """ph Ie. an.1 p,,,"all\' fill"" wilh I mel,. 
) 3" of II . morr 1I"",,,h'. and ullifo rm 1'''''' are 1~n<'OII3 rork,. ,hml"'; which p rojrc: I!'CI; •. ; 

qUI,e slmll t h f I 
t:J IIZ'1I13. r. off~en l c r hl-·k of "'h .k .~ :l rl"t-

~ . :lr 0 t O.:iC 0 t IP. i rruJltl\"f~ (T:t.ole 1) V1. k Of; 
anti ~r -b<lt 0l'. d:t la [ f'airba;m et aI .• 19"8] ,"'~ ph~,"cd .non ho' lle [Currie. 1~'Oc;m~: .... " . 
SU!;I;t:St th~ :." :lme ~urcc. )bn.,' h it!: hh- sl'I,e'" ol»"ct •. ; Iu r.e as 'funicolln~an . the dim;r ~' 
• I f h • # UI a rnnng :It :tn 3' "cm"e co . , UitIC' 

n:l y!ie5 0 t e Ona pmg t uff hn.\'e l"eeo reo r .k. ..... m po.mlOD of COUntn 
ported. bu, lhy npp'e" to Le conWmin" rJ 0< • g .lte. " I" ·,,,u, . Huwe,·cr. eonH'rgenee of .-~)' IIIch.., ,,,n. of qua rtzi l' [Spea •. 10.1,] . 1'1 hOlIlIll~ ,.l un"I£·; (1'.11.10 5 ) rue~",'s Ihat . r" · 
Igncoll. rocb of the SlIdbury struclure a ;~ ore clolllp<n·" llle. 1111<1 the c"lIlpu,cd ' \,e ror· 
mueh lower m polash th:m i.neou, rocb from ~ r'·a'on,.I,ly :,o<ur,lo. CIt··mie.1 data on r:~: 
olll('r C~n!l IJi :m craters, IJIl l the m:.&t ri:< oi the compn-.I.urln 01 pSl11JIJUIf'hy li lc (T able 5) i 
conunoo SlIdbury brccci.L' i3 enricht'l in po- In'" t wu : 10111'-. n ne erollp could r",,,11 f >II 
""' .. um an,1 h e:l\'y metal. comrmcJ lo tbo mrillng 01 ""Ii rocb by friction:U heat [p~~n 
cou;"'y-ro<k IOclll.5 io">. according lo Ihe dal" potu. 1% 4 1. T he olher "rOllp i. much mor' 
of - llCCrg and the (~" :t ,howlI in Tuhle J. fl ·rrom"en~·-i:.n ."1111 .,;,Ielllly e<oniaul. '0 .. ~ 

ll tl.\ turc 01 IOn'l~n m:ucr~d . Cht'mical bnL'lRN! 

T ABLE 5. C hemical Com»O"lilion of Co t I un ry tock." and Igl1eolL'f Itocb fmm the :\w.ni oousgtUl Craler 

7 9 
wt c;o ... to':;, .. t ~ " ' t. C"~ • . d. wt ("c wt ('0 "' l. ~ wt % wt % 

RiOl j ; .91 5.~ , 1 1 5'\ .0.1 ji 047 I 71 ~9. 11 4~ 4'1 47.";7 .. s. !):? 37 .4.1 
T iOI IJ 61 n.:;9 0 .60 o i.fo n os 1. 01 0 . 2 1 0 .2:1 I.Ui O . 2.~ 

AI,o. 20 .77 20. os 21) . :\6 15 .3:1 1.:l'1 17 . •• !) 2:1. 6; 2" .:lG 17 . ,j7 4 .06 
F.,o. 2 . :Ul :! . 1;' 2 . 1R 3.42 0.39 5 ,90 1. 4 1 I. :\,1 4 . 21 9 .51 
F.o 2. 72 2 .M 2 .73 :? 6:l n.:!fI 3 . 9~ O . O~ 0 . 14 5. 10 3. 34 
MoO 2.6:' 2 . . ):\ 2 .• S,1 3 .61 n 6--. ; , ;\.1 4 , 7) 2.80 ~ . 3~ 31.S6 
C.O fi . J,~, 5.: .. " ., .9 1 , •. 7 1 o . ~'! 9 .76 n . ;o-I SO·, S.Ot 1.70 
~ r nO o.m IlW 01]9 0 . 11 Oil:.! o :! I O, O'! 0 .(11 II . IS 0 .27 
:>.,0 4 . ;~:i CI~ 4 . ~S 4 .1)'t O:.!:! :I O:! .f . 76 iL02 3 .0\ 0,43 
K,o z. ;0 2., :l 2 .77 :i , O'.! o :IS ~ . :> 1 0 . :,1 1. 1:"; 1.3S 0 .2S 
H,o OA:! O . 6~ 0 .87 1. 0 1 0.10 '! Hi :l.~~ ~ . b(l 1 . ... ,.1 IOA8 
P.o. 0 . 2:1 0 .:10 O,:!7 O.".!'J 0 .0:, 0 . 19 U. o.1 U.03 0 . 2G O.tH 

Sc.lcdt:d Traa-Elcmrn1 Data (in ppm) 
Ni :!-I 23 23 3 S ;;0 4:1 nil S, Soil) 

Co 7 6 6 t 2·' nil nil !!.'l 120 
Cr 42 ~6 3S 71 320 ;, nil 36 .• 3.;00 
V !J'J 90 9 .• H S 340 5-; 40 nil 450 
B. 12.-11 lito 1200 1510 I I.',() Il OQ 9;.0 14:.0 140 
7" 370 :,2tl 4:.0 O.W 7.-.0 ~c'O :1Il0 I I:, 4.i 
Sr ~GO ·140 4.>0 -ISIl .'<SO (..;0 GOO 8:!;j " Rb '10 46 ·10 .-,9 

l. Ave". .,.,un . ..' 60 nil 
3=j9( hn ge . l l") rock III cr:ller' (n ... ·i\ lm in\t " . ,.. nllllr lM ' <) ~ 

. 2~ ~v:::.n~k:,~::nd J;; r; . <l o<i", coml'lc.). - ' • ,,'e. _0 .• gobb", and m"ti c gue' .... 50;;, ~"'o i". 
2.;(";" ch g ., tr;. z:~rk III cr;tler (:t. ..... .,lI rnin K 20';;' 1\1IO'rlho.sit -r-{O p amockll' • • "d 3:1 ':'. g""'" com pl •• ). c. 1· .0 gnbbm . ,,01 mafic ."ci ... So;;. gr.,,,ile. 

. referretl I\Venl@ of countrY k; ' 
4. Aver-.lj:;c dort' il ic i~nc. ,o !5 ro~ k ~ ~ In crn.~(' r (~S all:\ ly~). . . 
~. Averug. "",flc. pola.s.->ic t"'.,,,I .... ~h~'r.;~ ':~' h "~",b;, 1 deVia tion (3, .... 1)' ... ). 
_' Avernjlre country rock of Il:-C1u.lot!lc h\"lit ,nnn ~:-("'" . 

~ ~~~~~~ :l~::;: ' ;(: ' '' ' t '''~ li '' P--(" do~,;"i\Yli~e(~:t~~~~;::!i. 
9. Av.rnJ{c 1I1t~\m!~~~ i~\l,~~:,~r~,~el~l~~I~ ';: I:-:~i" ~I rom cmter (U fl,nl\t~~). 

"'L' 

.-]lcaln liODS sm!:f!Mit 20--50% a(\(lilioD of picntic 
.lk,1i 1, .,,,11. li'ille",,' [ 1 ~3'] conclud(-U Ih"' 
'Irite h3.d been :l llth·d to YrcJcion psrl.ldo~ 

t.,(hylilt. 
A picritic alkali b:t.<::llt is C::-' fW ,~N:i at ~Iani~ 

rtlU:U;111 in the form of breccintNI plu~s and 
.:'Il1an Icn·;uit.i !:hcet:i int rutt ing and inrl udin~ 
5I.1c\'itic brccci:.t:i. The b'lE:...ltic fiI 'll rix (Table 5) 
t1rries nUUlcrmlS lJiucks oi 3 0 UIIU~I1'.t ultra
b1Slc roc- k COIL .. i 3li n~ of en!'t ~lt iH', phll'i!opitc, 
snd minor oliville nud Uinp:·qdc. The: ell~mtstTY 
ii remio!=c('nt of !=c..me 3lk:tlmc uil r:l\""I.:ic dikc 
EQ.--:IrolS. The.,..e IDclu .. ion;i :1J ,pe:lr to be xeno~ 
htbs of 311 e:t rly CQ'~l:, lI i z ill~ iract ion oi the 
:l.lk;lJjUi" h:U::llt r C tl. r n'c' , 1 'J; Oc}. 

Rou2hly !)C)~ of the i:;m(-ou~ rork.i 3t ) bni
NU.'l~!1 n con~ ist of tW';) s.hl.'t:t:! of Itr~nub r to 
Imchytoi, l brllwnb.h rOt k.; , (.h lil' ring in crain 
SIC nnu nllnualozy oi pym\ l·nC'. The uniformit y 
of chemic:,1 r nmrl'l .. ;tiun (T ahle 5) i., "cry 
!lriking. lI i~h K ,D rout enl ci:L .... .: lfl l -:!J the rocks 
:I!I doreitc. HOt n. nde:;i tC [S(tC kCJ/'/', 19:H}. anu 
the s l\':!lline ch:lr!actcr of Ihe rock i!l ~ho\\"n also 
br tile Jloc-D(III{1!d and l\(l l l l"'& f1~tH ] cb S5'ifi . 
c:nioll . \rllt"1l ('orrd'tf-(l ror dl'lI tt' nc o"\i.l:1tiuo, 
most :\11:\ly~\'5 show nr, rll u ti\ c oli vil1(', C(lm
pnri~o n of thi.~ roc:k with the :n 'cntec Prcc:nu
bri.'ln rork (Tahle 5) fllo\\"'" !" t3 ti!-'lif' :lily :o'iglli· 
fic!lnt diiTf' renccs for 4J of Ihe 11 :tn3I YLCtI 
eiemf'11f.-. An !ldclitietn of l l.it;"'o of pic ritic :.lk:,Jj 
OO' .... 'l.IL would brif'tt t he o,'(-r:l !!(' C'ollnln' rork 
into C'oi ncidence \\ilh the a\'er~H!C i~nt'1lu~ . 
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(3) !i~nificanL amoun ts of ignoous rocks are 
Vre-:cnt iu the fonn of dikes, !:orne hUTldred'i of 
y:trds lOllI! , nod tens of y!lrds deep. 

Imp3ct m<-lum! ~ l lou ld prod uce !l mngtn3 
idelltir~li in chemi.: try to th~ country rocks, 
except fur dlffertDlbl \'obt iliz:\tion [Ta ylor, 
l ~jt.i J, ,,!Iich "ould l~ emllint etl m':tioly at the 
lOP of the b llL3ck brl-cC" i:l. [Robert, 1005]. In 
brJ!;c crlll ('l:I . rlUt(' rcnliul ,'olatiliuti(jn should 
leat.! to d~pletion of volatile cleu:tcnls EUch as 
HL. P , and I\. . Kone or these C1<'Ul~Dt ;! arc de
pict(>J ill noy of t it(' n 'port C'd h.!HCOUS rocks 
excr lJt thO-.:e from ~h:;tastin I .;: .. ke, aod K is 
cnriel ed in most , Aflc_r con~(Jl iJ I't ion or an 
irnp:lCl melt , a iterJ t ion and m(·t!lsoRl:1.lL-.:yn mar 
t !lke JlI!l.ce by cirt'ubliou or ground water 
throll ~h the urecci:l tone [Milton. 1910)_ E"eD 
:.\.~umtng 1 ha l the =1i~ht olren'eu alter3uon is 
ruflicie llt to alter the compo.:i liun, expcrim('uul 
d:lt3 {/-.:muUlol.iCl ct aI., 19(j'j ; nllnJiam, 19G7] 
~1t ow dbl ot.'a r ~uriare hyti roltll' nnal :l!ter.\· 
tion, which consb:u Ol:unly of 1£-!1(:liing or nlk3-
lits 8mi cn richment in siliC:l with in('Te~'£c in 
:\nJ K rat io. does 110l (:l.\L~ the obscr\"cO in· 
crca~ in K. ;" lg. :HlJ he3'-Y mt:ll l:i. The only 
n(':t r-:-ur£:tc:e Ulc1 :150malic proct'~ :t k-:lu i n~ to 
Sl1n ll.l r chcmicnl ch:ln~cs is ftn itizalioD, \\ hleh is 
in":lr!;lhly connc(' tl'tl 'n th nlkalinc m~!ml!\ tign 
Imp:lct m<!lunp; dOf"! not t.' '' pl:un eithcr tbe 
":trte IY oi i~eou:; rock8 found in !ome- crnte)'! 
«(,:lr\oon:ltitc, motlr hiqu itet 1r.I('hyte at Brent : 
mt"lmN'tlltf". b3solt , tloreite 3t :\ l:micount=:m) or 
the humogr ncl ty of other i!!'Ilt'<lu:5 untt s o,,'er 

The c1()!:oe t\.~.socbtion of ij!m:ou ll :tntl ~hock· 
mt t3morpho...-r tl rocks !:l ll!!(!('::il.s t hn -c pn&-iule 
oriJtin~ ior the ij!ne("l\ls rock:.: : (1) e ry~I : l l h1.:ltion 
irom impact mt'11C't1 country rorkE. ( ~) cry ::l al
liz.:ll ion frllm en.-tul!('uir m:l~III :l whO'"C empi:trc
mcnl i~ mechalllcaily or lhl.' nn!l ll y confrollNI hy 
an im p'tet st naclt tn- , or (3) f r)· .. t:IUi1.3 tion rrnm 
an rtl\ lflJ,!C'nic md t wilh whu:o:e empl:H· ... mcll t is 
ru.'5oci!n cd :-li('wk nWlatunrpl l1c phcnollu'n:l , 1-::,..-11 
bypothcsi:i implws sJX'C llic I!('()("hemic!ll nnd 
pb}"~ic~,t con~('t.tuf' Jltcs. Iu 1ddition to the uatn 
summarized in T ilLie 1, \\·c may note physiNd 
factors common to :t il , or most of. the occur~ 
renet's : (1 ) the i$lnrous rocks Q('("ur at t he base 
of tin crater (uf Brl'llt. ~\Hlbun', L.'1ke Sot. 
?-llrtin); (2) D\tlis.i\"c igneous r~k.s a rc gen~ 
erolly fresh and unalte red, and the igneous 
breccias 4re moderately to se\" erely a lt ~red ; 

I!'m~e nreDS. Can imp:lcL ronn homogcnco\1~ mch 
on'r !'qu!'I re mile nrca.s, yet Ic:\ \'c pools or ahcr

rant comp<kltion ? 
The locat ion of is:neous rocks in well· p re

S(:rv('t.l cralrcs 511g~L~l! {h:ll the rocks :t il lie 1\\ 

'he b:lsc of the cmtcr, a po . .:ition quite com
p:ltihlc "'ith int ru:- ion or igT1{'1}')(i rocks into the 
Ln'C of 3. struc tltr:llly wC".)kcnNi lOue. I mpact 
ere:t lt' s long.I!\" ('d di. .. mrb:l. nc('s in pre<l:lUre 3nd 
temperature OWiIH:: to U!lt(' r e'lw: r:wnlion nnel 10-
sul:n ion b}- the breccia bl:\nkcl, but C."l.lC IIl:l

{ions s\1J:2.CSt th:l.t m3 g lll:t generation h~' thi! 
mN'iIrl.Oi:>:nl wOllld take million .... of yea rs, wh('r('~ 
field evit.lence nnn i;:l()topic nj:1! d.~lillg; ~U !!gl-st 
nhno~t id l'ntlc!Il :HtCS fo t" the it:ncoll s rocks fiud 
br{"crb blanket in Con:tdian c.rll.ter3. :\ (C'Ch!l. nieal 
sf rC5~'S assocL'1 tcd With an impact c.ouhl t!tP 
prt'CxlSting magm:l by cracking the cover rock", 
or could create mngma b)- sudden relen-;:e of 


