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the dive .... it}· or inclu!it)Q3 in ,'arinus !t:t~P5 of 
shock OIclamfJrtJhl"m, I"fcrYsl ~liiz:\Tion or as
simil:uioll j 5.nll (~J the \':lria.'ioll from CT:itf'r to 
crater in fheir bulk compo.'.:itirm. TI1(: first i:lf~. 

tor i..i rC':HJily ttpp:trcnt in rn"ks {Ii It h'l\"e been 
chilled so lh3t their m!\l cices arc d;\~<:1"" or 
aphanitic; the s('('ond is mntl" apparent in roclG 
th3.t h.:ne cool<:u more sIowh', 3lJowin~ homo~ 
gcniz3tion. 3~imil3tion and tCt' ry ... t!'llllz:tlion to 
proceed. The gl:1.s~y tOt'ks are rcpn'-:(,llt1lU\'C of 
initinl m3Ztn.'l condinon". :IS inllir:1!N iJy crn.ters 
such %'IS WC'6t CI'-ar,\3tcr Like. '" hf'f~ (11(' te\1.· 

ul':\l evolution from !;I:L~Y to the mo;;t cOlT?c1y 
crystalline hrncou3 rock! C:1n he 1(:\('cd in rock.! 
that show little ,~rii.l tion in bulk C'orupo~ition 

(see section beluw). 
T he gbs.-ry to finc-t!raiJlI!(I il!'n('ollS rod3 com· 

manly Cf)nl1in ir:1rnH'nt~ or thf' counlt;· mf"k! 
in such .:tbllntbnre That ,h('\' In,)' l)l! «,",lll!d 
brcccbs with ienf'O'F m:'II net's r c~. B()~t ()('J:, 

1%91. Th,t:li!,·.) stUlliN of rrt'~h cJ;1"'('S (Chao, 
1%1: t 'MI. Enntlhardt, 1%7: rnn f:n~dhardt 
and De-nre, 1971] h:n-c !lhO\~ .. n th'\t Ihe inrlu· 
sinn, exhHlit ~1l c.:r!1ti"S of Fhev-k mr·t:un"rplllml 
rChnn, JC)t;~: v"n £'/'1rl'mrrlt fIn,l .51S,."0', 
10(5). Such :;hf)('keti inl~nv'n'! nrc a.:o.:(}t'ialro 
.. irh contltrtru inrill::ion5 :tnd ~c h!i,.ren of Icch. 
atclicritc. iU!lf'd r('l,j-pl~. !Infl 01 hcr ph.:1':C!, 
3[1 or wbirh tt':="lify to tcmpt'r:'ttllTrs wt"11 nhm'e 
thO!e of nonnal m:lIrrna.~ rFrenrh, 1%Q:o : lion, 
19G5J. Furthc'rmore. lhc cnmpl('le !lh~rnre oi 
phenocry!r~ in the t:'b.:!I'l'.;; indie:1lr~ 111.11 ('ofllinl!': 
norl, in th,. aph'lniric rocks. crY"'talliz;l1ion (lid 
not bf'zin !lntil the m!lzmn~ norre \'irtll:llh' 3t 
~t. Flo\\' b;ln-iine. whrrt' SN'n. i.: dl'\'cloJlf'i1 :\.3 

ff3ins of !m:lll inch~i ... ns or ~b.;,.\, !I'('hlirr~n. in 
some C.1S('! ('mph:\.~izM by (lrirn l~d \,('<;tjrlr,. 

Li ttle rr:1Clion is r\'iftent ix>lw('{"n inrlu<;tion!l' 
and mltrix in fhc c:b<;t~· nnd :1ph:lnitir i!!nf'OlI' 
rocks [FrrPlch et al'9 IniO], hut in mort:" slowly 
cooled rock:'l Tr:tctinn :111rf'Ol(,3 commonly d~ 
"dop. not:lhh- around silir', fr.1cllu:-n1s [TfJ!linr 
ond Dena. 1!1f'i0j. nnrl incill-inn..: nn' p!ufi:1l1y 
or complefC'ly mcliN, ns·imila ted, or TCf'rystal· 
liztd. Thc most I'!'lron:h- shorked inf"lusinns are 
mo~t \'ulncr!lhle to :l~;miJntion. so th!lt in rock! 
in which the m:ttrix t!r.nin ~ize :t\·l"r.:l!!r~ 0.1 mm 
or CO::l~(>r onJ~· 1 he Ian:C'st nr m(l",t wcnkly 
shocked ind\l:::inn~ Me r rr-:C'",·1'(1. H owe\,cr, s'1ch 
rock.! genrr:\lIy c\;hihit 3. dEtinct irr('!!ubrly 
mottled texture pmrluccrl by ynrintions in ~rain 
size and by clustering of minC'r:!i specics, form· 

ing the 'ghosti: of completely ~orbt'il it. 
&.ion,. The g-re.:tt eIiccllvcr.e:os of the: reso~. 
proCCS3 is uu~ to the ori!!in::d ruperhC31(".d ~ . 
of the melt, rtnd 10 the hjt!'h intern!]1 tI'r' 
oi the inclmions, n" lu th in varying dC'!:rt:t ;:~ 
be::ncd as well as dj"onJered by the shock pr . 
es; [ClulI), IQGSJ. 

It sJIf)uld be cmp!ul.-1zed Ul:lt the I:ur ' 
j~cous botJir>s ba\-e not been fomlcd by 3m. 
J;am~hon and welcling: of discrete fragments arJ 
sh:J:rd.'!. :l~ in wcldrd izoimhritcs, but h:l.\·e I.,. 
empilctOfi .1Q; C'Jmp3Cl s!Jef"ts or pool3 or IU.'l!!t:!.. 

Placid, ne:u !'.lTbce conditions of Cry.'St3I1iz1Ii". 
nllow ,t!r3in ~iz~ 10 r(':lch 0.2 to 05 mru in I! ' 

larger bodies. The mineC'3IOC!y is nomul an!! 
whcre the ~,ulk romp<"r"irion is npprOpm!~ 
(oUo,,"s B()wcn's eI:J.~~ic rp:Jction serie3. F€Id..~3~. 

::how !::irnplr. norm,1 "lonint!'. in which ('Or(>! I ( 

pI3~ocl:13e :1ff" rimmf'd ~nth !llk:tli f('ld9~r~ , II 
some C3<;.es where the m"lt has Neh norm:lth 
feJ(l~p~r :lncl feltl..;:j)3r iorlu£ions are common 
o\'cnrrowths nn thr inclu.:inn.'l m:.y eh'e the mrk 
~ mlr rnfY>rphyrilic :1ppt'!lrnnrc. How('\'cr, Ihm 
1.0: eel'rr:llly little dlllir"lty in tf"istin!!lIi.:hi:::g S1lrh 
o\'cr,g:rowths rrom nonn'il phenocrysts. 

Co),[PO::moss 

From the sn'llys('9 nnd soure<"llisted in T:lh!" 
2 the compnqtinru of iI::ncolis rocks from 6iteen 
crntcn h3\'t' heen c:1lculnted in tf'm13 oi tht 
tern!'lry T3tios, norrn:'lth'e qllnrtz (Ql: nonn:!· 
ti"e pi.'l!!i'ltinc:c (Ab + An): normntire pof:'t!h 
(el<l-p" (Or) ,no totnl .Ik.lis (A): iron (F): 
m~cncsium (:\f), Simiin r c:1lcllbtions were enr· 
ried nut for country rock! .:ldjoinin~ ~\'en oi 
the crntt'ts. 

~1:1rtz :lnd fcld;:-p~r CC1mposc 75r-;. to ~% or 
the tltHTn:1th·c conslitll('nts (trith the e\;ception 
of 6~~ for Ri...., s:1mple nnJ). 50 fh!lt tem:lry 
plots of Q-Or-(Ab + Anl show thr moin ies· 
tllre5 of these rocks (Fi,,,,e ll. Th •. IF).' 
di ... er~l :n {Ft~llre 21 prm'jdr,; l1dditinn!l1 inforTn!l
Tion on \':lrt:lfinns in Ihe :1O'\h-0:~<;. The Ol:lin con
c1urions from n. consider:\tion of t.he.:-c !lnaly~ 
src: 

1. There is considernble ~entter in the com
po.'iitions of the melterl ro('k~ rrom the fifl('('n 
Cr:lrc~ (Fi!:!'uce 1). N'orlD:lti\'e qll:lrtz nnd pb
ciocl:l'::e shou', in t!rneml. in\-cr.:c cnrrcl9 tion. but 
pot!l:sh fcldsp:l.f vnrif'.5 less rt:-~ub rl~· . 

2. The country and . melt rocks for scme 
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t Q I' simibr in compositioD, 
cr:te:_ ~: 0~1~;; }crateri thl'}" diITcr cor.sid· 
"b

r
, ·(t.··!!Ure 1). Three \ ~ri:lttons occur: (Il) 

rrt y r10 . t' ·c qU3rU 

tash e.n riclune.nt (Figure 
show the strongest po . nri,'hul(:nt 
1b nnel c) . llvwc\'rr , :\S there 15 ~{Jd· I d 

. I ' lk tis cotbum 13 cp (.'le . 
:lpp:trent In lOt3 J 3. .' -. • eel ani \' in lbe 

5 Iron enrichment 1S mdlc3t iI b . 
the melt rorks arc lower In norW:l 1\ • 

than the country rocks (lIr:nbury !1 n.l \ L.'l~: 
Clearws.tcr); (b) lhe melt rochs ~ rc riC l~~'c_ t 
[Altash feld~plr th:tn the country roc~ (bo::'h 

~ oi' Hrl:llt 3T13h-se.i. lhou~h the en I ur)l 
c 15.' would o;;huw:\ ;Imitar trend if.l.he 3n;} ys~ 
~:d not been ltlljll;:,tcd ror meteonuc cont!UtU-

Cle:uwalcr and " bnlcolI:U;~lII); or {c) t 

conditi()n;; hnJ.1 lCarS\\\·n. Brent, !\nd some 
tnal"Sf!! irom the Rics rr.ltcr) . 

3) 1'1 \ F\l plots I FII!urc 2) ::oh!)w con-
sid~rllbh:\t'~ ~c:ltter th31l the ~O ~lll!ltl\'C ~10~~ 
(F re- 1). ~luch or the vnnatton :h,,~\n t. 

19t1cd hy the onsly:::cs of the Rl"'~ cr;lter 
tn~~ ti re 2al, which ~ho\\' n (li~lin(,l H.end . :c ani !richmen1 in :llknlis rcbu\·c to Iron 
ln~ rna e::inOl irom p:lsssy roc~ (T.ll to 
, :.talli~ rocks (T3). The trend IS re\crsed, 
fJ.. . he 5tron!!h- :lltcrcd I;b<tS from the 

ho\\e\er,. \~ t clrill h~tc (DB!), which :ihow! 
d~~ Demu~'!~n nt in iron nnd ru3t;n c~ i\lnl ret· 

~l~~C!Oen8~~~:~ aswcb.ted ,,-itb depiction in 

silica (Figure la). . h ,\FM plots sholv 
i.. For olhcr crn.tcr.l! t e. r r' rocks 

n1 r ht differences between count )- . 
Q Y ! 1& \[ ~ rnruon is .l rcl~tl\'c 
II.nd igneous rocks. - ~~L C~n the i nCOllS rocks 
enrichmenL in lltn.gncslUm ) . g lk::lI is The 
'liilh in some cases. a decrease m n . the 
grea;est ma"'nesiulll enrichment is 5ho"b'~ b

l 
Y Iso 

analyses [0; CtlfSwell and Brent, w Ii: 1 a 

• > 

nation [Toy/ur, 1007) . 

. I he melt.. rocks and ttb!.S~ in 
In sunllD .. 'l r). show ~rc!\tc.r 

shock·melllDlor\lho-cd 5t:~Cttlr:s rt'3cent coun
similarity to the composlllon or :1 ) her of 
t v rocks thnn to c.!'\ch other. In :1. num 
r. I ' s m3ten:'lls !lie en· 

C:\SC3, howcn:r, I Ie I:;nto\l I 'd J ('plcted 
. hM· m:,"'n~i:L .:tnd pol351 an . 

:~c SI1ic~n and' ~od(\ relalih'<C 10
1 
~h~~c r~~p::~~: 

t • T('r('k~, 'Those " . a ;1(' nco ... 1 
cou~ r) .' for these structures hll\'c mtmrnllC< 
gentc ~r:gJ~ . r o;;hockint! and fusint! large 
the dlfficu lies 0 - .k by the exptf'~ion of 

u!lntitie:; oj counlry ro< ., in 
q3.~Ci5 (D06 tnd..·. a11jO) ('m:\n:ll\lIt:', .they m3rri~ 
g . _ ,Ilk \Iie ulUllbasic m.:lteT1:.Js [eu 
tom, Hom. . . d the\' h!l.ve 
and S-hafiqulfah. lQ6S1; UlsH"a " snd 

cd n tlte (ltITc reDcc5 between countr) . 
~ocuc ~ockS Thc!C differences lhey conSIder 
IgneoUS . . . I impact ori!!:in and there-
mcomp..'luble." I~ 1 ~n c<! .o;('~ted terres. 
fore a de~lr !O,-hennon of ~.d p. _ inn.. 
trill origin. This ebiro rcqUlrcs cIOS(,~ exn~ an 
tion in the light of the sequence oE e\ ents 1D 

imP3cl e\·cnl. 


