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FOREWORD 
by 

Roru .. ~n L Sm;th 

PrrHt::>,Sl("•t\!1 P.1;>c J) . .f~f ;nroJuc-t:'i th::: C;Y~cept ol 
n\0 ".;onlin~; ,, .wd .u:d 

~:~:~~'~<t~/~~'t:\:~;~~-:i t1Hf~. The dF.Jinl~ u;1;t 'Y.,l) C)'.Hl" 

-.:nved !.n-· ih~ J.llth-)t ,~.., ,~ Je, lCC to pt<;h,J~ ~end c 
to ll1 ... :~· w-it\. y, .1'> ::n .1i~~ w rn, 

public.hed, w ,HJd It'll nr tht~ "d-'f\ ccmph:.\ :Jn~h 
H.andd;c( ltd~. Lsu l.iu1 .no B.u-:dcht~~!vp{: un1ts. 

>:-l;hl:v of 
"\~;·~k.hxl ~uff~" 1n 
\\Ould :~hl ~JtF Jn'"t~rpn;tati~}fl of th ... ~ Banodir:1 
.k't1tl MoJnLW!S, ;-~~ ... ..,. \h:·,ic*). The -.tudy ltd t<:< A 

J! u'dtv:JZv• •.vr1it:h bet.:.arne- Profe:s~iond P.:n;n:r 
?ruL~stiun,af PJ.f)<'.."!r 366 •.v..~~ ~..\'rittt•n ::1tH [ng t!w 

i,.n.:- !940\ .wd t"Miy 1~)50\~ The \\.15 .,..,r{;,;,.d~y 
(Otnplete ;n lb form 1n Jnd shouiU hJ:v~ 
bt.'r~n pub!is!h,d PJ55 or !9S6. f,.H· v,HitHh rcs~Ofh 

~ht~ PJpcr w~th but rninrH to dho~.;: f9"'h. di-d 
not tu ~mtd Jnd 'IN!: ftJ.n.:·d th;n ir 

Ue bi.J(•fC it WJ\ pu:h!i-..ht:d. M(Hcr>vtr, 
~h~~ \;;H wintlng <J.f PP366 ln FHJ\J WitS contr&ue-C: 
ndl hv the Go\.'CP'!tnent Pnmfng Ofhte &r.d the repro~ 
Juction uf th~.: PLHes wJ::-.. urucceot.abk M1-d reprintH1:H 

GPO dd;,yed !ho 

rev-ie\v paper '' As;h 
lh<t ~rc{.!~1lht n1 wdded tutf~ Vrot.~s~'on-c.! PJfl¢1" 

\"'G:<. ot;'!.~Ac-ta '.Vhen p~~hli;;hed, nut tnr· 
!li-sts v.:ett" few and 

?wd U\tfu I to "-tW~ 

nut SP<~;-ci:tLI~:d in tht: 
t:;..~nH.. Proft:;,.~kHMl Paper 
ilnflng lh¢ mid-.19~0';, wntten 

ftm~ of th~.:: ~-.J.n 
in tlw So,:iety of Arnt~tv 

l\·,-~ Thb !alter fMpet \v,J.S written in 1959 
JHhDugh 11 w;..u. !abd!td ;~ rtview p.Jr 

l~;,;.Hv .l hVC·VCM f-0llnipt113l 
P;q;~:r 366, and cor.tJined nwch 

l<kHti0'1Jl d.\!~1, Ho\~·evtr, main v.d~~t'" ot Prnfcs-· 
~~·-·'1;d P,wvr 366 ~s in thr nhu~omh 

~,\H f.ntons h ,nh~fkn...- nlfh, ~nd in 

,{fe' 

!1<j~ \ -J.~t 

th:.H att-:::rnpt5 k? ~_.HJllint' tht< e·r~ofo, 

to !1hJd~~ =;; t·(:}fl(~pt~- The~c 

rn<)~r '.:J!~;t tt:: s1uder;g ,lr~d 

iu 

MC dtpkteJ 1!1 r)n,tt::.sinn:,1l 3S4·F' hJ.~. puakd 

\<::>V;~r-31 o-hs{~n·,wr H tdc-::h uf rnrk-;. ,u'd (•n 
I ~~.l\t" h·~:n J.SkfJ "\\h\· : ... 

Prok~S((;·n,d f\~p:::~ 5~4·f· dta!s tHttnJlil'r \~:tl1 :t .. ltU! 

1n \"<·h.H r r~nra~d '\in;p!t •~(·i!s'' 
!:Onct:ph r.d lTWfC' 

pi!.;\ ~,r;jh ,\.-.;.~,~tO l'L.I\-i f>h.'n 1f)C :..UlJ~t'<;h <_/ <t 

! b-: ;1,l;')~·r -.. !'1 , ... r,,l ;m::~~nti!.tinn ,,Jnd :;:n 
Jh-;t~.l~t ~nte-rna.tl,.JrtJ.l /v~_.'J:~l.:-u~ 
tiun :)[ \!QL-.::.wdu§:" ~t6d C.r-,.;mhtt~· tilt: [,irth\ 
hteriur . ~~ 1962 ! t Ji\, ,11.1<>: th.:: 

c:nr-c..-:pt ,,.,,h tui!t M(Jund the 
h..-!< •,··,trHt\k~ ·~·-on:tr;ltmg_ th'.' 

I..~H<.iliorh 'NthJed t-.dh J;fl.f cmpt,H·f;1f'fH 
of the ,:t•.J'" t1()'&"> A:'HJ tht th•;).,n~ss r,d tht· 

pl.anr:ed, P1 <:.<h:s<dn:d 
·,•.:nttcn 11t<~un.;:::' ~~ thk;.,-

m:s~·tea~rer:uure •_d <'X<h'i:lple:s ;d ,tdu,d 

,_wothtr. 

!Atit::., b:,lt ti>is p> y;r~J L"> bt: 1H1pUt::t1~.tl ;tt th• 
H~aJ. :h(• rnodd .. ,.,.<J<; .a~~·~rtup,:d trrw'l !ht: Hkn 
fL!grneni.'i ,__,f 
tee.surubh frorn c-ne 

Th<: sour-,;ts fnt the :Huttu.Jtiom, H1 pLztc 20 >>f ht: 
r~,.~~ no'>Y rh.- ·-d hhb")!"k.,li inte-n;.•s.L 

.:iift~·· th: BJ:Ult'"~hip Rod~ 
Ne" 8 

.:tnd D .-tH' hvpo-theti(.:ti LOnq)':;--,ite~ h~h-t.~d l)fl 

lhrl~ of i.1rg~~ nt~rnb~;t nf "·ntrt~u ~¢~tions nt d-cvitrl
fitd uni:~ \ten ,} naind 1 . .A '.-~;u<;. ir:. thE" \Yf~tun 
Unlud StJtcs, ;\ d-E!"~ik,d F<s11flJ, d lh;:-;{• utdts, e-.~n d 
thev fOtdd .dl ht• r<::\.Jikd. ·;,;. irnpr<ld:-;.,tl b(:f.:;, bm 1he 
weh.kd ~uf(.;, Hl th· s:~q )dJfl MtAmtnins, Yelh)'>V 
stone, and sootheJ~ltrr:: L!.~h, (C""Llln)'< pLt\f"d ~t Jom
i ~~dnt ru!t. 

Om:t' tht$l' p,.n tt'rn'> u~- rL~te- 20 wtn.: 
rJ:tionallLed m J tC'I"if",erL;::;rt-·thn.:knf"'>S ·:ontex.;, the 



"t0m_t..}t.lUrtJ ';Ldafc -A fL1mki::t1· i'\Jf ,Jit~b c..;,~hj 
then h:.' :\•(<J~niN~d ,J.:ld H:tr~-,s •;! 

uf '~v\;!.'mdk-ili'< 
rmpb(ttt~c~t 'J.nd., u!(tn;:H-.~1\, 

tk 
un>;, s .. l<.. .. h JJ' e-v,pL1j~.HHtn _g_;Vf9- msigh~ 

!Jf u::.m,_;f~hvrk G)'<L!ih;.,Hton" \.\dS. 
;_~<r'>-li-LH ... '<,l i'-~~~~ of ot-~t~r~-:~Hmn~ made on J 

thi: k u0it in the Chirtt~lhua .VI:oHntJins,, 
i\1~n--t!)t:! f) <Jf Lnlnv .. :;. ,;rkl un 011.! 

r QJ,<,;:d(' [•vy.;, Ap-Kh(> Ll\~p- of 
n~c "n)n£> of furnMn~ic 1 

'1-tN~~.-u:,ru\<t -eJt<d, Jitht){;gh ~H.dcd oft in 
PHhflbiv e,':>\!'>~~ ~wlv .1-:) a di%Uf:titJU0Ui 

tn rnos! tWi ~hc~t"-. fn 19-75 t cr;cmmt¢red fur 
th~ Hrsr tnr:c- J ,:nnti="'UOV~ "ll.H~t o-f furn.1ro!K ,J!tcr~1-
tion'' •JI' lht: .;:v1 f ow-;, sH:: ,·.~Lnd!ng Okmo~ c.1idefa un 
llmn,Ji..;. l5L-ilk1, ;\h~u}i..1J1 hLtnd~. _..'\)J.ska, Tt-:i~ ronc 

rn:.u!y t:ve-rvw!n:'e ~'IL'S-l.:nt .md f"di1gtJ !='I thck
fiQ'~S fr~rn Jbotlt D. 1 ~·) ;:~.i:'>JUt 3 mttf:fS, . 

Pr<;fess>>n.Jl PJpl-."r~ 11:~6- .:md 354-F 5hootJ be up~ 
d.1:t<::ti, .:nnrllfk·d ;:nd rccist !MUJ a -:;_irnpic q;MntitaHvt" 
<:>Vnth<:<,i<~ of ifJChC rnck;-. C~~~t v.·t ;..;:10'..'< as .l:.<h·flm.v 
tuffs. f h;~v(• ~~;yed with th~: 1de-.~ fur :;.om(' \'~J.t"'5 .• but 

dAAtt: it.tV<! ;:;r'rl\ •JUtLnl':d ihe prubk!Tl, The ccmp.tc~ 

evcd~ltion. 

Ot the ~wo nHm MC'J:i- ot ~tuo\, I lhnk th.at !l"ruption 
rnecr . .anH:Ii ~-:-- Li.":LifUting ~md panr;;ul.u!v if 
cx£cndcd t~) problem\ of nugrtht 
nse m the uusr, J.nd pl(nc tt<.:tOtH-cs. Hov·tevcr, ! 
thmk 1h,_a stu-d•C> ti"Mt rdau~ lO tht ch\:'rf1Kd -=-'"oL.;· 
~:ion n-f Jnd pred~t! iun, 
crusta! o-re r0serves.,., drid 
certain energy r~:Sourc~.s \•All funn a: 1ru~n1 W".h't ot 
hAure resea;·(h 1n earth x;itn(e, Riding lhc tt~:st of 
the \\\1'-'t' \ViH be in-depth stu>~Les. t::d pyrm:·ta~iit rocks., 
p&rt~tuJJ:rl:.' J~h~ilo'k tuff$ W0 h,we only ws~ 
to np !he r"otl \HHdth o: knn,.o:Je-dge s.tvre-d l!l 

rn.:ks, 
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\,;,l!.f!O\\ Tt IT-'c fliL!H O!O<;J',, GLoUH;!l IH,L\1111'\~. \\H !IIL'\rlrtl.-\TIO:\ 

~>; ' ::;, Eoi.S and Rr·J~:~·.i<T L ,.:. '-<l r:'H 

t. H"~A 1\ <,.( T 

•J '~··;o<ll~ <:·t"H}>h•-">tl:'. 

P;""'"'-"~~:liibn 1Jf a;<},.fkl-•t r:-;;:,tn·i~th i11 '>'•+:~·} lwt~ fh•ld 

·--i.;'~<r!:r ,~lg-}~lfk;-~r\~ ,,,_,;.t~·tw<.' <d Hrit;i"l, ,w ths-=. ~<~tl}--' 

Hl '<'r1r;.n~:r- r!t'~if-<.• L-.:p;·ri~.:~ve; wdl ::dl•,w ~J.u~<J: . 

f.)'j1,~,i •li~··J1TnW>;<· ;1··h t!nw tk)l~:JHt:·, "'~'YI'f:d 'h?fl!"<..'· 

>:-.;r,i -f><"i:H!>d"'• >! ·8·,d~· ~at•r:•· '>r ,..,_.,:~~J,-,.! ~or.d 
n·i;lnn~h_f.:J 1~f~ •. 3· 'it;>J{'r ;~;;J.::Y<><K~,.+-:, ;.Hl' ~!IU':"-
'r;tf.<:'d. m"nf ·<.h,,r.: d~f\fL';It:~~>:l ~lf th1·~lr .~;gni~<'~n·'<! 

1'-'fi!OIH'CT!O:" 

T'b: .~.(w.!:\ f..J-t' l,ukani.-mt ~t3 ~ln ok.:t·n·e.bh: ~~·c~}h§!k 
t"f~. ~l.W1 Hf Vr~k·~!Jit: rnt.'k"'i. r(•rgHJ:· ~txrdbUt· Jtl 

c~rth':-;: :•lttf<H>t:. a t!i!·(~d nppro~H'h ~o 
lb.· undt::r:»t:mdinu hm.eou~ pnx'l'~'it-Jt and rH:ks. 
(\.n:<-tftW.'1Hl)-, a ~:r'<~L rkNr nf g~?{Ji<'~~it• "'l'fn.tk ha~ lH:en 
~:n'tq:·nh.'<l ',\~!L vnk~wbrn and it~ bJi rn:vre 
~:nq;ht·.~l~ tu.·-;: h-:-~ . .<H J.dn·n ~~; th~ 

~bw tn the in~_;.tn-H:nta1 rnck~. Om" rc·~~on fo-r thf~ 
tLat ~h~· py:·,l,CLL~-<ti(• rork3 ar+~ n transitional 

Vf<")Hp, ~)f !ttY;~ hat luhl 
f-[f:~'wrall;v :!'\i~dirndtb. h.;n'E 
th~; thr!tAd~~·n::<Uc~• of $•~d;men~ar) dept).n-]b. 
p_p'"(>•:;;,.!<bc f"m;k~ :~n\ ;1: rnany n~_g-ion~ (.!!the \\\1rlcl, 

ad ~kw (Arl~··r typn~. th>.~tf:f<..H'{': an 
(d t!H:ir origi~~ l~ of nta.k•ly impor~ 

tantt'. .-\rm:..ng- th~.'lk, tb2- ,jlrui.l-p knuwn \·nriuu: .. ~y a~ 
ndt fh_,~v::-;. \\V~d~d Wffr--:, _g-kwinR t~Yld<Jtn:ht• dq)U--.'i-Jr:<~:, 
HK;tnd·:~l'd~t tuff fir,lvs, ignfmh!'lh:~. nnd ntht"l·."· ht:ti> 



~··~ ~ ~·j ~;; 
:: - ~"f' v; 

::::... ~· '-.;, 



,\.~a-1:-LU)\' 1'1Tfti-

<lUi L:- A:J,:>·<·: .. -'11<. •~nd d~ftriht d ;~!! 

o~u~io.~wL- du:'J~,. 'Uh: h:'11h~t 

1i·• ·~l''- t'e,ip!:d!i <.,,· L:~ ~n: lr:i~_;,, H1 St_ Yk~·t.'fJL 

~-..: 

k:'1,·.~·n :L-- ~~!k'tl'· 

-?.irk->'! !. l ~i!;l 17~~. 1-;"l;} d{··· 
::;! j.~ 

P' r1 ~ Iddn''--'·" ~1 <f,,t 

!\L~r;..;.hHH 1 1:•::.·1. p. ::::n k<." d'{;;:;u·ii;ed axi~~ttl.If' 
tun.'."> 'Jnd~·t· •Lt: LTl'!l ,.}k>'~iw>h' .:n·=wturP." 

Bht>,f>;;>.-.f~iylh (lfLi•( v 111~ dt~h;~-:-~ U>Kkf.: ~i"' 
full•nY . ..:;: ''FraRm(:n:~ t>l t<J-VU;ltJ: <K~.:ht.•nt{t! ma
h.'"-dd, bn;t\'Y than .d:od ~~:-:..uaH) angu!~c \'l-'LKh 

hdV~.' b·•.··-~n ~·t'nph·d :.rt ~t ::-;;r~lill nr !a~;u·l;: :::'-r.>lid jdfH!.'_,, 
~-u,.L:-•.J 

and p,j 'H'{r• 

!fuw. 
f),,_,.t ~-fHf..d.:;.~AirkJrw: pvrn(h:~~k nHJ't{:ri~~i 

du:.-<t sJzt~ ~ ~>e ('_;;rw·last k >Wdi"l'id8, ;:d:<o f!<,:l:1, od~ 
c<tt'" ) ~tnt ;_::hatw.::reriz~~ cxr_:,_:;b~h·~~ v~~k~J.nlc crupH 
t!ntJ:-<, 

Th: <hs~ doutl~ al;.:<n-('i~at.;d with a5h fknvs an~ no>: 
diff\ .. 'rd'Jt fl'(•n-; l!!'f., ... ·~n;;r dnud~. ;.dutv.·dkeY:~ 

<tnh~n!f.'s (.V/M \"tu~i' 1t'dtnf<t 
th~·st} t-t..'rm . .:; the- 1!'lt1'>V that i~ 
retieth!:tl frnm nnrleriying in~nnd-e..:~ .. :tnt ;:t.:~h Rm-\'.. 

Dmd, ::·n!urrlif".-\\'ott\-\'•)t'th and \Villbrn:-:, i 1932, 
-fl} h~lV(• ~h1rk1.~d vnk1Wi!' -rhL4~ a.s folkNii'>: '"P.n·n~ 
c.:<th· dt•l r:tl.t:~ mo:~tl:: of partkh::o: h::·s-s 

than ~ 1 mm ~n jUamete.r, h. Hn->"'- \.'okank a~h ·• 
B~;tth { HHn. r~- 150? gh'f'.<: ll:i>- dimen~i·m nf dl{~~t .fF 

le;s<5 tbu; 0/!::J. mm, {Sf-e Pvr<.•da/1-th' ..imrtf!'l"iaJA,! 

F:Hinxiff". f'":daxdit· .. -Fdt:~~;h m:d Rt:if:_,;; (18GS, 
p. --1 l '~} prlJpuJ>-td the wu-ne- r!utaxitf fnr a voh:ank 
ns<-.k rnmpn:r.-cd •·f ~j~d;f:d fr~tJ.~HWI;t~:< ~~f dtT~!rvtrt 
color5, and texH~n:- as fnthn'~-'S; "The ditfr.·r~ra fnt~?¥ 
tiun~ in g~netnt lio ho;-~ide o:1e ano~her H:-' jtr~ak__;.o;., 

';;H1:d:;;, .unli 
~ri~•rt~ka,"' 

it; s-etminrlT '>~ ~ !1 1,nkttJ"d 

rn.<d.~:·~--b: i--. iltu:-~l';"tt•·!; ;I! f);. ~d'>:· .. 
~-t hf· ,l 

kn•-;wn H<-' th~n:n}l,, 

f'ii!Pit>·i{ ,-Tfh~ lt.ahut m:~~~;~' 
·th.-':<.Y !Hth.:"hm~ {n pipd·rm ::111'1 v.;Llvh h:n··: <i CI"P:.;.};: 

s-.•1..'1 ~o-n. ~,kqJ{.:,·l Fk· .-! Jtn•~·~- Th• ::h· 
;JtH1 '""'"'~"-'rn! t'·t:>ntimdt·r .... in h>rtrtL 1nJl r:\tW~· 
fr•ttm r.-·tftvf;i:-;t:npk :o«iKr' t.o . .;~.:~~'1-'"f;ll" km~: h. 

z~-t';xLt-<k>' ~ nH7, p. ]1} Pl''·U•'"':::d b :nd,;,k• 
ali ~qd:_ ;:h~.-.o:_-.;; kntkh:,:~- (C•<'!bp;-;r,l i'llrHk•• fn,g--· 
~n0nl~J !Hlkkt l}h.· H:rm ''thd--rnnt:." ;q,t: ... in~·'h i E•n, 

ln th,;· "};-·" 
,);,p:sf' 

Fh•;rfivf?',\,> :."""""~~-'\' A"h 
{;fuvit,(f o ··,d:n~(·lt> .-~("t' ;.Jru~ ·if., 
t.rftt.< 1 ~ittf? ({:<?t;/.<.--S•:!v' ]li/:a d,_,<{<l, .\ !;(, 

,f,>lfC 
( ;!ut f!'n{J:; i~ ..... ¥:-;:~'f: {) .-,v:.i tlh~~' ,\"/!<, ~~-'fir 

h~.>- ~f'll 

*p=<:t."<' T~t,.. 
rf<'"f>':I'">JI'&l !!!---" ~tr,o;;:l&>a .<-MWJ~ .1-"F¥1«> 

I.<l~dmhdft: ....... ,.Jr_l.n~hnH (l!J:m, ~~1U} tw~"ptn~€d 
'he m-l.mo Hlgnknbrit~'" tlt:!Q' rain ~;.·tuud 
ttKid. He defined tg-n1mbrite~ nn:w. p. :) ~;.;-< hl~ 
;, . \\" ~:, : 

' 1hf"}' iiH~) t,:::, h~*".'H b'<"~Jlt 1.}J•f.'-<-'Jl<Hi f:;-(,~l! ln)m>>~;,;j{;' 

, ... h.;u.h ~i<' ~h{''"''';-,o.: hW.'n~d? h»ni"J. h;-t "J:~·wraHy mi!ut~ 
fngtm~~~Hii or v-okank :;:~U!.j.'1:tt>L Th-? \4,'1lllfi-<fUtU::"<' d th~s~ 
frarm~~~m.»' th(•mrht h• h~IVI?. Lf:'f!n t.t> !tilth t h.~t th,~r w•~r~ 
·:lY'>>W> and iidh#tt:cl t~Jt~Uwr ;11 tt<!r th·r r~'adted tht= gr<>umi, 

•.;LMiSAl·n· OF fd,\1:-

;'l:·; , .. 

fin!' /•}w, .... ~F•'nth'r f l :~-iS;l, !-~- ,-:'7'.) l 
~'Juft Jh•'<Y-.'." nf il-k Ai\'"lpi-:!'<1 n:¥l'.il! ,,f 

U1ff tbv-;;;./' hnd ;;t.:~-t>:d,.. 

"'t;rlf !!<J's,-<-'' f,_,~ .. tht• :-;~m-e d-qro."'il·""·· 

~ ~ 1:~- .w.io- thd~ rn;:;-
nn~,;!lr<<. ~ •}l "wu·-1 ,.;.1Jdt :~'· 

T~>~<~->~·n i Ll1~\ l'· 

~l<:!o l l~H:t 

pi ;q) ~ of~'n !'d ., <'·<de' 
'"''"' .lh 

;..:.,i~bhh·: ktH! tP d·~H·t·jt_,_t,; UlH..''iJl~ \Vi!J 
r~q-ttPri.nl Tuff; ~dlZ~~ AAh, !'rdnn::_it} b("' H~~~~u~:d 

Ouh· afn-r t.>rr.p!m;~:m~··nt :md t·~m. · l h~ umdt> rd fh:}V•."-:tv 
nntt::du} pn-<perl!< be ntH-t~r.~ ti~ 11 n:~<<'•'')U•·d~ ~ ::<,i!:W r-f a,;h-!\d1 Ffl-at~;ti<-'~-v; 

p; 1 ::dnn•.'SiJ to 
Th{~ t:~T:n lm:~ ben< n~,r:d hv f'ur .. 

r'>ti; " * f;)r MJY \'nh:anie ht(·t:cLt 
rno>tth: •}f turfa(e' .. H!"* ao:<p-ect "';xhid1 camt V• 
~· 11nit r111d w:~~ r~rivtmdly mobHitNl 

(d .... a:t:'L ~T~l'>'hY ahmt' hdnv th(~ mo-tl~ 
l ... ah~rr>( l:tr:ginak w dlff~re-nt 

mJ".•Hlizatif\)1 ratrh:m~1lH~1l dPhd;:., on 
ihtf('~ ( \.:dd) or ~)Y {,.'~·upJHn thn:.~'l:mh t."rnt~r 

i ''"" B~rnrrwhm, HI !!I, I'· l~l), ll<•t 
~d:o:;o b: i~itiakd by rmAtrs ardt<Hh~::: d1~ 

f_,,;,JJ.-W·•nt\vnrt.b Hnd \VUJ.um~"' ~ 19;{2.. F- ~~:q 
rdiHtr tn fnfl%t \q·ite-r::: tth~:- lapit!i 
mn;." etm:~i;o.<.t dt.Ler lJf ias~'· ~till 

e "'·=h~-l~ J·,i-:<'ttd. ~~y uf brDkn; ro-)ck i?f 

the '<nJH:-:, r~f the '/N1t or from fbi:! bed 
tf1td. !;~. they nwy lli' ~:.;-: ... tHltiaJ, ar:<es.~t"Jry m· aJ;""

B!sth ( HJ.Jr;. p, 1-t7~ de;wrH.n:! . .: 
ramdm.r 

Pilrottwdlt 

i~tpm1 nf Hl"h--H<JW r.n(f;;:; f~n~ .-,'ttrt"iHVHl!V JHlmke 
f) -~::..~rJ:\d<t,;, ;,,:-..: ~He trHJHt fnduded bkl{'k~~. bnt a...:d~ 

r'.•<:K fraRJ"Hit.t~ m~1y u!so be prel-w-nL 
'"'r>krwh--.-~•/ch~ank mndfl(>W$ <W iailtlr~ 

!J!~:•iea:ly difft>r~~JH !t(lm r,tm'd)k.ank mm.l .. 

'·X<'hl,n'"~' 
tn·ia > >.~, hh+ !n.~.> 

'..vith :nh·tl~nv m::;-
~~,y~:we •v<d~ -L Tbc:< 

rh.-f~\~ :<h,;;;:ld he n.-:. u~ufu> kn. d.W.i UllrH~tl.:!.l.-

:'<ary tl; u,-;.;; tht.' ''t>(!W.~ do:bJ +i:~!:-tbw'• m~'-tt:_(j~*h 
1~<-td< Unw tb:;; ~u·, ti1~'1HJ,__,W:<1 l'h;,tt ··nc•nwdded 
t.ldl':-s" an: t~>-.va:>':' t•' l.<t dt~<.kt>:~tiJ'A! iW lb: r~.n)H:u·y 
rd w.,hlHl twT<,. 

An ;dh--;rna~i·~-'-" ,,.l,.uhl ~o ~-•'1'111 
i:i<n~ sm~v 1 k> ;~wfud;;:· aU ::nr,p-•·,,hkd tnth .. 

d!i:.'l ru~mt- ff;t th~~ 

p<Fidy hat did not :SU.-fi!'''"'~
~~ .. H:<:'' a·-: .t t:Ht~·r;ed knn Jvr UwPs.: n:H~t~:ri:d:.::. AJ:;._:.., 
'-"Hl" <>f Hh~ ~uff-... P-t-ta thut h·Jc!wlt~d a0 :sP 
bh ~w~':m 1.<> }wv" Lmdq'WH"H' ~~Hrrht ·.~·t:•ld<nrc H{t>.•;
t•Vt'r. IHk of th~: l'ftmjp<->J d-.:nrnctFrif;Iic':S nf l,he 
Pu·uviat. t!HT~ 1::<. 

H:r.~tthn. Th!;-< Wi·t:' 

..... nd t,•nn f',ll' n'•l"i\'+·ddnf 
h<t;< Lt~"~H lL->~.>d it,:.: B;,~r~:~dal(> 

i 19:,:.::, p. 1 Tf1) nnnv.""ddtd :-t~!Hh'N tuff"'. 
Na~:~ ?<:'rhnk.-Lactr}ix fti}<):ta, p, ·1-tz--H:{; prn

P<);<.Vd t bi~ t<-:rn1 ·•nw:·•: ;.~r-(!t:f1.fi/~ x~~ dt1.->ctH .. ~.; trw 
p1'{•Vlvu:<ly unr-:u,vniY-f·d t•"W' n-f \¥vt~··ani~';:m thr~t 
dHl.f.!r~ttrh~:;i tho..~ •:>r',t'i:ttL,n;;; :s.-f,JHritr+-> ;:tnJ 1\•1&.: 
·iu 1~02. 1Av:.>rn:x ( HHH, p, :);:iO) ~IP:~-t:dh·:~ 1h..x ~:.H'tA!<"-

;Jt PeJA,;:~ ~tt fo!k~\\·s.: 



.. 
,_;::, ~-. ",<, >-· 

~~ ~:c~C 
E~t~;~: 
3 .2 ~ 0~ ::.~ '_. 

?; ·':.! ' ~ ~· 

~~:::?~ 

t ., 

~ j 2tt~H 
•. 
«$ ~: y~ 

~ ~~ 



'· ;. .<-:: 

.: ~\ <I ·i ~~~ ~.-
7_ -~ ':~ '~"· } 



t 
'~ -

~ " 
f. 

' 
,, 

,-
>':':' 

? ~ 



-~' ~ E 
~; ,;: ~ 

~i\ :. •' 
'"' 

:~ r-
J. 5 ~ 

"'~:04~], 
-"'--; 

~--- ::::. 
5 ·~ -

;-< )-. 

'' 



,, 
< 

wm 
£' 

,;;;; 

b 

'i; ,, 



.2 



:~ 
lo: ~ " '" ':; ~ 

·~ ' 

-:~,:~±~ 
;_~ (. .2 

~i -2 ~ ::J ~ 
.::; .:; 1-

,, 

~ 
'"-· -"' a 
¥c 

" " "'- ·-,_ 
; 

f' "-



zn ,\~·;H~!-"LU\\' Tt. V!<·;. 

1U51 i•nqJ1i· 

THiE t<.'\L""'-

<> ff:'X 

th~··k 

~hi-;.·L hot nt 
T1nu 

th?d ,,-";";n·.l:l i tJ., ·~-d·, i,->t; r,, i 

tow;l,n! 

:t~( thk}d)t·i-:· <lf ''t1U 

i-\~t•"! ! ,, ·~w; A;o\h \~n,\'.~ 

~hl)V :;~) 

~\:t'! ~ll ~ht(k.J• 

•;ir":r~ (1FT·( p<..t;)l ~·1.<;tf''4, S<:"l);,Jn. 

l''~~~~~'''·~=-·~l ·,f ff'\-'d';:d fn(m!,,··r,.::. 

1 H! r\:,< ir~ thick~!<':-:-:·, n l~il<~ 

in 

it 
nvper v;dky dk ;t 

~~~lL;ltt·'il f•:·H. :·n 
d in : :tt ... an~H. ~LrshaH 1. tn:~;>, !' 

);"t•\'; Z~•rd:tHd >'(d1_;/!' i P;!r, 

thwkr~>:';>-.,-::, ln~: .-~~d~·" 

;."ch:r:d l~ ~,uf·<.'<'d"f.': that (w·n-,rdit·n~ ;,f ~hr• 

""''"'"'''''''"' tY1~ n··~ thh"ker th~~n !tit' :·E':<~L·· 
Of ~~-~'1u::·d<~df "'ulh:<r·-,.. 

:!0(1 :~!l~< f~;n_ tbid;:. an .. ~ fi.>D'Ill:•.·~; <tfl'i 

l<'r' y,,_ 
;'an )1!lU; .:H.,'.l!'· 

'vinn~dl'• thid:.w.·~,:!; . .: fqUnt: 
f~f rw g3h fiw,<,. d,'!••·rtd6 n'! j h~· \'(>i.!rm· 

f;f efl!p~ed <Htd th~· t:;pv nf 
d1ip!;H.H3: 'I\ er g~utle ~o!rf.~t{·:• '>dn 

ly ~\rd L)rrn thhrJ~·r wdr;;., If 
t!-"'I..'J' vdll ii;;w fnrtb~r fl·•m 

: h1: 1 h;~n thu;:::,, !h•\\ itiJ! <n:er a p!;d n 
!; t'ldiiln0:q tn ;~ ~Vll')~!r:q.U: th<,' 
H'' dr:uiJt he tb.k'k~:r, Th~- frtJ'(:}[•jftH(. ~4h!:n1~dlL< 

u~~;.::.uc::w thnt lh~J lniti~d \'uhime i5 the in f.:tcb 
AtU~-tLon T!wre u~) rf:'(h"'ot·~ 1n dlHJht th:~t unit:; 
HH1'•' ! h,,u l,i)OO fH:t thidt ~'l:'U\Y bt.. f,mnt.l 

L.\'\f<:Nl'•a; 

DH1\:r~ .. nt :tomw <.rf dng!"~ tlJJW units b;:t,Vi.f v1m" 

!'lWnt' u~;,_kqp.:sJH~ varh..tH tk;l!rPi~c:: td ('UH>"n!ld;:~tinn .. 
1:.n;n0 prtrt.>< n:ma:ninv unt:ork,;~Ahkted~ otb.·r~-s dwhUr 
Hf tbrrougl:.l,v \~·ddt•tL c~tlurr:m.:~r :·'=ti'lJd.t'!r~~-" have 
fm'm~~d ii~ •,.(}mt-: :f.<.•He~ and n;n· Oti.(Y~1 tlW:<t'· ?.nnh~ 

ddft<r•.mt ~:~>k•t'~ tH' ditferent o:->h.ath?"~ of tl~f 
'-tdtk eo!<Jr, vottiJ :-=h1df:i- ~>( hr<mU nnd ~TaY 1)('t'lH~ 
l'HW ~~H•"1 fh'rtu•:ntl~;, TlHt:'!"k ft>~ttttl'lJ.:-< tl•Hd <o ~!f\·•: t• 

<'tPFR..<tn\n<·~~ \H W<W}" rt»h-i~o\-\ tutT anlL-"., 
i~ i.~ommtmly whtnken fnr th0 b.:d.Jin.t"' (lf 

~~--'''t:n~i a~,,~~-"'. Thi~ P!f~~ct of '"'!~ye:rbg'' turHwr 
Jtt\~f'Hl u.nt~~fl by \Vt:-<~H~•!ring in ft~;&;h rnckl'< uud.~ u(, 
dn!!hL md~~m~Jrphi;:;.m !n older rcrek-<-. Mmw tuft'.& 
:,;;:}Hyv; ta.fv~ht~rdt~tLHf <-?ft'N~t 1)!1 the i<!H'f&tt', dU!t lW 

•.ketht the n;kH!-'t' l'•t' ~iltt>~ "frmn t.b: a:-<h lHHl !L.., 
n~d~·f,o<'it:hH~ ~~;;: <>r dw.k-<•dn:ny bv *~Vh[HWnliM1 
Ht th( ~;.n·fhc~·. rhln ;.;.Wt·•,•(.•Uf t:".<aUrw_ h;r;irq-: 
~-·l n1tk di::-:1dbuthm. t?tU.b•13 ineq~Jtllhk~o tn th~;; 
t':ttl~:hm pttti(•rtu, U::5pn·iaHy in thl!. nNtwelried pnrtt 
,,f t!w .<s.:-:.h 110\\:",_ The~;e are vulnerable ·lvin~i 

•:ru::d<JJ~ th.n tY•d:marh:l$ tht!ir s.urf\l.ct·:~. t-\~nHnl'>nly 

,tl-J,Ct:S!ltO:N Of ,',SH·-FU<~\· 1TfL~~ ~.l 

l·~':.t..r~ l,• ;no,·, :d*'d LaL"' J.:U> 

'\si:J~ th~· r;;<l!'<: '.v,-:<l~··:J ;:.arh 
. t"f'!l~ ly tn >.sind 

~-<h'<..'l :.;, ~·-

,,•r< .. •:-:.i'-''< 
;Ji:;<i>!! 

l!J >!t:H~~ta!. R~;h-t1.,~,\· tulf~ •Jl''.'W' \·,.ith{•ut 
\Yitkw {\ ::kt;k ~bw•'Y•:L r1~ in 

;;l! ~'! h~~r ~P\_dnvi~,_., l 
;,. 

).;.<{!.~ :\ 

"'"hJr.•h t! ~· ~·,q ~~"~' 'n•.' ?:n•! 

,, 

cnrntrva~l.v 

TL<o 

i~. th·.'·0:' tn?w.z rna~ 

"''{"'n why th.:."''..': 
iiY.{' ~rJ,~t:~kr·n 

>tn::" ~!~ni ·-~·~:n ""ck 
(:1/~~nn,ml}' ha·; •. ;·= dtt'!\·r~Tll mir~:ra.kw>· 

p~~JlJ.,n,, ;.>~J<~ -:~~--~ .. i<.,n prdt~rn; 

ditT•'l'•-TH :<tld m··· "'' u-::U:rpr•'tt~d. 
?(•11~· rn~~:- h• .;:;urprL.;~tJ~h· n:~rrow ;~w:: 

~,:;~r~·.·f~tl l;,<<m'inatic.n t>l:"\Tal~~ tfwt H n:·:.d:y 
.nd1 IH·~ 

~,~n~·· 

nnn;;(,ytt',1 

.~u! fhi•Si' ntt{~~ bf' ~>·nfH:><t.'·O 'Slih ~nff.-1 of 

!h>\H'~'l', if it .i,.;, J.!1:·3~bl~, hl trw·£' 
kntt-ralJy frtm~ their -:.·diLl. th,3ir tn.h' 

H·ill h<'t::~,tm.: n·wnif~·:d •.vith thv .H"Mfual 
n( gt~d0d bNldim?·. Tlw di,..:.taht(< frnm 

'Xhid; h!'ddin.g q.:qH:~~r v:il! ,[1-'!J·('Bd on 
zn it b pn:-:vhll~ U• dn: <W 

Htt:.;,_·,"vt·t", v·;il.h~n t.h•c hmit':l l•f 

!!?>.lh . .'fi<.>Ft::e, heddimr '>">"iD bt.~ clf-.t:rly 
·~·dhfn ~t h--.,~- mile~ fr:Jtn a ~~,(mt ~Hlrl mn:re 

,\:~b-tln"' tuff., tutvt~ turd;\ ht:>t.'ll 

l'(JH~ 

mudttn\\';-; (}.:.;h;.lf:") and ash fl<,<W:-t baVt' 
lwen dJ .. qi~~ic-"<.:u:A~f··L How~~,:er. bthar:~ an, 

nnJHnrt~:-d. but t.tmd t:n h• m.{)n~ fH:<tf'rE."'>t;Nw~ 
cHrnpnnitivlL They ~-'on'!.nton!y conudn a high 

n,rk frn;crm:nts (•f l.••HJH1'l' and t<dA2k 
<.dtho~H[h th~!Y rn;~y ~w H'1;Jd~n·•:'d in ti h_,,;t 

ran•ly :-:.how hHY b~!inz t>ff~;,~t_:;; !>! 
ti<.-;~1 Of; t}H.~ l..'iJtrtr~lry, a0hAfiG'~<,· tuff:; er,.mmt>UlJ.' 
:.;1J<.';, ~':nw indkatinn td havin.v ht:en h;.L ."-tWh il~" 
tk.,.·i~ 1 >~n1tkm, vapor~pLn:-:~~ mlw~nd~. or \~'pldlmr and 

of rum1-::e ·.;hardt:.. 

Lut h; •:th-:;:-r;--: ! l:'w :!l'l· 

iJ, l H tin· JH.L':Clil"'' lw~;'ll!H-'."" 

LHT ,dmvc. 
dw be:.< <:C:Xpbn<dil'n f1•t' thL-; 

1rar:~:1bm 1~0 ~hat the !utl ln~ilH-di<t'd? 
tk1Jws'\' rnd tr,:.a~·~.,.,itiin:.:\1 •,\i!r~ ::i,~. ll'~'l•l(~·l :uff ;,.;,: 
<L~l>f~dt n1at«:>rbt tbal v:;.~~: .Jppr·,.,:,ikd ill :.:.ud; huxe 
ndtU1l.l' hy 0tuptbn~ ,,f im·n-:>w~: thd 
.>Inrvit~· .<,:l"inv '<;.:a--; inbihit,,d Th• -, .. L fJ, l 
~hu~ fu~l<:\Y<,~d .. ( 1f:e .;-~;ur& t'''·'~tL<;-.:ti'.'H 
aiid lh-- r·.mt;~,-t,v: !Jl•l\\.--~;<t·ll tho lJ,n:.;r,rt~,,t (;:!:: HJff <H1d 

\}H- thJ,Y ~tH'f 4t'>' 11•;1 ,1\:·u·n;:!,j, \\'b•T~ 'dls.'uH:O\ ~i-

dah'd :-Eakt'.:.!d b J.>'\.'~:!'ri:::idt·~; L:·· t·\h ~1,v:~ thd'l 

hu iH-.. ::Jrp-oratinn <>f w~t:·,ri:d in th~; 

lio~~·-

S;~nt~~ a.-<-h !!nv., c. l"H:>hk· ,f 
SSH'tS fl'\tHl t~H·' U:!'!'~dll O'/•"t" ',YLidJ ~f~t~}' 

fm:J:h:-r:~d. t.:<pt"t·b!ly \rhu~ \H)nl<irr"' ·~\·:) t. 
n'it(; !rt' <.'o!w~~n1 r:--~h·d m 1Jr •,•.i~hn 

Hw $U~h fh;t.v. Tht•6i> m·~~ l..'•Ynrrt·1n:y !lt'<Jr t h.::- lm·~~-''• 

hut mar occur \vrd np in tl;.;:, ,~,,.,.,. and vi·;-r: rrn im~ 
prt<ttJ:k•tl uf htdt.HH$!, 

A r~~d .;o.;qrting t'.aH :.ak.• pbn· ne;u· the di:.:t;d ~:t~d~"' 
n( a:--..h :hn\:.; mod thL.;, t~Jtn:i1f.>tdy n::-:r~th Hl tht! partial 
:Sep;H'it':jun •1f r.tt1I~1ft,''\~ f"riltf.1l:T(Ib >~flit bl!K'k..;,., "!":"'!~.; 

<:'ot.n>er pumke s~ern"' h) tuJh';:'"tHrat>c' ~~n H!'.> 
hnttnm:s. r~nd £ldr5< · .. d flo,,•, untt:'-_ In th•; 
!\:ijjunu.iJJ::.:, Jdtt;n·w,U:qr, hty>.:r~., in :-<lh~k~ t1l)'A' 

n( thin {mm(te J:,(lfleS: :md t)'plud UoB~->l•t'fPd :~:;.;:h~f\,~.Y 

tuff hrnv heen nttdlntvd to Ow •.tv~_·r"bHnP¥ uf lnt~-~ 
or HH':lfe~ us' m1 a:o:h fir·v~· 1war lt)<'. d; ... ,J;,d t·nd_ T!w 
i:!1tl t·.-:· tlow tlt'?tr tl!P f~nd (;( lt« v,.·u.:\: pnJbabiy 
o.:eJlNn~tfng }WT1i(;>(~ and p\·rh~qn U'}'?:-<t:d.~. Thw::l, ld.a .. ~~ 
~1f the !h::-H. having top l~tid bottom ~.:-ow~~:nb·aUom~: of 
t'utui~e and t>\t!:rridh<.!.f ;~no: ~w.Ah~'l\ \'<:"'-H.iU knve a 
t1md ~hG\Yfm( H di~Hod !wJdfr;.;r. Thh~ h~-d-

diug tnv~eaU~ in <--otTl~" lnn:dlt:(!s fm' M'~;~~ra1 rn;>" 
hatk frr;rn dtl? {·nd~ (•f !b.,; it(!v ... ; tmd i.!T~tdu:-·dy 

\Vlth t_ypkrd tNH·<-(>t~h:d ~hh fk'>V;->, 

PfObfl:h{,l.' it ~!h:!<:d n:·1~dJV ;, .. ~h th',\'s WZ<~1H ~hv\.\' 

~h~.:~l?. ftatun:s.. Ho•.x~vr-r, ti,; th~' ot' the t1n'>V9-

~lfC in $-!'t:nera.f thtnner and have lo::4 mnn~ huH:. 

~-aJH.H'-phase 

<J( 

and 
or none- at aH and are 





2-.! 
-\/H~fL~H-V '.l:TFT\" 

th~- S·''<'·' !nd:.dJI> <d!•i tnF' 

r!~"-·()ifb· b~tk tL.N<:""'. 

\~ LLHt'G '<~~P ~~t-:V<.!H\t.~T1q"- 0~ ~<~:"<-1}{ ~-

:\h1:>" a-~h On>..\~ n ,.f 
t,... ~~~.-:.fin_vuiv.h'<·~; tn !\dtL \\>· i; ;!, 

rnay he ·····ry dincu;~ J•f h1pi'.•f~dH,: 
irnm fldd <t<:c~~dn:;~;in~< ,done. Tb: i~,~uvhrv b·~ 
ts.~,(·t~n \\'dtt~,~t ~lHd w~~.w-.·hkd :...; · 

in1h:<termmatt> (·L:tr<tt.'b·t· 
{ tctH:-<H<nnl-d e:n:~~.' 

Wi:"!tiin~ 1J1.:g:in_,:. J:~nmnt 
;.tt v,hich 

Lhut~)!h Hw tnln·--i~bH tnHy otdy J.<- [-t'\,\ {!.:•3. 

T!w w~+:t~~d /Ofit." tH.>~·m' ;lt !in· h.;~:-->1~ l•f fh( tkn~ 
nr- 1K'•.'U[Jj' '--t.. l<•n1·· tb.o fh·,s U!lht .a~·~d 
H'H1'!<-d(i~lH:'- ;dH•\'(' <:fnd hdVi.'\ tnto:) \!TH/~.,n~'J•Hd::th•d 

n~rn'>\"t.-1dt•d \utr~. Tht: -l?r 7./.lH~' ·uf w-dd-

h;;- d<-j.Kllll~ 1117 Sl·Yt'ra1 thnt di:-:.=.:q~~fd H11 

pa:tc .r; ,.\:~ !h~v .. ·5 tk·kt (ompf-ttc\ thdl' .. :~a;linv· 

h);-.t<:n ~sit}1~>lY( huna.t hy nf!h~l' H~b H(~W:-l.,. nr 0\ h~~r 
mntvri~>h, t•rdJ:~.H:< h~F1 r.rH1.\Vt>kl•td 1np;-{ •,;</hid:. nut)-' 

·~r nut h.:o.·1.:-0 ht~en lYnwv>i-~d by ~,~nt; . .}.nl. H<o\V-

(~YH', .-?~3HW ~tb~<."!..J'; tfH! t}tl1p~a(.'{"f!)(>f;t <.d {k~\'·~ in 

r;lp~d t>w.:~:(-":.;,/on n:~U~t-~ in.-:~ ~·ompk ... x ftn\~":.:, y,·,:!d~~d 
thdr ~mt!r..:·ty, -l.'SPt't.:hdlJ tw;u: fHHT<'· lln·:~;.;, 

{'<1!~lp:u·::i•>H (,f rla.::::-~- <"<'fn· 

pun .. ~lit" hHYH~~dly -,rddk~_;:;:, al~:lutJ.'-{1\ 
st-,t:dm~,:n~ (,l.t;.dn~~d trnrudi::lnn Z•)~K-~ ~At\"Jm 

'A"f}~iit~d tc, E~nnn.•!ded m~>t~t·~nl mar ~~n>-';:1 
hfa-h d~g-rt-~ of \\t>-ldin:z wtth·ntt. f•h,viuu.-. ddn~-·~wtinn 
d" thG gh.c-.~y pnrh< (11;; .. 28), 

ThB nv~:.:t striking field th.an~ctt~ri.f~if. tl:.at rnatk:<-

the tn:m:o:;itiM1 fr{•Ol twnwddt~d \V{Alded m<.ah;rLd 

frag-

ll.H- ~~;:', !Jt!~l1:,·>. >h~ f:q;,-, \Vdd(~d 
Tlu::-3.e 

·,r 

~wnr,.;fnre bt:>.t"H >..':'Jmm.vnly 

1\r>-.' the "th~Jltm1/• 
lf'l~~. p. !)G-GB; 

L~v;',rit~k:,-, 

th(· ""'"'' 
th1... fr:.l}.nr:J..~!lh ~u:d f'-thet t:nu~ 

•'1/rfW~l.t.'tinn !)L:tt ~mmJL"> a L·HB1k 
l~>q>_f!'{:li~·~ '-'ltw··.,~!'{' f,) mr~.'-'t w•,Ido.lf{ f.uff:.;. \"ies.Yr·d 

p!mw (>{ f~dbHinn the t'"<~lb.p~td pwtth'-t: 

~"FW)Jr :d· irn:~:;;ubd;- ~h~pi:~tl 
''<ir'<'• (~ 1 jl,l~';'l;1d U! tb, ~~~~Hh' nf 

h-tHi~·~Jbtl' Th.-- Jlth"f'dl!'<' in 1h1· 

phnv." b iHn:<rtdt,•d ~n :l;.:lll'i:~ i\:t :ln l :~-L 
F.xtn·'n;~' ,;PHd~Hnn~~ nf 'Xi·hHny_ r:1ay i~rudU('t:' ~\ 

H·'f: (~k,ldi~·.:!1l\h(~ rrJn-.:". Thi:, r:::n·.· he 

hm--::H~~~'!:.Pc,u.: ·w m&y nt;w·~ int.-'-~ a '"rn.'tvhrritll··· 
~.tgh qf l·r::4<.lh ~~r 1'"•>-<-k 

•!e)Wnlht.<t nn lh•.: nra~.t·Ht1 of Hit• 

t!n-w of iH~ ~~rnption. Exr~mh1ottlon \\"ttl~ n 

h~mi t.f tda~,';.-l\,z L:wmed b_v cxt:ri·n'!J.• Wt'1din~ 
\\ iH ~r--u.<d!y n::vu1l Lv2lr (rnp-nHn1U.l rmtlH'f'. E~:o:ti 
i11 'Wlth the n~d'ivo.rct nf n 

nuYHl}d, fH'atly tb,d;;: t.J:h.<>--h!iUH, ~]W pttr'rJiCt' 

<.:·mnn:nrly n m~:H't) t1lk11~t: bb.t~k th:m t h~ material 
tht_• g-rm.Hnlmn~-s /hurd,:;, Thh~ ("ontra:-H 

!"', hy wdtimt, Tht: "-n•lde-rl tuff frmn 

:-'{;Utb?a.-.,td'l! hit:.ho, il\tuttrab::d in fl~un; 9. WOuld 

uwf(,~Jittef!ty he rnb-Ln"e11 for u norm~o1 (th,·;:ddi~tn, 
H'",vt:Yl'r', vd:-..'t'~: .,_q,_~H' \·~· ~Al •~pplkd h'~ f~ vr~AUF~ 
nr •Jtl-v.'t\\·i:'-(~ ~m1h•lh ;.;::~rf~H:t.'. t·xambati(;fl under n 

lu\'<-"-I,d\'>'-H ten . .:<. n.~v&::&-.; ;1 thw-etrnlned g-ho:o:tHkr 
i-11rudnn~ thnt tt~pr\;:;>t•nt5 tlhtL !•HI d(·1lnitt~l~- n:>:c-o;!!-. 

;.-iig-htly tbitcJwrt knt-<,-;>: n fn~<:i)t;.n (tf a 

mi!Haw~.\~:· in 1engt.h, Tlwy .:zhnw a fuliJ~;:ion in l)fl~ 

pLt~te. but n<J s£>mblant0 t~f n rkv• Aruttur-e 1~ rc· 
-~'ht\\, is, tfw· r<·d: .~hd~.i rdn.ht.;. a '<-'"<'!t~~ firw 

~·T~f\hNl fr;J;.~tn!':'nnd r.<trndm·'<;' that. mort dearly 
~·,,-'J'rJed ;~tkrosrupk 1-'tudy (fh;, 10}. 

Tt-::~· lH'tt<-"" romnv~nl;. dfff(~r in ~-'<Pf>t1~H ... ~~nr~ 
t h~., w,rnvddt~J pnttf:. hi:<.~an:<:<.>- <.d fii-ffPU•!h:-t>;>; !1:1 

1knf:ity, p-Jr%ity ~ jninLng, and th<:-- :~e·:nrHl.;:rry 
<>f!'1:d:< 'Jf v.·est b-:;ring and uro,~ho, Tb:.~~ dHfu·~:<nc~~~ 

gl·,.,~· ~lv~ r.pjH:·ar:qv.::c of ~n·(;~~; 1-wddwg \Yithiu :~ :1in.dt:> 

2cm_, 
'-·····~--

Uf:{{~'<>;f"r;<JS t!}' A~!1-fLOW ?.) 

:"'~ r\<tky ~~vr~'ar.~1nx ~.hw 

','i.;'t'r\ tb' dii.l'kHi' ·cdh~tKWd 

;,nd th~ h;:hh~r n-:::;tttlx ~;f 

11 < Thi""' v.·pe nf 

JH<mi~·'t~ t'~~aymcn• '· 
h. hcodit;: 

fr«.~nr~d~t.,. h:~~·~' ;;r\r:H.~ry «har>f·:£ ti~~~! 

tht.•""{' th::H nn~ vfrtu:dl;- t'lplidin,~enJ:imnf 

~ht:1 ht>:·~; thA1N *h(~n ~1r1tPt1:-<-i~•n 2 nr 
~nr·,,, ... ~m~,h'r !k;n uw:r hny dinwn,"'.l<>ll o~.Finr, 

-'m'""'''·;rw:::: ,f fh:· H.sh fkJ\V thr:tt' b., n 
h;~mi ,jr bt•.>d{," r::rh•n-:. ,, i11l 1 h,~ir 

tr the \'n·tknl pblil'. Th~·A-

n.n•i pnn:• 
n rcducth.m ~A 

f-UJni,·-~, f1'HVfn>~ti\t< tnHy hot.' <.'~•mtH't.~~,<,:Nl 

;~pa•:~" ~:1imiu~~tf~d dnd~;:~ we!din.Q 
Yt-r!inf damm::<iqn-.: l;f ~~_:.; nnd1 ·-~~ HH unkr t•f 2 ,,_,,, 

{) n~~fnrm~~th~:~ .brinu wddin~ ;.uld~·:d to nn 

tlat mn_y v.in.' an t>ml p-.rndutt ~hat ·,viH 
htvt~ ;1 dfnwnsten ptrhap:1 ;{ tv :lH tim.:,~ 

thnn i}-,(• lHtntrv:lo1~ lll t:Ha h~:1ri.~tHtt<.d 

in dm~~~n::->l{.)H 

frt.J.frk•nL~ h:.~\'hll{ ~~ ~~~""'N!fd;JHh:~; 

!Jf thf;;; nnkr :-:fwuld b~ t'ODsidcrn! 
(·limt~ 

pnH~ ..;:pa-.~t· !·V.~'>v•:>'>/{~r~ ;.:nnw· tv~~·h~:d tu!L) 

dl.ar~H.<t.•rl;u_,d ljy- pumk~, fra~mc-n1$. that b,;c-."r• 

rerHta-1 din·H"L~in~t:->: r;;-~.n~-:-inv frnm 20 b GO tim~s 

,-..nHiUt>r thJlt"! ttw:t ·•tb'r diWHI:donl{. The~<-\ f"lJrnh:t'· 
fnwm.:mh htt\y~~ l;t'•"P n~{%Hm~d Ow point nf 

~impln }~~~-~ ·~f jl'n'0 ~1pt!;.:..;, HlHi hnA been a 
i<.tn~tehinR of Ow ~trt~dure, whkh m~ijy b(, mi.sta.bm 
fnr ~~~r· <low linfff. ,;}f ~~ l;r-,a tlov: ( -~~\ -1:.1.). 

Thv df:fr-rmation t.•r fln.tt,eninv- lJtln'lk~ ~.vm rr~ 

---lJll i 11 a hi.d'lt'r ccm~:rntratJ;)fl c,f t~ry~tab, per unit 

'"0hHk in '.\!!.!dt~d %~Hlf'i' th<tH in UPfl'>t.'Pkh~d :-tf)tF';~, 

fn to:~r_,., \'~-'l~h ;< k•~: i~>hinl t·-r:;rKtY!~t.rntion of t'.t_v:<~<il~. 

dw d!ift·rv!H:f' in appn·fnt ("nnte-nt rr,:?:t.ab: he~ 

t\W>f?.L t1<W'A€Lh:d aud \\yelded zmw~ 

n1Jdn:u.~. '~1ut "in Hn1~r- luff:< who..,:t~ initial {.T\',:tat t~~n· 

::,;~::•nlrat.km wa.:!' hgh t1w differencf~ may be 5'.trikir.g, 



\C:i!~Fl/J\0/ 

h'f'!l :':;nnd Ul 

tPn;;. 

s;~ ~h:talk<l ~t·udk:' 

Frd>nbly ~r-nw 

f£•"lln! n! 

n:' ha- ;, 
):~>;~r !r· ctt_L-:~-' 

:1 1 ~-\\ { ~~·ct ._,,f tm+:r~~'"i s:;~· 

T!H::' nu1•""nHi nw.;: 
!nj!in. The- pdrn-~ r, 

Jt~::d A Z~·(u,~t 

•h-·:eri1,~·{: 

tu::-t;~li;'t>~ 

~kn~> •. 'ld~"t IJ(;ttlti~t '<•:itt thf <A 
:(>t"!\ "·A hUT ~-tim\'~ th~ t.a."•-'. Fu-~~kn 

•.·f .:;l n:·m>.~ ~~ldt~rl ·.mi~ bv tb~ 

1M~~: .. { ;tw.'~ !n·r tl<l'·V ,,f 
;•t<>d\1..:;: ,J, .<"Ht: du~d J•d~,cin th.:.o' 

{kq.•,- with H•;)Jhn:hh d 
~n~·.>tb~r ._..,;1h th~~ 

p~ r,d-~;J' ~Htne n_.a: 
~~c!.JO->.·flt:t· ,,( ;p.h-fl""'· 1-...df:--~;. 

/\ .;,·~:j>nd t.'-'1!"-' ,·,f i Li;i \<,\·hh,d<~tt: qn)t i:-. •d 
l·<htv-;· nrlg-ln· if-w f!''L"'-•nwUv. (~·~· 

tln\\~ <Jl ~hl;-;. !ypr: 1-·· h<~ thtt NH-

)<!~1<":-t..·d t··•rnrwr.,·u~-(" h~~·l) :\·, in•l!t.t:~' {n1n~ 

plf•te '-H>ldiltf" ·.~.·n h<,JH l•.1.ad twinv :.n1 irnp"n;"trH f~~··· 

tnr ln th-e vl1m1W1t\•>n ct' fll~Yt' SJHHf' ~2-Xatq<!~..>::-; 

{•f rhil ·">( v:ddt/d ~<11f f,-d·m :kn,"~' (Jhc.:iditmilk(~ 

(Ji?f, hH \'>.iLu,u: :-:ohu\l..'ing :h\" hi~d~ dn:r~:>t?-

tlti:Ht•Eh~ l'<h<lnb ~-L..:. L~ ~·nrtH11n1~,Y $hnwn in ttY 
r!,~-'-<d d:as~ l)f thkk ~\,_~!d+::-d-:l;o.h nov;:-._ Oth~t 
hlfi)';\·:5 lith ··ph:>'~~?~ :ud -~pb.'t1.di\•;,~ ~~~ n:.~: 

i!;~L-:,~ ::-~nd ,.::till H~lwr_;; d\~'Vt.~lnp t-:'~t>' l'•tcktts in ~J<;f(" 
"'P:t(~'0 '<~.:b:r~-' \la;>, r~n~. b~:::n Ex-
<u!ph::;;; n( btt•t>-r' r_q;,, HH~ '1'-ll;~Ely l.h:'~'ltrf!k1L 

Th• compldl' ~~d\. (< ph•:::t·KTY'-''t~ is a 

:·w~( ~I( ~n 

.~ \,;~p,q" ph;;~-)·> 

;L-~-.It··{i 1h' -«%\;nn.al gbr:.:;: 

1u;-f-.. f;·~t in n fl::.'\'.' th~· 

:H:•·lt ~ky;~ri:">·.d. whH~: th·~ 

!'<>! L tm•·f ~d~\-:e;--;:r, n~~Yitrf

C:u!>·.-. ,f int.:;-fJ-,;1·, \Yddim.~ u.nd 
·!:1~t*:nw;;.: ·~t •!•·· :-o~l',~l'!Ul" in -<t n~rk tbtl 

n-e'~"~nt-;-',· ;~ {)-,.,v ;.a'•<i. 1hH'.~'\d', ~iikk fkw• 
''"J:k;;:. nH.ri;.· ;,J\\>',·-.. --:1;, .. .., th~\' ko;dinv. ru~nt'§ 

~ h;~t: if hr;1::u· ~_.;t'ff'·~n!." hnrixt~ntJ~ joint .. 
m::-) ln unrnet;,rr~">qlf'l'~'"~~d "•~<-·h t!X~tmi 0\'r!r P:%¥-¢nd 

f~.'d. thf.- :nwk ~Jn:n . .:!, l;.· ,-.-.-. m•t .;.; wdd·lJd U.iil, An 

~.·xtrf:.mt: 

·;;--o ;! JPlndn:>+iod< !lov,: or tuff tt<n» 
Linck:..: tbat ha-rt3" undt~rv-onv 

-.:;.tt>-.·L·hh<.c-. t->.:i'n in lhe;-h" 
exe~~p~~tqHJi dk t<~'lTll~n!<' nre lf'lf'jv 

lik~~ \Vithnt~t {!r~-!£-tt ('DnlHHHt)-', 

Devltrli~i.'1ltifn·; et;-; ~nT'>-'km:-~.\y ddht·d ~:.:in1ply tu-ru~ 
pumh:e fnwr::t•'nr·~ :11t'' rty?t:dtfnr• mM_r~·i.nJ, nnd the 

q.rw:1;!~·t, n-uy j'1'•:.-:·wl'\t?d in t•!ltit~·ty 

the n·~·ry:<~dfiJ, .. i p.nnke i'ra;.t· 
nn.::.!~~~· }~; t'Tt'::t~~y h!lr>f:n<:<~.:::d h:-· t h: ,;f '.\·ddin~t, 
?W tht' 0-Xf(•nt of ;L-~n~~J,ing-, th~~rn i:-; u. V<ndertr)-' 

;·:! nf' .~;i:H 1-L)'/.' 

:•tuu:<.'<:~ W<-1lb 

in !'<~r~~ I>CtUt~ 

d llt!f.·,* ;i!hnrL\-<Y }l<Y(•nw· ~lnHcn~~d 

r :e-:-.; >tl~i•:ll~~'t-' b (. rn:-.;:-; :»N:ti•Jn r~ml 
;bt:H!~-'~ p:;mi~'•:' fnwmm-:;L>.. Th~ 
:be~'' -;:::1Vi~i·"• ~1J;:·, h·~ di;Lcdl ·~h-"termlrw:, 

~eXtJ.Jr~; tfHHI t!-k prndnv~:~ .. f 1!', t•q:}:,< ,.,. rn.'k}' that h>_V+? Hitd~~r~ 

~~)k:·' f(q' 1he- lirhn!;h:;:--a~ c;p;it;r;~ :u-d th: 
ph,;,-.o' ~_:ry.:«taHLt:k~nnn r._·~·mn1,•n tin,'>\ 

x r, ~ l 

fqr :\"-i1.1L·<y 
(hJ'~ 

lirh·•t·h.v::-::~d nwr~n\b «viil h-;.• inHn•' 
:-::l·h~.>rulite-:< and hth-r.p-h).',..;,atj m<h' J,•nn ih 

v:t>Uvd :utf~ hut tb:y RH~ le~~ <'Htnuwn than 1nit~l-,~ 
h·~ < \'p>'dt·d, pn·!wp~ bt-<"n!Hf~ n~~·x l"<';·Ck ... h~n- i 

nl' 

'· :q<<n'~pL;:.-'\' rdnt~rah 
·-'"<tr,,n;.!lv !L;u,t:nctl 

tf';.,dily 

tht: tbt
(.'Yl:!', 1: th: t'E:Kk b~ 

l (c1htl•>J; t d-w- _;rum\ct~ 

~:!mpe:<t.l 

!wady 

(rn-·:ra,d 
di.-.:.."11 :,~!":·d iH dfLdt {.:-11 ~mp,::< 

Ihwe··· eJ', ~;,n-r~~, f~:( JTJ{ner;d~ m:1;; b~ 

tn buJd ,;h•'<:'mh•n ~,utt nuh:n··tl t•~ Hh th+! 
~,; .-1' ;< l:.;.u:d !t:>JF 

u!' <h:v\ ;:·j(katinn \ ~~.~ in 
;\rl• ~~n:t~<q:d<'·r~~!~;i·· ~:ri:dohafft~· <md 

und 
tfl.:-tt 1-,~~~·ut ... ~!,..: 1ky v:hit£~ 

p.-u"tly mu1 nbH'>'i't~hkd 

ntd·;.~ lt i.-:> ~m e:<ndknt ~n-H>:at1(·r~ that the 
rn,·k;-;-' v.-er~ ~f'h-!hlw nrigin. lf'1:'t'1:• H~'aiti t·X~~qHitfn~ 

11·m' fu<n.1d. nn~y rn.rtd_y !~: -tl<;h n,, k.-<:. the 
tt;::.·:-> l.h~t u:.:·r>:' flL, .. .-·w.::-wd p;~}ft: -:2.~ ovtd in 
pyr • ..,:la<--:~k r<xk~ !h;k1 !u\•.' uw.!~:ruu;:e \'<q1or~ 

pn::--.!k :l;~t'!'~~!.i1m nYiglG{.1 wr- frnm -..;,f,ip--~·~·"' Nr!'~id~.;- the 
t.f :E•<.•k in qw~,;tbn, SRdt ~trf· !1Ut 

;:::wwnon and ~}vmt.J h· n•&dHy h:-~d·.-,-:~\ tH 'ht: H~:J<L 
Sn~lh: .:-td~ r~n<·~ cvDW ~o n::d ;.1~:•! n·ma~n :r~ ;d"! 

;t!<t<.J!'b•did~tt~:d t_lf fjr;}H1.:dd~:d ;-X~;ltt• 0~ bd'>l. 
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:'~2 ;\.iH~d.zns rtH:-> 

(;:•;d ;d:-«'< ;lL n~,·an~: <~! 

~onh• -..: nh~<;,~t:,~:n 

Th-,~ r.~ ..... u H::;. 
~n tbL· 

rl;:..;.p r'~"'·'~:~~n:; lf);',q•r;~,j·(,-n 

nb~ur;: HLd r_:n::~ \: il; 

("(lfH>.'~:t ~;}j"; ... ~ t f.·· 
ch\•l.nbtr~·. 

c h~ L'J( 'i ~·r; :~~ j <','< 

fHJt:l--ri:c<L, lF" i'w i1lo;;~tnt~;';:1~~- uw1 
-"'lon in 1!w kxt u~ rh,·.:..::P. fb,-,~·-
~:-.'f.>f. H:> mmimlz~~ ,-:,>) f<P' 
rf<~~h·r/.::: turnin.:t (t,)m t h~ 
t.dkd d~·, ... ;:dpt:f•tl:• hiJ.\"f· 

rxw~; th-- t:nn·uc 
k>d\ 

;:da:-::~;; ma.J~~1W, di-.:. 
rup: ~on, 

o:dtt=-d \AtJ-<>!1 ti.J ·ilfft'n~nt<a·:·· 
.and, ·:~, 

hi:-.u<rr 
t)h.':"(' ' 

i!w:~~· v.·hkh 
hh·n~ifiuL~J,_,n, an-d 
am),}![u~tit'-"' nuy ~~rt;(~, 

f~'I:'HHl t .~.-·t·rt <: IL\fLH Tt:H 

'The ori.dn c~t i.H~l h :~·~h-fall <1.nd af-h~lb·"' I!U'.~'ri;d:-, 
thl'•)U.$!h th<..: H:.«-ln<l.uibn Zd~d •.~x;•!<.t:'l\'~ '~l<'Hjdir•n 1 •f 
y!J·J:"S h,t:-t V)YF~> t.h';.•e mH~•:!'iAL-+ phy,'~c;-:;.1 f >n~:.-< J:L,Jt 
ar.: 11t1! ;!n:at\' lnUd'f.Ht:fd l}y tht: ',l:tf-·r
em::es i•< th(· n:agnut frM11 •,vhkh U"tt'J' .<tn:-
The:-.- \';lry within ctcn•~m Hmil· -m 
tmtt,.,;, o:\'•.:n fn>m the ,"-~d'J':.(~ ~(·n:.:-~ .c,., k~! 1<ib~rwi""'·' 
m~(:rn t" bt: !~a"'"ic-d!r t~w -<M1k fr<)~'!.:~ r~~; . .'iHn rq~,n1 
<wd han~ !Wt \'<-U'H~d rhnHt;h 1!t'f)kg-k tit~~.., Th~· 
!-<.~0'~' .'-!~<.n'•l fN·rn~ tu ch:~r'"<H'krUJ:.: a .. ~!> 
t\n~· ~wd ;~:'-11-:'a!! ~wT~ H,,.,q~yf~i\ l h~ :-\~.::f.HHF~~:-nt 

h:>tnr;.- 11f ~he~~~ mute:·lrd:< varlt~d 1 b:~t 
nn' ditft'l't~n~~t-.; ar•." dcY~!}JlJU0 • Th0 ~mv,~·;:.-:nit 

n:f w<·1din~ ;m(1 (kdtrihratinn tur:· .. , 
Tutl fr.;.q.rn-n·nt_..;. \·•~~y in ph/:zil·rd tr:r~;! . . n;·: 

n:~t;v, L:t t'!'~D\'J,}r:Jf+~lH'i'. 11~· ;: 1-··· 

~ iw·~-·-" 1 nw~it>"n1.-..; fr<•!H ~H>t: 
Ont· \\ idd:-: !)cturrin~ ~nw L-> tkri 
L1trd glkt.i:~ ~:h,utH~'ttriz:.e-d 

~~c.lt'-~o))cc:: :~.:" .~hH,·n in fwun~ l ':'L 
cx~;i•.J:d·.-~.:·i/ d::srupted pr~~.h:nH 

:.:.tw'>'< !: hJ.;a, •·: :b. ~,~ :1;'\.'::-'s<·n: tr;q.nl <·nt;; of th>: 
·f b-<l .• t..>,: .,;H ·~)- &nd Ufi(:-sh:t;wd ft:'-t.g. 

·d 

Lnth 

it<t~rm"··nv 
fn:i.;m.vEt• 

C!'-."nn· 21_; 

~ (.~:' ~n~',tr:dtd~'- 11.··!\' 
\\'t~~d! ~·cpn.'-<<~lH \'!'~>;--.;; :::: :·t:rj,;;t;-; .,( ntdl't'\llltt·<' 

\6 •Wd 

~:t} yb.:-;~ ;'(Jl\t:t.!h·li blJhlJk~ 

'.~bq-'*~· tnd th<:k~w .... :: 
th:t,.' ;,r{f n•gny n~ri<~t~nni : h:' 

! :nnt:~L 
:\ ~-..tirh :i'<lhhfic.!' nf tb: typt-· <Jl ~~.-·b dt·d\.i. ,, 

-k~iu· bJ.bU~.·"- \HV ~hr n-:-u:! <•f ~'ra,:t1we !,f 

~·kmT<{!•: b,tLb),_;..:: ,,_.h~di a hrc~-

<'•d:: th~\, i•Ul l'l•'l1B>>n]). 

th.· 
t..:-:4~<~jA:d ~·r 

Tb· ponn:t·•." 
t~;pF,"', i.H>d 

'"'th •:U;n· 

, arn·;·ln' rna.t<::·!·:;t: ru1' k ~•tt :l.:k~~ 

~·(CJ..:'c~!<..' <d ~n·~,· 1 ':~1~:n t -~; l•id~-n·. ln ~ 
nn.:c~lar. ~~ttl;-; wre nu_..;. 

tr~'<V'd L 1 ~-l:t and ,l2~46. 
r):_d'in.; ~U(~' ~.,jn~Je t~"{Hptll;.:l i.hY (flt''Hll<'a1 (<IHl

pt~-.JtWH -::r;- ~b: fH.d'(>!H t't!.i:~cRU~:~ :n~d ;r,, ;.~<L" ru:;.tt,l'H 

<~bw~t nd(f.n<rn: :md ;~t !h~ tlnw •if ~-·.>>H'tdntk•rL 
h:;--npern.LH'l: and the t':sr~.r:-jty •ff ;:b~~--; \".1.d•.'d 

kH !i.nk_ F•>r ::t~_,,~t.· r'!.-.. ~~vlH, crupt~m~ <At!>l 'd'-.<i.'n 
,·,f th>t: lll~q,,·nH ~(:H!-t.d tq }H·•;dtu.::<1 ~~hard.~ $}g •• , .... 

ut;.~ !l.\1H"~:<:d ~wit·nrmiry dnring- '-'Jll.--id\', t·>> 
''t.'t)t f~>t' :~:t .... •·-d;J<i!d du::<.t Hnd tht pun'Jk~· fr;.~m·.·n!:-:. 
~,; lw di.>\cu.~:~~d b.ttr. (hi ttL' dhu· kwd. :·1~<:~.'(';-<--:';[vt· 

\'f . .tpti•;Ec-> J.>V•;:•n frnm tb: :unk v~.~m may differ 
l-'n.·ahy b thl.; typv:-: !!(the ~.:h~~td;: J;rndut~~d 

:~,mw ~h'>"-'<~- -tr~: tr.iD>~.ie ~'P ,-.t lh·ar:y un~t'u·n;ty 
;..:hnnL~, n2: lHU~tnd~:-.:1 L~ !hi!P't•,, Z~ :;:tnd 71 

.\1-~n- fn·quu;,t!y dwn.:: ~~- r,wp: lo dinh:t<>><imk' ... r 
:\ htthdt···df<)id <W 111<)tt', !n n~rn:.r ,,._-cnrn:.·m't-:"' 
.-..h;ltdv ;~n; dKl•;;~t:::d ~n m~;trix t)f du:-<:~li~-te rn!t1t~r·ial:-:: 

in ll:.zm·r--~ 24 aut ~?!J. Tn :+om•.' fbv-::-; 
,;u,~~nh.: mntt:rial rn dn<!U dm- t~i ,Jtntill!; 

lin\-'>•~F<", in :-;,,Jn·f b;L. dd~ut~·,_, 

n~~·p:ik>< ... JuJ'd.' :,u),q.,, '<Y.a:l:• lt<Jt 

-r:::~rr~~~~ -t~ .. rlng- H~>'/,;~_.!t', l.:-V<"'!t >.\i'kt'•• ln 
:lt. .:i!k~· ~~,;~~'d'~;s; a~.; ln Th· tnwf'-

;;f ;-::hanb "<.ddr .B f~ nilY~ H( 

~.::;:-: :~.nul -:-,, > . .,.oL>: f'lH+ ;'rqY>1 it:-:- at·i;tb~ 

!A>t-", and r~::duce :t:trh [i•f< ;\lor<:'-
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;-~~ ) hwh v-:nw-n~run:. ~)r.d 
~ 3c"etL~, ~dth·n~;h ~'i:;tn~ity \\.:$:-'- ;-;otmaLy 

j-,,,; -..,harJ..:; we(d v0ry 

~·~ 't-!H !' f'lL\t,'\!L'•l'S 

ii cuLL 
rl:;.t it m:-(r 
dc·jl~·!~dil!.t:" 

pu:~H· .. frar-mdHA 

~d ... ·r tf:\' mitrf;$.:_'1J}.~e 

h<;ht nf 
Smn\: 

,,,-h~·n• it "'''-~ur~~ ;t.-;:; fnnrrr;:vn:~~ lanr~.~ 
.;,,/h t~• h;:: :"J'Fii~:d l ~,,. tl\•kL ::-nl•' l'Ont;ujhn:-; 

t>ld r:H·d n\'t ;w n·J'hi~,ed b~:n~. 
r•-l{itju;_.., ~d'f.' danri<'{l hy rnh r"'J~-tnpi,-

,,lhd· .fl}!,Tlifh'1~1'1t <ttl: f>-:'i'U;.;.1](,d. 

fn<.:.-'T!1CH~:-:- wtdd: :tn~ nornmlC'>" ft-~

.-.:!wr<~ rn~th::rials~ lOld whleh they 
n <H? HLntr:1tJ:d ll• rlv:tr~~-'i -l2-· 

.\h~;.J ~'t,n;nw~~!;, fr<iUtn•:nt~; }~n· made 
g-n:o.!l:;: ·:l:>tH . .::at,::-tl tdn~hu~ F~<n: i:p<u.'f'"" whJ(h 

ir~t~:, ~~ ffl,u•a~ >~U'tldun:::, Llt mol·e 
~:p •• r L~~ndv f'~.pldirw.m ... l<<itm~l 

f"'•:lthJ) ~pb·_'nc;d buh/1!(~"-- \'~·ry fH~tou . .; fYHnkv 
L·; ... ;:rrwhL'> ~H'-l' in 6:;:1.n~J~ 42--J,L 

l .,_unk<..' 'fr;-lgrr"lfl"iL:: in ";\.·!deh then~ hru;: bee.u no 

~~:/~~~;}~~ ~\J:: (:~~·];·,:::.,::~\ ~~~~~::. ~t~~ Kl~:~:~~~;u"~iee ~!~~r::~~= 
tr~.J.:<:d h ilgu.ns F; ... w+ ar·tE in tlgurf 1;t ( 

:C(l1iaf;St) p·nnL--t' l::in~ :h'hHS thv 
(:• .. u'ipW~ioa and ~,umiu:• "-"<lm]rn':<»t.>:d againP-t.Jph{•no~ 

ntt· shov<n r1gtu'•;:::: r: and -i$, Th·J:re may 
bu v1,dbp~u ~·f Ow pi.Pfl!t:t> BHd :•ut.h thr>:rtH..tgh 

l'n~:ddi!ll{ thHt ~d! ;.nh:t~Jal ~t id~~n~:t' nf purtik(~ $-true~ 
k:·d Hu.~~r~~~·"d in 1h~unt .lf;.. In the hand 

p~<Jnkf.o may ttppkar as dark 
dh:i~s a:-: .• uq~:· n~kd ~n ri.gnr& L and \Vhkh 

l;{'~m rJi;J:CUh"(':<] iu ! h•: ;--:,.;-·cb1n on field cha:rarter-

P·;:·nke rr,a;; H:~ :..:i<·~-\"i}' eha.rndvr dth€-r hy 
d~;..inifiC'j,thm (ri,g~ic

t.b: .-..i~urifa:ann: ~~f thete 
'l~~nL::;.:wd n~~ p.•tgf' 44 and 

lt:~gmlJr;~,"' d~-'--'(tit.wd The 
~d\~~·t"' (if v;<r<.>l' t•k •. •~,: ,dhTatinn are (csps;.~dalir 'N-eH 
:-:hn·,~·n hy ~l~p ~··:h! .. tl'l!'L"- Th-e ncntrrem.'i' -of 

n~indvl:~-ft'i>!f:rnn· :md tridymit-12 
in tl!~lH't! ~>r>. 

f'urr,ir,;~_:- fra\..',l1h'lH~~ <·tr~~ tl~ r}w ,,~H.fl~l: ·h~\itri· 
lkh.t!Ml ~·~Ttt'L~ a:> arr zo.hxn1A ~md thf: n·;.:;uhiwl 
mi!!Cf<dt~fdd~par ami cri:;tnkt!lh~~m-.iH'(' tht.- St:H11t', 

1-Lrv:;::,·et', UHrr)i,-0 fn'.gnl"l1t:> kid ~.~) b~ lf::Gn: ttndiJy 
H tUlch >.''<M'~+.T l--Y~dn(.'d 

J.>n>dm:u. tbau dt•..' a"~ nf d•.::ntr;n.:.'attnl! 
:~neiated ~hard n;a;Y·ri<~L~. In a ft:\V 0p~dn~en$ th~· 
rmmh;(.! ha;:> flf,~t,.'PHh.~ d~~vltdfl:~~~ \~ hift:: tbe ;:;hru·d_s bn·f> 
rtmJli:r.t:·d g!fi.£.&y. Th~ den:inprHl:Ht l,d the ;•nar.:.:-c· 
vr.rum~d agg-r~·K<tte comrr:ordy ruults in the 
{h~~trth:l;rn1 (•f strudur-;~ \\'idtin th~~ pumke a.:O 
tratf<d }u thtu-tf!~ 57, 6-K~ til, and ~;2, 

WldAI!,f;, r,J.-.·!·()oj-f:¥ 'l;«j;-., .\.::»D ~·n'HR'l'('J~{'t• 

\Vddbg and llic di,-ttotti(m of ~~y.tr'..l-
<..·la...>:~tlt: n~.ateritd.; i;-:' {m~: th~ l)t<t,..:,qtn:dlng ··h~~~\1.c 

h>r:$.tk8 of a~h~r1•J\V mut~rbL~, Tbert:fl.>r~.:. tht 
;<ntch<ru< fenned duriqr \Vdmng ~-nd c;:;;'.'l'b. if<~ 
tfH~ir l't>£·ognition. t~v~m Hitt>!' 4..~~U•'IH¥• dL~1~,rtl,;n_ 

pre.st'nt oa.::~ r,f thf:' nutst.anding- in tb·· :~1 
f~f ash Ho\l..::<, Thl:::l mcludf:~"i ret·t\~~nith~n (ff 
pl·u$.P't:ii.$i\t~; rrH •. ·~.JHkatioflf< tA ~:v.~.s;:,:: stnh.ttU'';'!::1- Jb n 
n:·sa!t of inl.'rcfLi-lng di.M:nrtkm. 

'Vdding and distortlC>n {;~Hl iw 'Jb,>-:tr;,'r:d ~.;~~!h in 
th~ Ji~id and utH.l&r the mict·o~-<.eop>:' fq· fm-tn,r OLCUr~ 

Ill o~h<t•rs:. can lw determined (::Hi} m:der 
Evt•u \\.b.;r~! dearly nbt-et"HtUr~ fp 

~d'e dariiled Ly mh·ro .... ~U!Jir 

All ash~ftu\Y rrw.t~:l"iaL:;. are deti\.'Ni from ~l;:v~-'"-'Y, 
n:sh~ui~J.h•d mat~--ria!t v:hh n -,s(r!t> .~S•-<-(' ~anfr~.~. ~)l~t 
in Kt"OOral are dumin~.nt~y of U$h ~.iv.>, ami a!: 
qu-ent chatl,\!,t:i \\hkh tht:$e mn.tc-riu;.s OHlY h..t\'-t utJ~ 
dergon€-, have mere:Cv been imposed on ibtJ« JH"HYiHl"Y 

\'£->Skui~t-ed ,ghw:;: ~!iruttun~-S-. 
be th~ etfect of s.uh5e-.:ga?nt 
eomptetdy obscure Hu~ 
m.atedals. Tb~ X*HH ... tk 

H(J~~·w.,~r gf~:rH 

chanKt~s. t hr.;,\· r 
..she urhdn of the 
of \\t~hh•d tt<tf.<:, ha:4 

~ive.n them \"~r,y ddlnite textun~1 clw,nl.cttristk:;.:;. 
that nre t'Xpre.s~t:d in what has b&\en h~rm0d ,;:~~b
ric.n hldin,gs {1909, p. l!:H) hrtJ< defin<J:d fabrk a . .-: 
f•:>Ho,y:-;: HTh(~ fabrk. or rmHttrt, nf ~t ro.rk a~~ .&h~)Wt! 
~m. a ~urfat~ or in n s-ection. :~ that fa~hH' iL-:: 
tt-XtlU'e \Vhh·h is dep<.:-nrhmt VH th-& rdatln: ;;.!;~e:.s 0f 
It~ cumpvn.;,<nt >Cty$taL1-. lor .gl.a.:i's frag:rn..,mt:---1 l.m 
thdr .siu:q;~•j, and arr;H1P'TI1t?Ht.s \'-'ith re~p~t:L w •,>W.· 

ul11$l htr.*' Thi~ deftnithm. a:<: nttHHfi~d to ;m:it.:~h· 
g1a~,3~·· m<:th:t'iJ.is, effectively outhne;':l the mkrr_,~rnp·i(~ 
dm.r:.\('tt::d«~k;.;. whkb rrn~t h\1 <..~t.H1ddn't~d in dif.'
:;eriptk'n n-f v.-'dded tuff~. 
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;;t!) A::< H¥:f.UJ\V TLf'f'~ 

!Jf thd1; ar<& ~(J lar~~ that ti-t-l~l .studies :;how thdr 
n:htbn,s. i.h~:il.:t. 

f)£\'l:THif'lTA'rtOX 

nf i.dih-thv; tutr:1 have under
uqk ·!e.-nun:~-n~-:>tC and LhJ~ nr•>t{',.;.« h~1:s b1}•.."l~ i:';Upr·.r 
• >Jru1 r~ .. bri~ n;,:.uhir.uY ft'om tlH: ;n~Hwy ,ud 

materiaL Thr:w ~uct't>"-• 
..-:he ro1;tAnt~ 1n mMsy "<At"lltrel't:{'f~-> prt>fouwJJ;.. 
rh, p·im~~r-:. gb~6 dHtrd J;tnwtnr~:H, Ho'Nt.~·Vt.~L 

evhh::ntt of nflg-in i~~ n:t.ained in rnost devitdft('d 
n;~;~. 

Th~ ph:;:.:-ka! t•harudwr:$~k;.:: <>f devltrifi=:."d t1tW.$ 
RYf.· d!•f'"f>!y 1'r::l:1.b.>(l t•:1 thr~ idr-1ait_v ~;f mlm:-rs~s 

fDrt1'-t'(L tb:~n·f<.)n.~ 1h'"'~~"'" v:W lii· dhK~U:$~~::;d befon~ 

futtht·r <-'i.'lf1.Slderatinv o:: textUH';.'i. Th~ skwh::r 
pr::.ra1: .. .; inV·.tgnY•,vthii Df thf! {h!vHritk•·~tion 
{nxi<~;iti .. ' strueur~&J \'~ry gre3.tly in sb::~~. 
r;unnal):.' tC•O fne grained to he iclf!nt~tlahk~ tmd-t-r 
tht' Tb! :"h">.rd~ Hh.:~"'t.r~:tl~'-'l m ngm'&. 

;Z,~ ;it~ hy ligh~-~dr<n~d hnrdt:t·~ '<vhi<.'l•~ m> 
dt<'"~· er•~:'-~''ti !tkd:-:, ;:;hv,v a n::ry $:ig-ht yyayr;(>;:;:;:;:, bot 
no re"niution nf m!rwral •~u~rre-g-ate, ~vu1 s,dth vt-ry 
kdt n:;-wnirkatiuJ>, In ::wady .u.li ~;pe·dmeru 

t'\'d'. ::ht: ma~erhd~ are nf su~h a :2~/~t tll~~t under 
tb: micrn~~'1ne thuy have a rou~~h A'?urfHt.'e. !ndi<..'Ht-
Hlf' O:U{U1'0)1.::lh~ !,( tl"L.riP~';L}y nf n~;~~~t;y 

ditfer~n_g indk('~ ,,f f'('fr~~dhm, ~e.:.: _j:hO\.\'h hJ tll{tH't\"· 
!l-71, f'!f ,:~.;.;;in the ma~tr<th':<! in 
6-:~-H-~" The i'1g~.::teg-ah:>~ \\ ithin Hw 
rnn not b,,~ dt:.fmitdy id,.~~Hiiiul by nw~uH of dw 
n1H~ro:o:c•<pc. Hn•st:rer, many te~t;; of d·:vitrifl<>d 
7~a~:> ;:,;hnn.h> <1tld pqmlt:(' t r:.wment~ nf rhyQHtk u~h
t:nw tuffs fr'on> ma:Jy ~,..<~:.aHH\!H h~tv•~ h1~f~1.J made b\' 
m(•;an.:-; <If X-ra:v:-:... ~w.l ti;~c:"-~1 hw.·..,, HlV;:H 

fha~ tfh~ J!rodnn~ .art! cn::-,td.mti~~ ruu! 
fhJ•.w1~ t'i!E nl' X-n~y 

mt:thmh: h·r- tb:· ~J "Y•Jt'Y 11m.~ ~~tawed nw~ 

tcri~d:.. the ld•Jntirkat!u·tt uf mintta:s 0f devitdfi('t· 
tk<-:n m \(ikank' gi~?:-;~"-" was ~hH~eUl'\ or irnpui<:;;;ihh~. 
f~·ntWl' ~ ~~Ll~r~:j Hx:;} .::~tat-t~..;. thr~t i-l-mnH p<'n~-< l:w-
tw~:tHl Hw (•f h;ff.::; fr(lm th~ of T<::m 
'ThnusHnd Smoke;<:~ and from Y('HEn\·.;;;tnm: 
Pnrk r_·,anairwd 1rid.1nYJlk nnd ottlH}da~e. alld that 
the .:=.Mtn~~ ··1!-.>t:(•ndnry rn]n!:'nd" tx:cur h: tuff:;;: (r·)m t~v~ 

ft'Flun <}f P-eru. Fi:mter'~ ilh,ntif>t:aHnn f.f 
in (·;1vitk$ b 

nut m~· 

prcd{...tU:~:dy nanwd Sl~t;<.ha11 rt.~('O£

tHZHi fe('bly !)~rt~fringcrrt tabkH Y- hith 1>:: !.dk'>'( .. d 
tn •w tnd:;.:rnit· .. ~ .. h~Jt •nd nnt di:-.t~n~;nf;2h l.h~ 

tnat>:·r~~L~ The r.ne \\'.;;.,.:; 
~dld th:· utht·r uru-i 1-;uLt.l:.:'dly 
).f.n:l:<!leln :ud g,1~.'i { 1 !tl%, 

bdit•\.t'd 
''(,>th' h.~~?< l 

lh:t: th.:: !kdtdtltati•Jll prucllh:b in. tt:.!T~ 
(rom s<a;<:-h{'R:f .. tt'rn ld.:£h<! '<'h~rt· tridymih_ tekl~ 

Zirbd f l~'?G, 1>- 1fifr ... ·Hhn r<~ff''-rkd trt<t; ... ·n:ih, 
h rnd\ frrmt ;,ht· Tnwk•'f.> (.'an_\'(•fl t't:~:iun 'Sf'~t 

t>nt !\;.;\'ada, ~u:.d !·e-oH.l<1~; of hi .. ~ thin ;.>;><,.'ti<','n;; 1hr· 
au:lwt~f h~L" ;:;:hqv;n :-t:~n 1hi·-' rod..: wa~ .. t tniT 
ZHV>\il~~ky 0917, 1:~~ t'l'i;~u:;.1q!tt~~ ,'~nd 

trid.v1niit· froru n t:.df f{u.;.;,>~ian Arrn:f'Hf<L 

Thtb ft'i..'(l2'rlit~d, kg thl" fht~ 

gn.t::HJ..'-(! ir .. t•·1j!f•}\-vtb:::; \\ith<n tb' ~}wrd.< n•r:i;;;nwd 

nnHt~r:: lr:;;blv nnni thf( ap;<ik!d.i{ll) ,,f X-r<i_'.. 
mtthods .. 

Tnff':l f~··)<T! KHtrru~; 1-wd P··:n: t''.1 Jiecl~!d FemHI-r, 

tby.;f tn•cn !dah~ ediPc~ed h~.- R~W+'> a:-~d ~mhh, and 
tho~f" fnm;. .>~>w z~·-~l:md ~:~:>L€ttf~d hy R{!$~ Wt.'l-re 
t::urnir:•:d by ml:nn:-: <·f X-r<W, ·~nd in an tht:sc tht! 
th~~rw:>:.T~ . .c! <t: d~~~ ttttfl;';_;_tiu~~ J·t·•)~.bd· \V<L..: 1:n:1h btl!. 

ik: ~tri't <drt('lFH·nt <.'Xa!1·.in~tr(IH1 •.•f nmnv d·.•• ittiflf<d 
1 ulb h:tYe <:6"-tt>Lalnc 'Th{• n~:.L·:fllt f•n· con
c1udinr th,tt tkvitri:-kd ~11tl" ''-'t"'n: cJmnwterized by 
tridymirt."' .--.h•tn:"- Tr;dymit~~ dev~:h~t;Jnt: in 
~.v~~·,:H.k:« Oo;.,'t~Ur~ a~ r.r:.·:--tal;..: hr~c Pn~:,l_Wh k• be ;'f?0diJ~~ 
iderltitied. h1n tht:> eri"tn:lah~·? n~~m{,t b> id•·ntltitd, 
•i:th•..-;q,d~ tlH' n~H:rD.">l:-1•f!t.~ -,h~,\V:; ~h<:tt tf~;; inter-
~~fG\\ t.h; t"ut,dn a rnfn~ nd ,l( b'tv: lnth'X qf rt•, 

fr::v~inn. Tb' vn:~("';'(~~' Ill' tW<; min-
~r.:t!<? 5e~'n:wrt irnpt<ubaltk, ~•nd it ---~~·meed a ll>yicHl 
a:..~~tlnptk-n that {thi:<'mitt•, th·- rnint>i'a.t tb\t \Ya;< \l~~ 

,,IJ~et"•;abh~~ n·pr(s~·n~~:.tiv~ !!f th~ or.hu:· 
of dt:'dtnrkatwn, 

!n ;:t:.!1l.THJ thf' t'J'~Ah1h;d.h,•~idd:-<!Ji:U' inh:CFrn\Vth~:; 

th<:i~ hw-. ~~ th-:c,-eh-p•.-;-.J v,'ithln ~t .~h~rd nrc 
eo:np~ld • .anfi \vith(!~n u\J;;t~rvab!e f!•!''l:..' :-.p:~>:(' fhi~ 
L;;; ruunnneri by tb;;- t:r~r·;~l:.~ (•f m;,~~,ria!~~ 

,-:.uch .<-~~· tk"'* 
1:-L.r to ! hat (.,f t:J)"-'·ttdhm: f1o\\' fi)r}u ~.,f lik~: ~·~Jmpn~i

b.m. 
lh·nttift~:ation h'thi:- h 1w nt<JJ'•' Pft''>':-dn)t itl ::afT>', 

that knot: qndt·rKuh~- n·mpa<..:thr~ ;UJ!J v,·~_,ldiH.}!, t.>1tt 
v•.:ry .-~w!~ c.lbo b{- ~h·:p;itnt1~'i.i :~.:-. in tht· 

'ruff n in 1\;..-:~.n·o 17. "fh,; {kv~kt<~ih!l"lt nf ti'yv> 
t-<t~$. durin?! d~_·vl~ril1eat1·m .:;-,nd ~:<<1,: 1 W~pha_,,J, <.:n·~·t<d-

kri-'-d in d~.·n"(' :;;b.h.::' lb-<'d l1>n Lu ,.;rnm>m1y L1r<;:.1d_;~ ,dJ~.dJt '-~ hr:r<.h .. 'nruv 
J!m~!-ki!l 0'>'1:5. p. :;:~. 2 .. !) dh--~~Tib•":'d lhr.- de'{("k~;l- nr !ndun .. ~;~.n Hit: tufT tf>~ int.Cr'"{~vdun 

ment I>r' V(:ry ~ln~dv:r rH.::>t·dldib:~ srru('tUY"-'S q1;,t . td -.H.:Hu;u. Y.\-nm."' 1 t~t4?~a. :~- r.::-:<.1) fw.<:: dr·-~·u:<Ef:d 
d·:n:Lp .in .rrfa}'{:<: ~f;.~nh· · tht.' mah,rl;,tl ~bn: h- e.:dkd "'~<.:h t.ufr~ ff~lm A~'(1pipa :v.;gi m of i~~Jd alo.~ t·>.$lknl 
"[Jl..'Ch:rw.t~:·· Luf th?tt z:rkd i.16'TG, ), 1-'t'::l. 17-1) h:td tht.' f(':-<c.dtin~ f!Wtd']ul 

~11GlWi'('tWtC CfL\HACTEtUWft~_':~ a7 
fb(> :~ggregftie -of tmd fdd::1Jar that 

~t<,•\ (};<>pii duritiM d;,•ritrl;h.-~~tinn !11<1\' tli'Si~tnl: \'et-r 
pat>~rn~ ~tnd tbt:5(' nv:>ri! ~·)rfH> dhtns:~Ion. 

rlgure 51, the turr :>tr=.v:~<n: i.;;; ~n·:.~dr r'?tnftr(•:-;:•t<L 

,,, <' n t ~~~'! l { 1 ~~~ !~r ~·(~~~)~~,~·~iz~:~~·lr~,;~ ~:!~:pi~~ h~~;~ p:tttcrn 
! "<nf'~:ds that •. ,f tht !n tl>:iH't""": 5') 77 

~~:lvt•:::.;;~ior~ nnd fk\:itriti~atkm barf~ marn~d, but 
ebtitdy nh:,'I.<.~Ur61. HH~ tuff ~trucLlrJ.~:-o, t!fh~'<\'H 

w .. J.::r rHH'nll·d murn;n,~t i·v~. On rlw ··Hld" hand. tb'! 
-.:..;~rne an-a ondf'r cr0:o:.:>kd nkol:; (tg. GO) sh-..>\V::: (,nJ: 
~· .:onr:.;-e-g:rahwd tTY~ttti ag"g-rt~~;ltl: \"- ith the tuff 
.-..' n~dur& t=mtirdy vbr;<:ur~d. 

'The '1Ti//:4t d~anH.'ttfriF:tk ~~w: \vidt,..:.fH'l~ad nf 
,[,A';itrifk;Hitsn pnxhct ~t~ that lNhCtt; th(.> g;r•'.l'.\'ih ~Jf 
rlr<J fdd~par and •:rl;;.tuhtllitt• ht."~Wn rtt tht:> 

t'Y· mvt dw w;n\-:;.<: nf rry:ft:al ~tr~;\qh 
{~ CBntrnt Zf>!it' r::f rH::~t,1-!';tir:~titr that fDnn;z ::t 

dark linf:, a~ ilhl~trat~::·d in (Jgure~ 71~7>t. ThL~ n.-p., 
rtserJs tLt i~xioHtk ~tro('tHrt~ nf ZI1 kd ( 1,:<76~ p, 
h6, .1G7) nnd is Wustratd! in the f\'pr-;>d~h;tkm f>f 

<~ dn~wing by Zitkel (t1;;, H3L In tb3 type of 
d<~\ ittHk~:ilkm ~·~td~ nf fn(~ stn~<:tun,! and.:-> a 
rqdka c:!' it dn . .::.sy shan! um~. This 
'ks.1t~•Al has a ruinimum effn·r in ~-- ,_. __ ,"" ~hard 
>') t'i1Ctnre ah L.; .'-bywn ~1 ); [ £>-

f-1f\H,'tUrt• IYid(' 

.. ..: ~~·.-~m di~-l.'&rnlble in 
t''rJrg M<Jrocr-n {tlg', !l~J, 

!n dt.:>vilri!'!t'd trdL;. ;Jnd 
Ptv~:anJn·i:~-1.!1 ._,.e;zh?d tutf 

Ax:oHfk ;;trU("Wt'i~ hr~;:., 

h:f'fl 'A):-::(-'r'V~~d ntd.v in <·i.~'h~H~.)-.v tuB'~+ awl s~:~:m:;. h.~ 
pYOVide ~Xt('ih-'n1 (,;'f"~h-ria ((>r dl~tinj:~df'.hhg l.wt•,v,•n;. 
a.;sh~fbw ~nd a,.;;h-f~~lt ~~d1~, f\;,~":<-<i!A) it ctJu>~ de
n~top !n rn~d tqtf.:-;. ':-'.t3!:~ 26 J hit ha~ fi(lt bet==~l 
,);:=;t•rvtod. 

in :-<:ome tuffs. deYittir;•.:::-ttl_;_En ~n~;pm 

! hr>rvugh \'<;ddin;:{ and u;mpadi!W, nnd HH· 
cr:!{tl}halitc i'ut~rfJ'{IW'th;:> &h(~W t:<.HH~nuit;: 

brw:> -ank~L~ of t: 
h;•.xe irn}>61'tan1 
:><ha:r-d :$tnH't.Ht-e. 
Jh<·nt of f{Yl,btnLr ~md rrLrtd;alH~'; h<H nut 
n:bctFed Hw tuff ~t.rudun:::". 

In flf!'ure 51. the Ult! j,tnwturt; b k~.:::: \YcH defined, 
~. ut i}n;; du~ ~u n<::tr.em{~ :H!'t..'khin;.: dm•in~ .,,·dd
.inp-. !'athm." th~H} t•) thi\J rh·n~kpm.::nt '.l( de:itrirk-<1--

In (!f!LH'(.: 1jn, n vtory ~oar,·u: JtrafrH~fl 

ag_!(r'~':;pt{· o!· t\-!;!;.~,:~r and rd----t•Jhulih~ 

~\f~<~\\'tl HtHh:>r <TH:03"d nh:~·k Ht•">\'>"\'d', oud~'l' nor~ 

dumlmt~.i{):i ,_d rb, ;o:;lf!:~~ nn·;:~. th"t,' tuff i1TtH> 
{:~n:. tdthuu~b g'ft'tlUy mt.::diiitd •turing wddintt, i~ 

h.'t'q~Hi2~hh;. 

Ln t.H.Hnkt Krain-~ In whd> tlwre h:~~ bten (Hr:~ 
')!kte cc:Hap .. ~f. ·whh e1lrmnahuH <}f pnte spEc~:, lmt 

perhaps snm-o re:A:iolution of vo!atiksr tht:l't> ia. a 
~~trN·o; V;\ndeney f<1r :h-t. th~' .. ~ek·pmt:nt o·i t-!.!1 tu1..-'u-m~ 

moHl,v ~:u:arR?' p·ained ngyr<tgute nf fdrl.srn~r a:ncl 
~:rbt<;)i.Jalit0, :n flgon.:s 57, ;)K awl IH aui 62, the 
-<>tr<Jdure in pUJrw:D ;;:tndt!ti ba:-: h~~'L'i; alrt1\.l:':-~ o~m
plt+•ty d~·itruyl:d. 11u! hJl':~. l}t>f'H r;nain~d In th(• t.'n
~·lo'<;fn; shard:<:. 

Thf mo<>t r~.?\'fr•: di:strudl(!n of tutr .;}ttncturcB 
;-;t?(m::s tr.> \;(' th- r~~f'U!t nf tb~~ ~h~~,,-efopnwnt fd Epht.~fU· 
Htc<:, \'<-ith th~:-h~ rad!a~ .aggrq.p:ttJ?:s of f~:ltJspar 1-\tld 
l~d:~tl'J1ml\t(•. [n flgure'.s; (l!i am~ 51_1., rnrlia! g't'1JUPE 

dt<-~tn':;{-d th~ ;.;tructurt• nvtr nNM nt' tlw un;a 
i!lu:•!nitert hut ~malt hm;;.!ih.(f arFar.. retain tuff 
5>trud~Jth~ 

d·e::-;truction of tuff strudurc is 
lltl?S f):}~.i)J. J:n fl$1:tn:e 6;1 a v~ 

qd1~~nthh~ ~Hu:<trated 011 the right {W-d tl 

Bu·ucw:re has df·'>·eJGw>rL In t}4 the ro!"h;t~H~ 
tric- r.ttur.:ture th:u·,t~..~ted::?tlt many ::;;pheruHtcg is 
i!lu::-tt'$'...{•;1 Tb;;~,.: :-~ph•;;ruHtk sti'Ud1-t:r"~t:i dw<'<Skp(:d 
in '"'-'<?ided alff.~ diffijr in m·· •,vjty from th~H~t; oc.;;.'nr-

rh:.·dHk QXtfut,.ive rcR~ks. Tht'?' h1ontity 
(;f ntu;; ht< {!{ ~ttrrnint'~! from gP>:dogk re
l<~tivn:e;. qr indu~bn.·~ 1Jt' m.ateri;,<~,h; of dm<!ir :wigin 
mas mdit:Hh.> a5h~t1nw qrfgin. On the nther hand 

t!ng"iH id th)'dlJtic NWk;j wlth 

L.!tt.>, rv; JoihO\Vn in figure.~ 5-l, 
,;,Lodlt'~ ui frt<:U:}' htHHhf'd~ 1d thfn ~~·'ttions (Yunl 

dithn'nt JUH't::::: nf :tc 'W~;rld im.Htat~~ ihat mo. .. ...;:t ~L-<-h~ 
rt{•\v Ldf:., ;tre t'e:tdilr rct:nJ-::-niz.aU~ lJ,y mean$ of 
thw-:->t;.,."tH.!!l sh.alie:-:. H•:)'<Ve\'~;;c the ivrc}toin,g dt::-~
~·u.Ld~m ~:·f d(~vfta-i.H.-t:ttiun ~lntc.·tm·~~; ludfcatt:.:. ttw.t 
<-l r~ .. ,. rn:1;: han· Ius~ :dt i<.kui !ththk tu.ff thar
sete-l'L->U:~.:s. 

:n .;·tH eont:>idt.t("d the pu~si
iun ~}tnEid dfsh·-oy 5l.H dirt.!t't 

wdd:<·nt't of ori.P:irwt ~t~h ,-:1 n;cture nnd t::.r-("':~. 

t.t'J..t~;n·, ;tl w~~t<:'h <JJnimbr~tc~ (~d}t)l~ >r<i~hH'',t~ 
m~:d m th;;o\ ,.~-~~y. 

:;\r~ngHtdW·d by 

;~, ht'(h· whkh 

St~;:!3h:>;.; Hf tt;->h~t!t.'>\'.' t:iff::<: fnYrn nth&r locaUHes rah:tes 
thF ~p<•::<ti~H~ tF;;..;:~~d hy .\[at;:$.hdL 

U1 h•lph.~-;:.m--:: ;:~·,"ni tn bt~ much h~r-~ s.:nmn~Dn itf 

-.~,'<-kkd tu(f,.;. than in the CO.lTB:<::pomhng t;-Xttmdvt.:: 



~ '! 

~' 2 s.-

~: ~ ~ 
t> ~- -



I, 

~ 

~~ y :; 

,;::; 

" 
-;;:)"" 

-~] ~ 
'~ J:; 

~H 
}.; '1 



~ ~::} 
:~ -::: 

~ -:: 0' 

~~~ '~ 
" 

~~f~ 

Ol 





if, 
<.. 
~ L..... 

'-' 
f~ 

2 
' ± 

q 

.. 

,. 
'" 

, .... ., 
,, 

I' ' ,;_· ""'; ,. 

~'} 
•;; '.t:: .; " 

<f) ,, 

'' ~ ~ ,, 
~ :s .§; 
;::'·~ :;-¢· 



J?> A~H-FLQW TCFF:'S 

,!1!!<--( T·;t· im,-.<dtir .,f ~uh-t1<>',V ma-
tc~'lai,~ ~+;f'Y!~ tn be ('OtnptU'ftU\'ely filY1:, \fH!('l'fCH'>• 

l~:ey ,tr•: t'•,n-~iden .. d tr;-7<,-ttwr wi~h th·:·:::~: r;f i!Jfl..:r· 
A'-'h ~1n>-~·,..: uf tnt<.-~'H1C··di;:~tv 

und{•!' a Vltriety tLO.HHt:;:l, 

.:tn:t<-·~ :!!:, tfJ~1r1t ;Jnf!'>!';t'. lat:tf.;·, :-'.1-

c:·~;k.) tt:-if\ w ~t·rm· reML;k-', traot·~::;.·~-~~. 

r-an: 
lnt~·rm~:.ii,'lh·· <.'(<mp.o.r-.'Lcn ay.• 

:::•·":t·n.t: r~:~.d(,~:", .;:md hhV•.· i1~u< tk-
·:..,.::rrb:d l'r•:m Jap:ln. "U; H.i~:;<, E ~Hhttdbt, 
ArJ~dHi~J~·l, H.us,..,.i.an Anw~da. <kr:d dwr penu: hl'~lH'<· 
i;; :~:tv \Y~~:i·.~.'IT. t:nikd ;·ha~<-:--. :;;r)n:nnens fn>n: 
rh: :dn'<.<! l~)._:a,Ltiu, t•.xt·~-;~A Ei 2nlvadur. 

·f:;::rr-t':' 7H ... s;:;~ 

'':<rf'i'il~·· !1</.•; m~>kd.lil" k~~-~· ~wt~t. d?~ 

L,\. W 1l~i~t:'!h \. lf.Li::~t ft't1n1 Crnh>r Llkc, Urc_, 
! ht:Y Hp-;v "-·· Th~7c 

t (g v:~ :~knt 

.\.~f;~f!,;l~' (,f ~~~u-cmu:.t~tk s:tJ:m 
dn!11<naH~.·;- ;.rb~:'_v. ln ~h~.,~~· ~n'ai:<thte f<:<r 
dt!'- t~n:·),;,\tL•.J<; 1:h:u) n~r·:, The ~dt~ (t>EH:t 

g;;;:;<., Ar.:.t~.'IJ<tw. R>J . .zcec~.ul .-\rn~;:nin. ;:Hhi m•):it 
The " . .-.dF1h"iJ> 

by \\·ey1 1 n(; Hd 
.;i?i~ ~~b~.·'Y ,.\u 11 q( (rnH't.'"- ;n .. ~.; ;;=vf:ms 

k i:~dit·tik ~h,t'. Lb.' ;.da;=:, .... ~~•:~n.!-< vf internh'tl:;:~1y 

.\'tJ\nTH::--i~Jf>B >• h:• pf~~t.t•~tkt.:. (n tTa! ... f tb'.' 
tlt:·J<h,>,...; ~JH· 4hd'd.-.. :-h!".dlikL F'nv ,,( 

(~!!'nh ,h>th ~-,~ 1 f<'>fL th,~ d.>~1ti··~ h~f 

r·;m;d~-d !r,~irhk~;-

Thf· dL .. pltri'ty h-h~\·'~'H tb:< rnicwr.l\ io!T;mi.< 

'!n<i>'r :ht· tnL•ro"'-<>··;>~' ~~nd •n·~ <.'nn\r•{;_.;,ith•n 
!iw .H'nu;l<~·m~~"" n:~•tl.'l·i;:d iu.-..·n dt . ..;tTthul L~r 

dtt' ."o~~·;divd :t!lih?fitl: ~~df·~ fr,;n An.'-\:nt.i!la 
tp :ft}, 'ih~.~..._,;tm~~~lL-·P~>! 

mi...-tw-:uopit: :."!l.nik," •·f t>1h•x 
, " "'t, ~~~~xl,'.- :-<. lc~.:u'"1 .. .::.-t 

t,df:-: ·•f :.Jltt•r·~ 
i:;; "lf~. 

A:"':V.£$U nc AiiH FLOWS tH' CD~:t A 1UCA 

,\ ,)>,:--,.'l'';pt~FH 

L':' ~71;1 

;•; 

'><l;, 

~,;d~ri·'l fh.<~~l-~"- tntt' .... nnn,-d 
d~--·~,ly·~l •,:•:)th \\'illb;'f::s 

~ ~, l' J~H b.f .. , 

<,;.l.t:':. 

\\'i:iian 
tdfm 

:"'-~a:(·... ~dHd:n 

pt:r~:,-li1 L<•.~y-

[n d: ... vu:-.·-i.!~} t b: tdT ~-rH>l of 

1 he ! 195:2, l">;l, 

l.ll.-:khfL;l•k 

lH""lHilH '!JH\. l\·. l!\!1--: 

:.>-'"tnt: ·.f tl•>Ldth ,l ~ i' :i· ~ ,.. o.i 
·.~'-•rld, n~~d edt•"'•'·~ ';':•·:--t J:r::p"r!~i'fit 

lft·~·t>lupmdlt ur t!H.·rn. 

h·H ~.- h~~,n tfi•:Jit iqu,...,.l 1 p. 1 i 
~~ i l l 

:.! ll A .: ··n;r<Lt~ ld< •< 

tb! ;)tbPr h•~r,i: "{'f?"~{ ~-«ti ... ;d•:r:>t:•·n 

r, .. fd'ertn·." for 

r· !•oftin!.:' 

: ,ff "'• 
<~-'"' > ;;! !'•.' 

. ~tHl lL< 
:( tb 
'.h<nl"h tj(dl 

.........-
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uJ \rdJt.•d wti\: Ht tim~ set:om~ to hEt.Vt.:! srgnitk~tnee, 
a.nd for thi~ u:3:-.tm a dln.J.:ll-i~il)n d: kmJ"\!!ll 
'I\:rtinry ~.x:·u~rrm:~e-"' of \'<~Lkd tut1'~ ,\'In !.H· 

\\~1k.<"*nk H.dh:ity h~~ .. t 
iug:c- ~lnH~. and 

K~~o~ 

h~..:·n in\'>J!v~c in that A rcnnpn:;ttltm r;f 
t.een~mlz.td Q('CI.IJTf.mees ..;b;~J'<V a n- ry gft':nt. 

pn:p<)nderance ~:.r tho.s.e in T.,:•rtiary and Pkh~V•t:enr 
time \\ith a n.:nH:tdHlhh: dcc-re.;,~,(~ in thttr numbt-r in 
nkkr ro.:.ki;. Xu doubt thJY rt:cognfti,m wilt ht 
pu~dtnled in many <•f tlkse vJd1Jr n~dH\ bjt_ H-s·:·rt.~ 
l.~ im.'tf~.as.tnv. o::viJencc that d0ta!lt<d stwb:tt',. ba('kt'fi 
by a knuwh:dgu- uf ""'nnrwx'tnt 
n~;:f;~\~ a \n·ldl•i.f.tutT rw~k~ n·ut (H!~~ht 

incn'.a:><ing in
ter'i.'~;t in the geolugk r;,x:·curTt:nt~e of W<::'Jded tuff·~ haF 
k(~ t(} Uw f'{f~;ogn~tion (If fH.:'~"era) Pr-.:·nun:hriar, ot~ 
~·unt:n~:€'s ·vdthin the fJIH~t f~:w ye~r,.:.. .. 

One- (J[ t.h-t ohjecHve-{~ uf tfjc: n.,port hu~ 
bt::t>n to c.~haractt~ristk;-: '":.f \\'ddtd tu!L<, 
~-·)"'"''OJ thf~s:c r•:.ck.s in which tb:rt.: hu,.; b~~n HtU~J" 

rrwdi11tati•)H, <~nd h) l r:h·~: 
intu ttdf.>< \'d:o:-:c vr;g-in 

'Thf ao-

ftatun:.s- \VW ~~~ad ll-f ~dt'ntifh;;~tkm ,,f iur.:n•g::ing 
m:rnh~'r~ nf •A·r~!d:ed<uff oeturrt:mt·es. h1 u~der l'!•i'h,¥ .. , 

llf:EZOZOlC 

Thf Brisbane tutf 0f Aust.J·a.Ha •Jf Tri,;:t.>::.~ic aY,t' h:~:--; 
Rkhttd& ~nd t l9::),j, P-

of tht~ t~ltT \1i~b 
rt:~:t-'[Vf"d 

lh•.:.-;1-:-

\"\dd>!•d hilT"" uf Trbs..~k ~W~! oecut;'} in Inyo (, 
i ':1HL, ttnd ha;;;. ber·n i>tudied by \rHrd Smith, 
t';(><dGgh:.('d Sm·v;z.y (wntten e·::nnmunlcai.hm, 1950}, 
A (' rda•:t.."' .. Hl$; age i~ a$:-:iMtH!d t{J gia.s:-;y '>lldd<-d tuffs 
fr·o~n liont~J.ml, whkh wr.tf:' studwd hr .Ba~·k.&dail~ 
(HJG! I .. \Vt>!de1t tntfs ~tw:Hed hy Solovev { 1950. P~ 
211! frum the .R~:mt..hern Sikhute<tlta l'Pgvm. of Sl
berh.t an• "'d.id w bv l~t~t: Cre:Utti'!oHs Rl'Hl f1arly Ter
tirtry m rt!?~. 

1"ALEOZO!C 

Tuff' depo.sit:i of "Pd~·an" f>tigin hr.:£~ tli~y 
bed fnnu d't.P O.rd(•v:d~in nf Snov.:don in Wate~ 
.fJn.iytk< and (;retn!_! ( liJt)5}. and by Willitnth 

( Ur27L ()!iv<;?t \ Hl5·H b;~:; destrihNf nnd. 
,_,x~:elhmt ifh:·Htatir.ms of "v,·ehi~d adf~" in tb: 
•if ... _,trt.v. EB.}!!and .and in \Vates . 

•,d (<H?-ic~c Hi;; :llH,"tr"tion;.-: 
rt"!tt:io!i$ tha.t ch<ffat!";:vru.~ 

of the 
tuffs. 

::~.,m{· td Uw .... ~ ~!Jt>\V .a lnrge prOJh;~·tit>tJ uf hm.dikt· 
an:n·- >n:tb u'nrs~j-g-rairwd dt>rltri1kat.ion p:radud~, 
dea 'ly r-:pr(;'::<enLng ~tr?-a& t.hat were urigltw:lr 
pumi~:e, 

Kn:< UD0;:{} h~l;-; :·Hudkd VG1('".ank nlnl<'"dai~ that 
OC;'Ur H! drill C0l'('f1 fr<tnt .a deep We-!1 f4.000 fei:t) in 

Cii:wh CouHty. :;o;.r!.ht>a;;tt:rn GGorgia. One iv .. wlton 
lr! tbt wen !.:) ~:haracterl:~nt b;'t wtdd~d-tutf fra~:J;v 
H";l.·nrs relfft':::=~~nting mat~~rirds derivt'fl .from s:om" 

wddt'>.J :~nd de\·ltrified tlrtr !J1.HJ~.,.-, AlFJ\'t' 
th~t ah<A;tt :1;) feel nf nuder{ at ,,·hkh w:~~ u:r_ig;. 
lJ.rtLy n ~<br;:!y '"l:'itk·d tuif th~it ha:.;.: bt!f..m rq;]ae•?d G:.v 
Ia • ..nw .. :!:Itc App!tn t l9fi1~ co-w:ludes, that 
th;!Y.: tuffs. a..re pr~>"babfy of Voi-
.;:..;.u:u· uwt~ria!~ ar~1 

Gt~PrU'l~t. ;md Florld~1, ~lnri tujfs ~\'.iU probably 
he re;:(;J.~tlilabk !~j utf.er h~.:aJihes. uf the 

\\'(:J-'1 { t!J£1,lh, p. 2:t{, 2~H bn.a .c~.mi'idered po~si» 

tdlhy nf '.vt··kkd tuff> in Ct:•ntta1 Em·otA!' and $l..l:ys. 

!'~Jt t"' 
t.hi'J: 

l\""1 ; t:~h)ll t.•:' ;1;; ;~n(l ''ib:wiplli'tH 

t!~;;-;; -r,., p•;rh~q • .;. ·~l<n•l.<;~h<P<'d Hi thP 
:-.t•1:., .. .,, &n·d ,:~m!ihmwnd•th ~)t t!w 

t>.:e:dt•J; 

;Wk:','l"ld~~;·l Jt; th.8 ~·r!htt~: tn!:~>l<t.AhE• \,f {fE?!'m<ift)' f ,_·,~n 
'<:dk4 nU.<!ntl!.>r< t·.J t..<Jfftt d ~hfs f<)'o!i.dil m lhc 

~nd<1•h.• 

\.\ <"< c.::~..Hf: attention to the ;'.tr-eake-d textur-~. 
t.::...>~Jr~~.r>: t.L dding-, pJatdikt.: joiuting, and poQr!y ddin
dttuJ ~,:..ratitkaUor: H1 the tuff~ of th~ ~inrmheid,• 

and Kickr!fwhn H~~ has rd.•.;.o 
tbe porphyry tuffs the~ Black Fore..~t 

~tnd Ode!1 fnre:st that su~ge.st d€rivation from flows. 
~un·~ rwti.f•Htt.>:; \'> !.;'r~ mt..ntio.ntd in connet:tiol1 vdth 
tfa~ ori~d.n Tr<.u_:s ln DrohHaL 

PRECAM.Il'ltiAN 

fV.rk:"- of Ptel.:an:hdan nge th~~i retain -t"'Yiden~:~:- (d 
-x~.*V-;>dAutl odtin are ~yf .Frw 
'hi~ rq~~~m Hwl~n(.~J'.~n ~nd !, l9IH, HHiG) 
h~1o\\:: miidt :m nut.-.t.anding tflntr~butiott in nn:s£'ni. 
ing the l1rht tH:ar~cot cddenee ol ignimh~""it('s of 
P:ref~trnt•r!tu1 <lge ftom th~ Anti~Atk13 tegi<m (.tf 

)1mT•c:cu.. The 
Y:ntHi hy th~:-:e 

Ihri-frnhsus-=.m f lfJf,5 1 ha? g>i':(•tt dd~dkd d~..'S{'drl:- ,-. .fnH:t':.tr·f:c .. ,yf l{;;;qb:duo th0 

nf these rw~k-6. lit>n~. nf \\'dd~:d L~ff~ fn·m 1.h~ kt-\Vf<r C~i.rVmiffrtHJs 

-
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Z1o11es a11d Zo11al 
V ariati<)t1S in 

\Velded Ash Flovvs 
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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY 
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SHORTER CO\TR!B\'Tf0\;3 TO CEi<L~{ \L GEnU~~y 

ZOXES }~._>.;D ZOXAL Y.\RL\TJU'i'i p; WELDED ASH FLOWS 

Hy 

AH.'fiTH,\.~'"f 

'{\\ lJJr,·<l rq(f~ 11h? (i-<.'~><{~,1;{~·'<~ H·' tl•>'i«'i, 
~><t:w~ :·~~r<•d.;o:<tk n,,,J:;-• r~H-··h. ai~·iH.:::> 

' 
11·>w> IJ;.'I'> ;,~· nh~>l!l•'Ht .~~ ar:) 

i'fllJ•~ll>l1 i·•mp<'t'<i!•<r•' Thu,:.(' ::h<>'>~· ~;; U:l.~UiB;:nu 
-;bnw .t~~y ~n;d 11~\ •l<>~>··~·,: 11( Wdt;;n~ 

yrl<ft>-'<J, 

<i( ~k~!x,> 

w·'ltlhl;.: lmq: lH•t•vr <W.d io-;n•::- f~)CUJt<>:qmr~.?: 

'""~·lh'-'lt .. r •:,·~-hl<.N1 'l"'H th~""' tJ!tq rvoUt ~~) :l.h•Nro: n;ar. 
('t•.<J~t >'<>l~Hd<-t,•l}' 

lhf> ~nfi.f>l l•l<tt<•nH pr,<11tc·,:d 
bJ •t.·~U\~;~ •J! :ti>U~~; n_t;,t! ~~ ~tt 

l'f ·k~p;-~ 
Thr~'t• N'tw.Jpul n·•·~·'l( n;r:::oi.aiH.:w.tiH> H~~~ tak<· 

lJt>: 1~11 (><•<:•liN? hbU>ty "'~' r'*'"~'~dt:~·•L Tll~~· b 
<i?Wfto;f ... r ........ ,·u1"n~lw~·, ;u·~· <ff'¥hrill<'~1U<m 
(\~alk>U, >,tt~•1 Gffll:tl<.'f'by:d"• ;.·t.r~t.:>tlh:t:::tli<·;~. _.;,,.,r n,t >1< tU.d~ 
fntri-,~~ ;,'< •-<~~hHP<~~ U> m<~:;:l, r.fS"h!lbw-1 Wf'~!k•l H;1!-.; ,-;~<~l f':'~* 

rd <:·c>~F·•..:nd <..<.<~J1~::.; mdl~ bte i>lit'f><l.t'~H« 
~,·d<?~<i':F'~· .;j' lf l~?;!<;~h~ (}(•~t ~H:l\1;:, the 

f! ,.,,.~~d lU!W·~H<>d~f'tjihlc' 

fd~'n l~ !!'•'f,,uud ~onJ':J<>Hr<' (t>l 

\'•'"! }w1 <~lH~!i, f;('-

~-~';g ..;:,,~w l·~~ 

Af.>flll;r •'!ttu•~~$,~ 

h<>rh>r-.>tn) 
<nllf' lw tti{fj, tlH t.<J 

!.YHhHlrCTH~\ 

()f' WON 

i·~*"d 
~tddH~ tnth !taVf> IV~> 

•vr.tlrir ~rF•;'ft riC Hw "'-''~"'<~' ~>( dl>~lJi't> ~n•i(Hn~ ~•<d ~~rh,d pt}.':l;i f ~-

!i"~"Jdw~ i1>< rtJ..."1x!m'{.m d:~·...-~>h:>1'1t:>'$.<tt. 

w~·!~HH~ wtn'rc h not 1-n~en 

!wrH rrf fb.· c<bA.'t,;..., th>"Y nnv 
to Uw p·"h~.:~~'~~ c~~ b~~>.:~J~Wt f~f1J:.$lon~ ~ttd r;q•:~r 

F,1m~rdk ~ L1·i}' :~re~l fd ~~wr.:;drm mf!r h~ f>HHH1 1n H~·: !H\1'>t't' Vtl:lr< ~d' W• w<'h!hW-
Sh%~f? ~1m·''"' nwr ~-q,J t<:Hlt Hr,~ t<'•:-amd.<'>!t ~,c {~ 

~·Mk<'tt M AHH't;, 'Tl;i,.; H iiilt~tra~<~~l ~m! 4••-o:rriiH'<-i 
t.«>th fd~ ithi':i"' <?bf'>~li!' rHlJ~t1n ;1ti'l&-".~v q;nd 'bt- t:h«S~ hf 
whkh <:rJ:.-talh~tt1t~n h<l<> '>('1'1HTI'{! Th·..:~· n.v.~·,. ;!IT<• r·ath<J 

Ntd~fS.£1 ~Ni~·1< 
:~~i-tl.) ~"'h duW'1, •vmrfJt~v.,;J: qrd.eldy •'rl<>U~h h) l~rv.!;re 

r•ft~Hn;;: x:;nl> 'bdwe~h !1d><.::K ~y.-JH ft•.rm n ~mel:: •A tl:~!W'< HuH 
il\M\ .J.:~nl f!J. furm d<€- ~;·m~l jHHt~; nf ft l<implf'> ('N>ii.b;t 
n~~· l','"l~m. OT h±Mt:>);:,C.5>, h•:~ t{'!Jk~ tr.ardh~o;, ffi~.:;' ~'tm(,;t):~ t:Jt 

•·t>!>.::<it<t uf {W~<d,'» l~('dT~. ftnw v.u!to<'~'* t'l)W<}r.kM ~·d:rA 
'>f "-\'$H'T. py;r(~d~Mk HHi~Brl:i!, {)b;r- ~jqw,;l~t~, •!r tni!1M." 

rHtf'i/Hh~twtW)""
.cf<Olh~q N?afil' <'1mv~l'<1 f\f 1'1:~tltip~•· ~flW' un!H \\'~~h 

->fhibt>t> lWd .-.:hkh .i>h~·W Wtwl l~H!Jl'll!~ 
tkn ·~i"rmrt: f:n•tu }><'IU<·rt'=& •ff Hu· 1<Irl;l1lr~ et~•lh~;t lHllli,~ 

!;qk nt' no n~'i!mbla!W~ t<!') th~ ori:.;thHtl 
fnate.riil1:"· ~·f tht:• ~~dt lb'>vS, "Dh~%;~ '>"<id~$dutl.~ aro t:nhft.! 
~HA '3h<Hr of t nuu;lt irms 
Lr•th n.wt uniform at<oh flow-s 
·.-:}Aid~ hlv.-=,. ha.J ;q·~ OH•:I.'< 

pM!~~iU ~J{ tod-
;l!g l<Hh:-. N't\~.tr•:63 ~~an t.o{j m.ade: in ntw-r-
--~1;lt }J~Hkt~~l~ :FJ ~!tf.}n:' ~:omp1t'~ dt·poolt#, 

H~ 



Il),l cr_,,,-r1':i?~;cn(,_ss 1'0 c.r:ut.nA-1, -(;:~--<>WGY 

<P<v-nrtt.;~<·t~ ~~ 

rn:-~rb·t· fwds ~:nnwt !J,,, 

r bdr p~J"'."\i\~lf• 
<tHl (!;.Cif·'6 •"!i'~k:!' !"', 'H ~?dn~;{>f:t<\l'Y lH•d ~<;hct 

The ptt'%Ufation di:l-;!r~;,rn-; •d!h·.ut 
t1u:.·unw-..:nf1%thm ktt':P< .\1·'" t'mrh 

lH'~v 

rnttst lo<:·~lh~ rd.).H\~f. sp;via~ 
In ddnitv of ~n.t:",-:'r u;t~ra!ion 

f>J 1'1-.h~tr ..,,,n nh"''''" 
t-WO "l<f' mtn'i'' a;h ~!uwY~ ';dth ~H' whbm~ 
"£r--fd1 tlt'dlii: or othw .n:illJ <::ombine to fonn 

Di W!·::!J'>EI~ !)i 

\\ FUH'\t~ 

i]>;;_'~~:j i:t:j~:~~'!·:~:;l ~:~:,~ (~~~~:~ 
welding lnnrr::~r·;v~~n··. \V .. J,t. 

h:;' ~n '~v'"~r:~ 
Y"nn:.~ v~ t fri•':'h t:~h·~l-:y t11th 

~~:; ::~:\:::-r. f~;:~~ t::;i~e~;,::~;;•~1:;10: h~~~; ~~1;::~.~\. , lf• 1 1·~flll :tt~l v 

l"tne·p <>lh(•r h·n~'f< lA lJ1durHvm nn.Y <:':~~·)""t' d:ti~ ocwk 
10 ~.l nt~\J<W?t, 

1\'lH,n· flH· ~Ht!thdl~tB: J..et">Yhd~ [t6nwd~I~·d tmd ln 
1\ip~l·n;J~t, w,•Lh•d h1tl '!;;. n~wt~f.-:..~m·y. rlw ht•uf,~ta·,-;,· ~L-rmld 

lH.'- plrk'<~(l •~l? vr d·1~t< t(~, thM p<>lnr whHF ~1\•f.urrua-:dn~l 
rA }!h'>.'"_<.: ftH,l{l1V~nts b:._:tfnl!..-'X \'itiihh•. !Jt->fotm:Hinr~ of 

md f:ln.:t•d:--, fiF• pns:idn> 
hn ,., (:t•y;,;.t~l.i, 

~u mu·M 
fr-:?>~n~~"n1;s 

lk~~~.ma·-" vhlH~·1 b~;:-~W:S~} 1he de-fonnr~h<xu ~c:t&mt•;tr.ying 
w'•l•-Hhg ii r>'!nt<J~.i to lid1o::~ .. L0!i.t lnH-d pt(•«v 
~'!H'f:r ''~P~.,-bUy nt 

1o.;Jtk·d in m~~t tHfrs 
(') ft~'N L(.•t <W <H n:•,o::-i!. ;f, f.t''\1:: tN~Pi 0 r r~~~w 

Eva'i th.;:c sllb:rn ~ F~?nn~Jl'\ 1\H-8, n. b-~~-~ L, t hf>!'<F- col· 
mnn:tr·foir~ted~ ' hm Yr•ry por·~tb 
tufts .. ,..,.. bkh MY.< 1<1 

it~:j~;~tr~~·t~~~;·~~~~:%::~)~ :!·~;~:~~.r~~! Tt/:~ t~~:1;-::~.r ~1 1~ ~;-::~:1 ;!, 
k·nt!y :v'-hk•(l 1>(>-f{)!'(: they sr-~·firnmti 

·"'F"' i!''\.')~, !ll'd H!lrh·r ~h·• 

~!<~d 

Fi:n1f·W~"t111W1llf'>:~-,~E ti•<:'p,•ndir•;:; (,t~ thrb~ 

~u ~hH ple,tH~ ·nf 
u~~uaHy ir1 the 

front h::$." :~; i"··A t~ nl.a.:timu.ru tlf 
f(•w fe;;!L ~\Lh :mt5:. fh!<X<~;re :m1ght lw r-~lau~-d to 

ht~'\,~d kmoumphy. ~·~tr-th tr)<").\VWI."!ll/; durln;;t \'\'t*ldlng~ 

~~n\~ m~rt'-' r~tn:ly, migLt h-' ~)r gn~r.~ttr 
nn-$;,-''Hit nd(~. 

CRYSTALUZ.~. rtO:'\ 

Ct}:'Aa1Jlzali<"JL ·A 1he g:h~~~ t:tkr-:- phH~e i.n many ash 
f~<'lWti :'<HL::--~~(j_tlt•llt h, f_>'t !>etb:~p;..; i~: fMrt ~~yt:::;htt\'>!i(:Hl:>i! 
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