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Tkr: 31rLsh'.o Islasd Ultrsbasic Coqlex e t h  n n b s  

on related aroas in southeorkern Alas1= 4 

Tne Blsca&e Island cosqlex dcearibed in detail and two okher onnplexcs 

t r o a b d  briezly a r e  3 of a t  leact 8 well-defined ultrabaaio intrusive naases in 

o o u t h o a s b r n  Alaska, each of which contuins all or parts of a genetioally raleted 

sequenoe of basic to ultrabasia rooks inclu&iae dunite, pyroxenite , hnrnbleadf t o ,  , 

and eabbro with gradational facies and ninor variants. Theoa oamplexes are e;l- 

placed in a Variety of t o r r a b a ,  including both Bleozoio and U s o z o i c  rooks, a l l  

of vrhioh have undergone deformktion and i@euus intrusion during a la% Juras6ie 

nr crarly CreQceous orogeny c u b L n a t i q  13 tho enplaoemant of tho Coast Pange 

bntholZth., The ulfrabasio intruslo:=; arc ci)rrol&od PCJtb the e a r l i o s t  phases of 

intrusive aot iv i ty  and anted~.ta -:>.. ..are - : ~ c l a  snd alkalie i n t m s i a n s .  

Tho Blashlre Island aon$~:: ..;. i t s  " s ,;.L-;: airaulcr coro of  dunitb 6,000 

feet tn 9,000 fee t  i n  d i ~ - , s t e r  encSrcled ..,>? a ria;; . -' olPPim augdtite from a f e ~  

hundred ta 1,500 f eo t  +;;-lit*, o;;tc,ilc ..: W- ..,-.. ' -'- I s  a nearly o~zcplote ring of gabbro, 

l oca l ly  sbcsn-t: and rari;ing G.i ;,--.j fi.--; 7;ide. 

u o s t  of the dunita G O r 6  co~it;i.?s only c k r ) d t c  and oliviso as p r i ~ r y  _shase~. 

gear tlle margb a u g i h  is present 36 a I.&*& ~fz"12,y phase an6 'iho rack passes into 

augi2;e d u u t e  or wehrllte. The olfvlm z o ~ G 9 " , ~ &  r i a z  ooaA&irls ~ssontially only 

au(;ite and ol iv ine ,  but near I t s  nutor mt;is. n 1i*le at=urthi*Yo tint? hornblenhc 

are present aparadioally as I n k  pr- p!=xes. Tho gabbro i s  kro,wlar 5.n eon- 

p o s i t i o n  and bxture, hi* t c ~ , i s  $6 p x s  f r a z  a=. oliVim-cugite gaY;75ra mar its iC.mr 

contact  vtith olivine a u t i t l t o  Lr.-L;: E. h o r ~ b l o n d e  eabbro new tho a u t e r  nnrgina rrhero 

It is wide. 

Well-defined dikes up t o  a f o o t  Nide sf ~ u g i b  dunlte and 'r~eehrlito cut both 

the dunih and the olivine auzitiL& &nd t h in  d u e s  of a u g i t i t e  out r ~ r ~ i m l  posts 

of t h e  dunite oore. 



Z U S E ~ B  a d  well-defined &ikes of coarse pb3rnic p a ~ & t i t e  oonsisting o f  oaaree 

aaorthita,  augite, o l i v i n e ,  horn%lsnde, a s d  aooessnries. 

A p o u p  of likes, here called boerb.bnoUto, ranging frum n l i d n e  gabbro to hrlA-n- 

blendits in aomposition and akrnoterized by kplitio texture, out t!x~ olivine augi- 

tib and gabbra. Inalusione uf oauntry rook Jn the a l i t ine  augikite asd gakbro 

correspond aloaely t o  t h e  harnblondo boerbaahik dikes i n  texture and oanpositiorr. 

One unusual dike-lLke rook, cross-ouei- olivine augitite and assnointed with 

bearbachite dikes, cunsists i5inlY o f  diopsidio  rtuglte and andradike garnet. 

l'fithih a couple of thousand h o t  of the complex there are a number of dilres 

and irregular raasses of  gabbro similar tu t!+A in the  complex. The oountry rocks 

throughouk the i a laade  are also cut *I;r nw.i~rr;~: d i ' a s  o f  gabbroia ko andesitio con- 

.position, gemrally with porphyrltlr: .ad .._;>L2~lc or diabasio textures thak are meLk- 

norphnsod by ana antedab t he  coza?L.;.. I;;,:- dikoa of andesite..b.basalt m~lophyre 

out the c a q l e x  and we oorro lakt  ;:'. A 5 . . . ~ r y  L - 2 s  in tho region. 

The country rocks invaded by tL ccz; -;-t: C O i l S i - ~  ,U + lamer and middle Ordovi- 

elan graywaoke, m d  conglomerate, =:c e lo-:iar S i l u r i a ;  -a%uuome containing rmroh 

oonelomarate , gramclre, olata,  S O E ~  ,iPOs'~oli~, and muoh aades i t io  pyroclastia 

mnhrfal. A younger Siluriatl sequcnoc tLk.': i s  largely l k e s t o n o  is u n e o n f o ~ b l a  

with the older rooks u d  outcrops k t  the nn,-th erid of -Lb i s l a z d s  over n froa 

tho cnniplex. All the Ordovioica rocks an6 the rc~ok,r of the 1r;ysr Siluriaa sequsnco 

undermont law grade regiotzal matamorpMn and snlts fo ld ing  boZ323 t h  lpxinz down 

of the younger Silurian rockeo EiliCyUn 1W foe% or  nore of tho c o q l o x  a l l  country 

rocks irreepe~t ive  or' o r i g L ~ 1  aozpositin~ have beea cnnvertod iata gran;ll.ite of  

tanoe from the complex a& b o o n a s  acl~ligi5le r.%thin several huadred to a thousaiid 

feet .  

The oonkote  bc-=iriraen the several -ock units o f  the complex &nd b o b e n  the 

oomplex and surrounding racks are i r repler  i n  detail but essentially otoop, T b  
I 



o c q l e x  i c  a tenrly cyliadrical pluz, jut m-y 'an passed in+o a C o r n - l i k e  stp.10- 

tW-0 a shofu distnnco above the 2rasea-t l o r o l  of ox2oaure. The encloeicg rocks 

a have been f v l l c d  regionally a d  aye p c d  oof a r a j o r  strr;c"cure oal lod the Xashomrnf 

n n t i c l i m r i u m .  Tho otaqlex i s  strocgly tras~ress lve ,  outking across structures 

i n  the enclosing rocks, but also has had a do~Lng or uiwarddragpiag eff'eet on the 
4 

enclosing rucks. Osdovioiaa rooks crop 'out around the oonplex a ~ l d  not elskr'Ihere 

l a  t h e  KRshemrof antiol&orium. A system o f  north t o  northrest-trending f a u l t c  

of Tertinry age ou ts  t he  oomplex w d  onclosing racks. Ten to 20 f e a t  of post- 

elaoial uplift is reaorded by ra i sed  banks of 1Sgni%io mud cnntaintng narino shells. 

The oolrposition of the rainorals conprisirg the principal phases i n  -the o m -  
N 

plox have been debmined throughout -the o c q . ; ; ' , ; ~  '23.' cazcu:-emnt of o p t i o ~ l  proper- 

t i e s  and oomparison w i t h  published =;::-elt ;Lsz of optics', groperties and ohezical 

All tho mineral cn~ponsnts 0," L:. . on. -dl-:: c b g e  systsretioally i n  oomposition 

from %he core of the ~ O r a p l 6 ~  oun.r,--i. 01-v-.-; =--., fron TogoFalo in d u t e  to 
e i. - & , - Z -  Fa51Fa49 in granulitized COG:*:;- - ..,-, -,- -3, hypa;-:-->~ne, hornblonde, and bia- 

tito tend t o  beoune J-icksr ia Iroa :i*Lth k s r ~ c s i n g  d i s i m o e  I;-()= t h e  core of the 

oompler. Plagioclano ohrnge~ frm >*'t..;ssL -;;, Lntemediate -CG sndio pla,-ioolase 

i n  outer parts o f  t h e  gabbro r i n ~  CLC! ia ~lw:- ;L  c x z t r y  rocks, ?~-LG a b g e  in er,oh 

isonarphous series is t o m d  +ha t*ef--.--.s~,-- azL :.;.t'3ar mi* igcj-ozsiq C i s -  

tanoe from f he oare of the ooa2la=. ., s y c k a t i c  ttnri~~-ar; in cnn?ositio.? of min- 

eral pbnsas related to s systemtic,  ,on-c=:*c-l;lforn arrangordz.5 of ;;cnotically Fe- 

l a t e d  rook u n i t s  i s  hepc- - corn2  C ~ ~ ~ , W L Z  Z C : ~ . , ; ,  

analy~es of ouLY1yi.n~; dike6 WE givaz. Tbc Ai.iY:L GL s o b s  w e  given and %he 

analyses are plokked .un vzrizt5cr. z~;=azc e "-s'"" . .c.~*r diagran. U?wesia is 

s- to deorasso regularly ,,.Y:- tf- . o m  ;A' t i W  car.- _SX uu5a-a-d. Use i s  at a 

maximun In -cbe al lpine nugitl-i., .-a; ,ad Lccrsases i::~:~:'c aa& oubfaxd. Iron i s  

nearly shbl l ;  ih tenor tkror;;;?. r ; zk  (2 th;l COL-sa elf variation. Alumina i s  vir- 

t;uallg negl ig ib le  i n  the periLot:tlcAroolc ;;id beowroc a rz.l:tivaly o k b l e  major 



conpoaozt IG ttcr fe l t c~a tkdo  rocks. Alkrlis ore ebeoct in the  ppcriantites acd 

subordista in the feldspatkic roola but iaoroose oub7~rd .  Correlative vnria- 

fionn are shooan for d n n r  coapononts. A m j n r  b r e d  ia a h e ~ c a l  relafinl.shfps 

exist betweon the feldspnthio and tho perido%itlc rooks, mably aning to t b  

presenco of alumina as a major oonqonent  in tho formsr, wherc it substitutes b 

part far s i l ioa,  and i t s  abaanoe ki th lattor. 

Rypathe wes nf orig5.n of cnnaentrioally zomd ultrabar So oomplexec invol*ng 
and 

oeparate s o l i d ,  semi-solidAzaptic in trus iau ,  ring d i b  meohanlsms, Loformatian 

of stratifom differentiated bodies, crystal set'cl5~1iag and oarnation, and mots- 

sonutism are shown to 'be inoonsisten+ with obsorved relationships. A h  hypothe~is  

is advooated by tho author, ZnvolvLng the int-wsioa of an ultrabasia magma of t h e  

onmposition of Umhrllte plus tom mL&r atid nkhr volatiles at a temperakre abom 

1,000~0. This  m a p  mod not be eatirely l iqu id  but may oonsist of aolld for-  

s t o r i t i o  o l i v i n e  oryetala suspended 11; am :r mre f l u i d  phzses. Upun intrusion 

into ooblor ma more s i l i o i c  elld al 'z l io  r x l z  o taporoture m d  oonoentmtion 

gradient l a  set up bekeen p?ag=-= a i  ;urr:c,.--~;s. Trans:er of ohedaa l  onnpon- 

ezta  is supposod t c r  W e  plat; aloa, .,;lie +::,L,,;;, Xeasoas wc admood for 

suppoainp, that, at the probable tonporak;r~s a32 pr;;-r.:Js provsiling, a gco 7hasc 
. ,  .: c -  - 

egoapes the mgsa errd permates the W=~OL::C~ZS ~ 4 c k .  T~G... t h o  close of cryskcii- 

lization the l iquid  phase i q , r  &isap?ce ff,-o? -tks ~ w l y  orys-~;L;Lieed -pi c d  

only a supercritioal gas a b s e  r a z i c  perzontlcg in-kkrp;roula,- s>noee in a11 the 

raoks. If I s  sugeested thnt rates of d i f l 2cPnn  w e  rapid i n  LQ z:-.;e.ous Fat above > 
- -... *.. ,C 

critical temperature and preswe fol- puro ?:;tor, and that large scclo  trancfo? 

of ohemioal onmpanents taker  plnce by Liff~zfns is suah a medium. It i~ also 
'1 

suggested that if the origins1 is o>=r:=kuratod vdth moter and other vola- 

t i l e s  there dl1 be an outrrard &&ration of f k 1 C s  -tat7ard regioni o f  lmer sapor 

preesure xiere the mag% is 1rrsir.g heC~ LULL X r i s  novw-eat uf f lu ids  -11 oauso a 

i' along the tenperatwe and conoentraL,:oa gr~L1,;~ ';=.: G ' ~ O V ~  methods, or perha?~ 



by oyno; r o o u s c e s  udmtwn to t h o  author ,  i s  t o  b r i n ~  tho mn,ga-body t o  a qunei 

steady-st&&& in which o l io ice  i s  stcble i n  tho hot care of the mss ant ary~tnl- 

llzes out-mrd w i t h  cool ing,  x'nile a u g i b  boouzes t h e  stable phase a t  t h o  cooler 

rnar~iner of the magma iody, wharo the cnncoatratimn of lime snt silioa is hieher, 

,and crystollizot inward, rspl~cing orixly-fcrmed olivinv.  Heat exchon~e, ozm- 

ation* of  vulatiles, and outward migration o f  lima and magnesia gabbrnize t h e  sur- 

r o w ~ d i x  rooks and looal2y conmrt quantities o f  it 5n*n f l u i d  gabhro m o p  t h a t  

r e s o l i d i f i e s  t o  f[)m the gabbro r i n g  of  the complex. T b  origln o f  minor rock 

f a c i e s  and relationships are developed i n  d e t a i l  based nd the above explanation 

of t h e  majar relationi~hips, and the o r i g i n  of  an ultrabasio magme is  dlsaus~ed.  

Beerbaohite dike rocks aro attributed to tile decomposition and mobi l i za t ion  o f  

inclu~ions of Snkh sedimentary nr;d t o l c a n i c  oauntry rook. 

A l l  of && elivfne-bearing roc;:; hat6 been psrtially seqentinized. Serpen- 

t M z a t i u n  is  show^^ t o  have beet e volurr.t far volume replocenont  i n  kvn o r  rnoro 

s t a c e s  that fnuk plaoe e n t i r e l y  su3c.,quer~.; t o  the enplaoenen?: o f  the complex. 

The i n i t i a l l y  f u m e d  earpentine i s  s.ubwn t o  be iron-bearing and a study of analyses 

of serpentidzed p e r i d o t i t e s  inCictte3 t'.w.$ t h s  combined iron i s  in the ferrio 

a t a t e  e u b s f i t u t i n g  i n  part  f o r  s i l i c o n  r*s v s e l l  as magnesium. Part of tb ioforrous 

i r o n  o r i g i n a l l y  presen* in o l i v i n e  is released as magnetite. Equilibrium dsto 

on irrrn oxides and water suggest thhk the oxidctimn o f  iron during sorpentinizs- 

t 5 . u ~  is e f f e c t e d  by oxygen from t h e  dissociatioa of water. %old and potrographia 

evidence suggest  but do n o t  prove t > ~ k  t k a  in i t ia l  stages o f  ssrpentinixatlnn arc 

n o t  r o l a t c d  to t h e  weathered p r o r i i ~  or  to nvccuos of later hydrnthermal ur  round- 

w a t e r  attaok but are  deuteric oad t k t  a l ~ t c r  ctsge i s  related t o  weathering. 

The regional d i s t r i b u t i o r ;  of tlsrcbh. .. 3 i;~:..: Li):: in Alaska and rrestern 

Canada is sumnarized. The in t rcr l i ;~ arc found =o 1';:; i n t o  ,:rnups r e l a t ed  t o  

several periods o f  diastrophism anc 2lutaLc invasion. Areally the u l t r n b a s i o  

masses are grouped near Ule roof zones u f  bc tho l i t h io  nassss of dinrff fa fo grau-  

tio oomposltion, b u t  t h e  u l t r a b a s i c  intrusions antedah t h e  b a t h , l i t k o  r o ~ l ~ ~ .  



3 u x + & ~ ~ s  i Sr fi I n) 88eh9 a d  $ins inlica$os t&f the ultrabasLc f ntrusi on8 aad 

t h e  5n+.i.:llithr; zrrn c:,rzon cro luc tc  or' a pct;ogonstio oycle, but the  u l t r S a s i c  

rocks aro uiqlaccd nhsnd of art &bow t h e  ' s a tho l i thn  and %here 1s no ovidonoa 

t k a t  car be oSse-~od fn the f i e ld ,  eside iron mere jrz-.taposifiua, for differ- 

ent iat ion  frnni a coraun ap, Tho ultrab~~ic in t r i i r j iona and t he  b a t h o l i t h s  

are probably dorived f r n m  g u i b  dLfi'er6nt ssurooa 2uri.x tbo diastrnphio procass. 

Thy are oomon proeuotu of  a prooero, not: a 

The petrology a d  r.truohre of the Ii%-G ?oak complex on Upreanof Island 

i e  briefly desoribed. 1% I s  sho17il tc) be 2 2clrLol-shaped body w i t h  inward dip- 

ping confaets belxeon rook units, but the SeqrlCr-CQ of rock units f ro=  t h e  oar8 

nuhard is similar f a  t h e  BlackLa Zaland cofipltix. Som irbservations nP the 

Unun* Burnett oomplex On C l ~ v e l s s C  k n ~ a s ~ i . .  A;-@ su-zized, indiaating that 

although the oomplex is s L z i 1 e  ktc; the BZ~s l iLq  faland aom;lrx I n  the sequewe 

end relationships of rock units ,  ~t p u s a d  i n k ;  an elongated dome o r  o t abu la r  

mass taward i t s  weste- s end where t h e  dunr-ke c o ~ k  is n v e r l ~ i n  by cjli-rine augitite 

~ n d  gabbro. In t h e  Xane mak co=?ie:; the b l . ~ ~ ~ d l C  4dgStite &r6 other ozter zones 

d ip  beneath Che duniix oore. L- p f t c  of 'i~i6 zoun~ 5i;raot.t c o z ~ l ~ x  the a u b r  

zonos overlie the  &unite core. These re l s~ lossh ips  are Sost ex;la:ned by a 

prooess of differentiation, such as that t=-c~?ced for the Blashk~ i c l u d  oamplex, 

thot i s  independent t o  a consldor&>+5lc deer60 o f  t h e  att itude nn& struature of 

the oumplex rznd i t s  contacts w i t h  enolosin~ rocks. 



R .- Ice .::r.c?..sc ;c lnr .k and t h e  o t h e r  arons ~ i t b  which % h i ~  report mialy Coals 

&re located. i:: st~~thoasfor:: Alas:= (fiE. 1, p. 8). The B l a s b  Islands aro a 

small c lucter  of irlots bolon~ing to t h e  Kashevarof group in Clarence Strait at 

the junction of St iune  S t r a i t  a d  &shovarof Passage near the north end of  Trince 

of Tales Irlmd, lal. 56'  0 7 V .  loag. 132' 5 4 V .  The Blashke Islands are 72 files 

N.43'T. o f  K e t o h l ~  and 51 n i l s a  S.41TT. tbf iVrangol1. The etbr areas that o r i l l  

be desoribed briefly sre  h e  Peak near Capo Strait on Frederiak Sound, 13 niles 

N.28V. of Petersburg, fat. 56. S9tN. long. 133. OSl'JP,, and U~unt Burnett an Clove- 

land Peninsula, 36 mlles B. 3497, of btchikan, lat. 55. 47'rj. long. 132" OB1m. 

Southeastern Uask i s  a deeply d i s sec ted  mnuntalinous area i n  a stage apprux- 

Zmating late youth or early maturity, strongly modified by glaciation, with an 

intrioately fjurded share l ine .  Tha ral'rsf  at the Blashke Islanas 1s negligible, 

mounting to only two or three ncaired f e e t ,  while the o t h o r  brro areas have sharp 

relief of about 3,000 feet. ?.no rIo-a 2; in the how* o f  the North Paaific rain 

forest and is densely woadeL t c i  s:: .or;ir.e near 3,000 feet. Fleference i s  mde tu 

Buddingtan aod Chapin (1929, pp. iC-37: for dotai led geographlaal information. 

I The areas are access2ble by *~,,t r;- sos->lau o d g .  18 the rrumer of 1546 
- 

tho Blnshke IsZand-G ware i n k b l - l r L  >at ; l ~ c o  abudoned by a family of thraa on- 

gaged i n  f i o h i q  and oaaupying a a ~ s i u  =a hat-!-,ouse i n  Bloshke Harbor, Tho 

I 
islmds have been oooupied spnraCieclly by an acc~s iona l  ffshermnn, trapper or 

mink farmer i n  the past. Bath 3las:-b W b n r  Eivouc  3ay ore exoollon*Y s;~&ll 

bmt anohoragos, but the appronchos are Intrioata and tricky, though naegotfabls' 

by boats up t o  s b t y  or sovon5y f c ~ t  in lengkh w,11 at least b n  fee t  in dnf ' t .  

Spud Bay and Trap Bay haw ?;c;;- x-L' at t-s for bsaching and s i n t e r  s t n r o ~ o  o f  

float in^ salmun traps,  ~2 t 263 'izber; :-tvc cut f rom the northern shores 

of tho i n l a n d s .  Othorrr iae tho isloads are in a c o 1 ~ 2 l o t e  sstaL& of nature. 

A feature of canslderable inperta~e6 t.o the geologisk as wall as the  b o a t s n  

is the wry great r i se  and fcli of the t i d e s ,  rassiEe; from twelvo t o  more than 



FIGURE 1.- INDEX MAP SHOWING LOCATION OF BLASHKE ISLANDS, KANE PEAK 

AND MT. BURNETT DIFFERENTIATED ULTRABASIC BOOIES, SOUThEASTERN ALASKA 



,.--,A,. , : V , : . I ~ ~ ~  i;: ~li:.~:!; p ( ; :~ t : ; ; y . , , : ! : .  ep@uet?s enty pee+ bei.;..cc r, r,T;;I: cx2 it,:: '.: ' .:. 
..-, .. t .. .C-::Z.Z?.C:; rt>-;k ;:<kt:~<rn ?.L;h x.A ~ C V J  t i r i e  :ci+r:l, > ! t i  pr~( . : . :c : :~~ -;i,.l~~:.\ ki.d&l 

r t . a n t ~  I n  t h n  ohar,le?r nri6 i;..l:>-. 7l;Irr.d ?r:ir;. ti:a c i ~ a r a  tlv:i.o ir; d e n s e  f i r ed  

:.:;;X.,z !~i-.:i L:::~);!I;*(*? Gro 'iPy;: ,:tj;)r CJ::CC.;~ t.lif~ ~ ~ , t ~ i - ~ L t a  3 i . t : ~ ~  (1: ::ii~ ii.i.ur@@ic 

aslcx.  tin,^ m a  t l . u ~ . i n g  of  d\lnitc .;:roducas l i t t l u  trr k.hu zoll. ccz;~)nct~::c r - , ~ : ~ ~  : T V ~ '  

.p:tr.i; l i r e  n.nd I I ~ I . ~  ,r zcnnk-~:r s o r ~ ; i ;  vel;ctc.Lion yrt)v:;'j. , 

'; i~n?t, i3 ;\!I a u l t l ; : ' ~  r~r c:~vclij;:insr.t r i f  :At;(; i n  skc :~.rit. : '~c. ! :  zp;:.. 7:-,: ::o 

finb.16 nr.ci.orn;;a, c v o : ~  f o r  t ,  r . ~ n l l -  F,trd.t ,  niofir; t h o  chtirn. Zeile: is :..~c.L- 

9i::xila. J. sclnorr. ~cnrrc:-;. i z  I o c n t i d  (.:; U::S r;:; .,n:r (I>!. i;i:e;-cr fin nccc;isii 



. ,  

, !.43, !%;:. 7;;-13) 0 

> . i c l e  ~,r(lrk 011 t%g::o A ~ - O Q E  ;'fa3 rasm,ad by t h o  prnsc~nt alrti~or :c t i io  zu:z:.:r:r (if 

.-,;;;,U~', at I.:c.::u &ak. A i-r;t!~h to;o::rc~hi*: :;L:;C: ;:in;; for ilii~ ci*en .,;;':ns ;I,.*.c;B k y  

sjlciioj,ng, i , ' acc-cofpss ,  and ~o;'(;xoYc;', LIT.? c; r,~.o>op,5.c r ccor~r . l i f~s~ t i cc  ;!rtp r:,ccie O? 

t.!,ic :r:<estii,~Cior. anC ~ : i ~ o s o  c o ~ ~ n n i o n s t ~ i p  ~ E Z  gei:croul; p i - : ; I  ci ;7~"Yor ,  in rtw?y 

(il;aussiotlr, bas bcon a ct).-,fili~oc: ctw-ce o;' z t i n ~ l a t i c , n .  I cln a l s o  n:,~clj t r . ~ ? c ' c s ~ c ~  

--. 
"O2or-t and t o  cciunscl t h e  .author. :;;s r;u5Cnzco i r .  r'.oe>?.y a2p:ccL~liod ~ b . n c ?  b.t:3 

. . 



fi. Hying-br, hi:; wi Se Bevlal~,  n t t  h i c  ds.u~ilkc,- ?ritr.i.ef R., cxt-.~r?oF! r ~ t ~  

. c, , :~rt5~:pc, err< ;~:,,!:i~.cces r:n< 5a7e fi:~ch icforwtion or. t n s ~ i ~ a t i n g  t h e  di1i '3.~1il . t  

-;;:;:.';trl- a?v;n& t h t  t r lw .? i ;~ .  

Alafilrs (nt~s .  11 t o  18 inc l . ,  f i ~ .  2, p. 12). Tlieto nnssos dif fer  widel;r i n  s fze ,  

thouch nono are large, and a l so  d i f f e r  in p e f r o l a ~ y  aud ~otruefcre, j.:omvcr, cor- 

tni11 f e a t i r e c  8.r~  cornon to &12 of then;chier"ly that they all aro compo~ed o f ,  

or contain with in  tho* cores, ex-lrerfily 'uocic rockc cons5.si;inf; 1s.r~olg o f  olix-:no 

or' r,liviue and pyraxcno. An exce2t;icn is tho h & y  at the head of ~isaan Eay at 

tho Solt Chuck 1ocnliCy (nr,. I@, f i g .  2, 2 .  12). T h i c  bo?y exposes only p;,rroxenlto 

end mf ic ~abbro and f s s ori-ift.ct cou.::: 31 lly i;rclucio?. anon< t ho  othol-s . 

Stnrct,fipalS y thore  appear to te Lnms str:~if:cen*v i::fferencoo Pbii'~t, %-rill bo 

i.a!cot! up i n  more de ta i l  i n  a lator ~ ~ c t i o ~ .  nrieflg,  t h o  Xsshke  I s l ~ n d s  co:~;l~x, 

(fir,. 2 ,  area 15) alpenrs to ba a nearly cylfndr:.cal .msz u:ikt  mugtrly v e r t i c G  

xnl:s, some-t~iiat irrognlar i n  Istail. The surroundin~ hadZod rocks are arudoly 

cc;:lforrrsi!lo to tho contacts of the co~i>lex,  but there i s  oviCenc~ for structural 

disk~rbar.oe during the em~laoemenk of "Vhe cfrr~;llex. On the other bknd tho par5,Loi;ito 

a.1; :.ad Bluff Bay (fig. 2, apsa I l j  i s  2oncribod bg Guild an6 Pal~lep (1342, 

p .  177) as hzviiig a, coccordart,  spoor.-shsp02 lo~mr cnntaok p'lun~ing in the d b e c - ,  
I .  . . 

t i n n  o f  tho regional f o l d  axes. Piio % e m  " ~ h r t o b l i t h ~  :myeiit,;thLn body (brker, .: .. . . .: . ..  , . . . . .  
. a , . ! ,  -, .,.. - * :. *:: ...', ', , .: .- .' 

1009, p. 78). Xn the tram3 arm are L nm'c,e!' r i f  s i l l - 1 1 ~ ~  serpoutim'bwliee  thht'- . 
.' - 

. "  confornyelosely ka the. re&ional firlLstihn (Kennedy and .J'ial+on, 1P46, pp, 72-73). 
, , 

I I. 

The eamplex at  Erne Po&- ( f i g .  2,' area 14) is e h t m  by ,mnp relatic,nahips and 

two obsbmed con.(;actefto be a fWel-shaped body with imrc! A i p p i ~ ~  a intaete  that 

u e  prnbably nteep (45''.-or more). The surrounding beddod rocks are probnbly more . 

0- u~ lesa oonSt,rable. ' ?ha mass at Kuunt  Burne* ( f i g .  2 ,  area 16) vms dsscribad 

by I'ennetly i'laltan (1946, p. 81) as n onmptlsite stoak, b t l t  a htrthor rcenn- 

nniasanco of the araa during the present icvestifiation sug,petod the a~stiniCs ptrs- 



nih~ljt:' i:f.~'; CL.:r :S n t i l : : ed ,  ta'alar mzs. The aron rcqi~:lltruc further shdy .  

;.i%tle or tro ctruotuml data i s  available an the other ultrnbasio cotr.ploxot in 

t sou.tlmackcm I.1~sIca. 5 

Tho Internal structural elements nf these several maS898 a l s o  d i sp lay  differ- 

onaee. The E las ih  Island onmplsx hac a diet inat ,  Chaugh nut prrrfset, oonoentric 

pyroxenlts, and q,abbrn; The  ass^ a t  Red Bluff  Eay chnm on.irregulnr banding and 

inter-lens in^ of dunite a d  pyruxshe-rich rocks d e s o r i b d  by Gulld and 3alsley 

( 1 ~ 4 2 ,  p. 177) as f l i ~ w  layering. Himever, pl~nxene-rioh rook shr,wo now tendcncy 

to bo concentrated near t h e  baoe and nh t h e  margins, tllat is, peripherally, and 

the banding is ~ancrally rbep and oriented 'kith the lonc u i a  aE tho maas. Tho 
I 

ickrnal  relationchipa of tb oomplex at  Kane b.1: are more Irroylar and varied 

than at tho Blaehko Ialands or at Eed Bluff Buy, but ul5.tine-rich rool:a are also . 

oonrlentrated In the core of the matia. As mentioned above, the pnozibility C X I E ~ E  
. . 

that tho nasc a t  )hunt Burnett is a t i l t ed ,  tabular mass with a core o f  dunlto. 
I 

D @cording tn X'nschmann (1856, pp. 268-274),' the Duke Island and knrrotta IGlDnd 

' 
br~diss' are largely hurnblendite, but oontain a l th in  thew. msseo of h a r z h u r ~ i t e  

and n u ~ i t i t e .  

Tho largetit of those ultrabatir. maeses is probably ehs onmplex an rjuke 

' f t lnnd ext;snding in a belC about 10 t d l 9 ~  lr~ng acrbus the ial.and w i t h  ah rr.1tcro1) 

area nf abo\lt 20 square milas. Tho mass an cleveland ~eninsule .  is about seven 

miles in greatest exposed length wikh an area of about 14 Gquars r.ile6. The 

Fllachke Island domplex 1 6  aht ra t  circular and about two riles in diatncter with I 
an area of about,3.5 square milas. The ?k.ne 3 a k  Cunplex is p ~ r t l y  ~ a - ~ w r o d  by ! 

I 
t h o   rater^ af Frederiak Souad, k t  *he mjor part t ~ f  it I s  e x ~ o s o d  w i t t i  an aroa 1 

I 

t l f  abrut 2 square mllro ,  and the mre at !led B l u H  3ay i e  about tho e m  sirs.  : 1 
The ot;hor kndioi are smallor a d  lesv I s  kntmn about than. 

. . . . 
The recion in which W s o  ultrabasic bodies oocur iti ono of aomplox mounl.ain 

L 

ztnrqture. Faoke of Ordnvician ur older t o  Crotaosaus ace have beor. t i l t a d ,  
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I .> , ' o ,  : - . .  ,, ir.-..sdc:l b:r tho C n a ~ t  jinnp batholith and a n y  lesser Intni- 
I 

z iar:s ,  ur.4 re3ian?r.ll;. c.etemjrphrrne3 i n  an o~. tent iw 'bolt a l u q  tho .mstern nmryin 

@ 
. a "  '. ht i:3 t h o ;  i th.  1.s s ta ted  by iiuddlnyton ( h d d i n ~ t o n  and chapin, ' 1929, pp, 10-27) 

cir.ly t h e  broader fcaturee nf t h e  re&n are hum, but it is n l ~ h r  that thnu,:tr 

thnrs hem beon barlisr &sgsnlo eplsnder , ths Stunamlo-Crrtaconus orogeny with 

wlrich the C m s t  Rango baBholitb: in ~arrolated i s  t b  ' m j ~ r ' ~ e r i o d  o f  doformatirm 

m d  Ze 4p-aeated eruptive a o t i v 5 9 .  . 

I 
bssic cnmp! exea are enplaced ~ r i t h l h  rockr rewing in ace f r o m  Ordovialan or 'older 

t r r  Crcltaoeoua. The ultratmcio bcdies at Duke and -4nnette folanda and on 5lovoland 

hnirsula (fig. 2,  areas 17 and 16) a m  emplnoed In rooks of the.!frany,ell- 

I 
I c o v i l ~ a ~ i ~ e d o  motamorphi0 Eraup af Infialinite are. The Blashke Islnnd oomplox 

i c  erxp].ncod in rock8 of Ordoviainn 'and Silurian aGo. The !teed Bluff 3ay body ic 

3.n rook8 regarded by Gui ld  and hlfiley(lb42, p. 177) as Uppr  Triassia. The ihne 

I'onk complex Is in crmtact Mth rncks doubtfully ourrelated by h d d i n ~ t u n  with the 

I Cretacooun but poss ib ly  IIp-per Juraeeic. The peridotife masseo on Tracy k m  an3 

Ford's Termr (fig. 2, areas 13 end 12j are +%thin the Coast Ennee ba%hnlith nn3. 

ciascribed by Budrliqtrm (auddiyton  and Chq~in, IFZ!, pp. 10-37) as being cub hy 

~ r ~ n i t 5 . a  dike@, shtndng that they antedate at  least ?art of the t r ~ n i t i o  intrusive 

ac t lo i tg .  

An upper limit of polnl;ir: ace c0.n be estrrbllshed for tho Iilount h r n o t t  

cc~aiple~: on cloveland Peninatlla. The complor i s  older than a oonilt)mora.ts contain- i 
in.; plant remsno und br>ulders nf u l t t a k s i e  rock correlated with tho Port Crmdon 

bnsal Eocene by Sudtiinetma (F?uclGlnf:ton and Chapin, 1929, pp. 10-3 7) . n i p  oon- 

r r f  tho oottple:: aa well ns slake aad p h y l l J C ~  uf the onclosiny, rooks. The ci>mplex 



: .. I.. . . .  - .  . . . . .  
?.  .' . 

outhtrr 'ulth tho 'iertiary balralts' deacribsd by a d d i  rigtan ( ~ l d i t l ~ t o n  and Chqin, 

. . . . .  . . 
.+ b-J the h e  I%& af~llplex. P l s - ~ o c o M ' . . ~  'if indioatsd . by . the ooerlyinl; Enoeno ' . . . . 

, . .  .' . . . I . . . 
cnnglomernts -on ~ 1 o v e l a n d ' : ~ s n i n r u l ~ ~  The -ultiabaelo rooks are thsrefnra. lo* .. .-. 

, . I L  . 1 ,  . ., . .  < .; ; 
. , . ,.- 

Juraocic 'frr Cretaosous ~n'';~e,'d.~kn+i~ ors the true a V n C 4 t h e  youh~sst  asdiasnts' 
, . 

t ~ t  they out, anad are oornlatoii wi&. . tG  major . w b n i o  ,episndi t i  the rogi'on. 
. . . . . . .  -. - .  

~ u d d i n ~ t o n ~ ~ ,  (Luddlnp.ton and chop%zt7 10,29, p..'242) oonalusion baaed , on a l l  
: , . - ,  . .  ,'. 

t h o  eddaaac available +x hin.i'e that *he, ultrabasio rocks nf aoubhenstarn ~ l a s k a  
. . . . .  . ,  . 

alder than t h e  ausie, ~'iliooous-alloalie typss of .thi;a. petrngenic proPFnw. . I 

: I '  . . .  - .  t 
'?: & : . !, ' . .  . . .  

This bridet~co oonsistq'in &rt of obasrkd f i e l d  >elatinkshipm inowhioh t h i  ultm- * .a  ' 
., . - , .  

- baoic rrmks are Keen t o  be intruded by'mrs '~ll10eo~a-alka'~le rtreks, and in part; 

.the ultrabasic roblc~ nr .Britrieh Cnlwt~ia and the Yukon T e r r i t a r y  to he alder t h a  a : 
. . . . .  

. '  * .  * . . 

, .the mwe, klioetrua rook8 hlanginlr, to *he 8- period of Intrusion.   ha o n l y .  ..' 
. - 8  

. . , - 2 .  :; - 
f i e l d  relations observed 'iq ,the course of the preset& fn\-estlgation bearins an . . 

, .I. 

., . this problem in the ,  Xan6 ~ s a k  area where a dior i t l e  bidy i s  i t s  eonhkt d t h  
. , 

:. r ' 

- . tho  u l t ~ + s l c  o q l e x .  Both r n c b  show tn~neralrr~ib.and;:.'ta&ural, altarattbn ncar 
, . . .\ 

tho contao*, and the sddenae ie stmowkit a ~ i o i ~ u ~ ~ ,  but' &+he whole suk&sts - 
' ' '  

. . . . . . 
, t h a t  the uitrabasia. ~ .ock .%e.  Invaded by the d t o r i t i o  rack. smnsvmit more otinclu- 

. . , 
I .I  

s i r e  iddsnco %I afforded by ths presence of granodttbrit. an6 mlnetto dikoe :+ a 
. . . . ... . . . . . . . . . . .  . . . . .  

1 .  a * .  . . 
.. ' &it zod"tht ti? i w i t h  8iao or t h o  u l l r ~ k i i o  ~umpl'eic, be&,\& bdbh ;the , , . %  . . , . 

I ' .  
, '  . , .  . . .  

, . 
, .  . fltult end f h o  d 5 b e  are olsarlY'liter than the ctmplax, '&& thb dikes are pie- 

, . . . 
- . . ;. s-bly related to t h e .  d ior f  te-~;~a'aalU) seqnsnce, of Scttruaion~, f<:soemc f o .bo ',in , - . . . . . .  . ,  . . . . . . . .  i - .  

ara+iable fi.~d e r i d e u e  .A ~e~i~t.bi.. ti the,xnrb,rb )a t h i s  mgion . 
. - . +  . . ,  . 

, . .  - ' - . . ,  . . . 
, .t~; canedpr' the 'ulbabaoh ruckiwithwhioh tM.8 ropn* deala'to belrm&'td ths- . i , D ,: 

. I. . . . . . .  < .  0," .: .I . , .' . , . . 
; 

. ~ u r a ~ a l l - h * & ~ & ;  ps'iod ,o f  'Gtruaivw , e o k i r i t y ,  and tu bo tho nfd.at plutonio . . ' 
, . . . 

, , , . . . .  . . , , ' &  . '  .' - P  
, ,*  :,':,' . "  ,, + .  . . - . . . . .  .,., +* .',%. ,: a ? .  - .  . . . .  .... .'; ,, y -' 

! . '  
. . . .  ... 

. I . )  ., . . . .  :. '. , > ' . .  
I , . , .  ,, , .:. , . 

a * . . . . . . .  , . ' . , . '  
. : . . . .  .. P .. . , 

. .  I, .;. . . . .  . . -. . . ,, ,. * , -  . * 0 1 
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Tho 3lach)ce Island Cmaplcx 

. .  - . . 
Tho ~oncrn l  ~ e o l r r ~ i c  re let innshi~r  sxpnocrd ntl +hs'Ulrrhlce Islan?a are 

-shmm an Chir r;er;lor;io rnap '(plate I). Tho aumplsx oonsieta of n noarly c?rcular 
* I  . 

, m z c  of pcrrldotitic rooks surrtrundod by' A +rrsgular ria of ~nbbro.  The ysrall  
. . 

diarxctsr o f  t);s cr,mplex 18 from 10,WO ta 12,000 h e t  with an area of  abrlut 3.6 
I 

oourro ~ilss. Tho cenbr of t l ~ e  peridotits mass is dunite, a rock compoosd 

I 
prirarily n f  nlivino d ~erlmntim derived f r o m  the crltorntiftn of o l i ~ i a o .  ~ h o  

' I 

core La crudoly circ~~lar with many irregulrrrifies i n  detail and f'rnm 6,000 feet  

I t o  9,000 foot  in, dianater. Surrounding %his cure af dunite i~ a rln n f  pj.r.oxenn- 

I rioh perldotLte co: Latin6 prinai_aally a f  auclte, but almost everywhere aontain- 

 in^ ap~reciable amounts of olivine. This rock i s  kernr2 o l iv ine  eugitite in t h i s  

I repnrt. Near Ule contacts b e h e n  dunit6 a d  mlitine p u ~ i t k t c  the duniko cn.mon- 

ly ooni;hiaa sparse tt) abh~ndant Interotit ial  R U ~ ~  untt ! 1 1 i ~ s ~ s  ~md~tiotally intr. 

I ;rohrlLte. 'Ilithin tho pvorenit fc  rim thcrtl m bands tmd irrs::ular s*,reaks of 

. . rock in which ol iv ine  i s  s6 nbundent ns or i n  oxoe~s of p ~ ~ ~ o j i e n e  and tho rock 

m y  h l a n  bo olassod a3 wehrlite. Tho pyrrcconilx r i m  has  a mktinum width of about 

. I  ,500 feat cm tho eset c iJo  n f  the o o q l a x  and I s  su.mnut irret;illar and only a ' 

Savr hundrell feet ride nn .the w e s t  s ide  of tlro conpl~&. T4?o siu~rf, %kid:, l o f l t i ~ u -  . 

la dikes  of pyroxenite GPO fmnd o t l f t in~  thin bodded hornfale asveral hudred  
-, 

fsot from the main mass u f  the complex. 
Y 

Tho cnncontrlc' rtruot;ure of the ulk!obaaic' o o w l o x  i c  hrl-ther oximesad 
4 

.by a ring of sabbro outside the p y r r l ~ ~ ~ t i c  ring. This gobbro r:nt, is hith1.y . 

.irrey;ulw in ?.ridth, texture, inliernai strilctr~re nnd ctrrqosition. Dnlikm the 

a- nad tho peridnti tic rooks are in cuntaot with .tilo ccnwtry r o o k  . Tho cnbbro 
'1 



i ; ic=lly  C U ~ L I ~ . I U O ~ ~ J  ~ x p o ~ u r e x  of' pbbro have a maximun width uf nbut~k l,?r30 foe%, 
. '. 

. Tho : - ~ h b r o  =in$ is rcl~.t irsly wide and outttinuaum alonc'tho o ~ o f a r n  ears nP %he 

-s)rn?lox, and nlthf,ugh p r t  of the ouq?lex 13 benoatn the sea nloq; tho snr~t t lorn  

aar:;frr, trutcrops of cnbbru in the anutheastorrmost large island and ia,  n onuplo 

of reef3 expooed at extreme lrm tido indianke that gnbbrir is proeont and m y  

oxtc~rd nor0 ar leas oortinunu;ly artrun3 the southera boundnry of tha ultrabasin 

r~1cI:s. - .  

There is fond ~videfios in the form of lntensa ahoar for strnng fault- 

ing along *he noutI.I;~oetern edge of the conplox, and this fault ing laas probably 

aut out any zab'urn thnt any hnvo hsen preodnt as well as a p a d  part 'of the yvr>x- 

o n i t i e  ring of the or~tplsx, as far nrrrth ac the a ~ l l  bas a t  the elbm of  "Vhs 

chs.mol i n t o  Bivouac Bay; EImver, the ex?osuree of gab3ro from t h o  cbanol  i n t o  

3iouuao Bay northward have a difi'erent aspect than the broad, woll-develt~pod rnb5ra 

bmd along tho saetarn -g in  af the complox. It i s  l.mpoosiblo to say h m  nrtoh 

gahhro is oonoo4led henonth tho 'waters af ~ivo'hio by, bui; such'exposurea an are 

presunt conefst uf irregular dike-like massoe -irikh mny inclusinna and breoaia-tod 
, , 

msset o f  hornfelsed country ruck Irregula1.1y veined by ~abbrn apcqhyaoo from a 

few Saot  t n  a fraction of an inch in width. At; one point,  the nostorm1os.2 sspooum 

oS ultrabasio roolr, a somewhat peculiar h c i o s  of the.p$cld(~lite consisting of EL 
, , - .  

fnldspabhic viahrlits, is i n  sharp auntaot with harnfelssd nong1o;parate with nn in- 

The gabbro i r  spuradicelly devulnped alone tho ntarrcrn ciaannals nround. fhe  

nor,l;hor3 rim af the cc)m[~lex, but hero also 1% m y  bo pe.rtly out O:I+ by faultinc, 
* 

T(r)wevrlr at +SO ~nints IUI o l i v i n e  a u ~ i t i t o  cc>nl;nia5n~ b ~ n d o  approaching gabbro in 

crmx?sositlon by the arlmixture of coarse anor th i te  is ib d i r a c t  ct)n',ast with horn- 

fclsed aountr j  wok. 

:n addif ion t n  tile gabbro ihwrliahly oontij;unun ' t o  tho cnr .191~~  there aro 

scvt~rul t~utlrtng mVses and thiok dikes 05: ~abbra,  p t i c u l a r l y  noar the en~ranea 



and at the  northern end of  Blaahka Herbar and nlana t h e  n o r t h e r n  #hare af the 

rnutheastarnmoot island. One mas8 of gabbrn 58 found within the ol iv ine  rrugifik 

I- . band near the mmitheastern rim of the  o q l s x .  Thir mama of  gabbro i r  1s sharp 

e o n t a c t  w l t h  the oliv5.m ~ u g l t i h  on it. south mide, but t he  oonkaot, where  v'laibia, 
. . 

on t h e  north urd e a s t  r i d s  of the m a r  18 r low augle f a u l t  dipping 25. u e s k u d .  

I n  #pi* of the la 8x1. of thir f a u l t  it ream8 mwe l i k e l y  tbt It i s  a no-1 

f a u l t  bringing the  gabbro doun fftm ths mart ruther than up frcm the  west. 
. . 

I n  cantrant with the  ol l+las a u g i t i t a  ring surrouoding the dunit. more of' 

the aanplmx, li'biah i r  virtuaaly oampleh i n  that nmrhors aan dunite be f omd in 

oontaot with anything but ollPiar r u g i t l b ,  t he  gabbro r i n g  i e  irregular, and ia 

a t  least t h ree  plaosa it Is mbrent w i t h  a snmerhot aberrant faa i r8  of the parido- 

tite l a  enntaot with a l t e r ed  a0unt1.y roaka. Hnmvmr, thw nrynmretry af the gmbbro 

d n g  is mrtohsd by a c e r t a i n  degree nf asymmetry i n  the  o l i r i n e  augititm riry af 

the oomplsx *oh i h  wider and Bnrr uniform along the martorn aide o f  the oamplex, 

, while the  wartern rlds I r  narrow and contains r t renks  urd bands ofmhrlits. Stmo- 

D .  turn1 data indloato t h a t  fh. oontaotr betmen the major rook unit. of the omplat 

urn irregular both in plan  and in mrtieal extension b u t  k n d  to dip mtssply out- 

ward with tpany I r r e g u l a r i t i s 8  and r evor s r l r ,  although the  damrrard s r t sns lon  of 

the omq~lsx a t  the lev01 rt *ah it l a  exposed appear8 t o  be effeotimly stmap, 

despi te  m y  I r r e g u l a r i t i s a .  If' the s t r o a g  nor th  t o  n o r t h a t  t rending faulfr 

t h a t  out the oomplex have had moh w r t l o a l  diP'plaoemsnt along them, the ea r t e rn  

r ide of ttm ooaplex may k mtruoturallf mom dir tanoe above or b l m  f;hs weetern 

aide, and t b  diffem~emm i n  petralogis re la t lanships  b e h e n  the eartern d 

mstern rider may be booaura d i f f e r e n t  lsmla are  exposed. 

The oomplrx o? barllo and ultr*bark rooks i r  ~ ~ l p l a b d d  within m varied me- * 

, qusnos of atrat i f ied  r o a h  t h a t  ham undergone lm grnde regional metamarphlm 

t o  o h l o r l t i o  sod amphiboliMo grsanrtnnmr. Withlo r fa hundred fmet of the u l t r a -  

B-  b s r i e  P ~ M  these raok8 m mtrongly hornfslred ta b i ~ t ; i k - h y p s r ~ t h e n m - p l ~ ~ i ~ l ~ ~ * -  



auglte gtanullbr s a m  of W o h  o a a h l n  aa Irm-rioh aliYbm. 

Ba e trat ipaphta  work ha8 bmn dnno l o  this aroa in ruff io isnt  d e t e l l  to . 

) . ponnlt  s a t l r f i o t o r y  earrelations to be made, but thrw di s t lno t  l l thologia  t y p o  

of bedded r o a b  mra reoogtdsed and muppmd by the author. Tho f l r m t  oonriats of . 
I 

strongly indurfitsd, f;lns-grained rooks ranging fram lamiaatsd *nd thin-bedded t o  

mrrdm.  Thore rock8 a m  I m  grade mehmorphlo equirrlenta of mdrtanee, ehalsr, 

ohertr, aad mlomlor .  Tby are ohumter l rad by a b u n h f  ohlorite  but laok folia- 

. t i o n  nr rtrong slaty olearrgs. The msonnd aonuiate of similarly me-orphoaed aoarm 

songlomara& of varied lithology lnaluding muoh volosnio raterial  u l t h  Interbedded 

laminated fine-grained rookn and a fun bands of o w n s  *hits mrblo. The third 

orlnrirts nf praotioal ly uombtamarphoeed, tun-lmddsd tn nhaly, dnm-gray t o  w h i  to  

limestone ~utoropping in r f ew  areas a t  the north end of tb islaads and apparantly 

lmrlping tha ~ t b r  r00h unoonfarmably. No rsaognizable foarils were frmnd l a  

there raokr and they hsa, boon mapped on the bad8 o f  l i thology alone,  ~ a l n l y  for 

the purpose a f  revealing tbo rtruoturrl diapl*oemonta relrtrd h Coho o~lnplex. 

BuddSngton (~uddlagbn nnd ChapLn, 1929, pp. 1 0 4 7 ,  pl.  1) ha6 indloated on 

, the Gsnlogio Map of a Portion o f  Southeattern Alaaks, nhloh i s  on a eoale of 

11600,000 and thus hlghly generallzrd, C b k  the thin-bedded t o  umnsiva hornfelsee 
+ .  

nutoropplng arwnd the n o r t h a t e r n  rUn of the Blaehke Xrland anmplex are onrrelahad 

by him with lawar and middle Ordovioian raoks that nutarop about 4 miles to the 

. west rm Thatna Island. There rooks am sa id  to s o n a i r t  predadaantly o f  indurated . . 

graynacke oontainlng grapt01i t . s~  The prsdomlnaatly oouglameratio r o o b  are mappod 

by Bltddington (~uddington and Chapin, 1929, pp. 74-75) nu Silurisn, bslon@ng t o  , 
the nsxt t o  the lowest Silurian d t  reoogai~ed by hlm, aud dosaribed s r  aan6lsting 

of anderitio volaraier and oonglomerate, some sseoaiatad gmpnoke, blaok date, 

limsrtone, and hff (hddingtoa and Cbapin, 1929, pp. 82-03). Tho thln-bedded sad  

ehaly lhertonor a t  the northern end of the  I l lend*  evibntly klong  tn the Silurian 

limostonor of the next amrlylng Si lur ian  f o m t i o n  *oh Buddiaghn has mppsd on 



p e u a d  of t h e  ~ m d l  ~ s lands  t :?.lie or mew-e t t r  tho north (Buddington find Chapin, 

1 ' ;23,  p:j, C.;-92', 

• 53 fql* 0:: tiio pr~;olif sorl: i s  aunoer~urd t lr6  rocks aP kedimanlarg n r i ~ i n  

were napp03 ,,:I the + . x i s  of liClli~~l:rr,y, thore ' ~ o l n ~  nn b a s i ~  for astabli~hlny. a 

tirr.0-;t~*ati;:raphic ciivisir)n xithia the area itself, but tho mainly fine-crcinod, 

Bhin-bodded to mas~ive roelca thnt a m  in aontaat w i t h  the ultrobasia mse excupt 

an t l i ~  easterrnust islarrds &re probably correlated with tho Ordovioian, and tho 

, r&inly otrn;;lnmeratic rock8 prcnbubly belvnp. t o  the Silurian. 

!Yithin tha surrcrunding rt,eks n f  volct.do a113 rsdimntary uricin thorn Rro 

innwarable  diks:, rwlginy. from ~;abbro and bnaalt to dinrita and andoel*, t.he.2 

tray o c s i b l y  be related tu the ultrabnsic intrusion. 

Tho petrolnw af tho alaslJce Ialsnd conplsx will bo dosaribed in de3oil in 

tho follrrsrlnf: paces. The psrl.dc>.tlixs, p b b r o s ,  ~;abbrr>io htlrnfeloes, r,nd closolg 

r ~ l a t o d  rocks will bo take& up first hoginning nith'a brief uaeoript ion af tho 

principal rook k p e s  and their eharactxristio relafionshipo, fol lwed by R clo+,allod 

0 cfoocriptitrn of the priucipal mineral phases and their mristioas i n  compnsi"uon 

nn:l potro1op;io r e l a t i o n s h i p  thrott~hout the complex, and concluded by a dntsilod 

nnts uf tha principal rock t y p s .  Finally tho otruntry roske ineludinl; d i h s  n o t  

relatod tu t i le  ultrabasic oomplex v r i l l  bc dcscribod. . 

. * .  

The P e ~ i d n t i t i c  !?ooka 

. . 

The por idot i tos  n f  -tho 91azh!m ~slarui c o r ~ l e x ,  ctansiderod from 8 bronc1 . . 
. poinf. r r f  vie&, ctrnsirt r r f  kwr, principal rook t y p s t  a coro of took conpnoed yr9.- 

. . 
mrily t r f  olivine in wlvllich nugite enters loca l ly  as a m g i n a l  phase, and n rim 

of nurite  ~.r)ck c:)ntaininc varyinr; anounts o f  o l l ~ i n e ,  tho auritn bdinc MCP d i o p  

. siAo In cornpasition. From a purely statlsticcl s.tandpaint thero 13 no hnrcl and 

? l r ) ~ n d ~ f y  htwoen rocla consisting almnost entiroly of olivine and rrrck in  

B- ,hi& ~ t ~ ~ i f a  i o  the mujnr cnnstituent.,  All ~radatit)na may be found h.om dunito 
b . . 



e n t [ r e l y  Free 05 f,yrocrne i-.o p:rrw.snitc thc-:; it ~ i r t u a l l y  free of olivine. In 

0 
Pjr]d, h i w e w ,  thcr c n c b r c t ~  between tbaee mjor rock t.nws are no"Ycomtn.?ly 

snvathl  y gra&t.ion,l!. Auyitm ep-mars in the olivino rt~ck as s subnrdinats, intor- 

stizicil pllatci n o w  the cantacte w i t h  the pyroxonitic rooks. It tenda to increase 

i n  abunflanco as the aonkcte are ,appcoaohed, but the conkaeks w i t h  w n x e n i t i c  

rock3 are either sharp rw abruptly cradatlunal within a ferr feet or inches i n  moot . 

Oradstional relat innshf  p be+mern ruak types i 6  tho di lemcn nf nononclature 

and a laa~ iS icr*t ion .  In the crase of  the peridotitos the term dunilx i s  w o l l  estab- 

' lishod fo r  roc1:s cclrsiatiug essentially nf olivine and the tern.9, pyruxenite, 

a u ~ l f i t o ,  diallagito, etu., and us04 for r u o h  contisting primrily of a ptwrxentr. 

Comtra usngo pormits the term dunita t o  encompass rrroke oontaining a 6mnll  psr- 

contn~o  of aoceesories, o f  vrttioh chronite, ilrr.enite, r ra~net i te ,  p i c o f i t e ,  spiesl, 

and p~~csxune  are the most crnmm. This implies that emell umnunts of those min- 

orals do  not havo e s n ~ t i a  sitplficanoe. ID i h e  9 l ~ s h k t  Islands it; i s  prab~bly  

true that tho oro' minerals are at: l e a s t  of d n o r  ~ o n e t i o  signi f ic tmco,  but it .nil1 

bo shrmn that tho sppearerros af augfte in *inor mount8 is indiaative of a riro 

in tho fayslita ountent of tho olivine abovo a minimum mlue. Thue, s t r i c t l y  

spcnEne;, aqv mount of pyroxene, ho:+-~rer ~1~211, i s  a i ~ p i f i e a n t  from the ~ c n e t i c  

and clnaslficn~ary statldplrfnt. On tho ofher hand, in the field, it was nnted ttl~t 

rooks crrntrrining less thnn ton or twelw poroent pyroxene wore pncmlly  closcrly 

associated w i t h  duwito 8 3  n marginal facies and I n  most cases passed prodatinnnily 

into JunSb h11t \%re oommonly in sharp cantnot with rooks w i t h  a dletinotly hiyhsr . 

p*,-rt,xone content. On the Snsifi td this f i o l d  tondsncy the pract ioe  folltmed i n  
, - .  

I 

E 
thi3 repor t  will bD to UBB tho qame dunite  t n  dpply only t o  olivinq rodco.kirtu- ' . 

* . '  . , .. . . . . ,  

al ly  free of pyr,lxoao, but usually' acintainint acoeasoe oros .' 3iidkss auntatninp; 

l e s s  tlmn 12.5 percent nu~its and othor aoaeoaorias +ifill bo 'icrmd ~u~ito-;lun:l.to. . . . ?  

rt The mum wehrlitc [~n~anbusoh, 1067, p .  ,267) will be appliad in this repnrk 



8 

.ts re;:<.* cor.poscd prfwrii:: o f  olivine end n-lrito atld Lirair altcrat.(.on prcrdacctr 

nxcr3ss OF m.-? l tn .  ::ere ncnin f i e l d  mlatinna afford'at)ne rior,~trs of ; j .u~t iMca+~ion 

f e w  Inc.t;?ncec ;reto found where rncka containing mr~re pyroxene than olivjno sooread 

t1) 50 re!.:tod by crmdstion mRa cloaely to dunita than pyrnxonib. 

d a&or of m o s  ha78 been a7;licd to racks i n  ;sh ic i~  a clin:~pqy?tuceao i c  

! t h e  prina!, pul ciir.era1, but nuno Geem Lo Lo strictly ap~licable to thu a\l:ito-~*i ch 

, r:~ck t r f  tho B1r.a'nl:o I~la~ds. Them roc26 cfrasist of aucite, rrli\%no,, nnd noaos- 

ZcJrfr crros. I?crmnlanda i s  procwt ir. n m y  specimens, but kppiaa1l;r GT c3 altera- 

tion prtrrluct :)I Fyroxene ar~d not as a prisr~r:. ri~inel-al. 111ivincl ma;. 50 reson$  

140~~i,od i n  thic rc~:>ori has baen to ao:.siC.er b,>i-nb,londe and serpcaklne ns repro-  

o s n t i q *  t h e  p-imary cinorals frtm which t,!~u:i t.;ero derive\) for tho purposrt of 

Tho n t n o  :i'uhrl.ite is froqcnckly em:>!,o:rad for m y  clitlo~yroxel?o-oliviuo ~ o c k  

:vho",cr t;hs pyimn.:on9 exceeds t l ~ o  nl;.vine or n o t .  Ho7tevar, In  $he !:lashko rsir.nd 

ooxplox there 1 3  definite need for a nmme bcrth for racks in which nlivino l o  in 

oxccss o f  p:~oxena' an3 =-icc irirJrsn. Tho rime m:rn';rcnl+tx vfns rime Ly z d m s '  ilc1.5, 

pp. 36-29) t r ~  a rook oonci sting of clin:lp>*roxeno, hornblondo, and oL:vinc i n  r,rdor 
. .  . . 

(1 f :tbrl:iJonco r i t h  or without mi?lar m:)uc'cs o f  placinclase, nrthoolasa,  n ~ r l  nephc- . 

p)r';ofi e a s o n t l o l  r!un*:titios of hr?rnblcndo. Jl>hnmscn ( 2  937,  1).43;>-1.i:> hne ad-, 
. * . . 

voorr bod \isln!; montrnalite for ~~oekr:  c n s h i n t a ~  cl.insp:rrtrxens nnd 'ii~rnblwn~io w i t h  
' 

1638 olj.-qine, but has 6u;rpostcd no nnme for a similar rfrck fn  r;-hich' no ?r:.larj 

hornhle&le is prs;err,t, I"urclharmore khe o r j ~ i r a l  montror*lika is n facia:: of an 

osr;oxito bo?y Ir>w i n  ss l ic  con~t i tuen+x ,  but   hio oh oants in  minor amr)u~l'~s of . 

b(.. both r .o) i l lo l ino st111 orthoolase i n  addition t o  pla~ ioc laco .  ' The ollfi >i..iA5-,:oir~red I 

I 



~ ~ n a t i t u e h t  of' aka : ; Xs\and r : ~ c k  i; o v t ~ ;  smll u,ouaL of nprcaly  a - ~ d  

conr.:'.i :.wc:lLs, ndcc ar~d hornl.ler.de irn khu othor. Ac S h a d  ((1!!47, pp. 11b121) hhs 

;?i:j.ntcri: rauc blr is  ~rac'cice rmrlauks the c i g n l f i c a ~ a u  of  :qixrakir:n or undorczt~rr t -  

f.i.o:, .i;l i h  z i . l i o o  and rtseulis i u  tlw l ~ ~ i ~ i &  t . t r ~ o  tker of roclts xith ciivurcr! i , l * i ~ f  115. 

khn nam ~ili'rlm n t y i t i t u  *.dl1 LC c:.~;!l.ycd t l r  d ~ ~ i c , r i ~ : n t e  all rock8 in wliicb nu;:lte , ' 

. . , i r .  :;ho pr;r.cl.pnl coristf tuont,z.-.c~)a;:rnicd ':y : ) l -v-Trl~  and acccsc3r?as. ';:%ore Yoc 

, . 
. t t lu  !i%tnb w i l l  be 5 1 r t h r r  ::sdT!'Sccl t n  ::t;lr; i t l c  o l i v  lne au~ i t i tc r .  . , 

, * '  

D : .  
?n a d d i t i o n  to th(. mjcrr roojr :;?.,ec (if the ~er/&,lti-LYic ,:a? t . of tho arln- 

:,; cx,  .;-iiich bcioi:? to f ; i ~  iiunito-i.r.l:rl :.te-,~u!:itite kequsnca, t!lsro P rc . :: ~.w.br:c:r 
. . 

(;!' .1::rlc)r *.rtck ?:,pcs t t l n t  GJ-c c i o ~ o l g  ~rssoc5.etwi a l t h  "J\ror;t~ mjnr units, nT;ucal-5r" 

i t )  +horn ti:; diirsr., veins? 01. irreyulcr r . f i s~es .  ::o.?t o? t k s ~ o  rocks c.ro ck8rrrc(;cri::ci, _- 

' i.y ~ ! , r :  i ' lh= :wrrca I::' a c r  ? . ~ L C  :73.6[:i0"~66, ~ril-kqr:; :i&ll-!lk1~ri:iv, 01- both,  nl:~' by t ~ f l  i.ti.c 

c\:r fr~3i-.LZ' brci1:en cbr;s~cos,  but tho r:..lur ? ! 2 2 1 . ~ : ;  ;'roc flfif, e::ot!r ?:iacl; - t r \  2i:v'iy . . . .  

* 
j Ip :c!i.:'ii on t o  clli-:inu cai? rur~c~! ' ; ins ,  w e l l - f : ~ r n ~ d ,  ctnll, b31?.r?c 

BL ~rc'sr.L.orl:*ons of' chrorr.l.te cnn be S.Ce:t~j i'ibfi i n  t h e  ban? sy.Go5.rxa.'. '171~ rock c : ~ j  c.i~.i;: . 



. scr.~'cl,',itlo -:cll iIutc. 

li.uqitcc .ionit0 n d  wehrlite resembLa d u n i k  in texture but the crrlr)r c ~ t !  

B - frash rw-rrcoe is !..;pically acroty blaek rathcr than bluish-crcsc. C l e ~ v n r c  fncos 

end bof=?u-:reon gains or au:i+a own be ! d e n t i f i ~ d ,  Bukh o1ivir.e c,nd sr:rponkir.e 

c l ~ r n r :  tari~f ically weather a cgrmth, ,wllrrr;lah t o  reddish buff resomblln:: chm.l)is 

or suedo loether. This so-aallcd ebanois surfkca is a fairly reli~ble indication 

In  t h o  f i o ld  of tho prssonoo klu! ubuodcaoo trf 111lYina nnd ~erpont lns .  Tho cloar 

!:roan pgro::one 5s ~ir5Ually uaolmnged in color by w e a t h o ~ i n c  an& stsnda out clearl!r 

al;n;nst tho huff, c i lmo ic  curfaec ul crlivilie and ,scrpent.ine, usually in mnriero4;o 

rs l i o f .  On the othor hand, on f l - 0 ~ 1 1  ~ u r f n c e s  it may be difficuli; to i e t c c t  t;rrnll 

poroontcqes of olivine in pyrr3xenit.c trr, of 2:rroxane. i n  dunlto. i'ion%tering in 

effect prr,vl.e,oa a fairly e a s i t i v e   on^ rejlablo ouali+ative ehemfnal test of the 

prasorcc of *heso r;ilnern2s i n  alisociatiot: with oaoh clthcr. 

Jn t h i n  soct ion the rook i s  zvon to cor?.cist of granular agtrs~at.8 af nUiY0 

. c,r loac  oqumt, nnhodral o l iv ine  grains f r o i ~  a few L-illimctors mare than a 

corft;ineter in crrrsr. sect ion,  avcra;ying 20 t o  40 crrains per squoro contiuatsr, 
... 

'!hare rvlivim ic unaooonpded by p;:rosror& the  g r ~ i n n  form a olnsoly psakod ~ n ~ s a i c  

w i t h  folv g r ~ i r . ~  shtming any trnco of cq?ctal  form, but w i t h  ~imple, unoutur02 
, . 

' . boundaries botrrson :;rains. The t ~ x t l ~ r e  i s  simpla allntrir~mrn.phic granrtlrr. !;\ore 
' 

pyroxene i a  proetnt in small anum~lta it is interttitial,  w i t h  ol iv ine  displaying 
. . 

roundod, somsshat imperfect crJ-stal fur= e.gai.nsk anherlral surrita. Adj0.cen.t; j.n- 

tersti.tiw.l arum of pyrrroxone m y  h n ~ e  t h e  snne c r ~ ~ s t a l l o ~ r a p h l c  orientation 'infiicat- 

,iw an inoipieat p o i l - i l i t l o  wxturo whish Is r+tolited *ore p.woxene i s  abunhnt. 

Poi1:Zlitie pyrexetta enoluring ol lvino i n  randrnn orientation i~ c h ( m  in pi\Ot;r>- . 
. . 

miertr7ra7he A and B, p l a t e  16. C1inop:poxone is clearly a lato interctit ie .1  phaso 
' 

..in these roa1:s. Althou5h tho f ra in  size 'of  tho nliPim is typioolly conroe, each 

with scrpontine, x i ~ i c h  d i v i d e  oaeh  rain of olivine inta numerous an;;ulbr t n  cub- 

anr;ular'&hards, f ew  0.8 moh as Znm i n  orrrss section. . . , b . . *  . . : 1 .  

. . 



: : . : :-s:.c:t i n  all a p o c i ~ n o  a P  duaite, au$b dunita , and ~ r o h r -  

li to Srrr:.. tbn ilz;t.L:e Is lc .3dc i n  tho  form of fraeturo f i l l in . rr ,n  i n  creolcled. olivin6 

ar.d o2:1nr erait, L:~undnr;es. ft  I s  a130 present in many spcolmans as coaplo*~ 

pcoudosurpks after rr lb ine ,  a.4 t o  a l e s ~ e r  oxtent as thin fraob.~ra-fillings in 

pyrozens. 1n meet ~pocimsno of'dunltr-as  w o l l  as augite d u n i b  and w e h r l i h  the 

o p s c i n ~  nf serpent idxed  fractures l a  ro  a l o ~ s  thst the aotual volume of serpen- 

tine i n  the rock i6 cornonly graater than.ths voluw o f  unaltered o l iv ino .  fn 

o u ~ / C e  dunjtd and vrshrlits tho olivine tends to bo sometvhdt lees carpontinizod 

than i n  the plire Eunito. 

goden for dunite, augite dunito, and wehrlSte togother with other CsCa a r o  

givan tn ~ c c t i o n s  1 ,  2, and 4 n f  tbble 1. Modes for an uncomon type of w h r i i t u  

fuund at the tntter contact of tlte per idc~t i t fc  p r t  of  the oomplex In sharp canthct 

~ 5 t h  homfolsed conylnrimrab aro riven in sectiun 9. Tho average values for tho  

u ~ ~ d e s  are reoapitulated i n  columns A ,  B, D, and J tlf table 2 and chemiool analvses 

Dro 6iven. ' A 1 1  mode. asre d e t e r i o e d  on thin-ssotlom by meanr of  e i t h e r  the  

' I . e i t ~  irrtoerating ~ta,p or f i e  point otrunting mthnd described by Chayea (1949,' 

bucitite , Olivine augi t i te ,  and :Tohrliiic Olivine a u ~ i  t ite 

D . . 
AuGitlte Ereo of oliviho i e  sr1 r R r o  on thc  6 l a e h k  Tslands as Q, bn R 

.ourioclty ,  Only on0 t h i n  sactian ; x : t  of mora khan t h i r t y  ooatlons of t t l i e  brnup 

of roakg ccmtnined no olivine. This rock cnnnists of nodu:ar nassrrs of nure 

I nul:ito up t o  several inchen i n  cro83 neckion in n umaostac?~  uf n o r ~ n i  oljvino 
. , 

aufiitlte; homoor arlothor soct lnn from tho s m e  spocimtr irrcludod ,prtrt nf k110 

' nearlstasia containinc olivine. Tho typical  o l i v i n e  a u ~ i t i - t e  is conrcs t o  very 

bohrro grained rind dark Erocn ir. ctrlvr *iii;h Irrogulnr cnnty blaok pr t lns  rcprcront- 
. . 

illg R U I ~ V  or ltlsr, serpentinizad olivine. The \.teathered surface also i s  dark rroon 

e: . : w i t h  a rough, p i t t a d  texture duo to tile - .re~tllerLn~ out of o l i v i t ~ o  ~ r , l l  co:phri';ino 

' 'en6 to the coerso ~ r ~ n u l m r  chnract5r ecf the rook. h t c s l l y  thcra  m y -  bo c. little 















Tabla 2 .  (con .) 

Explanatlnn for column numbers 

Rocks for whioh da* is riven 

C A u g i b  dunits,  from dlker and outlying maanem in n l i d n e  s u e t i t a r  

. . D Wahrlite, 12.8 peroent t;o 60 p r o a n t  w g i b .  

E Wehrlik, i'rm dikes sad tabular mrsrer i n  olivine aug1tik-o nnd dunlh. 

F . '  UlSvins suglt ltb,  oontr5.n~ more fhen12.S percent and leas than 

60 peraent ol irhr  . 
C) ( l l i ~ l n e  aug i f i t s ,  ountalning more than 12.6 poraent o l l d n e ,  from 

dlksr outting oliv5.m a u g i t l h  that oontalno laswr peroentageo 

t)lfrine a u g i t i b ,  aontainr less than 12.6 percent olivine. 

o l ir lnr  augi t i t s ,  av~raga. nf modal valuer g i w n  in o n l w  F and R 
* 

for norms1 ollpia.-rioh and o'L~Lfim-poor faaima nf olivine augitite. 

Wehrlite, faoisr of aomplex f w d  laoal ly  a t  ou*er margin of p r l d o -  

t i t o  In dimof sontaot w l t h  g r ~ l i t i t a d  awntry rooka. 

Olivine augitite, r a l a t i 6 l y  rloh i n  o l iv ine ,  a faoiem found looal ly  

at outer margin of peridotite i n  onatact wlth eranulltired oountry 

'Oabbroio psgutlte, from d i h r  and l r r s p l a r  m e r e s  i n  o l i v i n e  

Augita-andradlb garnet rook, frm d l h - l i b  body o u ~ t i a g  o l idn .  

19 ()llrlne boerbaahits, from d i b a  outting ollvibe augltitr.  

Kornblmadih-bserbrahita,  from dike autting olivine augltite . 
B * 0 Feldspathia -in mterlal, from early p jw jo ints ,  outfing ollv5ru 



Table 2 .  (cant . )  Explanation for cnlulna numbers 

Column ]Jn. Rr>cks fnr whioh data i s  given 

R Olivine gnbbro, from part6 nf gabbro ring nsar onnaot8 with 

8 Olir5,ar gabbro, from parta af e b b m  ring near otmhata  d t h  van- 

u l i t i zod  oountry rookis. 

T Oabbro, augite gabbro -80 af oll~ias. 

U Oabbra, average gabbrn obtained. from averaging modal rnluer in . . 
cnlumns R, S, a d  T. 

If Gsbbro-diotib,  faales  of gabbro ring Prom outer margin8 n f  widest 

prt af the gabbrn ring. 

1 .  kbbroio rtreaks and apophyrsrr present i n  indirtinot bnnda or die-  

n e w  oonbotr xith the main body of gabbro of the oomplmx. 
I 

X Xnoluslonn o f  gmnulitired and amphibolitized oquntry rook 1n gabbra. 

T Csbbroio granulite, from granulitired onurrtry rooke wlthln a f r  

hundred feet of the outer anntaota of the otnnplrx. 

Z Hornblende d u l e r i t a  porphyr~r, from R partially amphibnlit i~sd d i b  

older than the oomplox autting lowr Sllurian aonglamsrate. 

ZZ Andorite-basalt r w l a p h p ,  from a grnup nf  Todiary dike8 t h a t  ouf 

all the older rooks i n  the Blashts XsLand8. 



aZte rc6  pXegioelasa Err. whi &. Sam% aocuzswy in%srsti t i a l  i:yri t e  13 not. unnror;r:r,n. 

:.or:.. :j ';rj :::..F b~ p a s e n t  i ;, :r~cor.rlnry sponry m.rr.us end voinlaks kila"u 3:-o not  

dciocsatlc nr,r:r,:;n:>;icr.llfi JC urclitic horn'.lenrls is al*unclani: it rivas tho rnci: 

o dull, n;ay-r;reorl chct. A8 tho rock s~proacheo wehrlito in actniponition the 
\ 

*neltthrrcrd surft~ce aseuams a n r ~ t t l a d  or streaky appeRrarleo tt i th brcwm t o  buff n r m s  

, of (;Ifvine ~ n d  asr;,orit:ne ocintrnctlng ~ i t h  t ,he green p:/roxeno. 

Under zhe nicroscopo ~ o s t  olidcs o f  ol iv ine  a ~ r ~ i t i t e  aro coon ti) bo falx'lp 

sjrr.?ls i t 1  bature  nnd nomposition, c o n t i s t i ~ p  of coarstl pyroxeno wkich pay Ire 

q u i t 9  fresh or p%rtially a l b r e d  to r'hcn bornblc::cJe and crmrsc olivino ?rhicil i s  
* .  

lclcnl l y  fresh but nrrrmlly qortially altcred ' t n  p1.lot.r rsnticoritcr. Iloaever, thc 

f.o::tllral rolst ionabip rrf olivine to pyroxfine arpoars to be tho ro*rerse of t h s t  

i'q)und i n  t h o  al:rike Cunite, i n  which r;uci%e i s  clsai-ly int .erst it inl  to  ;rl i~- ina.  

7n olivine n u ~ i t i k o  t h o  c:livfne i s  crrmoLg in\;erfititial +;o tho alr;i;;u. it 

I comcn]y occupies irrot:wlar arsaa betmen rraics of pyroxene which tcn:l to cxhS.bif; 

I in~~tiri'cct c r y s t ~ l  form ~ e a i u ~ t  the o l i v i ~ o ,  snduihero the ihyal i to  cc:ntont (>f t!;u 

r,.tivino ?eacl-los about 10 porcsnt c r f  not8, rowdcd ir.clusiorrs of auglto are mat 

u:looFmon In the olivine as 6 h m  in plnte  lU and 17R. 

':exturn1 nml oompositirmnl vcrinnks are more o~:tror;e ~,nd no1.e com1,11 IE ;.}lo 
I 

rllivirje a~rcitite than i n  -the other pcrid~~~,i?;os.  There are stranks an<! mnda i~i t t , l t .  
I 
I 

tho oliviru ci1~itife that are minorr1o:icelly tlcerly identical but contrast, si~n:-;.j!r 

i n  tr?:tLuro, r n n ~ i n c  from extreeely coarse m u 2  w i t h  pyrrrxeno ::rair.s ~evornl crrll :.i- 

m a t o r s  in cross sceciol:  to rolativoly fine-:rrahoct rocks with ~rair .3  a few rA] il- 

1:esr the  r ~ u t e r  border rrf tho c o ~ p l e x  four orlditional late pri~:ar:-* phase; 

r?,opoar spornilcnlly i n  the olivine o?lf;ibib. Tilote arc comlbn hornblando, trara- 

li&, oalcic p1nft:oclaee (An93 t o  -96); wu! rnro trnees o f  hyperstheha. A l l  !,I' 

t.hoso winsrals are clearly l a t e r  thnn the :hev.ucito mid mast of tho. oliPino r.11?:. 



typicfilly appear as sinrJc isolatod craine naaupyiag i n t e r s t i t i a l  opaeee or  r r  

caarse textured, irregular streaka or olueterr of grains. An unusual f'aoiea of  the 

olivine a u g i t i t e  i f i  represented by spa-n XSSB, item gS, r r o t i n n  4, table 1, p a p  

27. TNe rook l o  a w e h r l i b  w i t h  mpderately abundant late prLmary hnrnblsndm plan-  

ohroia In b r d r h - p i n k  t o  pala y s e n  l i b  hyperathem. mate 18A Is a photodoroe 

\ graph of thL mineral enolvmlog mabhsdrnl a l i r i n r .  Hear ths outer lnargina of t;hs 

olivine &ugltito, o l lv lm 18 found lwa l ly  enoloaily: what rppara t o  be pr- 
< ,  

hornblende ar wall as hornbls&de peeudomnrphio after sugi*, as s h m t  in p l a k  18B. 

Modem f o r  oUvim augitifs in  nhioh olivltro sxoeadr 12.5 peroent are given i n  

seatinn 6 of hbLe 12 f o r  olivine augitlta w5.a leer than 12.5 peroent  olivine i n  

reot ion 8 of table 11 and for an olivine-rlah a u g i t s t e  feud in oontaot  ~ 5 t h  gabbr~ 

' and hornfelr at  fhe outor oontaot a f t h e  pyroxenitio ring of the oomplex iD woition 

md X of fable 2, and a chemioal d p l r  i e  giren In aolunm I. 

All of the pe r ido t i t l o  rooks desoribed an-, w i t h  the sxcspt inu of dunik 

absolu te ly  from of ougite,  barn h e n  found as d i b u  or wlnm outting eaoh other. 

Y l s l l d s i i n o d  dibsd o f  augi* dunlts out  dunih ,  mhrlite, aad ali* e u g i t i h .  

Vehrl ike  and wehr l i t i o  u l i v l a e  augitita dikes out  dunita, augits d u n i b ,  and o l i -  I 

vine a u g i t i t e .  Ylnretmr, thin dUPss of a b u t  pure rugits out  the k r a  o l i ~ s -  I 

r leh  roobr. An augi te  d d h  d i k e  o u t t b g  massive oll~ine augit i te  La s h m  i n  

p h b  6 ,  and aorsral olirine a u g i t i t s  dike8 outtlng d u n l b  are 8hom i n  plats 6. 

Well-definsd lnolusinna ai augiti ta from mre oluaters of a feu au&i te  oryatnl~ 

t o  massem several yard8 I n  sectinn h a w  b a n  obsenmd In mrhf l l te  near aug i t ib  

oontaots. Many dlkee of nl iWm-r loh  r o c h  suoh as auglt;e dupita and rrahrllta 

ham been found out t ing  olivine-poor augltite as muoh os 1,600 feat from t& a n  

dunit;e mass. Thus the  oantaot ~ e l s t i o n s h i p s  b e h e n  the major ultrabask rook 

types rnnp f'raan gradational t o  aharply lntruai*s. 

Mode8 for aug\t;4 d d b  dikes end crutlylng bandr.with5n t he  o1id.m a u g i t i b  



are given in osction 3 of table 1; for wehrliko bikms ia seotion 5 of table I ;  

and for olivine-riah augitits d l lea  irr aeotlon 7 of fable 1. The awraga r ~ a b a  

are r s o a p l t u l s ~ d  i n  cnlumm C ,  6,  md O of table 2, rod obmloal aoalynsn of m 

o l l r i o ,  rugltlt. and fb wohrlib dlb out8 Qlnlk. 

Dlke t* and u l m n t 8  rmmooirbd witb pmridotltr 

A dlrtinoti*r group of dilm roob brrlda ells '-8 belonging t o  the mjor 

mombers a l  the peridotifo oomplex i r  found in the p r i d o t i t s  portion of the Blarhbs 

xnlaad gaaplex. Thew rookm forr omall d-a, generally a h'aotian of an inch la 

rswml Inohem in thlolmswr and none of  rappablo mite. Tbsy are  not rbundant 

s$oukh any plroe 5n the o q l e x  t o  f- sn appreoiobl. ml- of  the rook, but 

they are quite ooq~mw eraryrrhen exoept in *he lntarior of tho dunlk  oora of 

the oaupler. 

Ia mrgld port lon~  of the dunlte oom, a* ;t: mxl.wm of 1,000 h e t  from 

the augltita o m b a t ,  d goherally la mugit& dutdtn or wmhrllte border faoisa  

I n  the rook* Thsae bodbr range Prom a fraotion af an inoh t o  an inoh or two i n  

thiolrxuam and may be oont5nuaur for lengths o f  up t o  fifty fast. C-nly the 

aryafalr of augik  i n  there bodler are in  random nrl.atefAon, buh am large in 

orore aeotion 118 the rridth of the d m .  Thess bodler w e  generally bordered by 

a tans of  o1bn.r yellow serpentine a d  aonfain nras8ea u f  rerpeetina *thin them 

that aay rupreaent preudomarphs after ollPine. A mdal d e t e ~ t i o n ' l n  gimn 

a8 I t e m  96 of ~ e o t i o n  11, k b l e  l r  

Another group of oamrpand~ in oomposltian t;'o plpjor peridotite mrmbarm 

but i r  o b a o t e r i t e d  by r dimtinative fabrio. Theor dlkar omriab of W n g  Fo- 

portionm of ollvins aad augib ranging fram augib  duri ib  to bl ips l le  rioh augitite. 

I)- 
The b*urm 1s gmnular sod finer gralned titan the typior l  perldotlk o f  oomnpand- 

ing ampo8itian. The mg:k grdn.8 a m  granrrrlly 1arg.r than tbs oli-, -1e . 
4 



the olivine farms a m 1 1  granular stringers surrounding pyroxene graina and clumpr 1 
of &rain4 in an ana~tamoslng nstmork, givlng t he  rook r retioulated fabric of 1 
granular nltvine. Pla- 19A f a  r phetomiarograph of a d ike le t  of t k s  type 1.8 mm 

M d e  nutting onares dunlta. ! h a s  dibes  u s  found i n  all the  p r i d o t i t u  members 

of the aomplsx but only 113 *he marglnaX portlonu of the o a n t n l  d d t s  oom. 

-re ?and in dunit4 md augik dunlb theises d-a are geoer*lly r i c h e r  in pgrox- 

ear  than th* enoloaing ruokm, mnd sn rrrrhrlit;. red ol iv ine  wagitit. Chsy u s  pmr- 

ally rioher la ol i r ine .  Their a6ntrotr  wi th  the emlos ing  .rook my bo shsrp *nd 

dsflned by a thin roue af rsrpentine, ar the aontaotr nay be dl8tlnguirhsd only 

, by u abrupt ahangs i n  k x t r r r e ,  fubrio, and r e l a t ive  proportions o f  oonati tusnt  

fion. They range Pram 6 f'rao%lon of an inoh to several lneheu i n  t h f o b o a a  sod 

; are typioally unifonn in t h i o b s s  and mttitude f u r  mxpossd length6 up to 20 or 

50 f e ~ t .  

A dirt inat  grmp of dike Pwkr o h o t e r l c e d  by the presenee of oa la io  plagia- 
I B olaas and primary hornblsnds i s  found in the o l iv ine  sugltits ring o f  the ooqle+* 

. fibre rook* a m  rllotriamorphio t o  hypidionmrphlo granular i n  texture arrd fine 

I grained, though ram oantaia ooarrre olivirre phenooryetr and large p o i k l l i t i o  horn- 

blende orystals and a r e  thuu porphyritio (Photomlorngrsph, p l a t e  1 9 ~ ) .  The mi- 

oal texture may be.desaribed ss r p l l t i o .  They are gabbroio In anmpoaition ranging 

' hrm wehrllto, d t h  a r d 1  m o u n t  of oaloio p l s g i o o l a ~ e  and no p r h r y  hnrnblenb, 

t o  hnrnblrndltes oontaining minor oeloia plagioolaes (Photomlarograph, pla-ba 2&) 

They ha*s fhs rollorring m$netal aaasniblagam and oharro ter i r t ios t  - . - . 

. -. 
1. fllir'a, auglte, plagiaalaae, an4 only lsts poi ldl i t lo  hamblonde, , , 

2. O l i v i n e ,  auglla, plagioolare, and prLPsrp hornblende. 

3. ~ u g i t e ,  plagloalaaa, and hornblende, M*h a l i t t l e  o l iv ine  'nurounded by 

mnrtatits-aotlnollb ooranar r 

4. Augite, plagioolasa, and hornblende, with t raoes  o f  11yperuthene i n  a few ' 

D mpeo imena. b .  



5. Hornblondo with r; inor plae;ioolase and traoee of augite and hyperstheno. 

The dikes of this group a l a o  rmga frm fYaat5on of an lnoh fo 6 fs*r , 

inoher in t h i c h e 8 8  and are unliona ia thioknerr end attitude for sxpowd lengths 

of up ta 30 feet. Thdr oontaotm Uith tb enolomlng raok a r m  sharp atad umally 

awrbd by a -row %om of hornblende. 8- dUem of t h l 8  group exhibit dlrtimt 

flow frbrlam utth the dnaralr in rtroakr and ~ 5 t h  aka& pmfsrmd orienhtion 

parallel h fb walls. DSbr of goupr 4 and 6 u e  a100 o o ~ ~ ~ , o u t t i r r g  the gebbro 

ring of the emplez. 

The rrprps beerbnohita -6 ~ o b e d  by Chsl5w (1892, pp. 2-4) fox. roale~ demaribed 

, ' as "grbbroapl1kw but oontalning a oubsht ia l  psrosatnge of d t e s .  The name 

. ' lmri ta  war sppllad by Duparo -(Dupsro and Grosret, 1916, pp. 108-108) t o  a horn- 

blendife with rubardimts olinopyraxsne urd  leas U i o  plagioolaae Crmnd In diker '  

. outting dun lb .  It -arenu uudsrirable to ure a m b r  of mum8 for different -5- 

ant8 af a gamtioallp mlnhd maquen~~e of foaka mere tha use of dlfferant mmor 
\ 

' 

m m l y  obsoumr the esrontial aoaratyrln~it;Jr* Therefore the mum bserbaohite d l 1  

bs used t o  refer t o  these Foob a8 a paup, and It nil1 appear f i a m t b  d i ~ o u s s i o n  

appropriate in tk light of t h e  owtrowray that ha8 W n '  plaoe owr  the o r l a  
, 

, af the baerbaohibr fr- the type looality. 

Yodsr em gl-n in rootioar 14 and 15 of tabla 1. *, The"berbaoh1ter of roo- 

tlon 14 oontaln nxbrtantial peroentages of o l i d n o  a d  those of eeotina 16 are free 

. . of o l i a ~ e .  rhs average8 are reoapitulrtad i n  oolumnr N and 0 of table 2. An 
. . 

analyeis of bnrnblande-rloh, olirhe-frem beerbaahlte (mpeolarn 99, lkem 112, 

seetien 1 6 ,  fable 1) i r  gi-n under oolum P of table 2. . . 

One unurunl d l k - l i k e  body rrsoaiated with d l b r  of t h i r  group oaae1st;s o f  

an apllMo textured, fine g r a h d ,  nhlh rook oompordd ei'aYmosb oolorlebs FPDU- 

1v diopridio lrugifs mad oolorlesrr andraditm garnet with li.t;Cle ohlorite.' The 

I) mode o f  t U r  rook i r  glrsn 6s i k  103, s s o t l o a  lS, af tabla 1 and in oolumn Y of 

-ble 2. A ohaalo6l rnalyuim d orloul&ted norm i a  g5-n under o o k  II of , 
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table 2. (%<)ttrmicrnyraph, p l a b  20B) The mimralogioal and oheraion1 oompoal- 

t i n n  mile it almost certain that this Is n rvok produoed by oontaot metamorphism 

nf a limcratnne nnd raiser the queation sa to whether I t  i s  an Inclusion rather 

than a d l h .  The f i e ld  rolatloru are quits clear. m e  rook Ie axpnted oontln- 

umtsly for several garda am a dlbs rbout 3 inohem wide autting oasraa olivlne 

a u g i t i h .  The -11s are shnrp m d  parallel and several amall, altered, angular 

inolusioas of  ol ivine rug l t l t e  w e  prsoent near the wnllr of dtks.  ~ l t h h g h  

a produot of  santaot n m h r p h l m ,  It har aertalnly b e e n ~ o ~ l e t e l y  nmobilired." _/ 

A euphemism employed Ihsn a petrologief dase not gulfs have, tha oourage t o  nay 

The pornribla s l g n i f i o ~ e s  of this d i b  nil1 k . e n  up again nhrn +ha origin of 

the besrbaohl+ar i s  disauawd. 

Within the olivine rug i t i t e  ring of the oamplex, and particularly near ibrr 

outer bnr&r, a m  irregular anu-6 and d i k e - l i b  bodies t h b t  might be desexlbd 

aa basio pepmti-. T h q  a m  aharaoterirsd by wry ooarse oaloio p lagloolaw 

with ooarss hornblende, augih, o l iv ine ,  apd 8pinel. In some speoimens t;ha 

olivine ii sumauntled by aoranas of eostatite and satlnalits.  In others no treoe 

of oornm formrt5on 11 praemnt. 8- of these b d i e a  are merely formleaa, irregu- 

lar patahes  within the aug i t l t s j  o t b r r  am dis t inot  dike-llke bndiea uith sharp 

. . oontaots wtth the augititsl while a box-work patkern o f  p s p t i t i o  atreaka in 

ooarre ollrlna augl t l ta  18 developed in athrr plaoes. These relakitme are ah- 

' i n  phofographlo p l a b r  7, 8, and 9 .  Sam o f  the dike-lib bodies shuw a cruds 

r&g, knding bs feldrpathlo t m w d  the oantbr mith e l o n p b d  hornblende 

ory&aIrn gra*ing from the -18 in-. Tbs Bjko-lih bodlea range up t o  several 

, feet in thicknbrs but no- nrs expoeed for more thrn a few tans of feet. Most; of 

. the irregular nmsaea are only a feu Lnchsa in aroaa seation, buf they may oantain 



12 of tahle 1, and a chemloal snalysis  af a anmposite specinM9n ie given under 

O O ~ W  L of table 2. 

Cabbrolo roob 

Qsbbro 

The gnbbro of the Blrahke Is- Complex rangem nide ly  i n  mineralogg, 

texbm,  r t r u o t w s ,  rrad field re la t ions .  The orsential onqanen t s  a r e  plagia- 

alara, rug$&, and homblande. Tho gabbro kndm t o  be rioh ia.augiia near * 
inner m r g i n  of the r i n g  where *Imast e l l  of the hornblende haa  late p o i k i l l t l o  

! 
r e l a t ions  t o  augite  and p tg ioo la se .  Tomrd t h e  nutar margin o f  t h e  gabbro, 

1 auglte is muah lems abundant and I n  most fao ies  largely replaoed by hornblende. 

Here the rook d u o  orratainf~ r good deal o f  primary hornblende. Ollvlne 18 ommnmly 

I 
prsuent i n  t h e  gabbro n e w  oontaot8 with p e r i d o t i h  m d  abuent in the outer  por- 

t ions.  Hyperstheus and biotLte a re  praaent; l ooa l ly  and in ennil $nu~unt~ 5.n th. 

oufsr pert# of the gabbm, generally near hortlfBlm oontaoto. Cornman aoossrariee 
1 

srs apatite, npbem, and oror  - lnaluding sulfides, magnetite, atld ilmenite,, 

h e h n l k  awl p n n l n e  appear nporrdically ar late i n t e r s t i t i a l  primrry nrineralr 

and ss a l t s ra t ion-praduots .  Other ommaon a l t e r a t i a n  produota and f rao ture  fill- 

ings are ~ o i 1 ~ 5 t 0 ,  c l i n o r o l s l k ,  spidatx, l e u o o ~ n s ,  t r e m o l i t e ~ o t i n o l i t a ,  s e r i o i b ,  

olay udneraln, haulaadite, and aarbanates. Quartz 51 present a s  a late %ntaroti- 

tlal prlaary minerd in a faole8 of the gabbro nmmr at the outermort onnbatm with 

oountry r o o b ,  and l a b  I n t e r s t i t i a L  ranidins or alblte i s  found looa l ly  i n  th in  

faoler.  A deep golden garnet i n  found as om of t he  prlnaipal primary minoralm . . 

in a ooarre gabbroio ve5alef au t t lng  i n t o  a lsrp hwllfelr iaolurion *thin khn 

gabbto. Iduder and data an the oompositlnn of  fbs major miaeralr of  tho gabbra 

are given in k b l e  1. h o t i o n  17 of t a b l e  1 gi-s d a h  on olivine gabbro, mao- 

ijlon 18 en t yp ioa l  nuglte pbbro fie0 of all*im, a d  reot ion 19 on h o l e s  of the * 

gabbro near the OU*P 00nka t l .  Theme mode# u e  reoapitula+ed l a  ooluma 8 ,  8, 



T, V, nnd Ti  t r f  table 2 and a ohslnioal analyslr aF a e o q n s i t e  spa iman of +he 

~abbro i a  gimn in column rJ. 

tVkra augits in i n  large axaeas of pladoolars i n  tha rook msr the inner  

oontaote of  the gabbro r ing,  1% i a  d i s t ino t ly  enrl5er than plagioalare and aammonly 

t i a l  p i n e  of  plagioolade. m e r e  the p l a g i o o l a ~ s  iti approximately equal in valuavr 

to augita ttm tun mlnaralr a r e  mtually In ter fer ing  and appear t o  haPs o r y e t d l i z o d  

rimltarronusly. Tornrrd the a e n k r  and outer portion6 uf tbs wider parts of tb 

gabbro ring where plagioolase i t x  i n  large exceas of  au&%e, the aug i t s  i a  din- 

t i n o t l y  latar khan plagioolaes and i s  oommnly poikiUt10,  ancloning numerous sub- 

hedm1 grain8 of plagioolaae, The a l i + h o  i e  found i n  aaat tered,  h d r a l  grafnr, 

many of *ioh enolore rounded gra ins  of bath augike and plagioolase. Olivine i n  

apparently nomarhat later than at  least par t  o f . t h e  pyraxem and feldspar. The 

o l i d n s  in same of the gabbro bar ooronas of  aeverr l  type8 pnd t b s e  wl11 be 

B deecribed on pages 13PB. Hornblende i t 3  oommnnly later than Chs nther primary a i l -  

i o r t ea  aad muah of  i t  ha6 formed by the  replacement of t he  o ther  r5 l l aa t ee ,  but 

mainly of u t g l t e .  I I m p o r ,  moms small inolusiana of  harnblands w - i t h  orya ta l  form 

be fmnd l o a a l l y  i n  augite, indioat ing a small amaunt of primary o rya to l l l r s -  

t i on  of harnblende along w i U l  auglts. O f  the aaoeeroriss ,  a p a t i t e  formed early, 

but sphene and tho eulf ide and oxide ores orys ta l l ic@d la* and oomonly replaoe 

. a l l  prinrsry silloates including hornblende. 
' . 

!he texture of the gabbro l e  omrrs and ~ a r l e d ,  ranging from a l lo t r iomrph lo  

ta hgpidionrarphla granular. In outorup the mafio mineral8 mnther dark and the 

feldnpar wtdb or  pale brm,wtzilm on f resh  aurfmes the mfitee a r e  blaak or 
I 

dark green and the faldapar nhitn, ro that t he re  1 6  ammdly  l i t t l e  d i f h r e n o s  

in oalor  be-en fresh and weathered 6urfaoea. A e t r ik ing  feature of  lmch of 

the gabbro i a  a thin layering or banding oaused by the aonaentration i n t o  o laae ly  

r p o s d  p a r a l l e l  layer8 of moat of the l a t e ,  po ik i l i t lo  harnblends. The Mdth of 

bandr r s l a t l v e l y  r ioh  ar r e l a t iw ly ,pna r  in hornblends ranges frop a ' fraot ion o f  



an inch t n  a. oouple of i ~ c b o s ,  dnd the o r t en t  t o  HNeh this bxture i r r  developed 

ranges frrrs strung t n  vary subdued, grading in to  uniform gabbro with an a b a t  . 

,e ' . 
gran i t i c  t e x t u r e .  The layoring i s  accompa.u%ed by a s l i g h t  t o  d5.s.t;inot preferred 

oriontatian of tabular plagioolaso orystals tnward para l le l i sm with Che banding. 

The banding i s  steeply dipping almaut emrplaers k h t  it 10 pmaent ,  but the 

s t r i b  doer not mhm any very oamsiabnt  or ien ta t ion  or  relat;ionshi,p t o  t he  pattern 

of the oamplsx~exoept that; near both t h e  outer and inner eontacts  of the  gobbro 

it tends t o  m i n e  i n t o  p a r a l l a l i m  r iCh  the onntaatn, but may a l so  be Paund looally 

a t  high angler t o  t h e  oontacfs wlth hnrnfeln. The banding does not  maintain a 

connistent a d  uniform a t t i t u d e  over streCohes of mumy yards, but  i s  onmonlywapr 

60 st;rnngly contorted and present6 a remarleble paCtern o f  s e t s  of m e p i n g  mums 

t ranseoting and t r a a s e o b d  by other mob af o u d r s g  bade. The ~urf 'acaa of in tur -  

aeotinn between orurr-crutting a r t 8  of bands am rlmorrt all stoeply dipping, 

Plates 10 and 11 deplot  so- s t r i l d n g  exsntplea of  t h l a  s truoturs .  Figures 3, 4, 

. 6, and 6 are pen a h t a b e a  of snnm of the patterns dirplaysd by the bandingo 

It  Is important t o  no- t h a t  t h i r  layering i r  not  due t o  t he  segregation of 

tm serly primary phase6 i n t o  layers a l t a r n a b l y  enriohed in one mi l~era l  or the 

" other with the res idual  liquid e ~ ~ ~ l l t i n g  at randam i n t e r s t i t i a l ' l y  or by deu- 

. t s r i a  reat ion.  The layering Ss due to the onnoentiration of  hornblende, the laat 
' 

important oomporrsnt of t h e  rook tn form, in60 relatively enriohed bands with . . 

r e s p a t  t n  plagloolase and aueiCe, tho e ~ l l e s t  important ot)xuponente of Cha rook 

t o  orystallice. The plsgiaalaae rhows enme eddenoe of f l u i d a l  orisntatilon tanit 

. . in rome el idea there  appe-B t o  bs a l i t t l e  pro toc las t io  broaklng and rounding 
, , 

of the  l a rge r  plrgioolaae o r y s k l ~ ,  but  the hornblende fnrme oo&as, irregular, . 
oompletsly snhsdral paikilooryeta enclosing raudomly oriented, otmerrhat rounded , . 

. . 
grain8 nf plaglnalsee a d  augi te  and ha8 g r o m  a t  lean* p a r t l y  a t  t h e  expense ni' 

' p l ag ioo l~ae  and fiugitrr Apparently the  texture fol~rsd by the  owaent ra t lon  Into 

these banda of a l a k  f lu ld  p h a p  that remotad with fhr +olLd p h a s e  t a  fnnn 

hnrnblsndo. 



in gbbro. T h l m  nattam i m  a h a n  UI. m u u  horisQltrl wt~rop  mri.oo. % 

bud. arr -ply diopbry. Tlr Ln&h d thm W r a p  ir  about k n  fa*. 



h o r n b l e ~ 4 c h  bud8 in pbbra* T b  W r a p  muflac* 18 marly ha'isont*l mnd 

about 6 feet I-. Tln bands a n  .t.eplJ di-. 



F i g u m  5, Pen sketch mhdng trend and mttern of d r U n g  hornblende-rich 

b n d a  in wbbro. Tho auteron surface is mar* horizontal and about 4 feet long. 

The band8 are stsoow dinnine. 



. . . Figure 6, Pen aketch showing trend and p t t a r n  of hmblende-rich bands in 

a relatively lighteolorsd, evcn-textmd gabbro cut by a coarse, mfic ebbro 

containing munsrous incluriom of U g h t ~ r - c o l e d  gabbro mnd hcnnfelsed c o u n t ~  

rtxk. Both gabbroa an? cut by a smll  sUp. The outcrop wrface i r  marly vurtt- ' 

- .  cal and about 3 feet lare* 
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In a few localities, where the gabbro doer not haw the layered or banded 

Csxture, it haa a mnttlmd or spatted aspeot due to Ghs o o n u e n h t i o n  of a l u g o r  

peraentago of l a b  harnblsdm into  mre or b r a  equant a lus txra  from an inoh t o  

r s w r a l  lnoher i n  reo.t;ioa separated *am adj&osnt alurrters by gabbra oontaininy; 

a a a r l l e r  prcenkagr  of hornblende. Hmmmr o o m a  h x t u r o  when nat banded 

11 aoarss, uneven, and a h r t  -tie. 

A psouliar  aad not filly underatnod feature of the  oxpnsure of the B + b  
I , . 

faland ompler $. the faot that aa#hers i a  there a f i l l y  aqored-iontact be+msn 
..- -. . 

the min o l i ~ i n a  a u g i t i t e  ring and the m ~ i o  gabbro ring. In  h o t  an i n a p o t l o n  

of the geologio (plate 1 ) w i l l  shtm that the efuaion of the ass-nays in tho 

Blarhbs Ialaadr has h e n  o w t r o l l e d  by t h i s  c o n t a ~ t  more #urr by any other femture.' 

The gabbro-peridotite oontaot apparently I s  a corn of extremelyweak rsdakaoe  * 
t o  sroalon, For a d l s h ~ o s  of  about 1,400 feet  along t he  oarternmoat border uf 

the pmridokitm mrrr tb o m h t  w i t h  gabbro tramrres "dry lmndw, but  errrn here 

,the aontaot i s  cnnoealmd beneath a narrow s t r i p  of nnampy gtound exoept f o r  a 

p h i a l  aad Impsrfeot exposure a t  the southern end. At the portly expoaed part 

af Chlm cantaat tbre are almbmt oantinuaum ou*oreps of unlfnrm olitrins augiMke . . 
up en a cornred area of lm ground forming atl indenfation a t  *he hiad of the 

rmall bay where the w h r o p  5.6 lnoeted. East of this break ln the expomure i r  r 

+ . f a o k r  of the olivine augitite that aontalna 4 o r  5 psroent of i n t e r s t i t i a l  anor- 

t h i t e  (speoim6nr 216 and 216, i t e m  81 and 88, sea t ian  8, table 1) and this appear8 
. * 

to paem rather abrupkly i n  a diutanos of 10 o r  20 fee t  into a owrue, mflo, 

- '16, table 1) .  Within the feldapathio olivine augik there appearsd %a b. somr . . . 
W l  inolurlonr o f  gebbro, but n o m  o f  them oauld be broken frnm the outarop 

. . - .  
. . .for 5nvmrtigatian. 

the north eide o f  the ehannel north of the long l a l aad  forming the r o u t  - 
shore of Bimuro Bay there 158 a monmwhat sirnilair r s l r t i n n r h l p  exporsd. Sauth of . .  
the o b . 1  i r  a n o w  olir5na augits, North of ths.oh.Ptre1 l o  a t h l p . b b d  of 

. -  



olivine a u g i t i t e  (spedimen 261, i t a m  80, section 8, tab le  1) oontaining numsrour 

i r r egu la r  streak8 and bend# a? coarre, anorthit4-basring bar io  pmtits that; 

paeaes within a f.n feet northward i n t o  a fine-grpimd glulul8.r mueltits almost 

free of o l iv ine  and with o lilitle I n t e r a t i t i n 1  f e l d q a r .  T N a  feldspathio augi- 

tltr, whiah is by nu pllrmno alose t o  n o r d l  gabbro I n  otmpoaition or texture, in 

22, table 1). 

An entirely di f ferent  relationship An expoued on the routh side of the  mall 

. : !  gabbro =me (apeaimen 142, i t e m  118, reot ion 16, table 1) surrnunded by olivine 

auglt l ta near the eastern border o f  t he  olivine a u g i t i k  ring. Bere one exposed 

. ooatnat i s  prfeot ly  sharp b e h e n  Che tww r o o b  and the oontaot surfioe hsa . . 
asveral  angular i r m g u l r r i t i e s  in it and snme small apophyuea of  gnbbrn tonguing , 

I , out i n to  the ol iv ine  augltite. I n  plaoer thir contaot is mrbd by an open joint 

. 'bmtwwn tha -0 rooks. At mothe r  plroe a hornblenditm dike about I? inohea Mde 

- 6  fallowe tho ounhdt fur s few f i e f r  Unfortunately, a low engle, wwrtnard dipping, 

B .  fau l t  aufaos forms W other exposed aonttiot lrZth oliPine au@;lltite and the exaat 

relntlanrNp of t h l u  body of gabbro t o  t h e  maln gabbro ring of the omplex ramin8 

a matter of speoulation. 

To sunmarire the  oontaot relations b e h e n  the gabbro r ing and t h e  o l iv ine  

. . a u g l t i t a  shell of tlm peridotste oomgbxz one oantaot between the  mein nmaoss of : 

both rooku i u  abruptly g r r d s t i a m l  from a s l i g h t l y  feldspathio faaiea uf tho -- 

o l iv ins  a u g i t i t e  i n t o  a onarre, ol ivine gabbra. A gabbro mass that I r  present 

within %he ol iv ine  aup$titcr r u g ,  possibly a8 t he  r e s u l t  af Paulting, ha8 harp 
< , .  

, intrus%vs r e l a t i m r  w i t h  the  o l iv lns  aug l t i t e ,  and a t  a th ird  contact, a alightly . 

f e l d s p a a o  sugik i ta ,  i n  In d i r s o t  oontaat Irlkh gabbraia horafelm. Rowemr, t h e r e  

t s  rsannn t o  b e l l e v ~  that none of these sxporursm are *ion1 of most of the oon- 
. . .  , 

taot, bsoaumm moat ofthe contact h a  proved peoul ia r ly  nonreairrtaat ta sroalon 

while t he re  onntaot8 are of normafly i e 8 i r t a l t  rook. h u t h e m r e  nono of tb. 

o o n h o t r ,  nhem exposed, r f fa rda  n +en of t he  transition f'rm r feldrpathlo 



fao ies  or the olivine a u c i t i b  i n t o  the noma1 ol5Plaa augltlt;e i n  nhich fold- 

a apar i a  v e t y  sparsely and sporadioally dlrtribubd.  

The auntacts b o b e n  gebbro and oarntry rook8 are exposed at mary point6 

around the  periphery of the oomplex. They range fim sharply intrusive i n  ahar- 

a o t e r  where the gabbro r i a g  10 broad, tn vaguely demwoated t r a n s i t i o n  rrnnee a 

fnr fee t  rLde b h o n  grbbroia raakwikh i r r o g u l u  taxturo and gabbrolo g r a n u l s b  

, ' ou t  by numaroue i r r egu le r  d$Jmr d s t r e a h  a f  rack  with ooarre bu+ ant t yp loa l  

gabbroio texture. In ram places, as rhown In p l a t s  12 ,  a olear-out intrusion 

breoola marks the c a n k a t .  Tongues of gabbro enmerh b u m r a w  angular blookn uf 

hnrnfelred o w n t r y  rook, T h i n  Qqm nf onnkaat I r  bas t  exemplified l o o a l l y  around 

tho nnrUlsra-m d eaa tern  border of tb oomplex Hhen the gabbro r ing i n  r i d s a t  

i n  outcrop. A t  other  point^, partleularly around *ha s e u t ~ s t e r n  d vms4m-a part 

o f  tb. oaatplex rrhsre t h e  gabbro rlng is narrm and lema perfeot ,  8 more irregular 

and lelre d l s t i n o t  typb of o n n h o t  is develaped. Herr may t n n y e s  aad apophyaee 

. 
a i  gabbro pars off i n h  awntxy raak, but  they Cend t o  k i r r e g u l a r  ia width and' 

attitude and t o  fads out i n t o  ooarlre gabbroio hornfels that l a  d i f f i o u l t  t o  tell 

in the f i e l d  from tha gabbro. .Inolusione I n  thi8 part of the gabbro are oonmnly.. 

* 
. indietinot and rounded ar I r regular  i n  rhape rather than angular. 

A aonmntinnal i n t e rp re t a f i an  of t h e  f i e l d  re la t ion8 of moh o f  the  gabbro 

around the makern edge of the  oomplex probably wr;uid lead to t h e  ooaoluatorr that 

them ha8 been a g rea t  dea l  of Lweooistion and partial a r r lml l a t i an  o f  country 

raok ,by gabbroio raagum in oertoin l ooa l i t i e s .  Howevar, gradatloaal  relatsnne 

. betwaen gabbruic granulites of undoubted metemorphlo or ig in  and irregular strealpr 

. r w r  of ooarrr-grnined rook of gabbroio aompnrltion but  w i t h  ruggeetione under 

the miaroaoope of porphyroblaatio texture,  argue tbat muah ru-cal led gabbm hae 

beon derived by r e e r y s t a l l i r a t i a n  of hnrnfelead aountry rook. M t e r  a l l ,  the 

I raw, -oral phases a m  pmment ia both the gabbro and the  gnbbrolo granu l i t e  



st i tuonte,  are di f foront .  Tho ahenfcal compositions of gabbru and gabbrnio gran- 

u l i t e  are s t r iMngly  r imilar  a8 sham i n  o o l ~  U and Y, a b l e  2. Oabbroa wi$h ' dublou. texturer  ~ n d  r e l a t i  on. sugge~tit ig derivation by r e o r y a t a l l i ~ a t l o n  .nd re- 

plaoelmnt of o o u t r y  rooke are reprerented by apeaimen8 300, 309, 347, 358, 360, 

356, and 230, i t m u  12C, 124, 123, 138, 184, 140, arrd 141, table 1. 

m y  dikes ranging in nizs f r o m  m u l l  ~ a b b r o i o  etringsru t o  mssms of' oaarme 

gabbro 200 f e e t  *rids and arpowd f o r  dletenaem o f  m r  1,000 f e e t  out  the ownt;ry 

r&k within o m  t o  tPru thrmrmd f e e t  o f  the -in oamplex, and t h e i r  o o n t a o t ~  are 

typica l ly  sharp but  n o t  aheraatsrired by obil led border&. 

Thrwghou% ths gabbtn mra.angular  t o  rounded nr streaky inalqeiouz of mafia, , 

amphibolitio &ramlib are atmmn. Flab 13 rrhnws m wtorop o f  p b b r o  near the 

Inucr par t  of the  broad northeantern oeotion o f t h e  gabbro ring onntaitring numsraur 

angular incluainn,na. Thr gabbro is a l so  out by numoroua mafio hornblende-augite- 

plaginalarr dikea of tha bsmrbaehite group, and foomlly marem of t h i n  type bmo- 

. o l a h  the gabbro and oantPln inolusinns of gabbro. A hotmblendite-beerbaohi- , 

dike i p  outtin& the gabbro l n  p l a b  13. Despite the d i r t i n o t l y  d i f f e ren t  modes of 

ooourrenoe of tho inclurionr i n  the gabbro and the d i h e  autting thm 'gabbro, they 

' oorreepond rather oloasly k~ ocrmposition. The modal minoral oomporrition of in- 

- olurrians a d  diker in gabbro oan be a~mpared i n  seoCitrn 23 of  Gbls 1. Specimens 
. 

95 and 16 , itsma 148 and 149 are dikes and *he other apeoimann are aagular 

. . 
The onuntry rooks surrounding the  Blaehke frland 'obmplex ahou evidsnoe of ti 

oonfaot metamorphiurn f o r  dirtanoea up t a  a thousand feet. Hear the  o ~ ~ ~ p l e x ,  o m -  

t a o t  m s ~ r r r p h i s m  i d  g e m r a l l y  strong to extreme euad the oountry rook6 bm been 

trsnsformed i n t o  granular hornfelses of eabbroio t o  amphlbolitia composition in 1 

i a SOBO one hundred t o  two hundred f e r t  wide, Similar rooks formed by the  thermal 

u&unorphiarn of bamaltla levas -re oallsd " g r ~ ~ l i t l ~ .  @bbrow by Oeikia and Teal1 



(1894, p. 647 and p?.  650-651) and this term was ount5nued in use by Aarker ,I' 
(1904, p. 115) lrho s ta ted  that t he  Csrm was equinrl int  to "pyroxene granulib1! 

B a s  ueed by continental Eurcrpean petrographeims. The ganulits hno long boon 

applied &I a mriety of metamorphio roah with s etystdlloblsrtio-grmular texture 

(Rorrenbuaah, 1910, pp. 622426). lime the roakr are not  gabbro in f h s  gsnet io  

mmn*m, but of gabbroio 0 a p o 8 i t i n n  and dmralo-gy, tha nu "gabbralo g ~ l l b n  I 
w i l l  be employed ra ther  than "granulitio gabbra." 

The gabbraio gramlib.  a ~ a o ~ r l r t i a a l l y m a t h e r  t o  a bard, rmoth ,  bronni~h- 

blaok t o  redd i sh -brw rorfaae. Coarrar o%renks with gabbroia texture have r 
' 

I 
mottled surfaoe beonuse the calaio feldspar tends t o  weather white nr  pale brown. 

Modular al tar tars  and rtrrah of m f i o  miwralm tond t o  stand out in  relief and 

m a t h e r  blaok. Joint ing i o  generally very i r r eeu la r  both i n  spacing, a t t i t u d e ,  

and pat terns of 8sta. In frat it i a  d i f f i o u l t  in4Uost uuhrnpl t o  disoarn any 

redimentary or volouLio rack are  looally etched ou t  as c l e a r l y  by weathering am 

though the rook bnd undergone nn rmtamt)rphism. Thinly laminated bedding and onn- 

m l l - d r f i m d  j o i n t  aeto. Some p r w  struahram and kexturse of the nrlginal 

glomsratAo texturea a m  o l s a r l y  sht)wn an the mathered eurfaesr of aonw outoropa, I 

y 

but e l a d e r e  ab l l t s r a t ed  o r  rlmcmt obliterated. Freshly broken surfnoes of the  

. g-lite r-r i n  orrlor from l i ght  to dark gray with a bromlah  aaat i f  biot i te  

or hyperathone i r  abundant. The h u h  l~rfnm ham s g r a n u l u ,  meary texture. 

. Y o e t  granul i te  i s  too fins-grained fo r  m y  indiridunl dnera la  t n  be recognizable 

. , . . i n  hand specimen axoept f o r  grains of sulfides, but in coarser spseimene it is 1 . . 
ooamanly pnmsible t o  m a n g n l t ~  b l o t i h ,  plagioolame, and perhaps hyporatheno, if I . . 
pre ean.t; I 

Under the nilorusonpa tbe gabbroia granulite 1s Been t;n have t y p i c a l l y  r 
* ' 

rmrall, more ar l e a l  equldimenslonal grains of augite are aoaktemd. Flab= f 
~ht~via this texture i n  i t r  a i m p l e ~ t  form* I f  ul iv i t i a  i r  present it is  general ly I 

. in  r e l s t i v s l y  coarae anhedr* that are o-nly r t r i k ing ly  p o i k i l ~ t i a , -  e n o l n s b g  
. . 



nuneroue ?la;iocZnss, and augite  grains a8 s h m  In plah218. Hyporrthene, if . - 
prosant, i s  oomonly I n  mhedral  grains but notiasably elongated i n  the  dirmotion 

of t h e  c axis.  B i o t i t e ,  If present, I s  genemlly die t r ibuted  through the rook i n  

irregular clustars of unorlmnted flakes csnera l ly  r~moaiated with grains of olivbm, 

tryprrsthena, or we. , 

The most fntenssly mstamDrphored fbo ies  of  the gabbrnio granulite are found 

a t  the loaalitiss on the  northern and western border6 o f  the oomplex where perida- . 

t i t e r  nre i n  aontaat *nth aountry rocks wikhout any l n t s m d n g  gabbro. Hers thb 

oourrtry rooks have been oonverted into dense, fine-grained to mndsrately ooarae- 

grained rook6 conai r t iag  prlr~arily nf a granular aggregate of oaloia p l a g i ~ o l a s e  

and augita, but generally oontalnlng in s d d i t i a a  auba t an t i r l  pro*ntngem of eitbsr 

n l iv in s  (hyalooiderite) and b i o t l t a  , hyperrthone and bio%ltti ,  or hyperstbeno .- 
Both eulfide and ox'de oren sra present, snd apatite i n  ooarae, mhe-1 grab# 

an ublquitour aooemsory., Modep atrd miaerslogioal dsb fnr granul i te6  of t h l r  

facie8 are given under sootion 24, af b b l s  1, and B e  modem are mmrnged undar 

ooluma Y of tabla 2, and an analpie  and oalaulabd nnnn i s  given. 

In # p i t s  of the oomplr* mineralogioal tranrfnl-mrt5on and reoryetalllzation 

t h a t  has -ma plaoe I n  the gabbrulo granulite, or ig ina l  struotures s ~ d  t;exh;urer 

.' . euoh ar bedding and oanglol~nratlo or agglomeratlo texharem are lwally d i ~ t i b e t l f  
. . 

* . d s i b l s  i n  outcrop, hand' spdoimen, and t h i n  reottao. Thus the outarop *om whish 
: . 

s p e o h n  868, item# 161 arrd 162, table 1, oame h a  the aapeot of a ooaree boulder 

oongltnmr@e oompossd of rmndsd pobbler, oobbles, aad boulderr that stand out 

. both on weathered and brnken surfaoes from their matrix. Plats 2ZA is  a photo- 

micrograph of t h e  matrix of t h i s  rook. In thin seoklon there i 8  no break i n   the^ 

granular mnraio t ex ture  btwaen tb psbblerr and the  matrix, but them l a  an abrupt 

dlfkerenoe i n  the  mineralogy ar i g  rhom by the modes given i n  tnble 1 f a r  t h e  

rmtrix and the pebblre, though both have olsarly undergone oompleh mine r s ln~ ioaZ  

t r w s f m t i o n  from t h e i r  probable original  onmposltion. In the outcrop af apooi- , 

nmd 280, i t e n s  167 and 158, table 1, Cherr a r e  several nodular masses an LDoh to 

'1 



tv:o inchos In crvss sectitla with a finer fex-ture and l ighter oolor than the rsrk 

of the rock t h a t  appear i n  aroos sect ion t o  ress~ble fossil molluroa. Bowever 

t h e i r  arig1m.l foss i l  nature ol~l l l lot  be proved due to the s-rew a l lx ra t ton ,  and 

they may just an well  be r e l i a t e  of oonaretions, pebbles, inoluoions i n  a vnleanio 
* 

mok, or large amygdulee. They have been oonwrted i n t o  an augite-plagioalase 

graaullte olose ly  oampmble to tbt of the  pebble@ i n  spa-n 368, while, ar i n  

spsoiman 968, the grotlndarrr o o n k l n e  olivine and b io t i t e .  Plate 21D shws the 

host  rook o f  apeaimen 280, and pla te  2 U  shows the enolosed nodule of dubious 

f o r d l  or5gin. kUnoralagloa1 differenas8 reflecting anmpoeitinnal di f ferenosr  i n  

or ib ina l  bedding We s h m  by speoimen 285, i t s m  159, t ab le  1. The part of t h s  

rook from whioh the sect ion was out  f o r  whioh t he  muds 18 i n  table 1 ountaiar  

-ruthone alma~t t o  t h e  sxalurlon af augite. An adjaornt band in  rook aontafnr 

augitm and virtually nu hyprs thene  o r  b i o t i b .  

Grant (1933, pp. 989-1040) has described ~ a b b r n i o  granul i te  derived from I 
s1aht;hat hare been gabbraizsd by onntaot with the  Duluth gabbro. The slate8 w e  

ah- tu have been ohanged t o  rook8 apprmching gabbra i n  both mineralogy and 

ohemlcal oomporr1t;ion by the  additinn of  lime and magnesia and *he dr iv ing  out of 

other  oamponsnts and by complete reoryr ta l l lza t ion .  In  the  Blaahb Island oomplex 

gabbrnLtat;ien i s  even more extreme. 

Although original struoturea and megasonpio texturea are l o o a l l y  wel l  pre- 

s e m d  during the  mehrph imrn  o f  the cuun.t;ry rocks t o  gabbruio pgranulite, they 

are also progressively obli terntod by the onslaught of thermal mtamnrphism a t  

other poinke around the oamplsx. Ar the  pe r ido t t t e  mass I s  approaohed the  texture 

of fha granulltx beoo1m8 onwrer.  Indistinct rkreaks and i r r egu la r  - i n - l i b  

- , .  b o a c s  d t h  a gabbrala texture appenr, as do atreake rand ooaree nodular mnsaerr I 
of wrfio d n s r a l r .  The rook m y  be lnbrpreted  a8 havlng been injocted by pb- 

. braic m x p ,  but no really clser-out efldsnoe for anything but pmrreesim re- 

0onsfLtution of oountry r o c k  oan be found. Spsaimens 253, 288, a d  363, items 
' 

i I 



155, 154, and 156, table 1, o m  oaarre gabbroio ~ ; r ~ u l i t s s  approaohing the 

I normal gabbro ~ bxture, but looally showing ro l io t  struoturer ruah r a  bbddiogr 

and differing from normnl gnbbro 5.n t h e  presence of suoh phase8 as hypersthorn 

and bio t i t e .  Spaoimsn 266, %tam 153, tabla 1, i m  h.om a o o u a e  mFio nodule r , 

war tnken. ThcZe rook ir a coarse, feldapkthie mrbsterlta mineralogiaally. , 

The intensity of mtamarphimn drope off nbtloeably lritilzin a few tan6 t o  a 

hundred feet of the o w l e x .  O l i v i n e  i e  not present, b i o t i b  becomes pragrsr- 

riosly mnrm abundant, tho plagiuolase beooms8 more rodia, and a faw hund~ed t o  

8 thounand feet f r o m t b  aamplex khr rocks pas8 i n t o  normal ohlor i t io  and w~ipN- 

b o l i t l e  greenstones i n  whLoh albite, orthoalaes, quarts, ohlarite, pale groan 

amphlbolm, coiiits, epidoCa, atld aaloitm are Oonnaan phasea. SpoirPen 232, i b m  

169, eeofion 22, table I ,  is a l d n a t e d  hnrnf'els about 400 feet north of 

a gsbbro-grorrulib oontaot at  the northeastern edge aP the orbmplex. This rnak 

cryatala of a deep reddish-brawn biot i te  and a green amphibole soattersd through 

. itr This  au~smblage of minerals in riddled throughout by small granules nf 

.orthoelaee no that the sections of hornblende and b i a t i t o  resemble slioau n f  an 

, exoeptionally vseioular m a s  obeerre, whlle the volume of granular orthoolaem 

. '  in the quartz exceed8 oollaiderably the v o l w  of the  quart^, Five hundred fee% 

further north the lamlnatsd hornPels paarea into  a low grade greenstons wlth 

.abundant chlorite and o a l o i h .  

The gabbroio grenulites developed near gabbro anntaeta with onuntry rook, 

parfioularly wlaere the gabbro ring 1 8  wide, a h m  a leaaer intensity of matar 

. -?-matphiem thaa the g m l i t e s  at peridntita oonfaota. Olivine ie not frjund sxoepf 
, , 

in one 8peo-n (358, S l a m  146, r o o t i o n  21, tabla 1) k o r n  m inoluaion near a 

~abbro oontnet with granulite very aloiss to the psr ldnt i te  m e s .  Hyperothano i a  

b oommon and b i o t i b  l a  abundlllt. The phgiwlase $6 generally in the aadeeine 

range . 
. , 



Xnelusions of country rook aro  very cormnoa in the gabbro. Suah inolus5tmrr 

are apparently very rose in tha poridotite, but two small onee -re found within 

olivine augltitw near i t s  outer w g h e .  Theme lnclurinas *re almo ohamobrized 

by granulltio texture, but they axe a dirtinotly dlf'ferent f'moimm f r o m  ths gab- 

brola granulites In oxtsrarl ann+aot w i t h  r o o b  of ths ocrmplex. They are ohar- 
I.. 

aoterited by the preaenoe of appmoiablo to abundant hornblende, whioh 18 absenf 

in the normal grmull-8 near pridotite contaotr, and a180 oharaotarirrd by the 

virtual ab~moe of b t o t i h ,  rPhioh l a '  aoman in the no-  granulite^. MDdes wid 

mineralogical data on inolusionr In o l l d n e  augltlt. are given in sootion 22, 

tabls 1, aad on inalurimr In gabbro In seotltnn 83. 

OLivtw and hyparsthene qre not: truly typioal of the granulitlzed inoluslons 

present: in Che gabbro, but olivlm end hyperathem .re abundant in one of the in* 

olusiom In olivia, augitlts and sbsent  in the other. P lab 22B i s  a:phatomioro- 

graph of the olivine-hyperetheno hornblendlte inoluaioa, speoimn 264, i tom 144, 

section 22, d b l e  1. The t;cro inalusianr km gabbro that .contain these mlnerah, 

s p o i m e n ~  368 and 313, i t e m a  146, a d  147, tabls 1, are from inaluslnns in nwrtnv, 

irregular bodies of gabbro on ths western side o f  the oomplex where tho pbbro i r  

n o t  mll developed. The ol iT iPe  i n  specimen 358 l e  ooarse, anhedral, and clmxrly 

: ' 'poi ldl i t io  4 t h  reapeat t o  hornblende as we11 as a u g i b  and pl~g lao lasa  as is ' 

. .  . 
a h m  by the photdcrograph plate 238. The o W r  speoimen~ nf inolu~ions in 

+ * 
motion 21 of table 1 .rs from the broad gabbra masa an the eastern aide of tiha 

* oomplex and ars +gpf oal of m y  o p e o h m  of hornblende-rioh gabbraio grantallto 

fmnd as imlueione 5n the gabbro. 
. . 

Yodea and minerdlogioal data un the hnat rook  f r o m  *%oh the 5noluaian.e 

of epeaimanr 368, 115, and 101 aarpe are given a8 fbma 138, 126, Md 134, a o a t b n a  

19 to 20, table 1. C'oqwisaa lrhom that the  b a t  rook rad the inolusion oontain 

emsentially the snma phase8 but in different proportion.. Bme.Par, inolusion 368 

o m m n e  ulivine while the hoat doer not, and parhaps paralleling t h l r  relation- 
. . 

rhip, the inol~winns o f  116 and 10: contain a larger .peroentaga of aug.lte,nhiah 
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is their most n a f l o  aahydrour silicate,.thatl do tho hort raoh.  The 8alien-k dif- 

ference b e b e a n  omntry rook b h e m l l y  mefanuzphosed by external a a a t n ~ t w l t h  the . 

a complex md oountq rook oauglat up ae iaolurioas 3n t b  rooks of  the oomplax I 8  . 

the fact that hornblende I s  pmnmt, or even predodmat, ln'the Uolu8iotllr *ad 

, nol; in the sxbrnally znetamorphoaed roola for som diskaloe beyond their oontaotr 

w l t b  the ooaploz. Hornbleoda i s ,  of  oourre , the abraobr i4 t io  'hgdmur meXia 

&'em1 of bath tb gbbro and the olivine augiklts ooatsining the bolurlaar, 

b.! 

Uqeral 2haaea urd their rarktions in oamp08ltlo~ 

The Porngoing deroription of the petro1oe;g o f  tho Baaahbe Island oomplex and -- 

the numsroue miommetrio detsrmlnatlona of modal mineral oonbnt givlsa $a tables 1 

and 2 revma1 that four mimralr ombios t o  form mom than 85 proent a f  enah of tho 

major rook *a of the oomplex, if altaration produotu nuah aa norpentins ara oan- 
+ ' 

ridered as rrpmeeoflxrg fhm pr- minerals h.m whioh they vrers derimd. Theas 

minerals are olivine, auglte, plagioclase, apd hornblende. Aotually rmoh of the 

hombblmnde ii reoondmy .2t.r euglta. The rarylllg propotblolu in'whloh t h m  dk- 
I 

mral phase8 nm oumblnsd, together w5th b x h r d  relations and mde of aoourrenob, 

. - %oh of theas mlnsralu has a broad range of oompoeitlnn suing t o  Cha rubsti- 

- . tution of am rlsmsnt for another. Iroa and r~agneeium aubetitata for eaoh other 
. .. . . in nllv$ne. Caloium, magnesium, and lron are inCsrotmapablr o w r  a wide r a w  

. - . 
.. ' In augib.  ' Caloium and a.ludnum substitute for  sodium nnd a l l i aon  h plagioolaee. -' 

. . 
, . !  Bornblsde l o  oapabl? o f  complex substltutionr inmlVing oabium, m p e n i u m , '  

. .  
. . . biralent and trimlent iron, aluminum, silioon, 'and a.adlum. This brlef 8tai;a- . 

. mnt tak.8 a o o o ~ 2 :  only of the major rubotitutioaa oolmnonly enotnantemd. 'Other . 

elem8nt8 p 4  a rale %n o m  or more of there adneralr, but generally a minor one. . 

It is not  rmrprirw, therefore, t o  find that the relatimly r b p l e  pattarn ' 

of ~ t u i a f i o n s  b minsml meblup of t;hd Blsshke I s l a n d  rooks is o m p l i o a h d  by 

a ' 

aorrelktad mrla.t;i.om in  the oampo~itinn of oaoh of the mineral phasea. & attemp+. 

been mads to traoe th i8  pawm of oarlotion *thin eaah mineral .phase 



throughout the oomplex by the measurement of optioal  and other propert ies  

whore oarrelntinns d t h  chelrrioal conposition a re  htnm. 

The soctions t h a t  fallm present a detailed aocmurt o f  the petragraphio 

relatioas and the data relating to m r i a t i o n s  in oornposition of  each of  tim 

m2neralm playLng a r o l e  In  the oumplax. Iu order t o  avoid burdcwing t h s  reader  

r i t h  too muoh detail and prhape obsouring so= inportan+ relaklonahips, a br ief  

reeurns and syn%hasia o f  the more important f indings .d;tailad 'in the sections that 

follrtw on tndiddual  4nernJ.r l a  gi-n hem. Attention i m  foouessd nn the miner- 

a1np;laal r s l r t lanshlpn  of petrulogio s ipi f ioanoe especia l ly  In regard to the 

mode o f  o r ig in  of the rooka and the oomplex a8 a whule. The ,reader is re fer red  

t o  the esotions tm individual minerals f o r  the eddanoe on whfoh there findings 

a r e  baaed, t he  d a b  and method of invest igat ion,  and f o r  o l a r i f5aa t ion  of ques- 

tSon8 coacsrniag Wa patrwpaphio r e l a t ions  of m y  gioen mineral. A particularly 

. . . lengthy t r s a b n t  o f  fha problem of ~s rpen t in ixae ion  i a  given in the eeetlan on 

0 .  - rsrpbntlns, and soma data on the problem of ooroms 5 6  given in the sea t ian  on 
. ,  

eornnas and ooranitsm, pager 134 to 138 . 
" . Olivine i. a major aor~pansnt of the p r l d o t i t l o  r w h  of' the o q l s x  ';la 3.m 

prseent in rnms faoiem of 8-m major rock unit. More than say okher pbaoe its , . .+. 
mriatloa in oa~lpos i t ian  8uppliem a uaifying thread throughout the onmpkx. In 

ths i n b r i a r  o f t h s  M t e  oors ol ivine has a cmposition of Fo90FL10. The fay- 
.. I 

rlite oantent inamseer near ths margin8 of  the dunita onre, atld a t  the =jar 

onnbot b e h e n  rooks oompored pr inc ipa l ly  of o l i d n e  and r n o h  compoged prin- 

. a i p a l l y  of nugitw the olivine f a l l 8  ill the ranee Fa87FaU t;o Fo86FB14. The fays- . 

lib oontmnf; of the olivine present i n  subardlnate pereentagss i n  the olivine --. 

. . 
. a u g i t i t e  r i ng  of the omplex hna a wide mge but tend8 t o  Inoreame with inorear- 

ing dlotanoe frm the durclb oore. Beyond the inmedla% oantaot b e h e n  dunitla 
. . .  

end a u g i t i t i a  r n o h  no olLv5ne i n  nc~nnal massive per idn t i t e  hns a fayalite onnbnt . 1 

1sm~ than Fo86FP16, but d i b s  and outlylng masees of auglte dunite and weblit .  ' 



t h o  6a.m rocks i n  the ~ t r ~ i n a l  fkoicm of *a dunit* cola. lieu the outer marglna 1 
1 

n f  tho au[;itite rlng tire fayalita onntsnt of the o1ivI.m ranges aa  high as , I 
FnT4Fa26, but certain wehrl i t io  iaa5e8 of the oamplax in 8harp aonteot w i t h  I 
ginnull t i t s d  aountry rnokr haw o l l r i a e  wi+h a .muoh l a r  Iron onntanf , areraging I 
FnO4hl6. Thir mhrllta oontrot f s o L r  I s  undoubhdly not f u l l y  rsprersnt.tirs I 
of an original magma ahilled at the onntaof, but it m y  give a hint a a  to tb 

0 

csnaral oharacter af ruah migm if it exlmtsd. Thi g a b t o  psgr~*tite, o l l r lae  

beerbaohlta, and gabbro rango abo- the augitik in ths fayallto oonteat of the ir  I 
o l i v h e ,  pad In the gmbbroia granulitb the olivine i r  a hyaloaldefits with nearly I 

The data on the oos~porltioa of olivine an g h n  In table 1 tor a l l  apeclmnr 

and sumarlred in table 3. F i p  7 i s  a graphlaal regrrwntatlon of t h e  rela- 

t imship of the peraentapp o f  original slim in the roak t o  the orrmpositinn of I 
tha olivine. In t h i s  figure t b  peridatit lo rock6 u s  d i s t i n ~ i a h e d  from tb 

feld6pat;Mo rooks by ~eprratu symbols, apd the aompositi~n of olivine correlated 

i with the prssenas of other pba8se nnd w l f h  oartala pamgemtia rslationsh5ps is 

noted along the nareln. Figure 8 ahma tb d a k  on the e q o e i t i o n  of  rrllvine 

plotted a&ai.net the relative distanos i n m d  or outward from the mjor eonhat  . 
. - 

ktnesn  r n c t  in  lrtrieh oliwine i r  the xmjd~ ctanacitusnt and raeka In whlah mud* 

is the mjor otmstituent. Thin graph anosrm anly the p r i d n t i t i a  part of the I 
anmplex. Different rook types are d e e i p r t s d  by separate q b o l r  and a trend 

l i n e  has been sketahsd on the p p h  t o  shm the mrlat lon  In olivine aompneition. 

There 1 s  onn~iderable dinpersion n i  values for n l i ~ m  Within the olivlne s u g i k i b  

ring, but inrpsotloa of the p1ot;ted eymbolr will rhaw that -st of the lmr-irnn 

oliPinee are  . in  auglts dunila mad ~mahrlitm d f h r  outtlng the olivlna aug;ltite or Y 
i n  wehrlitio cnntaot faolsr. The abtahod trend l ine  repremeats the uppar  hit I 
of iron content reaohed by o l l d m  i n  nand-murive  olirinm aug i t i t s  with in- I! 



Composition nf  ollvino fn p e t ' l d o t l ~ r  o f  the BlashLs Xslrad Complex, * 

- Campodtiam of sliria 
Rook Type A*lsmga . b ~ c l  

. . 
mi* . . . *  

, , ' P089.6hi0.8 OaW-10 - F o 0 0 ~ S P a l l e l  
. , 

Afag5b d d b ,  marginal h o k m  of d a b  ' Fo87.6Fm18.5 .i'.FoBQFalO - Fo86hl i  
. I ' 1'. 

Augite dunita, dlksn and outlying badi.8: ' F u 8 7 h l ~  : P o 8 S . S N l . b  - Fo86Eb14 
. '  Y ..I* - I -  , 

Illshrlita, marginal fatiler of &Jk . -  ., Fa86Fa14'.. .;: . FoB8%12 ... ;. . . . - Fn83h17 , 

Wahrlite , dUs and outlJiag badha - * Pa86814 :. :. ' , Fo88Fa12 . - ~085m17 
W e h r l i b ,  outer oonhet faoisr - ,. Fb84Fnl6 , . I F086.6FhlS.S - FoBZl;bl8 

. , ' . ' , Olivine augitite d i h r  , o U r b & o h  : ' Fo0SFa17 . Po03 .SPal6& .- b82 .SFa17d 
, . . . 

'Ollvlne a u g i t i h ,  olidnelpow ~Fo02PalB Fo87FaW - FnBOFla20 

I.. . . 
. . 
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.?'he paragenetin relations of  o l i r l n e  o h g e  with i ts  ohurge io oorppaslt5on. 

C 
Fnrsterit io  olivine renglng up t;o about FoB6Fal5 rad pmtmnf only i n  and near the 

care of the complex and in olitins-rieh rooks I s  the first sillcaix ta o r y ~ t s l l i z s  

and I s  aubjeat to replacement by a u ~ l f s .  $omplaaa fn the ranp of ompasit ion 
, I 

Fa84h16 t o  Fo80h20 m d  I n  tbs miar prrt of the al lvine rugi t l f s  ring thir rela- 

tinnahlp i s  reverasd and auglk I s  the  earlier phnreo With inarearing iron oontent 

the o l i d n e  appears l a b r  mnd latwr la Wa parrgamtla maqurnos and where hyalonld- 

e r l t lo  it la the last major prirrrr~r rilioa.t;s pbss  to farm. 
' 

~ u g l t e  undergoes a in -olrpbtsitioa w i t h  umrmeing diet.aaa ha the 

oore of the onmplex perallcling that  of olivine. The data an augite i s  portrayed 

gmphiaally in figure6 9, 10, and 11. Hgure 9 s h m  the o q n s i t i o n  of eugi* 
I 

ar deixmdned firm optiorrl data in t e r n  of tb major blralmnt orrmpanmtr, aaloium, - 
magnesium, and iron. Figure 10 i n  an enlarged portion of  the rema diagram with ths 

. point6 indicated by symbol8 rhming the rook type frdpl whloh the rugite  cmm. The 

average trend i n  otnnpositian of augite fram the p r l d d t i t e r ,  beerbmehite md gabbro 

shmm little variation in the praentrge of  aaloium. In these rocks ttrn mrirtinrr 

i r  mainly the mbrt i tut iw of iron far amgn;tledum, but iron I n  a u @ h  from thm g k -  

ulitised hornfels surrnuirdi@ the onr~plex raagsr oon81dsrably highrr in Iroa eon- 

bat shd there 1 s  a  'au6stantial subrtitution of iron for o8lolua. The trend o f  

*ariation af  augitb is 8-rirad 5n the fnllamlag tab le .  . . 

Table 4 I 

Book typ. 

. . Auglts dunlb 

Wehrlit. 46.6 % I 9.6 

Olivine r u g i t i h ,  more t;trU1 12.6 promn* 011- 45.1 44 10.6 

Olivlne a u g i t i b ,  1080 fb.lp 12.6 peroent a l i r l m  46.6 41.15 13 , .  

r' C h b b ~  44.8 40.6 16 . . 
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P a r c o n t  Fa in Auglto . 

Do ~ G l t r -  dunl l~.  wc Wohrlitr o! owtmr poridollto-hornloh Aa Ollrlno-poor ougitlto. 
Do: ~ u q l l o -  dmlto dIRra. contott. . Aoc Ollvino-ougitltr ot oulor porldalltr - ,, 

W W&rllto. Wp F*ldapolhle r rhr l l t r  . hOtmfmls or qobbro contoel. 
WU WoMIIIb dlkmm. , AO Ollvinr-rich ouqitlto. OD Oobbok Dlqn0ll)O. 

. . ~ o ~ o l k l n o - r l c h  n@itllm d l l r r .  . 0. Boarbo th l t a  d i l l # .  
. . .  - , @Awroqr rmlrr lo r  r o c l  t y ~ .  =lrclod. 

I I ,  
, I  I 

j Flpura 11 , Rmlr t lanrh ip  o f  ' f o y o l l t r  0o Ib t rh t  o t  o l l v i n l  t o  I r o n  c o n t r n t  a t  ouglt, 

. I n  B l o r h k a  l r l o n d  p r r l d o f l t a .  * . '  

* .  



, *  
Figure 9 coabin3 ,  I n  additinn t o  o u m  A rhowing the e m d  a$ v a r i a t i o n  

7 i n  augi te  i n  the Blashke Island rocb,  a reoond a m ,  B, taken hom H.aa (1849, . ' 

# pp. 621-666) shnwing the trend o f  rrrlatioa i n  pyroxene8 lCtm ommoa nmfio m a p a *  , 
i 

The mafio m a p a  indinatad by Herr uu pbbrolo. The trvod shawn in the Blrshb . 

I l l l a d  auglbr i r  a t r i l dag ly  parallel but oourlrfantly abaut .5 peraenb highi r  i n  : . . 
b 

of d i f ferent ia t ion .  

'Ngurs 11 ahowstha r e l a t i aa rh ip  b r h m  the oamposition of augib  and the 
. 

oorapasition of t he  o l i r i n s  with whiah If i r  umooiated. The paragenstia r e l r t i o n a  . 

of u l v i n s  md rugi:ite ham already boon ~ma~arioed. Figure I1 r h m  C h a t  them im 

IA tsadrnoy f o r  the iron e o n b a t  of a u g i b  t o  inoreaae r ap id ly  ~ 5 t h  respeak f a  t h o  

inareama i n  i r o n  oonbnt of olivine *re ol lv ins  11 the majar phaard Where 

suglts is tha majnr phase thm olivine uhme the more rapid boraaro in Lron. 

Hornblende i s  present  both as a deutrsrio r s p l r o e ~ n t  of augsts and a s  r 

8 
primsrp phaae. It l a  a minor lnh pr5mary phaee i n  p r i d o t i b  md ah Important 

prhmuy phr.  i n  r m  gabbro. The oomrporitloa of hornblskde i r d i f f i o u l t  t n  e s t i -  , 

, I . .  

ate snn with r p p r d t .  aoowaop *a opti&l propertie.. ~nnni o p t i o d  :: 
meaeuremnntr tend t o  show that horablmnde replaoing rugits and p r i m  hornblende 

o~sent ia l l y  tha -, a d  almo inbioat .  that t h e n  is at  leaat a . l ight in- 

oreare I n  the  i r o n  aontunt of hornblende puallsling the mhlft in aompa8ition o f  

ol iv ine  md aug5.k. ~ h b  hornblanda I s  r oaumob hornblende mnd app~1.4ntly oontainm 

eppreaiable u m t r  of both t r i d e n t  lron and alumina. 

Plag%aolsrr l a  preeent very sporadically as Jninnr, late,  i n t e r s t i t i a l  

noorrcary I n  m a m e  ol iv ine  ,mugitit. near the outer  a a r g b  of the olivine a u g i t i k  -. 
, . 

r-g. It i s  the major phrr  In wrt of the gabbmlo prga$lk, beerbrohite, and - 
granul i t ized  otruntry ruok. T ~ B  plagioelnae in olitinm ~ u g i t i b  a d  la  gabbroio 

p s p t l t e  i n  o l lv ine  augitila i n  k n o r t h i b  oantrinlng l o r e  t.$aa 10 psromt albite. i 
! 

ollvina uuyltlla iill in omtaof  a t  I t r  wkr margin. aalnly wlth gabbro, bu+ 
I 

l ooa l ly  wlth granulitirmd o m t r y  ropk.. The plaglaoliasr In gabbro olore t o  the 

< .  * : a 4 .  



, .  1 

ol iv lno  a.~rit i: .e  c o n h a t  i s  also annr th i te ,  but in the gabbroio granulite near . . . 

contacts w i t h  per idot i te  it 10 a a a b i o  bytannita, With inarsaming d l m b o s  

nutward fr& contaat with the olivlns a u g i t i b  ring, the urnrthlta emteat  of . : 
t:. 

p l a ~ i o o l a s e  decreases both in gabbro and i n  granul ik ,  A t  the  outer aontacts  of 

%he gabbro r ing n f  thm onmplmr tho oauntry roah a m  alan grsnulit i ted,  but lea6 

intenrely than at aantaotr  with pml.ldotits. Tho granulite i n  ountaat u l t h  ~ a b b r o  : 
santalns s plmgiwla#e about as oklaio a8 the aembeimbd eabbro, and the anor th ib  

. omtent f a l l 8  v i t t r  dlstance from the onmplex. !ha armntry rooks uaaffeated by : 

' a m a c t  ~ 5 t h  the ecanplsx ombin abundant albl t .  and alro arthoolan* kldspar.  

. . BeerbaaUte diker and inolurians *thin the major rook unLb of tha onnpler oon- . 

b i n  plsgioclsse ranglng up to the anor thf ts  coahnk of the 'anolnmlbg roak, but 
. . 

b n d  t a  oontaln 8 ramwhaf 1088 oaloia plagloolau.  Theme r s l a t lon rh ip r  a m  sm- 

olaricsd in f i p  32. p a y  ?Or 

Snms data  l a  presenbd i n  arbsequent eeotionr to uhm that other arlneral~ . . 

such am hyperutheno, biotite.,  and gpraot, playiag a lor8 important ro le  irr the  

Blashh Island otmplex and i t 8  aooaqmfing  aureole nf aontaat awtamrphlm, 

undergn analagnus obmposifional wriat inns t o  Che oar la t ions  in the majar pha8em. 

hrrthsnnnre, now phrsr suah a8 orthaalare and quartz are added t o  the oamplax 

i n  an order paralls l ing the enriabent of the tarjor phased in their lees re- . . 
frratary omponentr from tb hterinr of the onmplax nutward. 

. b 

Olirlne 

Olivine I* almost ublquitaur fn the ultrfibamio ruoks of  the Blashke faland 

ocrmplex and playa m imporfan* role i n  a l l  t he  nrjor rook type#.  A subs tant ia l  

nf t h e  ol lvhe  originally preeent i n  moh of the roak l a  al tered  to 

rerpentins. Thls alteration m y  k ampleto, lear ing  only aerpentins pueubomorpbs 

of ol iv ine ,  o r  about abmnt, but  omramly alteratiaa has tukan plaor altmg 

kaotursr in the o l i d n e ,  leaving angular t a  aubangula shardr nf amplets ly  

f r e s h  ollvina enalorsd in r netcmrk af rerpentin6. 
.I . . . . ..-. 





ol iv ias  i r  a simple orthosilicate i n  rhioh nrapesium and bioalsnt i r a i  : 1 

m y  nubet i tub freely far  eaoh other. Other e l e m n t r  ruoh na nwraganere, niakal, 

, 
and titnniun r y  b. present i n  &or .mounts. The optloal propert ies  of n l lr ine  . . . 
rary wlth tho relative praportlone o f  uugmsium and irnn, parkioularly the fndiaer i . .  . 

, nf mfraotlon. Graph8 earrs l~ t ing  the optical propertimu w i t h  'chmmiasl coolpoui- 
t 

t i on  have been publimhed by Einohell (1933, p. 191) and B-fi and Sohainr (1936,  , .. 
. p. 197) .  later work by Wapr and Dew (1934 pp. 16-25) h a m  armfimrwd the aoaursoy 

. ,of thane o u m u  within nmst of tbs rnnge of oomporition snoountsred i n  t;ha Blrrbka 
8 

' a .  I aland oomplex. The oompoeition i B g5-o in the above refersnoor and in t h i s  

, paper i n  tarns uf re la t im molecular proon*ges of the pure m a p s i a n  end msmber,. 

- forrbrlte ,  MgZSIOg, abbrdaYed Pa, and the purs Iron end nmmbsr fmyalila, 
I 

. Fe2Si04, abbrevlatad h r  The e f f e o t r  of paaslble minor amount& nf  nther element# 
,. 

l a  n o t  ouneidered, but them are normally not prorent i n  rignif ioant amnunfm An I 
ollvim f rom common peridntitem. ' 

The aompoaitinn of olivlne m e  d e t e d n e d  by rsfiaotlvs lndmx wnauremento 

B , .  of olivine in 998peelmn~ of rook repmrentlng a l l  abmsmed faoies of the oltviaeo 

boarigrookr In the Blarhh Ialatld o q 1 8 x .  The iaterm~ldiab refraotiw index, My, 

. , nu-meaaured and the oamposition determined by reference tu the aurver publiehod ,. 

by Winohell. These data are given i n  oolumn 2 of table 1. Twenty of theme M- 

.fraotive index wamurrmsnta mrs laads by the double variation mthad wifh an I . . 
aceurnof of about 2 0.0001. The remining meaaurermntn were msde with a aaro- 

mlly oalibratsd aet nf index oils with intermale of 0.002. The index maarure- 

mnta mde by double oarlatian methnds wars repeated with these oilm an8 repm- Ii 
duoed f o  the third deoLml place, 80 it 18 believed that the aoeuraey of  the on-n 1 
immoralon method emplnymd i n  a b w t  2 0.001, where plenty o f  olem mnhrirl euuld 11 
be nbhinetl from the rook, but when only a am11 amouat af partly aerpentinitod 

alivins anuld be obtained a8 i n  6- of the erbbro and olirine-poor nu&itito the 1 



The intarmedia* raika6tivw 5ndia*u m u w a d  for olivine fmn psridcrfitio . 

rwka ran- from 1.672 In 01%- *am dud* m u  tho aentor of the  oomplax to '-: 

' . ' th. intsrmsd5nb rairaotim indlosr for ollvins in fha gabbro and gabbmls gmnu- ' 

Table 3,  page dl, aoabmprPlglog the m y  thrt prmoedrd thlr  ~eot ion, '  s h m  

that the omparition of the a l i d a e  b u m  a eyjrrtslantis rsl'mtionship to ttm rook 

type i n  whloh I t  appears, inoreaning purosntagee of auglte b i a g  oorroleh~d krith 

inoraadng iron oontwt In l;he ollvlnr,'aad the appouuror o f  faldrpu UI a phase 

oorrelatsd ul th  rs lrt ivaly  kp~ron-rioh olivine. This mlrtiaamhip i s  broughtrnut ' 

%' . 
furkhar by figure 7, pa&@:>moh mhmm the p r u e n h p  of o l i r ine  .ad ~.-%l.aa a -+. . 
dmrivad from olivine plottad *@not .bh. oaapwffioa of the oU+ for a11 r o o b  

for W a h  there data ham b a n  O W - d .  The proseaoe and abssnos of other pkkser 

in'armwiatlaa w i t h  olivim 11 k1.o noted along th. -gin of the gmph. : 

' +ant nP 12 proant,  ohromltm i s  th4 only p r l w  mlasrrrl berides o l i ~ i n e  k t b  

rook. The ohromlb 18 ln r d l ,  -11-fomd ootahsdro~~ sad oommnnly emlored i n  

nlivine as ~ h m  in  the phntamlaroeraph, p l a h  2SB. Chromlte i i s  not prsaeat an 

ldimnrphio crystale In rooh oontsining olivine mars Iron-rioh than Fal4. A t  

fayallts onntsnt of 11.5 poreeat rpnngy seoondmq nrgnetlk appear8 , onmanly in 

t h i n  sheets i n  the medial plmer o f  rsrpentlns r s l n l s t s .  Although traoea of a u g l k  

are present i n  earn speciwne w l t h  r d m  faynllte oonbnt, it 18 oamanly 

laoklng up t o  a Payallto oantent of 12 percent. Rom h l 2  on rugi te  iu prsrmt: 

0- 
in a11 speobmna, and F n l Z  may be raid to ba the n l i ~ i n e  a w p o ~ i t @ n  at whioh 

' t h i a  phaer beoomes RE errsatial anmpbnsnt uf the rbok.' ' .A+.hl~.%raas. .of or$enbt .'" ..,. ,* . .  .,a. .. ::. ., 

rxrolutioa l- l lar OP an iron ore minera~ ar* farad h OU-. ' ~t hlS.5 om * 



n; 
i 

'r 

thin .sotion oontained a single oooue Inbrrt i t iu l  grain of mntatlib. partially . ; 
> ' 

- replaced by augib .  The psridntita oontaining e n a b t i t e  i s  in  auntsot uith rn '' 

0 .  . : 
augib-p lag lna lesedn~tat ib  homfela, and e n s t a t i b  or hyperntbene I s  cbnrao-. . a 

. .  t e t i r t i o  of the surrounding hornhlsem, ao that thir aoaurnnoe 'my k ascribed 
. + . I  . - . * 

t o  rraot5on wtth adjaomt country raaln. ?a14 mark6 t h e  upper l i m i f  of iroa- 

o a t a n t  in o l i d n e  arroalakd Mth fdlomorphlc ahromlte' A t  F'al4.5 traaae of. 
. .. 

plagiaolare appear mry mporadloally. A* -16 olivine oryeblr are fwnd smlar- 
. . . . .  . 

. .  ing rounded grain= of a u g i b ,  and at; Fk1B o l i v l m  a i s ~ a e  t o  ?N found as inolusionr 

. . in augita. At h26 traoer of ml f idsr  m e  prseent in rpeoiasna within a f m - f e e t  
. . 

+ .  of the outer oontaots o f  tho peridatits rrlth gabbro and horafelaed oounky rookr. 
r ) 

Olivba h u m  i f a y a l l b  aontent of  -22 ar above in  a l l  rook# in rhibh plagimlare 
b . I 

l r  r m j n r  phams and 11 oo-nly later than st least a part o f  the fsldrpar bs- 

oause rnunded griias of feldspar are not Boaroe am lnalusionm h o l i ~ h e  aa rham 

by p h h s  24A and Z4B. olirlne in gabbrolo granulite i o  etrlkingly pa l ld l l t i a  

and l a b r  then plrgiaolame, auglk, and hnrnblande a8 shorn i n  platem 21B rurd , 

231. 
2 

While the onmposition of the olLPlns is related to the pmesnoe und abundaaas ' 

of other p h a s s ~ ,  It i a  8180 related i n  st learnt a orudely sysbmrtio m y  to tk 

oonfiguratlna of  the oamplsx. This is b p l f c i t  i n  the p r s P i ~ r l y  demoribed arm- 

osnfrio arqangsment of rook *s *ah I s  the rr l i en t  feature uf the or~mp1sx.- 
, . 

L , I F i v -  8 ,  page dS, brlngr thir relatinnsh5p in the perldotit lo .pace of the omplex . . . .. . . ',". . 
in to  sharper faaua. In figurn 8 the oompnsltlan of the oUv1ns I s  p l o t ~ d  sa a 

6 

hnotlon of pulltion ID the coqler with rempol t. the nujnr o o n h t  batreem the 1 
dunlCio and th. p y m a t i o  t08kr. ThLe o ~ t a o t  -8 ohofsea ths 1-u8 of ~ f e r -  

snos bseauos L t  is the major &ruotural elomat of the oompler '3h%. I r  ma& 

aoourably k n m  end ?+- bsrt exprs~asr  the oonorntrio u t r u c % w  o f  k b  aomplaxo I 
So far as oan be debmined  t h i s  oontaot is very r h p  except for mlnor Irrrylu- I 
i t l e a .  Dlstaaoe imrd Erm the oontaot i r  plotwd s r  a pirosntage of tb tow 

* 3 . . ,  . . . 



distsnoo t o  a point oho6sn r r  mar a8 poaaible to the gsometrioal osnter o f  t h r  . 
,-- duai t s  aom. Dirtnnoe oubnud i s  plotted ar a peramnkngs of t h e  t o t a l  thiolmsrr  , 

of the  outer  o l ivfas  auglt i t s  r i n g  a t  t he  point  rbsrcr the apooimn mr obtained. 

loraal p r i d a t l k r  ara dirfi&guirhed from p e r l d o t i b  dike., from besrbaohifs d i h r  

and frldspathia espsga t lon~ ,  and f'ran mbnormal oont*ot faolas by separate rymbolm. 

Distanoea f r m  the dunlW-auglt i t r  o o o b o t  a r m  exprerrsd as peroenfager af the 

expored radtur of t he  d u n i b  ;sr the exposad width o f  .tb a u g i t i t r  t o  ellmhata to 

w ~ o h  aay be t h e  rerulf of non-uniform dip& In  the auntaote or of aokrrl *aria- 
a i r  

t10m i n  t h i o h e r r r  In other  wardn, the poritioa o f  tbs olivina tho o q l a x  

I a  gl-n a vultae rmlnkir, to t he  t o t a l  t h l a b m r  of the unit in -oh it eoourr, 
. 4 '* 

. . . .  thus a apeoinwn from the o u ~ r m o s t  borders of t he  a u g t t i k  ring i r  gimn the BW 

relatirs pori t lon,  ia t h l a  car. 100 psroent, whethar the p y r n x s d t s  i6 2,000 h e +  
. 
. in exposed thiakPm8s an 1.t 11 in the nautban f r rn  puf of the oomplex, or 500 h o t  . . . 4. . , : thiok er St i r  L parts of th matarn edge of the oonplmx. Hawever, if the s.mr 

. . 
. dat. ~ . ~ l o f h e d  l n  to- oi' abmolutm dl~t.no.6 *om tb. dunlb magitito o o t k a ~ t ,  

. . . . : smaentially tb r m  relafionmhlpr ara revealed wi th  ubout tlm ram d i r p s r d o a  of ' + 

' Yalur.. 
. I .  

. . .* 
Figure B rhous that the rate o f  qhaage I n  +In iron o m t e n t  of tha o l l r i n s  i r  . 

\ .  
, . at maxinum near tho dunite a u g i t i k  amteat, orwriderlng only thb.olivina ,in '.. * . 

' t h e  normal p r i d o t l t e  faolar .  &ward and aukward *om the immdiatr v io in l t rg  of + 

the oontaot t h im  r a t s  of c h a n ~  i s  more canstant  axasp+ for  a s u ~ ; e e ~ t i o n  o f  an ' 

. . . . .. - i . lnormrring reb n e w  the oubr roargin o f  ths rugiti . te.  The grouping of w l u o r  . : 

. i s  fairly card within the  Wte and nwr  ths aontaot, but the diapsrr ion of .. .,; . .  . 
pninte beoomss qultb 1ary.e n e u  t he  nutar part uf %he aug i t l t e  ring. The a m  

. that h a s  been ~ k e t a h e d  by inapeation t n  bring nut tNa re la t ianahtp  i n d i o a b r  . 
.' 1 

the approxFmaCs upper limlt i n  -lit4 oontrnt maohed by oll+lao I n  normal . 

j . * olivine augl t i t . .  ?,!oat valuer falling f a r  abo- or  klm t h l a  o u m  a r e  for  * 

o l i r l n a  in various dike rooks and oontaot holes .  The dlrporaion of . the . .  dnta Is ; 
. . - ' I  . , . 4 

; @  . 



tno  $yeat  t a  give t h i s  curve more than illuntratire signifioanam, but it doer 

chow t h a t  t he  ccmtaat between rnaks oonr is t lng  l arp ly  of o l i r i n s  t n  rnckr om- 

0 s l r t l n g  largely of su~ita i r  marked by an abrupt Inerrare 5~ t h e  i r o n  oontent 

of the olivine. Rofemaoe ta tho omqmdtlon af olkvino i n  gabbro nnd gabbroio 

granul i te  i n  tab lsa  1 and 3 mhowthat them i r  a fur*? rbrupt Inarea8s 5n i r o n  

oontent in parsing fium augltlte to gabbro and f'rtnn.gabbio to gabbroio grmallb. 
I 

Although the ohnngm i n  oaaporitlon a t  nliv5no 10 more abrupt a t  the oontaofm 

- b e h e n  arJor  rbok uniCu, Cherm is a d%rti.net gradation in oumporltion within 
. . 

esah unit. * 

The data indloab t h a t  the olivine i n  equilibrium at the  dun1 te~ug i ; i t i t s  

oontact han a oomparition sf Fa87lklS t o  FoBBFk14, and la hot t h e r e  are no n n m l  

rrrsaiw peridotiter o m ~ l n l n g  o l i ~ I m  more 1~sgneuian than Fo86h15 outrrard IVm 

t h i r  oontaot. 0 1 1  the other hand the data rhm that dlko raokr of olivine-rloh 

p r i d n t i t e  tend t o  haw an oliPine with 4 oamposition near t h a t  o f  the amraga 

oampotsition of nli-• a t  the oontaot, and lmsr in iron than the  o l i t r h  5.n the, 

augifs-rich rnoke in whioh they u s  emplaoed. 3in oont rar t  the beerbaahits dikes , 

I u ~ d  feldrrpathls aegregationr tend to have a Mghsr i r o n  o l iv ine  than the molu r ing  

rrmka nnd nenr the  maxinnxm i n  I ron  ocmtent for  olivlne i n  the 0omplt3~. This rela- 

.tiunship euggesta t h a t  *he bse rkoh i t aa  and feldrpathio rsgregat ionr a m . t r u l y  
. . 

, late d i f fo roa t i a t e r  or produatr of oounkry rook a r s i m i l a t i ~ n ,  w h i l e  the augite- 

dunite  and mhrllt. dilma 8nd uutlying ksbular bodiem that a m  amplaoed In the 

ol iv ine  a u g i t i t e  u s  luCnt;rurionr derl-d f r o m t h e  periphery of the  Inner ddnlk 

f i r t h o r  ra fs r rnosr  rill -%a f w d  t o  the  mineralogioal end p t r o l o g l o a l  rela; 
- 

I .  

t imah ipa  o f  ol lv lna  In oontlsotinn rrith tk diirouaaiw of augite beginning on . ; 
+ page 78 , o t t h o p y r a e w  Wginnlng p * g ~  87 , m d  plagioalarm beginning on . 

page 97 . Olivine i n  rcaw of the  h l d a p u  a d  hornblende-bearing rookr i r  fir-' 
. . .  

mmd by o o r a m r  of pale green muphibole, palm green .mphlbale and tm,gmtih, or 

0. hyprrthme mad pale enhphlbbls. Other oorona-bearing rpineralm srs r lmo 

, - 
? 



presont I n  somo rnckr, and oorunar w l l l  be taken up i n  a reparate rsction 

beginning on page 134. 

Throughout tihe oomplwx the olivine 5s  olear  aad oolor lers  i n  t h i n  l e e t i o n  

with n o m l  birsfringenoa and ddiapraion. Amrmge diapsrr ion Ear 20 ma@melan 

o l i r i n r a  rarumd by the daublr rv ia t i an  mthod I8  fffTNyO 0.0132. The 

olivine i a  i n r s r l ab ly  f'rrotured i n  thm o h r r r o k r i r e i a  aumlng, d i a u r i e n b d  art- 

work pttern. Replaoemant by ssrpentlns in , o o m l y  prer9n.t: along tbma frro-8 

in olivlna i n  the per ldot l t io  roalu but muoh of the i r o n - r i d  olioclno i n  the 

lmerbachit., gabbto and gabbroio g m l i t e  i r  very llttls ssrpntinirsd.  The 

boundary b e h e n  rerpontim and nl ivine I 8  ooapaonly etaoath and sharp and the 

walls of the fraotures are senribly paral le l  s-n though the .original freotunrs 

ham been widened by replrolng rsrpentlne t n  auoh an extent t h a t  the  volumb of 

rerpentine i n  the  rook 18 o-nly greater  t h ~ ~  t h e  -1- of unaltered oliviar 
' 

i n  the p e r i d o t i b a .  Rsplaoement by serpentine may, hamver, stoh the walls of 

the fraoturerr i n  a mawtoothed or a o a l l o p d  farhlon. 

In addl t ian  t o  bhe ourrlng fraotursr ,  moh of the alfvine seen In tun ueo- 

' hion haa diakinct but imperfect oleaoags p a r a l l e l  to (o~o) ,  and aoppb meotiom ahm 

- r e l a t i v e l y  rare ,  very utraight, h % t - l i n e  cleavage traoeo p a r a l l e l  to (001)~: . 

Serpentinlrat lon d a e ~  not fa l lmr  there oloa*re;er t o  a natioeabls  extont. 
' 

Many neations of olivine 8160 ah- mtrnngly or lentsd  inolusions or  lnCer- 

grmrths in t he  fona of t h in  lmmmllas i n  the (100) plane. There inelurinna' a n  

of lm klndrj wxy thin, opaque gmphio i n b r ~ r d h s  of ore, pomeibly maeprtlta 

or  Ilmsnite, and awn fhinnsr  rsokngulsr p l a b r  of a deep b r m ,  i n a k a p i o  

. mineral, tha* laay in faot be &n tam mineral i n  mch thin plafsr that 141 i r  trmm- . 
luoent. The t h i o e r r  of them* lrrmsllar i r  on fhb order of 0.01 am or lase. In 

t he  (100) plmm, that i r  t o  gay, I n  plan, the npaque i n t s r p , r d h r  faam i n t r i o a b ,  , 

lobab f igurea reminlmaant o f  Chlneme or Bebra wri t ten  oh.saoters. TUB erbphlo ' .  . I 



elongated parallel  tu the b a i l  and t o  the traos of the (021) plane, nhllr 

perpenticular t u  the plane of g d h ,  that 10, patallrl k, the a 4 r  there 10 

@ .  virtually no g r d .  A b*nd n f  graphio i n b r ~ r t m t h s  of t h i s  type iu a h m  orosr- . 

ing  sa olivine grain in plate 2SA. The tranmluoent brom l m l l a r  twe ahnrply 

roo-er In outline parallel to the b d o-axlrr sad d l s t i n o t l y  elon&atsd 

p a r a l l e l  t o  b. They a l r o  r h m  E f a ln f  atrealdnsas I n  oolor p a r a l l e l  t a  b. Fa 

t r aces  o f  t b n s  Int;srgrrrthrr ware found in olivlas rri'kh m iron aonhn.t 1 m r  

thaa M S .  Thy w e  oomma i n  aUoins ' r i che r  i n  iron i n  .the peridntite ,  but not 

i n  the gabbrn and gabbraio granulite. I n  mom reotinnr the nl iv ioe  i n  a narraw 

sons surrauoding theas I n t e r g r h h s  exhibi%a l m r  b i re f ibgsnoe .  The r>lI'~fne 

. rhows no cr~idsnoe 'of  open fraohmr or  any sort of latent clervnge o r  raknerm 

i n  t h e  plaos of the intergrmthm. The intmrgruWshm are olenrly primary and not 

introduoed. They antodak rerpntinkatlan, e h  by the f a o t  that delioata I 

' lkmsllae pass thrrmgh v a b o  of ~ r p e n t i n o  from one fremh P r a p e n t  o f  a n  ol ioin@ 

cryrrt;el to another r r i th  uninterrupted pat te rn  ahd o o n t l u l t y .  

Lcrmellv lnolusionn of orr with rrlmilar or ien ts t ion  have barn reparbod by 

Wager and Umr(19$b, p. 21) In the Sleasrgaard anmplex i n  nllvins ranglng i n  fhya- 

lit* a n n h n t  from Fb69 t o  h97. They were not present in o l i r l w  of Fu.36. Wagner 
3 I 

" (1929, pp. 66-59) report. Cbs mame phenomena i n  m Fa48 hodmnol lh  frm thm 
, . .  

Bushveld complex. In both inotanaes they were dswribed  as inelusirma, m g p r t -  
. . .  

. ' Ing that t h e y  had fomed p r i a r  t n  or oontempormenualy With t he  orystalli~atiorr 
I .  

of t h e  allvine. The de l i ca t e  onhare of there Iawllar, t h e i r  otmtral by oryetal-  

logmphio dlreot iann i n  the nll~lne, and the  lssrsr birsfringenoe noted i n  a r m  

, gra ins  i n  a rnnm wound the i n b r g r d h r  indioate that Chay arm the result of ax- 

ro lu t l an  of  an iron ore niineral. 

i n  the psridat1t.u. Although praot lonl ly  dl grain6 of 012-m a r e  rhatbmred lnbo 

nurpsrous rhardm and partially repleosd alnng the  frraturtrr by wrpentins, .thr 



eeveral fragments o f  each olivine  rain unmmonly pramem a p f h a t l y  unli'onn 

I) nptioal nrtentatian, profine tha* * fracturing a d  ra&ntlnitrtlan of t h  

oliviPs rras neither aocompsoied nor fallowad by wry appreciable flanags or - . 

d e f o r w t i a n  in  e i ther  a e a l i d  or rteml-salid s t a k e  This aonolurlon 11 further . 
rtrengthsa@d by the h o t  that the very dsllaslm gmphio iotsrgrowthm desoribed 

abom may be obrerred in mar17 5.nmhnoas pus lag  ikom nno hrgasat of  f'resh ol lr in.  

t o  laather through a w i n  o f  ~ r r p a t l m  with no addenas of dimpkommnt or &I- . 
taAion, 1 

. .. , 
' 3  .. ~st-~entiqisaeon appears to ham beon .a entirely *tatla .prmoerr of' voltlab 

....%a:.. - I .  .. ..I . " . 
. : for mlums replacmwnt entirely aubssquent t o  smplaosm9nt'oi the roak. The 

volume ohangem, if my, awadaat upon 8erpentlaltatinn m u s t  ham been taken up 

by the utiliartion of tb .rpsae within the roak ooeupied by interrt l t la l  fluldr 

uaed up the praoers af  uerpsntinlzatlon. tr d*n of th@ -lar oharantsr 
\ 

of the rook a d  the araokled brblt nf n l i r ins  thl8  snaroa of spaar nay mHlw 
. . ) : for rh.hVe? vnlus o b g a  th.t took pl.ae. 

. . bl#b 
. . 

2 .  . 

.. a . Megarooplo*lly the augib  w i s s  R.cm ligh*, olmsr green t o  dark battle . . .  
green. It i a  oolarlesn and non-pleoahroio in thin meation in all of ths prido- 

t l t i o  raakn, but ham a P a m  blue-green tint in  the bserbrahik, 6abbra, atld gab- * 

, . 
braio grmulltem. An Iran-rloh a u g i k  i n  granulite (apoobimn 868, itom 164, , . . G 

. asotlon 22, -bla 1) i s  pals lnrsnder-pink h oalor and has dlatlnot dimpsrrlon' . I 
. . 

on opkio exie  B d- not disoernsble on axis A In the mugits of the p r l d n t l t m  , .. 

' I 

porting 1s pre~ant  rlthrmt k7 apparent dlffsreaoe I n  other propsrtlem. 
, ; 5 ,  I 

D- " ' 
Resa has recently published ohartn oarrelating the bpt$oal proprt iea  of . . 

' 1 1 

oemmm olSnnpyrwenr8 rrlth their eheml-1 a o x ~ p o u i t l a ~ ( ~ e ~ s ,  1849, pp. 621-666). 

. Prof'm~sor Herr very ldndly rupplled thr author with prelimoinuff oopie;. of  h i m  , ,  



a- the variationc i n  comporition o f t b  augi* fhrmghaut the amplex. !he oompo- 

sitirm of cormnon augita varism prinoipally by the rlubrtitufion of nurpim~ium, i 

aalcium, and binlent iron for eroh other and i r  sxpraa8ed by Hear i n  tern o f  

thm nlatfrr .tarria p r m n k p a  of thaae thrra elmamntr. TUr i# sawwhat bif- 
\ 

kmnt than tho ocwmon prwedun of giving the o-sition of olinopymxsm In 

or diopaids and bedmpkrgite. Hmwer, t h e  basio i n f o m t i o n  oonrspd by the 

l w m  metbods of repreesnktion is +Am B-. Thls prooedure negleotr the sffoot on 

opt iml  properklea nf otbsr elements usually prerent An pyroxene t o  r aml1 mxtant, 

-5nQ sodium, asrsgacmme, dmk.3, nludnum, trivalent iron, ohramlum, stld titanlmb. 

Bear mtabr that trimlmnt iron l a  app-alable quantif iar.  gimr au&b dirtinof 

grse&h fintr, while titanium produoes purplish tin.t;s, Tho aubrtitukian of 

' axrrminum for d l i o o n  mduoar Chs birrfringenee. The wgite  of +he B l a s k h  laland 

a psridotiter i r  ~ o l e r l e s a  ma ham nonml Mrefiingenom, but the auglk In the 

gabbro and gabbrala yuurlita i n  faintly o o l o ~ d  m d  probably oontains appnoirrble 

trivalent iron an8 fifanium. Bndium 16 aonqiouausly law ia the plagioobse acrrn- 

oiated rrith the oamplsrm ' On the other hand, ohromite 18 a a a m n  rooereory in the 

ol iv inee ioh  portion of the oonrplex, and ohramitam m y  bib prasent irr' the auglla mf 

thm p r i d o t l t s s .  Herr rtntes' that ohrodum anterr into the allnopyroxemr of 

. lenewr rookm in the mmnt  o f  1.1 preent  with 7.0 peraant Fa, and fbllr t o  

.'1 . nearly taro nt 13 per0~tl.b Fe. T h i s  is the ' l ~ ~ ~ l g e  of oomponitlan In whioh mah of 

the Blarhb, f r l d  au@k h n d s  t o  fnll. Speoial pr[tvimian is made i n  MI ohaxtm . , 

for the effeot of  ohrodurn i n  khio ran&* uf oompnaition. b r e f o r a  it uesm valid " 
. . - . .  
.' e t a  am- tbt thm determination of the orrmpoaition of  nu$* frnm Its o p t i o u  . ' 

, proprtlnr the use of Eeral m m r  -11 glvu olose approximDtiona of the'trum 

oampasitinn w i t h  the addition of up to about 1 proent  o h r c d m  The mlidity ' 

v 

of  thin saaunptian i r  aotdi-d by the d y r m r  of o l i v h  augitib and mhrlita . 

a m  i n  goad rg-nt fi* ths ohsrPlarZ aaarpdeitSon8 oalaulntsd , f r o m  th. 



i .  
madas bawd nn optical detarminatlune of the oonrpoeitioa of the augifs. 

' I .  

e . ,  The intermediate rsfracClw Index (13~) determias& for ths augib Ln 1 4 

1 

106 spmoimsnr of rook representing a l l  ths prinoipnl raak types *thin #a : 

1 

oomplex. Tbrw dekmlrrationr W ~ M  aude with ellibrated o i l 8  at 0.002 inter;., 

-la and are believed a o o u r r b  f o  ,about f 0 . a .  a 

2V m e  m a m d  with a unirsr~al 8 t . p  nn.67 upeabmnr. M y  mmotlonr o f  

auglte i n  whiah the route blmmatrix m a  newly wrtioal .nd bath nptio axe# eould 

bo braught Into the pxir of the adaroroop mra ured. The reffaotiva indiaes o f  

the. pproxsm ranges from 1.679 & 1.697 r i t h  mads +alum f a l l l a g  nsmr 1.686. 

Bemiopheme of r e f ' o t i f *  i n k  1.649 mre used on the unlhr~al  stagec Ro 

meamuremvntr wore md* requiring inolinatlnns of mare than 38 dsposs,  60 that 
I 

oorreotAona for refraotion betmen hemisphere# and udneral mra nok luge, 

usually l o r e  than 1 degree. Value8 that departed appP~oimbly from ehe n o d  

values for oUur apsotnmnm wlth the  rams ref'ractive iadioes were oheolesd agnl& 

a . and were generally found t o  aoiucide wl th  the firs* debrmimlibn niCLLia 2 1 / i  

degree ao that the dimperrion of vrluem found 5n 2V i s  bsli-d to be, 5n park 

at I s a r t ,  due t o  vwir t ions  lu owapasititrn o f  the pyroxene. 

The opt lea l  drta'and the bompo8itian of tuaglte derived !'ram the daOl am 

given in o o l w  3 of table 1 for a l l  spsaJwa8 mamured. 

The ocrmpnoitlon 40 detsxndned f'rarn Hesr' ourvss by refrnetlvo Index and 
Page 65 r 

optlo angle rnosmt~h4ntm is plot*d irr figure 9,for all speoltasns f o r  W a h  both 

properties mre msaaursd in the  Blsshke Island complex. Neure 9 oorrespoad~ 

in urmgmments f;o plate 1 an p g e  634 ef Ross* paper referred t n  a b m ,  A 

the ss&tion af th. diagaa in figure 9 in wUah mst of the values fall. On thd 

meoond din- bhs polntr arb denoted by symbalr that Indlsata tha rook type i n  

wuoh  the augite ~oourrsd.  Theus point# srtrbllrh a frirly wellLdefiand trend 

in the oompt)altion of auglb throughout tbs aomplex. T h i s  tread has b a n  indisoted 



by a u m  A whioh hae been dram through the point6 by inepeotion. The trend 

aa lndioclted by ourw A ahma +erg Ilttle vu-latian in the oaloium oantent exoep% 

in the Iron-rich a u g i b  o f  the gabbrolo granulite. The principal trend l r  i n  the 

rat io  of' lron t.0 m ~ e 8 i m  and fall8 near the diopaide-hedenbergila l ine .  An 

unusual d l b  rock outting o l l~ ine-augi tSb ,  mpoimmn 990, I- 103, liable 1, 
I 

previausly dosaribed on page 40 , o w r i r t s  *of augib  and nmoundaq androdit;. 

,garnet. This rugif. had thm I m s t  refraatlva index o f  any nmanrrsd. T b  aompoml 

tion of the augits 'In th i e  rook i r  indioatad by ths  rymbol&* in flyrr 10. 

Thm rymbol h t  i n d i e a b i f h r  oollrpositlon o f  augl* a# dswrmlaed in  a rpeoi.wn 

n f  augite-duaita 0ont.inin.g anly 4.6 prroeA of n u g l b  (upeoLmn 179, i t a m  26, 

tabla 1). The augita in tbis rook had the 1 m s t  refraotlm Index of nkty nmasurmd 

i n  the nomal paridot1C.r of the oomplex, but u a f o ~ t s l y  only one rather poorly 

oriented grain onuld ba found in thih reotion from whioh t o  -amre 2V ao that 

th ie  wlue i r  in doubt. Spsoimena &.ax and Da?, both ~ 5 t h  low mfraatiw indioer, 

b.n n l a t i n l y  Ugh valuer for Zv md magpat C M d  tmud the sqo;itlon bf 

pure diopsldr rather than r oontinuation of fhs trend indioatad by o m  A ta*rard 
! 

a oaleia endlapside at the low iron and uf the s e r l e ~ .  Howwver tb prnbble noa- 

~ a ~ t i o  origln ef epecbmn 390 ha# beon pointed nut on page 41 . 
In addition t;o aurva A indioating tho oouraa o f  VarirCian in campositinn of 

the ~ l a s h k e  1 s l d  pfrroxenor, r seoand o u m  (B) has been added to figure 9 . 
Thls o m  i~ thb oume glwn bjr %rr den. the n o d  trend o f  oryetal l iration o f  ., 

ollnopyroxeaer from oomnon m f l o  magmar. Curves A and B am marly paptillel, but 

o u m  A indloabr that the augilma from the Blamhb, Irland peridati- myatttmmt%oally 

oonhc*ia abnpt 5 pemsnt more aalollm md 6 pros& l s r r  nmgnerium than the hueibm 

: ; I  . 
, d:,, 

frm norm1 mafia mmpr i ,Moh  bridge t h e m  noarsr the diap~ide-bbnborgite lime 

An 1nepatinn of tk, analpsrs gl-n by Beso sham that the augltoa *ah fa l l  

along thm n o d  o m  gi-a by Mm, fht irr, the a u d t e s  w i t h  40 proent  more ar - 
1ssn nf oaloium, are mainly derimd froa gabbto, narite, dlrbsra, and  slated r a o b .  

P th the other hand, the dmmr of  more oalala augiter oitad by b a n  are &am r 

- a . &.- . .  



arristy of rnoke, including mbrter ik ,  bronzitfb, morthnrite, e p u l t e ,  mad 

s h r n .  T h l s  ru,ypstr t h a t  t h e  normal trend I n  ohengo of oumpoaitlon during 

oryntall izatinn nf augite i n  bamaltio maw. 1s d ie t ino t ly  d i f f e ren t  from t he  

normal trends under a. m d e t y  of other oandit Ions. The diaplaoamnt of  the trend 

of' arystallitatiun in th. rugibm ofthe Blanhku Illand p e r i d o t i b  from tho trend 

' ah- by baosltio may be one indioat lan  t h a t  the p e t r ~ ~ e n e t i o  prbossmrr or 

. ' the Y-S invnltbd have fundabntel differerroer even though some of tho end 

. . .' produotr suoh a8 the gmbbroio roaka a r e  petrographioally elmilar. . 

The trend i n  o ~ o a i t i u n  of the r u g i b  in the 81ashb fslsnd camplex t r  oor- 
... . .. 

r e l a t ed  both wlth the  t rend t m d  iaoreariag lron aontsn* fir the alirlm iram 

the  oore of thti omplex ou-d and nlth re la t i*  abundanoe of augits i n  the rookr 

N g t m  I1 sharr the prromnkags o f  iron in auglla plotted againat  t he  fiyalite oon- ' 

tsot of nliv5ne in a l l  r o a b  in whiah both ham hem dehrmiDsd in't;he p e r i d o t i b  

part of the oomplmx. Where o n l y  the mfractlos index of augita wnr masured t h e  *. 
' 

oompaaitiun has b a n  d e t e m h e d  by tho ln ter reot lon  of the  mfracti* index ourvea ' 

gtmn by Herr wlth o m  A of figam 9. ?ha o m l a t i o n  l a  far from perfoot but .' 

nevertheleas die t inot .  Ths various rook +grpctr and mode8 of oocurrenoe mproaentod , 

. by the speaFmens a r e  dmriohd by separate aynbale. 'A tendenoy t m a r d  grouping a t  , 

I *  , lib rook types together i r  aotiaemblr i n  the normal peridatitas, while the feld- , 

apathio pridatibs, dike ruck# and oontaot faoiea of the  peridat i tmr nre laore 

dde-ranging. I n s p o t i o n  of tho d a b  in t ab le  1 rhtm that tlm aompo~it ion o f  t h e  

a u g i h  Ir  oormlated  w i t h  dirtsaaa inrrard and outmtaud fkam the nmin d-te aue i t i t a  . 
aontsat  t o  a leaaer degree than o l i r i t ~ .  It tend8 t o  fa l l  within a oer ta in  range . 

. . 
f o r  eaoh raak type without moh  re la t ionrhlp  to the dlrtanoe frm ttb otmhat ,  

' I .  L 

. ' sxaspt t o  thb extent that the rook kyp.8 themnelmn ham a oonosntrio timangemefit* . 

A OW bas been dram through t he  points repm~sntin6~ t h e  averaKe vnlue~  fo r  

tb irw oontent o f  ol ivine and aueite of the mriour rook type8 ahmu in f3pwa 11.' 

: 
Although the i n d i ~ l b l  vulurr plotted nn thin ahsst rhmr aam5dermbb dfsperrion, 

the  average values fall olome to a p a t h  a u m .  X t  i r  probable that'abrsmtionrl 
. . 



arrors oommhat acoentuate the diaporaion af tho lndivldual points and that ths 

n o e r a p a  ars more repressntativm of  the tnw trend than the r e l a t i v e  degrer of 

dluperrion muld  ruggout. F u r t h e m r e  tho dirpersion of d u e t i  i r  g m a t a r  i n  t& 

dike rook6 en4 oonko t  h a l e s  than in t;hs no- psridoti taa.  Thlr -178 i m  i n t e r -  

ea t ing  in that i* b 8  a rkup  olmngr in rlopo la the region where alivim hra a : 

fapllb smknt of about 13.5 peroent. WB IB the anrng* nlvs  fo r  h e  f m y l i t .  

onntent of olivine a t  oontnot k-a *he ollvins-rloh a& th, rugib-doh 

rmb. It b d i o a t e e  that rlthia the ollrltrs-rioh r a o h  tb,oaanporiCirm o f  tho . 

mugita ohanger utespl$ rrlth r e u p a t  to the o o q n r l t i o n  of W alirltrs, M l e  io the 

augite-rloh rook# it 18 t h e  o l iv ine  that undergoor t h e  greater oampoaition ohange. 

'There i a  a lso  ouggrtiorr ia t t m  d a b  t4t a8 nUdm apprasbhra i t 8  mxlmrrm imn 

ormtent i n  the outer o o n h o t  h o i e a  and grbbroio differen+Artoiu the aomposition of  

the augite undergoma r yare mpid h a d  kmwd l higher i r o n  aanhn*, Them rela- 

tionahips point  tunard ths idor that t he  oonbotm hiamen the najor rook t;yEMm in 

a the o o q l w  and the oonoaotr50 lurangemnt of rook -6 result f r o m  ahiPtlng ohem- 

i o J  s q u i l i b r i s  ra ther  than t h a t  they rrauZt from matirely moehrlsiral proaer~er of 

The oorrslatlon of i ron  oontent Js a l iv l ae  and pyroxene. ib the oamplax i a  

oontinued i n  the grbbro uxd gabbralo granulib, drh far f i t a h  are not aham aa 

figurm 11 d n g  t o  tbo extrem, value8 for i ron onntent Lr 01lrLns and u r e t e  i n  

- : mom of t b r e  rooh .  OlSrins i n  the gabbro ranger up t o  PIP9.6 reabaiatsd with a n  , 

auglte oontaining 16.5 p r o e n t  h, md in the granulite an oiirin. w i t h  49 peras& 

. f ayu l i t e  10 r e ~ o o l m k d  with ah augib  aonWning 27.6 psrasnt Fs. Earsmr the high- . . .  . . * .  : -smt in# sugltm f d  ln the oamplex 58 in *he olivine-free audular ~ n o l u r i o n  In 

+ ' r p e e b d  280, ltwm 169, b b l s  1, wlth .a ' iran amtan* of 37 peraent. l'tm matrix in ' ' 

. , 
# ,  

: .-oh this nodulm i r  eprbeddrd o o n b 8  r very U g h  l ron  a l i e o r  (&47), but th4 
* - . .  

: ruglta in the mtrix ourism only 18.8 paroan* Fe. B i o t i h  i u  prorent in the ~labr lx  . ,. 

' and hot Ln t h e  nodule. f f the nodula mFa oflgiarlv r O & ~ O W D O U ~  famsll, ooiorutinn, 
i 



pebble, or arr;y~dzlo, t k i s  re la t ionship  raay ind5cat;e that a hieheiran olivine 
. . 

fanned i n  the matrix beoaurs of a d e f i o i a u y  in o ~ l o i u m  and t h a t  where orloi\n 

m a  i n  high concentration a31 a ~ ~ 5 l a b l s  i ron  was used up kx augita wlthart; thm 

f o m t i o n  of a nun-oaloio phaw, pwkiaululy lf the artr ix  were o r i g i n a l l y  

a rg i l l aoea r r  80 that extra .l& was promen* t o  a m b w  w i t h  anr i l ab l e  oalai- 

f a  form p l a g i o o l a s ~ r  
* 

A u g l k  18 not id or I8 prore& only i n  minub trawl l o  the o a n t r r l  d d b  I 

oom af t b  oemplex. WlWn a few hwlred feet of thm arin eankot b e h e n  ths 

o l i d n e - r i c h  raoks nnd the pyroxew-rioh raoks, rtrsakn and patohsm appear i n  ths 

d u d t o  containing a feu peroent of a u g l b ,  From t he  point *ere pyroxbm f irst  

eppearm n a u  the mrginr of the dunite it b n d s  fa Inorerne i n  sbundanoe nutrard, 

but t he  inorease is n o t  s m r p h e r e  uniform, giving tlw mrginal r r e a s  of the dunifs 

o streaky t o  mottled a s p o t .  The oonho ta  between t h s  pyruxam-bearlng marginal 

faoies of the dunits  core axtd fbs woxene- r ioh  rook i# general ly relat;imly aharp; 

in some plaess it may k aa a o t w l  aurfaoa a f  di8omtlnuit-y wlth 0 1 1 ~ ~ u g i t e  on 

one r ide and augite-dmite or  mhrlito on the  other, i f  m y  be the loous of sapm 

shearing and mlnar dSmplaoeswnt, o r  in other places it i e  sharply gradational with 

pyra;xsm Iboreasing fram a minor to r nrrjor perosntage of  tlrs roak within a fm 

$netma ar feet. An dfogs thar  srrmothly gradational inoros~e i n  pyroxene 38 n& 

ohmraobri  6 t h .  

snms sontaotr  between ol lans-r ioh rook and pyroxene-rioh rook give tha b 

. pression t h a t  there  bas been m 1ntinmt.o interdl ldng and a- af tha trro r w b  

along +ha oantaot. Tongue8 of augiCa-dunit, or whrlib a few ~ n o h s e  x l d s  para . 

out  into the ol lvine augit ito and gradually b e o m  riapy and l a d i e t i n c t  through 

,- ~JI a d d x t ~ e  of pyroxene until they disappear. S t r ingerr  of roak oontainlng r 

r r h t l ~ ~ ~  abundance of pyroxene G ~ I  apaphyses Into the o u g i t a - d ~ t a  or m h r l i t s  

and gradually fado inta  the  mnelodng rook by dimlnishlng pyroxmr onntont. lorn 



are cnmmnn i n  the oontaet faaies of tbn dunib .  The80 inalusiunr range i n  slzs ; 
from small, r a d e d  olotr  of pyroxene oryatala a fm inohsr in rsotlon t o  lnrg8 

• rounded !mrrem 10 to 16 feet i n  motion. In texture and oompoaition they rurge 

from granular, f ine-gdmd Im880S n i  purr augits to oli*ins-rioh pyroxepibm With 

o w s o - m i n e d ,  r h a t  euhedral a u g i b  and In tu ra t i t i a l  ollr3.m. Dike -1 ih  bndimm 

o f  aoarre pyraxem are maman I n  the aontsot Saalmr o f  the dunits and o o n r i r t  of 

th. d u .  A pFaxenr rieh, granular weihrli ts ,  rloher i n , a l i d ~  ehaa tho t;yploal 

oll+lns-nugilAte and poorer i n  olivine than the typloal wehr l l to  and auglixt-dunito 

of the o o n h o t  fneier of the dud to ,  l a  looally preeent i n  indist inot mamma along 

tha aontaot, aend5.q rpophplem out i n t o  both aajor rook units ma that tb IIIWSS 

'body out8 aoross the c m b o t  t o  form an olivine-rlah d l h  i n  the pyroxenltio rook 

and a pyroxene-rioh d ike  in the o l i v b  rook. Theee bodlam an -11 and their 

1 U t r  and forme are i nd ie t i ac t  md g r a d a t i d .  

a Ithere pyroxene fir** a p p w s  in tha m~rgLr*l w a r s  of fhs dunits i t 8  relation- - 
ahlp t o  the nliolne I s  oomplstely i n t a r s t i t l a l .  Thlr llntsratitfrl rslatiamhlp i s  

aharaoteriatie i n  al l  ths r o o b  olarmsd as auglb drorite. I n  dudla the a l i v b  

. . .  form a morale of more or leas equant grains whloh tend tn shaw 80- hin t  rem- 

' .  ' blanoss of orystrl farm i n  a p i k  of m u t u a l  interferenos. Where -oxem 11 present;,' 

the tenden~y o f  olivine fa dilrplsfy ory- form8 i o  rooenhatad, and th. moxenm 

oaoupima interat ioer  betwmen ua&at blooky o l i d f m  grain#* Ilrear uf pyramne 

a reprerenting ti single o r y s b l  may be ertmmely i r regular  lo form wifh larger areas 
' 

oanaroted by mrrm nook8 and autlylng area4 unobnneo*d In thd plane of oeatlon. 

Thir texture reprerants an early stags i n  the davelopaent of a oorrme p o ~ l l t i a  

p l a k .  361, 246 

With o laxgar porosnhp of p3~oxmnrs, typifiod by the mhrlite group, o w r e  

oryehls  of  pyroxene enol*rhg olivixm are obaraatarietio. Single amtals of 

0 pyroxem more than a o s n t h t e r  i n  arorr 8eotion UI not maomman, and theme . . 
. . 

- .  I 



augita oonmnly exhibit d ir t inat  o q t a l  f-, but d t h  m lnareaaing mount d ! 

lo- but tend8 t o  k dmply d a y o d  m d  i r z r y l u  ln form, oaoupylng lrsgular 

l a t e  p r b a y ,  intarmtitial pharr agalmt -ah 011- I r  stable in the rooks b 

M a h  pyroxerm is prorent in -11 rpount, krt that where pymxane L the  d o W t  

Am ha8 been poinbd out rbo*r, khim d l f f e ~ n 0 0  i n  ~ ~ h ~ o l ' ~ ~ h i p @  With larger rmar~lta 

of augih i r  a o a m p d m d  by a abangm la tho oompoaltion of o l i r in ,  faatd s more 

CanJdemblo evldenor kr rssn in thin rrotlen to ruggost that a b m  a oertain 

rengs of lrorr oonfsnf  in olivi~o tJm order o f  erynt*lli~af;ion be-en nli* and 

pyroana S r  mvurrad. Augits Sr o b n m d  enelorlg grrim of alivim up to Fa18 

i n  Iron content, ramly higher 1 -1s olirinr 16 o d y  found enaloaing a u g i b  

* . . grain6 from an iron son-t of F*16 md hi@mr, Pho~arogtaphm o f  nue;ib d 
I 

hornblende peaudomorpb after muglta molosed ln o l i v l m  arm aham l a  plate* 17A ,' 

. . ., md I W ,  pap  247. Inolusions obremd i n  thin asotion mmy bs p m j s o t i m r  into' tho' 

apparently snolaslng g a b  from ombm or belm th. plane of reofion, but s u g i b  In- 

, olurloa8 ia o1ivlru:bave -en obmsmd in-oemn tun seotionm of psridotit lo rook 

end in s nuuiber of gabbro and beerbaobAts d i d e r .  Therefore the a d f  obeemd 

. interrt i t ia l  mlatlonrhip o f  oli+loa to pyrouru In  the olivlae augltit;.r, deaorilmd 

. ';' ever, there a p p e ~ r ~  Ca b na doubt Chat moh 011-e i m  infsrstitial, klr pyroxene. 
. 

due to ha* oryatdUrmd early mnd having k e n  rsplaoed by augltm. M a  i 8  



Alteratinn of augitb to hr?rblsnds i s  acnmnon but not  @*tend rs. Kltaratiun *- tonds t o  be more ndranoed i n  the m o b  in vrhioh auglte i s  moat abundent. 

r l l d e s  of augite-dunite and wetarl ib show little, I f  any, asanndary hornblende. 

The &&its is either gulta h a h ,  or dug* with apaqus inoluriotu. Hasoer, 5n 

mort r u g i b - r l o h  rooh the augite  i e  ahof through with l i t t l e  scrapr and rrhredr 

of aeaondery hornblende l a  p a l l e l  or l sn t a t lon~r r i fh  tba augite up t n  10 t o  15 

pera-t af the t o w  nuglta orlglnrlly pnmant. Sarpsntlalcatlun h a m  W l l e l e  
I 

s f f a a t  on the augite; in most a p e o h n r ,  aane. A few alidma r h m  thin mkna of 

rsrpentine outting the augita, but aoarosly €mrmgh fo mike &n appreoiable percent- 

age of rook. Herd and %bare 5n a few a1168a R nYotcim or ohmage amok in 

augik 3 a f i l l e d  wlfh w deep amber-brown a l t e r r t i o n  -produot msembling bamtlte, 

+ . .  Whop3rraxsrm is  a l l  but n b s s n t * r l t b  the per idu t i t i o  por t lon  a f  kho Blsshke 

I eland oonplex. Iu the .horPfalmed sediasnts  surrounding tha cnmplex and in what; . . 

appearo to be R highly onntPminmtad faaimm o f  the gabbro farming the outer. ring o f  
.> 

, . th. oonrplex it i r  r oharaoter i r t io  phaas. A few grains mre forard in a speoimen .* 

of Geldspsthio mhrlita from a point on the eoutlswertern border of t h e  oomplex 
. , 

. *re p s r i d o t i t i a  r o a b  are i n  rhrrp contaat w i t h  hornfelser. No grains mould be . . . . - 
a . Imolabd for r d s t e m l ~ t i o n  of rsf'raeti*e index, but  the mlaeral i r  opt laa l ly  

t 

' 
po8ltivu wi th  large =La1 angle and f a i n t  p i a s h  pleaotwolm, indicat ing that it 

i n  s n r f a t i t e  near the upper 1Mt in iron oontent. A small c lus ter  of s t rongly  . . '. 
. . 

. pif irh,  op t ioa l ly  nsgatlva hyperlrthene gralnu aaroalatod wi th  msoundary a r a ~ o t i b  

' I s  present in o thin reot ion of a pla~iaelaae-augite-hnm'bleads graauli& dlkr ' .  : 
. . ., . .  

outtiag 02irlzm-.ugitlts nmrr i t a  oontaot w i t h  the outer  r lng of gabbro. Thlr , . *  , . . 
. . mnall olurrbr o f  hyperrthem grnfnm and mgnstita appear# fare ign  fo the rest of - 

t 

I) . the rook and may npramomt .n i m l u a l o a  derived irm dthout th. e o l p l u .  A n  ' : 



I 88 * .  

lneluainm af  hornfelsdd eed-nts displaying m l i o t  bedding foued uithib ooprrm 

o l i r i w  aug i t ib  near it* outer sontact w i t h  gabbro m d  sedimsnto oontainr *bun- 
' 

e t  den* hypersthen. with an lntemmdiak rrfmatim Windrrr of 1.687, indioating a 

O O ~ O ~ I ~ I O ~ !  of *lFal9 (Wii"hh11, 1935, p* 218 and Bbmdr) 1947, P* 664). If 
. I 

reem o lea r  that  m t b o p ~ r o m m  50 prsrent h t he  pe r lda t l t a  r o a b  o f  the oomplsr ' 

only w h e n  %hers har bema omtaaination by oonhatwith t h e  enolosing redimsntmo 

Orthnpgraxe~s a180 play0 r mry minar rple ar one of t b  aherrla fwnd in 

.moms aoronw wound olivior. fb mbjeo t  of aoralssr end thdr onnr t lhan+  &erala 

will k taken up separately an pager 154-0. 

Traosn t o  fraotlonn of a proen* of hypermthem have bean found I n  m y  s p o i -  
I 

men8 nf  o l i v b  gabbro a8 s h a m  by the modes i n  ssot ion  16 of table 1. &ah of 

f u r  hyperathena ie prorent only In ooronaa around ollvinn, but a few primnry 

aooergory grainr a r e  present i n  ram apeoimear. Hwenr, hyparsthsns can souoely 

be regarded as an mrrantial oampnsne of the epbbro. The gabbroie rooks that do 

oontaw eubatantial peraantagen of hyperstbeno are very dubinualy a e e i p d  to t h e  

eabbro on the h a i s  of a corrrantienal intsrprsta*lna o f  f ie ld  relatlona. Modes 

and ~ r a l o g i o a l  data on tan rooks of thta kind are gLvenc speoimns 566 a d  ' 

230, Itsmu 140 and 141, seation 21, table 1. Speolmsn 356 i r  frcnn a narrm, .lP- 

, . ' ' regular d i k e l e t  v l t h  60erse brtrtm that appear6 ~ be an npaphytsis into brxifelred . . 

owatry rook f'ror a -11 body of ooarae gabbro with I r regular  texture .near oontnat 
* '  . ,* 

. ' w i t h  p e r i d a t i t s  on t h e  *reat r ide  of the complex. .It aontains 29.0 peroonb hwr-  

. athens and 12.7 psrosnt quarCZ r Although the tsxturs ie b o e r n ,  under the m i o r o ~  ' 
. ,  . 
, . . r o o p  it ha8 a distinct oryo~lloblirtio-granular aspect, and deuplto the aeeaing - 

. 
intrusive rrlat5onr of this rook it se- far ncrrs likely that it '=eproc@nt; a . . :! 

. . . . 
~ s L n  f o m d  by reo rye ta l l i t a t ion  along a i ' r aab r s  I n  rtrongly heatod oounkry mak. 

' '. ' aided by fluids off by the ul t rabas ic  mar., than t h a t  it reprosants a p e e u l i u  
' 

. . . . 

e - 

- . oontaot betrwn g~bbro and aountrp rook on tho northeart  ride' of tb ot~raplox ;hem : 



streaky, i n d l ~ t i n o t  maarer of ooarre, uneven te-d gabbrole mok. Thr oontaotm 

C betwow blookm of horde18 that olsarly ah- the- origln by mliot bedding and 

gmnulltlo texture and owrw, gabbroio rook ore mgue m d  gradational. Thm horn- 

felr mean to pa88 L.to conrw mr.tb.arr gabbro by r gmduml ohango i n  the propor- . 
t loru apd grab a i r s  o f  the oonrfiOaent minerals. The rm*pharer rrs pmaent 5.n 

+ 

both. Here again fbs prswnos of bypsrrthens 8s- ta be mympttuatim of oonverrioo 

tion, pamribly brought on by partid Rtdon ar uolution dong syttsmr of ikaafursa 

aidad by Slulds Fram the .ultraba#lo prsru; 

Hyperothsq i m  oonrmrn i n  the gabbroio g ~ u l l b r  where 3% mngmr in.oompoel- 

. . t ion *om Ib78hZ2 to En64FsS6. Apparently a dlstioation ortl be tnab b s h a n  gab- . 

broio grmulitos oonhlning 011- arrd thorn o o n U n g  kgperetbsrr*. The g m -  * . '  . . 

l i h s  that oantnln a l i d b  gmwm1ly amta ln  nnly trroea oi'hyperrthsrra, Ind- those 

. , 
. that onnkln hyperathen, generally do no* oontain alivlnmr Bath 6lirine and hype-, : 

I 

* 

- 'rthene ara generally associakad with a deep reddi8bbf am b i o t i b .  Ths hypsrr+hens-. 

btotfta anroaiaWon rpparanhly Mprssents s ~ o m m h a t  l m r  grad* of h;s-rphias 
" . tw t b  ollvins-b.biotik *saoaiation, beonuse the hyperrtbns-biat lb  rooks paen , 

. ' more abruptly into lea8 alfelvd hnrnfelses. Tbe pmuenos of hypersthene wrlthout 

biotite,  hmver,  does not mosm tn i'ollm thlr rule beoause speoimn 363, itsm 167, 

asation 28, table 1, ooarsr from dirsot oontaot with prrldatite end aaasl r t r  rrrrn- 

t i a l l y  of augite, hyperstheno, md plagioolase, while spsoimn 368 In the ru m  ' 

rootion of tabla 1 war 8olloobd about 30 -st fram the mam eonb.ot and oonbdnr 

- .  olidm and biotite. Orlglnal oompasltion o f  tho hurnfmlsed rnak oortainly oanfrolm 

. . . th* appaturaa of both hyprrthom and oliviae t;o a onmidamble arbat hoaurr 

~ l q l e  riagibe-plagloolame gnnullter are of equal Fank and intinmtsly asuooiated . 
. . 

with r o o b  aantainlng o l i d n e  md hyporrthrne.. Zhe proasnos of olirine In tb 

nmtrlx but not b the pebbles of a harrdelred oonglmmrata magjpstr that hyperathem 

m br mil a; nlirlm d m l a p  only l a  r w h  that warn originally rrmmhrt argillaooour. . 

The pmrenoa of additional m l u n d r r a  may hem umsd tip balolum to f a m  oaloicr plagio- . . 



clan., lsaoine m exass8 nf iron and magneuium tha'  would othernise ham ambinad 

with oalcium i n  a u ~ i b .  Laoally onarss pbbroio 6 r a ~ l i t s  w i t h  irregular texture 

and streaks apprnaahing gabbra la appvanae  ountalna ooaree nodules and streaka . 

af  meflo minerals. SpeciPPsn 266, item 153, table 1, is repreasntatlvm of one of 

theme mrfie nadules. It ooutainr 64.2 peraenf ooarra hyperuthem wlth  abundant 

augits, rmm hornblmads and bscersory pbglool~re. F'rm *he #Itandpaint a+ Pinoral 

assemblage it is a wmbeterila, but i t  I a  found in  a nodule i n  'cabbralo granulite I 

: b only a few inches in cromr reotlon. 

The hypersthena in dl1 the rooks in whiah ik is found I s  generally somumhat . 
I 

Paare alterod t h  ei ther  the a u g i h  or the ol irlne,  if present, in the rook. H o w  

ever, a11 the minerals In the panul l tee  are general ly  re lat ivs ly  fresh becauae 

the den- texture nf the rook aakss l t  r e l ~ t i V e l y  impe&aua t o  attack by fluider. 

Biotite am nu11 as tale nad bastite ham been noted a8 alteration produots. 

Humblade i r  present i n  the Blashlra Irsl~nd peridntitsm both as e late primary 

phase and as rr reoaadary alteration produo* of w o x e m .  IC is preaoat, but raraly, 
I .  

ms a prlwry aitlsrrl in mhrl14a and a l l v i n e  a u g i t i t e  and abundantly in  the beer- : 

baoh ib  dikes. A few spaoirnnr of nehrllb and ollvim aug i t l t e  eonkin aou*rsd 

' oosree grain8 of pr- hornblende, ent ire ly  intermtitla1 to  olivim and inter- ' .  
.rtittal t o  and.partly repl8tIin.g augit8. In the bearbaohite d i h s  hnrnblelrde is . : 
0- ofthe major a o ~ s t i t u e n t s .  It tends to beoome mom abundratar the fe ldspar 

* 
. . b e e m a  lees  oaloio, o l i P i n e  diaappeara, e.nd augits beoomea riaher In iron. Smm - * . i  

of barrbaohlte d i b a  are 80 rioh in hornblende that they  oan be s ty l ed  horn- 
. . 

\ . ' 
blendits. . . 

. '1 
Hornblab is o m  af the zmjor oonetituentr o f  the gabbro. Olivine gabbro I 

enolnain$ a l l  the other ~ i l i o a t s a  poildlit ioally.  Tuward tha n&r srarginr af the * I  
. . 

e;abbro ring a part of  the harnblendg appara ta hove bryrIall%red sinnrltansourl7 I 



rnth the nucite nnd pnrt o f  the pla.l;+oolaw, while nnmr, is p8sudmmrphour sfter 

augite and some is  later tlvrn tho nther prlaoipal ri l ioatora 

Hornblende i s  a prinoipal aonst5tusnt of inolulrione nf oountry rook o a u ~ h t  

up i n  the gnbbro and olivine augitite. Gome of the inoluslonr a m  ~ irhml ly  

. hornblendlte i n  aompouiWaa. la general the ineludane In gabbro ham been aeta- 

merphnsad h a more mafia rook than the host. They oommlly oontain m larger tofrl 

p.raenkqp of rugit. d harnblondr than Che hoat gabbrb, .nd r larger peraenbge 

o f  each o f  the69 minerals than the hart, but rams iholulrlonr rrhcrn a lsraer degree 

of replaoement of kugib by harnblende than dbse the' hurt eabbro an8 the  laolusianr 

thereby ham a l m r  perosntage of hornblende then the hasty though exowding tb 

hort in  t n f a l  maflbr. 
. . * ,  

Conhot mtamDrphused abuntry rack sxtornal t o  the enmplex dnea not o o n t d n  

hamblends La olase prmMty  h oont.oto nith the omplex sxoept alnng fractarss . 

.nil ehear zntrea where ram late  seorrndary hornblende 5s laeally pmsen-b. The only 

* '  hfrdrour mineral present: irr *he higher ranke of gabbroie eranulike i r  btntl*, .A ' - . f ew  hundred feet en omt.ot8 with the mmplex horn?lend. a p p s u i  t 1 1 n ~  rlth . , 

* .  .. blo t l ta  i n  ooaras porphgroblast~. Xn the oountry rooko unaffeatsd bg oonteot 

mafomarphism a pale green, fibrous amphibola i o  very o o m n  shd aaar of the  mob 
. . 

approaah amphibol ih  i n  o ~ a i t i o n ~  

Seeandarg hornblende i s  pramant rrhemmr pyroxene is abundant. X t  16 found . 
la 1rrsgulm.r shmda and sornpr within grain6 of' augite in  the  anme oryrkSlagraphio 
# 

. . orisntatlon as the pyroxene fnnning the funlliar uralitie alteration of poxem. ; 
The extent o f  uralitia alteraflan tends t o  be p,reabr trmrd Che outer eontaotn of 

if 

ths pridntite  complex. The aueite in auglb  dua lb  cumonly s h m  only Cbs .light;- 

eat indioation of u r a l i t i e  hornblande. It i r  generally prsesnt  only In traaes in , 

I 

' . wehrllfr a& d e n  tra ,appreoiabls p r c e n t a p  of the  rook i n  only a f m  opeaimena ' , 

. of c~lltrlne augittte. Some gbbbro has all but the r l lghtest  t r a o s r  of i t 8  arlglnal 

augita replaaed by horoblenbs. The propertier of %ha reaondary hornblende Sn thin 

sscti  an are the same as thm proprties af late primnry .hornblende fclu~ld- ID the s u m  . 
~ O O ~ E .  < 



Table 5 
Optical dala for hnrnblende 

Itom Spec- 2V 
no., insn 
Table no. 
1 -- - 
45 1338 482 19 1.662 . pale pink to p a l m  gmmn . ,., ,.. . , , 

'19.6 

62 202 -L 1,666 pale gmen 

83 369 00 20 1.851 pale gmsn 

70 Q0 -04 20 pale p e n  

99 336 1.660 very pale ysllar 

99 335 1.656 pale gmmn 

Rwk type 3n *lob forud 

mhrl~tu dike 

olivine augitite iaolueian 
i n  mhrlila 

olivine augif its 

alivlne augif A t e  

alteration pf a n o r t h i b  in 
gabbrobo pegumtib 

primary hornblende i n  
gabbroio pegmatit% 

gabbroic pegmrtiia 

lb4 333 188 20 1.658 greenlrh yellow t o  p e n  o l i v h e  beerbaahi* 

106 334 . .  1.657 greerrirh yellow to green a l l v i m  beerbachita . 
106 361 1.660 greenish yellm ta green olivine beerbaahila 

107 137 . - 1 m659 b r o m  
: b 

nliPine beerbaahike . 

4 . " .  - . . 
- 110 205 1.675 dark brownish greea beerbachib . - . .  ' I  
112 QD ' 4 18 , 1.856 yellow-green 

I 

. , 116 . 278 ' -U '15 1.641 wry pals yellow outlying dike of augititm 

1.666 green 'owntry rook mar 4W. feet 
. . frm oanplex 

* -. a. 

L . . .... . . L = large, Y = modemto. ., . . 



The optioal prupert iea of hornblende %hat have beon mearured are  given in  

table 5. Refraot;ivo indioer worm msaaured by ardiaary immoraion twthadm. ZV and 

m 2 angle -re measured an the uaiwrsal #tap. The interwdinlm ref'rpetla, indioar 

from 1.651 t o  1.657 i n  t h e  ppeidotitio ruaka, ZV range* h.am 82'(+) to Wm(-), 

Z angle # frwn 19. t o  21.5 *. Witsohell (1946, pp. 27-51) bnd Sundium (1948) haw 

sought; t t ~  e o r r o l a h  the rrpklorl praportisr with the ohemloal oomporitioas bf the 

rmphiboles. The o q l e x i f y  of the q h i b o l e  group make. it d i f f i a u l t  to do t h i n  

w i t h  my gmat prea5.sion. Hmver, It appears from the data g i w n  bf Winohell t h a t  

the hornblende i n  the Blaehb X ~ l n n d  rooks oannot k referred t o  the tremullb- 

u o f i n o l i k  ssrler .  The data of both Sundiu~ and Winohell indscab that  t b r e  

hornblendem are deoidedly aluminauo with amall t o  maderatr ammate of ferrnus and 

h r r i a  iron. The optioslly posit ivs hornblende i r  pmbably  lone ko 'pareasite,' 

' and the  hornblende nith 2V near 90. o r  negativu i a  probably stmmwhat r iaher f a  iran. 

In the bserbaohlte dilces and in inclueioao i n  psr ldot i ta  the intenaedlata 

D 
mfraot4w1 index rnngme fram 1.656 t o  1.660, 2V fram 88'(-) t o  84*(-), end 2 aaglm 

from 18. t o  20.. Theus hnrnblender therefore are probably just a 1itt;ls rioher 

. . in iron than t;hnse in  the perldof iba .  The hornblende in gabbro oomnpondr in . ' 

of propert5ea t o  that in  t h e  beerbaahlb dikea nnd t he  inolurinnr, exoept 
' 

. . ' that norm hornblende i n  gabbro I s  plenokola I n  strong brmmiah-green to brown. - ' 

. .  . A few small d i b e  outking olivlna augitlte have e ooaree, p&matit:o t e e s  . 
. . ' wlth  elongated crystals of hornblsrzdr up t o  revenal inahmr l a  length g r d n g  hi- -' : 

! 
. ward f'ram t h e  walls tcmrrd the  oentsr forming the roloallsd comb rtruoture.  Speai- 

. . 
. . . ..mn 205, ikem 130, table 1, i s  replasen4ativm of t b e s  d l b r  arrd aoataialr a'horn- ' . 

blonde d t h  Ny - 1.6m and pleoohroia i n  shadem of very dark bramUrh erean, This . . -  . 
+ hornblende i s  probably muoh r loher in  iron t b  that 0-oa in the c&lrx. ' . .' 

Several rush oowtaia m amphibole belonging t o  +he tramoliG-not i n n l i b  . 
. . I 

aerier.  m 5- or the brio pignatits seyegationm a d  dlbm oa~oio p1pg1001hae ' I 
. . is partially raplaoed by a v e r y  pale green a o t l o o l i k .  An a u t l y l n ~  diku of.pjrrox- 

enifio oampnsitinn, epsoimen 278, i W m  116, table 1, puntniru a f e r r i f o m w  ' 
I 

!. . - 





altered to a bleached, pala, yslloulsbbronm &nerd. 

B Biot i te  is one a f  the prinoipal phase6 of moderately high rank t o  mdinm 

rank cabbroio ~~;rsnuliter.' In the hlgher rurking grmulltsr i f  is oommnly aaacw 

eiated w i t h  an iron-rloh olivine or nith hyperatheno, aPd h theor rooks S f  i e  . 

tim only hydroua phase proasat. BIot ib ia  abundant In granulites a f  moderate 

runk e i tbr  as the p~inoipal dark mluanX or aarooiatsd ~ 5 t h  a peen harnblmnde. 

The b i a t i h  in the rookm of the oomplex i r  plaoohraio i n  reddish-brown and 

is soumwhat stronger colored ib the gabbrolo grenuliWm than in the gabbrom or 

gabbroia p e p t i t e r .  Biotite from a gabbroia p e p t i t o  in the olivtnm a u g i t l b  
I ring of the awrplex, apeohma 233, i t a m  101, table 1, had an intsrmsdlate re- 

fraot2vo index of 1.612. Biotite frm kwo speolwnm of cranullb, om of moder- 

ately high oautaiaing olivine, spsoinmn 280, i b m  169, b b l e  1, from the 

near Tioinity of a oankaat +i%h pr idot i f s ,  and the other, opeoimbn 232, I t o m  

160, tabla 1, from a quartz-hornblsndmcadularia gramli.te about 400 feat fha 

D oontrat with gebbro, had intemedlala mi'raatim indioer af about 1.656. kaord-  

ing to  *ho optioal  dstr publiabd by Winohell (193f5, p. 274) these biot i te8  muld 

. . 
l i r  tmwd the maga;ossiwi aids n f  the aeries f r o m  potassim4mgnsaium t o  pohssium- 

%ran b i o t l t a  with the biot i te  l a  the panull* 16 t o  20 peroent M g b r  In iron 
' 4 

:than the biotite i n  the gabbmio pegmatite. 
. .  

I .  
. . 

.. . . ! 
Garnet 

. -- . . . 
Garnet uas found i n  the ultrabanio part of the aoqplsx ln  one unusual d l b ~  

' 

rock, a p e c b a  390, item 103, table 2, previously deroribed an page 40. Ths . I 
dlbs roak aonristr erssnkially of modetatsly conrue diopnldio nuglt4 *ad smll- 

. . 
brabed granular ~arnet i n  rounded grabs without crystal formo Thr gsrtrat l a  

. . dieposed through tho roak i k ~  clurterr around thm margin8 of auglte gain# m d  
. 

. . i 

enolassd In auglte (photadorograph, plrf. ZOB). S t  appear8 to hove fallpsd ; 
b $- 

. * a  

. . 
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Bnth the  p r n o t  aad the augi te  a m  mat oolorlsre i n  t u n  rdofion end hrrrd 

speci:mn and the rock i n  almaat white with a f a i n t  greenluh t i n t  Ln hsad rpeoimn. . ' 

Exoept for tho heft: it might be t s b n  i n  the  N e l d  f o r  an apl i te .  Ths 'refraukirs , , . 

lndex of the gaxnef Is amriderably a b m  I*&, k e  highest in*sr.lon mrdlm a*rSl- 

ab le  t o  t h s  muthur. An X-ray puwder pat4xk ~ a v e  all tho o h a r a o h r i s t i o  liner of 
. . 

~a-t.  T b  unit 0.11 d-nmion, aO . 12.00 2 0.01. )Oo~rdWg to ~ t o c h e l l  

(1927, pp. 327444) t ~ .  oornmpond~ t o  an a1ne.t p u n  a n d a t . ,  c%m2s%ox, .. . . 

. oontalning about; 5 f o  8 p r o e n t  of othr g-et oanrpomnt8. bn analpi8 of 

rook l e  e;iwn'uader oalunm Y of table 8. The rook has the Mghsrt oaloium @on- 

teat of any a m l p e d  rook in t b  oomplext and %be iron oonbnt oomparrm wlth thm 

nthsr peridotites .  
I 

The olloim aug l t ib  In oontaot With the  dUPs D mta in r  no e&nek and s h m  

, no s ign  of a l b m W n n  sxospt f o r  mforanonpio ~hee-d frrotursr p r u l l e l h g  the 

dike oonbot .  The d i h  Stse l f  ha8 n very f ine-grahed granular texture la a zone 
, . . .. . 

.: along the  oontaot and h e n  a a n t a l n ~  s lit%b plagiaolame feldspar.. It also o m t a i n r '  . 

. .  t 

' 'r- imlus ioas  of serpentine t h a t  appear t n  b pre~domurPhlo af'ter wgi t s . ,  Toward 
, . 

.tb oentar, +b dike baomes onareer grained. The origin of the garnet appears t o  . , 4 

; be relaQd t o  the orya la l l i z ing  of t he  dike and ant t o  extornallg induoed alterntionr 

" . h o t h e r  oeourreaoe of garno* wns ao&d In a f e l o i t ~ 6  rook, probably a r i ~ i r u l l y  . 
. . .. . . .  

, . an anderitio l a m  flm, specimen 600, item 164, table 1, that  b e  undsrgane d l d  

oontaot n m ~ r p h i s m  a t  a d i s k n o s  of' about 100 feet from an autlylng -B af 
. , 

q gabbro and about 1,700 feet Prom the nu4h af  the oamplsx on the we& a h  of '. 
, - 

' ' the oomplex. The rook ooatalns numeroue nodular light; graenimh-grhy marem ~ 5 t h  '- 

* I 

ooarmer t ex ture  from a &rotion of  an inah b an inoh and o m  half in orass ssa.t;ion.. 4 

mods rpsmama rrr probably mliotr of ~ u l e m  f l l l s d  with ceo l l t s r  or aarbonntes, 
. , 

althaugh they may be of aonm 0 t h -  ctrsgin. Thsy oontain a onlorlmss garnet n i t h  a 

r e f n o t i m  index of 1.n along r i rh  rugit., r o l i l t a ,  and p l ~ g i o o l n e .  It in probably' 

. ' a garnet: in  the g r o r n r l a r l b ~ d i t .  aerier m1at;iraly mu gra'orruluita in 8 .  
oomporif ion. . . , .  



A narrcnr irregular dike with oaarso gabbral'o -8 outtlng a hnrnfolr in.: 

a- elusinn i n  gabbro cons is ts  o f  oalaio plagioolrnm, ru&b and large ~~;raias aP a 

dark oinuamon brawn p,arnet thrt i r  deep golden pllnr In thin saotlon. The re- 

frrotios ladrx ef tbn gerrut i n  mll a h  1.83. This dlb 1s a ample of lnohes 

r lda  and her Chr relatiom of an apophysir from the gabbro snolaoing the hornfelr, 

but; t;b gwzwt wuggsntm that the dlku at; loart part derimd from rmaotlonr 

lie-n oountry rook and n u l d a  from the enolorlng gabbroh 

I 
o d y  au a #purely and Irragalnrly dirtributed minor phase, htt is ,  of oourae, a 

aajor ommtituent of  'all the other raoku of the oamplex. At only am plaos ln the . 

oomplex damn a rwk appraaoMng dunil;s .in aoqoslt ion cont~in any plagiaalass. 
I 

This area a t  the mrtbam and of tha large elongate laland withla t;hs osntml 

apprapohlng augltedunitm in apnrpo8ition, in which a little iatarrtitial plagiu- 

' 

olars I r  rp&melg diresminated. 4 Speoimon 247, item 43, +able 1, l a  from t h b  . I * .  ' . 
. . , : I .'. . . , , .  L .> ' - i . . :;.:. 1 - 1 1 ~ .  -'Uii tb p r t s  of  *th ' olivim augititl r b g  am11 p a t e h a  of rwk ,: ' - . , . . . . . , ., - ,  . . .. . . . .  . . f  . .  . . . oonblning ~treaks or lsnlated i n t e r s t i t i a l  ernin8 of  plag2001are are not mannunan. 

,' . . . , spsoinrsnr 216,' 216, 122, and 564, Itemu 81, 83, 92,  and 95, table 1, &re repre- - 

~ n t a t l v u  OF tN8 faoteli of the alirlne augitsh. A t  om plaoo on the mtstern . . 
bardmr of the o c q l e x  an unumal faolem of the oomplsx oons i~ t ing  of a f e ldapth io  

- - fmm plagleolase is in oankot  with oountry ruoks (rpeolmen 362, ltem 88, h b l o  1). 
I & 

X ~ L  a l l  of tlmra poridotltia raoka ths plagiaalnse I 8  sxtremmly oaloio. Dstodnn-  
. , 

t i o m  o f  aompon~t ian by rsfraati- index maasuremntr, exthatinn w g l o r ,  pod the 

' . a m r e a l  @tags rapp fran Ab4JLnss t6 Ab7Ang3. Tha plagloohrm in there rooks i r  

0 not  toned. . 



tributed, aml1, irregular masaee and dllm-like bodies of  a m s e  feldepathio 

a rook with a p e p t i t i o  taxture rr dssori?md on pge.41 and piahad in pla+ea 

7, 8, and Q o  These pgnmtlt lo rockr oontain ooarro, u~sonsd anorthite g a i n 6  up 

t o  an inoh in oros, rootian and t b i r  rnnge of composition l a  the same am that 

cr f  the diuramina+8d raorthita in the psrldoC5ts. G p s a ~ n r  356, 244, and 239, 
- 

itom 99, 100, m d  101, h b l e  1, are  *om ultrrbsrio pegaut16s8, l3nt;s 24B i r  

md plats 268 mharrs oll'*rm of the maxm oompori%ian onolo~ed In anorthita of 42~0 1 
rams anmp~mitlon in the e m  s p e o e n  (no. 244, lbmm 99) .  There I 8  no traoe a t  I 
remation between the two minerals. 

Pla&oolase iu oae af the emeentlal dneralm a f  elw beerbaahits dilree that 

are found auttiag the olivine augi t i te  and in them m o b  it rangee in aomposltioa 

from Ab8ha94 t;o Ab25An75. In ~ l i v i m  gabbm +cry new the aontaot Mth the psrldo- 

t i t s o  oarm of the aanpllex the oompsition o f t h e  plagioolars i s  upprux21~ably the 

a rams an tbat found nlthia the peridotlh,  but aaay from the oontaot w i t h  psridotita 

the a l b i k  onatant of the plaglaolaae tend6 t o  inareaee systematioally l s l th  d is -  

tanor f'rom the peridotlte botb by an inareaso in the minimm'albib omtent of the 

inner toner of plagioolaae emd by a gmater tendency tonard zoning wlth mare sodie 

outer nhells.  F h l l y  near %he outer margim of' tbe thioker part8 of the @bra 
. . 

. ring a l i t t l e  pure a l b i b  appars In nutsrmoot zones as rhmm by specimen 101, . 
. ,  

1- 134, tabla 1, from the gabbraio portion n f  an intmgion breoola at the auMr 
, ' 

, gabbra antsot .  me s m  fairly sydtsmatio s h i f t  toward o higher albite aontaat . . C 

r l t h  dietsnae away from the oomplex i s  e h m  by the plagloolare ia the gabbroio .: 
, granulltas. Albite 58 oamman in the oatntry r o o h  -Seetad by oontaot with tho 

+ 

oomplox. 

Data on the oompa8ition o f  plagioolare I 8  gimn for all rock speoimsn8 in 

rrhioh it me mamurbd in table 1. Rgurs 12 is s aohemfio grapUoa.1 represonu- 

t l o n  of the relat%onrhip o f  ths oontposltian of plagiaalare t o  the oanflppatton 
' 

of the oomplex, und shmr the trend $ m r d  higher sodium oontent.vith ?tistan~~ , 



from tho paridnt5,to. Within the peddot i t e  the ocmrparltlon of the plaginolaas 

trr virtually onnstant exoept far  the beerbaohite diltea of grbbrolo onmpneition. 

A l ine  has been dram on the o- by lnspeotlon & aha* f b  rpprvximate trend 

in oompoaition of plagioalare In the mjnr rwk unltr of t b  oorpplex, beerbaohite 

&bunhut phare, buf sarller thro r u g i b  lrtrerr auglts l a  rubardiamtm. Polkil5t50 

plagioalars snalaring augltb may ba o b s s m d  In augitr-rsoh roeka and polki l i t io  

augite snolosing plagioalams in augite-poor roeka. An examplr of ooiwne poiJdllt5o 

plagioolaae i s  neon in p l a h  27A. Plagloolaae i r  later than olivine where the 

o l i ~ i m  omkina  lare than abaut 20 proout Aagalitr, but highly a d o 5 0  plagio- 

olaas in oontrct wlth mars iroh-riah oliy5.m has the mame mblguuuu relat iam 

a b e s m d  belamen irobr5oh oliVlns and auglte. Both allvine and p l e g l ~ o l a a ~  are 

, observed enolori~~g eaoh'other in the rum spoimena as e h m  in plates 24B md 

260. Coronas b e h e n  olivins and plagioolase are found i n  some bearbchitor and. 
.., 

olivine-gabbro~, but not i n  others, and the disoumrlon of aoronas wll1 be reserved 

' ' for *a later seation, p g m  134r8. 

. bfegasoopioally all of the plagioolasr i r  ohalk-whih in or)lor. bnder the . * 

miorosonpe It 58 oo7.urless and aammonly perfectly olaar. Wnnlag 1s nwisd. 

. + Manebboh, psriol im,  parallel end oomplex twinning ham been identif ied with the : 

universal rtags. A l b i t e  'hrrldng is the m e t  oamanm, but rll the other ldhda of 
. '  . 

M n n l , n g  oambixwd are probably ae  frequent a8 albite +miming. Twin lsuosllam . - 
,tend t a  be very omrme. The hlghly onlcic plagiaolaee is rlrwally untaned but . 

. . *  

zoning i r  ptmounord i n  the Internrsdia* oaleio plagioolars i n  gabbro. Zoning is . 
., w 

abrsnt in the plaglnalaes i n  gabbroio granulite. 

. . In rmm rooks plagioolass ham d e r g n n s  albr*tian t n  a omplstely iaotropio ' 

-era1 without distiaotivu struature, form, or claamge. In o i l  lqmrb5,on~ ths 
-. . . 

0 -  
gram of thir  platerial are ragged and woally tr.rursluaent a8 though it were 'm 



*~larphou. a g p g a b .  Z t r  refraatlvm index appear8 tv ran- from about 1.58 to 
t; . . . , 

' 1.06. 1% ha8 not beon identified, but it m y  be o o ~ ~ o i d a l  a~umim ~~. ', .. 
. 

Anothar aomon alkratlvn produot l a  leuaoxem in an opaque to brwniah arypto- . 
. . .  

a r y r t a l l h  eiggrsgr~'th* 5. white h r s f l e a t e d  light and L hand r p o i a m n .  : 
-. . ,.. * .... * . .... . . 2 - 

. . M O ~ M  r. o-nlY u.ot~a-a nlu, t h ~  d d ~ n t i t i ~ d  i.otrOpld 'BU~E-O~:  - un . .i . , 
* .. . " 

. . * . '  
. A ,  :!, t :  

, .  tlw bbbroia ranb p l a g i o o l a m e  i s  aaa~anly frerh, but loaally m8tiattwitirrd.' .. . . .  5 . .  , . . . - I . b r a t i o n  . . ,  . 'ta . prehnlb mil hsulandlts bra slao .ban nhd. ' Plagioh.aa+ l a  b-2 '\ 

- ,  . . . . .  . . . .  . . . . ..b -,... ,,.A,l.... ?, , ' ,  ,# , i  . 
, . . . . . . . - '  . .  .ly uaalt~~iud i n  the g ~ u l i t e ~ ~  , . .  , . +  i . . I . .  , . . ' .  * - ,  . .  ". ' 6 . . .  .. . . I . . * . . ;  I 

* - '# . . *  . - . t ; . f , .  * 

* . . . . .  
. amn of t;ha 0utermotib::~aoisr af the gabbro, 5.8 peroent interhitidl manidle rrar 

* . *  . , i '  

found. Th51 rook (rpeabm 4, i t e m  US, . .kbls 1) rrrr oallaotsd. at; the au&r i r g i n  ' 
* 

1 '  - .  of t ~ n  ga-o ring d: it. mideat; p o h t '  in  the morthofire motor  o i  tb. soql ix .  ' ' i  

I a ..: : ., . 
! 

 he rook, as r h k  by .*"motis and miDer i tag ia  datr gi*n in table 1, i r  i b tua l l y  ; 
. . , . 

' 
s hornblende d i o r i k  ~ 5 t h  aoorarory qu&z end cranidine , but It grades through 

. . . a' - . .  omkinuour expomarum iato %lad gebbro as repreaea%d by r p e o h n  16, iturn 128, . . - 
3 

. .' -tPble 1, a o l l o o b d  about 600 feat; irmard tonard the osnter of tbe gabbro ia)thm . 
. 

' ." mrab genenl rector  of the gsbbro as r p o m  14. The rook haa t y p i d  ooaror . 
a . gabhroia tarture and 'th. aaaldinr along rlth qunrkr oowpier mgulrt. Inbrrrtiaem . 

" b e h e n  the otbr  p r w  rnlmrala. The seaidin. ia olear and colorlesm, mll '. 
I* .  . 1 

t 
I .. 

s .  ? 

, W (-), and aptlo plone parallel rith 010. , .  
I . . I 

i 
:the oontaote with the ultnbamla oorplrx, but l.n mpeolnma 280, i h m  169, table 1,- i 

A .  . 

. . A  

'' . ' 1  oh", UO-, o l i v b ;  FoSJhl7, b i o t i b .  .nd w g i b .  A fault' 6 o p u l t . a  thi. i ' .. ' 

* ,: ? 
. . . .  roak fpan th. mwmt ouhrdpr , . of p r i d o t i t . ,  buf it r e  probably within *; 

-,- 

4 .  * • af aanCd .1q, pmridokiC during A*, utmrmrphlmm. S p o i m  232, itan UD, . . .  
. . -  . . 

" * * . 2 . ;  . . . . 
' * '  . .  !. . ' A  . . 

I I " "*... . . . . . . . . . . . . . . . . . .  ..... 
, . ' : .; 

I . .  . . . . . . .  . . . . 
i '  

. . 
, . 

. . 



table 1, culleotsd 400 f e e t  ikon kho neareat gabbro ar poi-idotih ooataot em- 

tainr granular ortimolare as i t r  aa'bt 4-t ieldqmr, Orfhoolrmo im1drp.r I. ' 
. I 

R o-n d n a m l  in t h m  low--do greanetoner ulrnifeoGd by a m h o t  with thm 

ultrabario oa~plmx.: 
1 

Quartr i r  a m a t  uaaaaaon'miuerrl In +he Blarhb Xrland a q 1 . r .  m t M n  . 

the peridoti ia  only ?no quarks-beulng .rook war found, rpeoimen 261 (vein), i tmm 
. 

117, table 1. m s  rook I s  f a d  la a few ,thin ar d i k e - l h  badier nooupy- 

ing a rot  of almorf haritontal joints au+tlng oliPina a u g l t i b  mry olore f a  fta 

oonhat KLth gabbroio eranulib at; the northorn edga of tho amplsx, The. rook I s  

ooarse grahad and pure a t e  k oolor and oansieOa o f  atiderios a h  rnnre.ints~ 

rtitlal quarts m d  mrg minor proant.@ of aaamr~6rles. An W y o L r r  i r  &van 

i n  aolumn Q of a b l e  Z. 
\ .  

A littU interst i t ia l  quads 1s present i n  rpeeimrur 14, l b m  195, table 2, 

previourly dmrorilmd nn pap 100. This mok i 8  a faaibm ttf the gabbrn fmnd at 

the autemost edge o f  the wldsat part o f  the gabbro ring. Anothar faoleo nf the 

gabbro, apeaimen 356, i t e m  140, table 1, auntaina 12.7 perosnf interstitial quarts 

mlranoiabd with augltm, 'hyperatheno , and labrtybrite-b$mmite plagioolans . The 

. rook I s  frmnd In a narrow -in outtiag gabbroio granullfe. AEI ha8 been auggrtad . 
prerlously an page 50, the m r p m a o  origin o f  t h l r  raok i r  dabiwn. - 

. . 
. . Quartz 10 no% prement In the  higher rank oontaat nmkrpr~rphoesd gebbraio 

. . 
granulites. Ilhsre the iabns i ty  of metemtrrphism drops off, wlthin a hundred or s 

I 
ibr hundred fee t  nf the aomplex, quarts is promeat in ths moh, and qu&ts l r  

; 
oombn in wnf iaoied of tha on-try raoka unaffsobd by oanbot wifh thd ultra- . ' 

Sphew i r  a notlorable aoosrsoty anam1 anly L the gabbro where i! aonauonly 



. . 
102 - 

acours in smrll t o  enrnparatlvely ouuse allotrirm~rphio grab#. Sphena probably . . * accnunta far an appreciable rhvs of tho T102 rhrrrm ln  t b  gabbro d y a i m ,  

o n l m  0,  table 2, but la ths otbr rook8 of fhe aonplax ttm Tl02 m a t  ba 1alWlp 

pwrent i n  ibnih, tiknife'erour magnmtik, or lsuooxmre ' 

* - '  ,. . ' . .- . ' c .  

A p m t i k  

Apat l ta  2' -11, abae& 3.n the psridatl&o raakm of th. Blrrhb I r l d  

oomplex. 'Ih. cumlprm glvmn in table 2 rhor only traoem 'af q 0 6  in d d -  and 

aug5ta dunite rad 0.01 pros& l a  tk ether par*d.Ut.m. The gabbroic pgrtlf., . 

found wi th in  tb olivim r u g i f l b  oontains modsrrkly abundant aooeraorg apatik 

4 o s r r o v ,  loaally &mr 2 p r o s n t  of the rook. The analysis of s,oampaltitei sproi- 

In thm ~ b b r o  and gabbrnio pegaatih, apatltr An it! typioally minute prlaxm, but 

0 i n  the gabbrola gronulih it 1~ % the fern of s o a h r s d  irregular grrrinm, gener- ' 

ally e l o n g t d  pra~lsl ta /, a, oomm am ttm o t b r  m o n ~ t i t w n t m  of tbr rook. 

C h r d t a  58 r sparse but ubiquttnuu aecesrury tbrnughaut the dunite and augLta 

. in moognitnble c r y r h l r  In wohrxifs IUI~ pmwnt l n  all* augltlM only am very 
.-& 

minute inolurrion6 i n  olirlns. The chemical analyale of CIm olivine augitits and . 

mhrlik gfva a p p r o x h b l y  thm um o m t e n t  of Cr& an do the analyses of dunlta 

akprrit. with tho s m  ~~~~~~~~rphio habit ar pagnetlts .nd thus not idenCif5sd. 

@ Chramite i s  otwpletsly opaquo i n  smotiana of n m  thiohanr, but ntry amall &Em 



. i 
mat& a m  olear reddimh-brtnm. fn r e f e o k d  l ight tb oryrtelr are jet blaokl . . 1 

. . I t h  sn i r l d w r ~ n t  hrn1.h (ph~tomloro~raph, plata SB). Tb a M t .  L. no;. i 4 ' $  
1 ' . . ? 

. firr-gnetim to *b a x t a ~ t  af giving no n a p o w  to oontaot with ; p c n r f i l ;  .. ' I - .  - f 
. r l a l o o  permanent maw*. An X-ay @vmhr path= rd. iVaa a aryakl  "irolatod' . . ' ' I 

* .  . 

. h u m  tho W C  (mpoimn 816, 6,-&b16 '1) gem the unit 0.11 d h m i o n i ,  - r: 
. , a,, 8 8 s  f 0.01. 0luk  and Ally (19~2, pp. 66-74) have g i n  omrelatikg 5 : 

* .  
t ion of  pure ohraaPIb, %Crf14, mud oonkirar leu8 fhan 6 pmroent IrZ203. Z$ Ir . 

probably ~ m w  ~a f s rr io  inn u indimted 1ts 'h.k of ~ e x w m m p t i n ,  and the . 
faoot that the x-rmr pmdmr pat- r d i  'rlth owppr radiation md a a~obrl f i l t er  a 

. . 3 
! 

a h k d  n r y  i i e t l m  a o m ~ m ~ * h i t i o r L .  o ~ m n ~ ~  b' u g h  id ; 
.. . 

t+ . .  , : - Yg rubstihttiag for  Fs -. . 
. . 

d a b .  ,The orycrtwl m are I d i ~ l l ~ r p h i a  a-inaf ' all athr pho~er. s&. oryet;el~ . 
. ... , . 

',.ire o n b k l a d i n  a 'mannor aI.llar ta C b  ' o l l r h  .b& t. a moh lmrr b y a r ,  .na , ' ' 

.:, . .'., -: . : . . . ' .c5.: -... . 1 -  

, - .. "-,, ..;..>. ' , * .. , ,.,, . . . . 
b*t ;,: .':- *he - i r s o h : & . f l l i k d I ~  'i&ipntine. ~ n s ' o r  tm &pl.s & r o w  in' oh rod^ 
, . . .  . . . .  

. .' . . .: . - , . 
opaque rim. A fmw o r p s k l a ,  ha+. been abesrvsd w i t h  aharp oryrtal outliner but 

. . 
\ 

> 
WIC~ a far mull,  m i n - l i b  apophyaem proJsoting out *om the &rain, apparently 

. . , . 

reprraontiag s e a o n ~ e  grarrlng ou-d f rom the grata dw5ng rerpentlnlsa- ' 

. . O  . tion. A far. ohramSk grrinrr mm obrsrrsd w l thd l&inot  r k  of orisnbd serpn- ' 
' I ,  . . .. . 

, * *  , , * , J  tlnm marroaiE$lng them.,; am mhnwn in p1.b 231). , ,. Tip aerpantlm in the rim dlffmn . 
I . . . .  ' . ? 

? ' , . : @ l i g h t l y  in:oolor~.plwohraiam, and rpparent blrefraenoa from tha maor of Bur- 
, . . 

replocrwnt: by roqknWn or of other .Itsra'tian. . 
- \ 

Ohramlta fnrmr pmotioally a11 of the opopu. v=krrial i n  dudto,  buf wlfh 



magnetite accompanying serpentinitation beown8 abundant. C h F d t a  a p p u 8  t o  be 

i n  dualto l o  1.3 peroent, Sn auglkdunita 0.7 peroent, and In the othsr 5mhr 

noorperidatit50 rooka i r  mah leer than the-psr ldot i tee  or all. 

16agmtlto $8 oma of.khe minor late p- eorutikr.nt8, but it 51 press& -- 
. * .  

5.n the rrroka of the o~atplex prloolpslly as a by-prodwt of serpenthiesfion, T i a  

oacurrqnoe in thir way ha8 bean dororibsd under aarpentine, pago 115 . It i r  alao 

' probnbly the opaque mineral i n  the graphio sxralution lamllnr dbmoribsd undsr . . 
alivine. &me =gostits in prorent in the lmerbaohlto dihr, gabbro, ssd grbbroio 

, g r ~ l l t e s  where I f  appevr io formlsrr grain9 partially rbplaoing ullioates and 
. . .  I 

later thaa k b  s l l l o a ~ r .  . 
. * - . .  , . 7 .  a *  * 

. . ? L .  

. .  The amraga magnetite oontant of the paridatifsu rages f t o m  praotloally nil 

- '. 1m dunita t o  3.8 pe~osat i n  wwhrllte dlhsm and 3.7 perosat in wmhrlftia rooks at . ' 

1. . .  * '? 
a . .the outer eon-ots of the aamplex. Emver iooa l ly  in a few plwer magnetifs i r  . 

1 .  

' a mJor aonatZplea.b of  the rook, fanning 8 mssoetaa3.s far oU*s and aug1.b in 

-. rookn .af rrsbrlitia aharaoter. Thlr texture haa been dsnoribed by Dupro (Dupwo ' . i ' . and brormt, lQl6, pp, 69-62) who styled it, "midsroa5tiquts,' and gave fbs nhrao 
. . ! s  

, "kouwlts* to p r i d o t i t i o  roake exhlbieng t h i n  torturn and oompased af dlellage,' 

- ollvina; aab r l i t t l e  hornblrnde. S p o W  410, itam 95, table 1, i s  repmeontar 
I 

. . . .  
tlk of'lmnit. (phntodorograph, plat. 2 6 ~ ) .  I t  c o n h l n a  26.9 vol- proant  ' . : 

t 

of mrgbetfte rrhiah i a  massive, not spongy, and interstitial to the ailioater. i 5 
6 .  

1 l t t l s  pyrite in prarent x i t h  the mgnetite. ~ o s r r ~ t 4  i s  very opraiuoa1ly' dim- ' 
' ' ' 

* .  . 
tributad nnd doem not nrPbr up au impnrtant peramtage of fhs  sxpnwd'rookr of khm 

T . 
. ~tmqlrx. Koawlte i r  mainly found loatally near the oontrrot betwean dunita *nd a- - 2 

. . 



anataining nonaal smnunte o f  m g ~ t i * r  & p a ~ n t l y  there ware local ounorntm- 

tlonm at r late mtam of ur iron-riah nridue,,beoaumm aerpntidcatian owld . 

d d k - n l l + i a s  auglt i tr  onntaat, no r p b o h l  ~ t r u o t u r a l  oontrol of the woumnos 

mtituantr of tha o o q l a ,  figure 16, prgl 152, mbm that t i k n i u m  l a  mm~erel t i m r m  

porn abu~&t in  the grbbrolo r o a b  than i n  thn pridotitmr, md it Sir pasalbla 

. ' . ' . . Wt' llarsaite 1; an aaom8.0~ la thrm rookr, W g h  nonr' h a  bemn iralrted far . . .  . ,  - . . .  

. . . ."' P~sudobrooldte -(TI I- . . . %  . . . . . .  . . 
. . .  

. ,  
. I I  . . . . . . .  

. . ,A tt& ' r o t i o n  of gabbrole g.oullta, 8 p e 0 i r ;  206, Atom 160, table 1, ooh- - ' .  , 

. . 
',t*inm 0'd p m a n t  of mrJ mull -11-farmsd o v t a l s  of a zdturrl tsntakively . ] 

. \ 

. . . .  . . .  i d m a f l e d  ftm the Chin smetioa kr psrudobrooklts. . The a r y s k l a  LM atroszgly a. . . . , .  1 

. . .'. oolorrd and pleoohroio, Z deep reddish-bl.mnl X 8 greeimh-brarm. Relief i r  , 

+orywtala srcr mhplu twin., rpparrntly twinned on L prim h o e .  The m i n e r a l  i a  aa 
4 

aooaseory 14 a o o ~ o t  mubaorphomed rook In nhioh tba mjor oanrti~t;uentr we: 

plrgioolame, hyperatnena, muglt6, blotits, apaab,  and aulfldea. Pseudob~nokib - . .  ' . . 
, , . 5s reported A.um a nmrbv o f  3?0alitiem am a minor oon&ltuent af o n n b a t  eta- ' , . ' f- 

$ r l l f l & m  play a nr-nate ro l e  ia the Bhahka Ilrlud ompbx.' 

PP* 790-'138), . 

" . faeimr or tha divine augitfke. 8- of Ule g*bbrola p q p m t i C o  rrltNn the oU-a . , 6 * tawitit. o o n u m  +nbrm*ttirl -.ma a m i r l y  o r y h l l i m  pyrib. b . g a k n  . 1 



lo6 
* 

rihg of the complex contains maattored maa8rr of robk where diradnatsd sul f ldss  

maku up severs1 psroent o f t h s  rook. D~mremlnalxd sulflder in aoathrsd granule8 

are aommon in the gabbroia granulilam. Xo #isis aoataiulng oonoentrattona of rul- ' 

fsde minerala are aseoaiated w i t h  the aa~~ple*, although j o b t o  ia the gnbbro .nd - 
* .. ., 

gabbroio granulite loollly o o n ~ b  tisms-thin blob8 o f  nulfida niostala. .. 

. I ' I  . 
Kemdy and i*ltob (1~46,  p. m), and tk u ~ a p ~  &d npotrographio mnd'mt~ik , . 
of rulflde-bohng gabbralo grunnllta wan pade for tMm report by t h ~  Uni*d 

stat411 brew of Illno., m p b n  Y, S b l t o n ,  arm.yrr. Th. result. of theme' &alplor ; 
- .  ... , . . . . .: 1 * .  

. 5  5 .  

are hkr lahd  bola. 
1 :  

Table 6 . '  
R~eulte o f  ammmyd on 8ulfidm-bearing r w b  of the ' B l a a h ~ .  Irllrsd o&l=.' '. 

, 
,, . 

, - .  . 
. . ..+ . .: . , . . 

- 8 . . . ... - 0s. per ' . ' 

, %TOW* . tan 
8 As Cu Co Ii i Pk -firmug 

, ' .  . . ' 1  
. . A' OIbbrolo grmul5&, k64MtF 1.6 ND 0,001 0.01 . 0.01 . . ;:. ND-1. 

. . . 
. . \ to 0.01 to 0.1 to 0.1 . '. 

. , .  . .  , .  . .: ' 4  , i 
' .  4 .  

~abbro ia  glmullts, 464WW O.8 ND 0.001 ' . . 
0.61 0001 ' AD-FA . . 

' . 
b', 

i '  . - to 0.01 t o  0.1 t o  0.1' ; ' : 
8 - ' !  

t .  

' RR not reportab, WD not: dsteebd, ND-FA a not detaoted by Nm arsay', . 
4 .  

, . 
* 

I ; . a 

'.Another a a 6 y  of a rpaimen of gabbro rmpowd by Kennedy end Wdbn in the rspurt 

o . -. num pet ton. f t is oleat from the abcm assay rmporbr that pyrite $8.  ths principal , 
3 .  

, . . mlfld; In ib BlaahL. I m M  rookm, .nd k)u(i %e ml&arkl amioolmtlo. m f ! ~ o t i h ,  



' .  
a- .: All oi the rcmb in tho Blarhb Xalaad 0omp10~ that oontd.n alidne dm.@ . . 

$9 

. . .  .- . .  . . . . . . . . .  
. ,.. , . , . oenbge o f  merpntine prmrent l m  gruabr than the proentag. o f  uxialkrad olivlxu 

r :  . . . .  : . 
:. .:, . :*: :t . 

.".' . - ." '. to about 86 prornt in d d b ,  augik. dunlb, lurd mhrlib.. IJI 0 1 i a n a  a u g i t l b  . , , , 9.- . . . .  
J,;. .',; - ' #  , - 

:* , ... . ,... . . .  d. in'*- of the oonGo6 i r o l r a  of ua&llfr the pcrromnbga o f  o U v b  rsrpmn- 
I .  ' 

.I I' . 
I .  

' > 
. :,'% i .  .. tlaised b;;l r eder  -. lmd tlm alIrina i r  ~ r d  o d a p l a ~ l ~  fresh in m- mpoal- , . . .  .... . . . .  

, . , ,"', ,.: ' . . 
': . . . . .  3 . swna. - fn thb, brrrbaohite '&hi, thm gibbro, aad the gabbroio granulite, tlu . . . . -. ,:, 

! , . ,  . . l  
*+ "".' :?  011- i a  oonmnly almoot o q l e t e l y  froah., but looally altered t o  ~trorrglf 

. . . . . . .  . . . . . . . .  . . . . .  . . .  ' .  . , : 4. . . .  ". .I 
.*- .. oolond rmrpmnflne ~ 5 t h  =ah s*o~~dvJr memt lkr , .. , ....... . 

8 . ,t 
. . ' 

. . . / .  .' 
:, ' . . Z  . . .  A number o f  r m m r  have bwn applied k a  diffemnt s p s a i s ~  m d  mwisties of 

', , . .I . 
. . .  . .I - . A *  merpsntlm. The us* I r  fnr from unlfom irr the  lltsrr.krrr* Yoet  ruthorit ia~ 

, I  I 

.I . . . . .  
. " ,  

. , , 
- , '  ( ~ l ~ h 1 1 . ( 3 ( ~ 1 )  pp. 260-261 .od 180-281, R ~ & ~ ~  -d I ~ A  (1041) pp. 360461, 

8 '  

ti g a d b ,  dirtlnguirhmd on' fhs' barla bf optiaal propark5er and habit. V a r l s k l  . . . .  . . . .  ' .  ' .  . . 
. .  . 

\ '  . I -1.. . . . m a  auah am ~orpogblb;. srlmrCa md'brrt l te  a m  baaed on hablt  or mod, af 
. ' '.'. . , : . *  , 
, ,. 5 ,  - - -  ongm. - m f i i d g i  (1956; pp. 4 8 ~ 4 9 0 ) ,  o-r (1~30 j lea), .nd y a  ( 1 4 :  

. . . . ;, . , , 

, .. -.' $ ' ,, - ' pp. 66-74) h.n ah& fhat hen ur probably bs i s t i n o t  dhwphau. .truohrom . . .  . . . .' .. . . . .  
.I:,! ", . . .  

0 ' .  
, . 

*,:,I . . I ,'.. ' b e t  fCm . ( 0 ~ ) & 8 4 % ~  o ~ r n m ~ o n d i n p t a  the mineral. m-mbtile und . 
,.... . . . .  . L *  . . . r .  . I .  ..,. . 6 .  .. 
. 1,..2! . m t i s o r l k .  B ~ v w r ,  B a l m d p  eomludsd that both rP19eraln a m  00- in rmrmslm, 

. * . 



, 

. due tr, differenoer i n  made of aggregation of &he 8- a b u t m l y  fibrous mlnerrl* 

~ a i l l h m  a d ,  hmver, mhm there mhwrmlm sould k diedrd Into trm g w p r  ' 

. . an t h l  b a r i s  of the- bshvlor -oh rho orl1.d a l p h  md beta urtigori*. 8*r ' ' 

X-ray studis8 by mane of parrder patkzna ramrled only alight,  and t;a her nrgllglbls,  

d i f k n n o e r  bstuwn then 6ro graupr, kirlira pmpered that all mstprrt im &a- 

o n l u  be aallsd antigorlte with the mlpb and beta' Tarie t ls r  disting\llmhed on the .' 
EarLr of the& proprbiar, end r a rpn t i n s  be urad I r  a rook naw for rwkr O& ' ' ' 

pored af  any *low of ~ t i g a r 3 . b .  . 
' ,  

,l.* . _._, . . . - . . , . . . 
. . - .  

Thu dimtlnguiuhlng t h e m 1  bebador of r l p h  and beta ankigorifa ad definmb 
. .. 

by caillhrr i r  that alpha m t l g o r i t e  undsrgoer an sndwthermio deoampmition at' , 

nbmnrt 6SO.C ., f o l l a s d  by & rhrrp sxothsrdo 'reaotian b s h w m '  750.0. sad 82!S°C. 

durn t o  n o r p t a l l i r a t l o a .  B s b  matigorite undsrgors *a endo.bherdo r e a a t l w  at 

rbout 680.c. but gi-a no -dintsly follaw5ng exathemla m a t l a n ,  and th la  i r  7 

explained by Csillire by laoqrata l l lz~r t loo coaonPliWitly w i t h  tho breakdarm of  

. 
un t fgo r ib  a~nldng tb exothsrmio rffeot by the endathemlo sffaat. CalllBm . .. 

noted that alpha -tigorite was oharaotsristic of eurf iuia l ly  altered ar hydra- + .. 4 . . 
. - .. .thermally iltmrmd ;erpntine thnt generrlly ahwad a d s f l o i s n g  a t  omb~ned Ator ' 

4 .  
' 

and un axoe68 of admorbed .r~.br, a l e  the be- variety was generally eonfined b 

. .fresh merpentine that had not been affeated by mathsrlng nr hydrnths-1 attnsk. c. 

Altho\rgh c 3 l l h n  deaoribed no rigaifiaauk difPerenoer An thoa&ay pder . 
, . 

p p t h r n r  a t  the nuwraur w i e t i a s  of rerpantlna aha I m r t i g a h d ,  Llfridge, 

' ' Oruner , and brujn aanoluded tihat there are  two rrerpntlrm dlmrphr . Amjaw6 

etudy, whioh 16 the more rsobnt and ir baaed on omoillation md Laue phatopphm 

as  well aa powder phatogxyphs, ylelded the t e n t a t l a  oanalurion that botk iorrpl 
I 

ham a struoture asadsting of r p u l e  arrangepsn* of kaol in- l ib  ahartr  of a t d o  ; 
. I 

layurr of the fouoxbg amqUanO8n O ~ . S ~ ~ ~ ~ ( O E I ) ~ ~ ~ - ( O B ) ~ ~  but tkt a l u h d  

dsgrrm of i ~ r f ' e o t i o n  Ia prsrent  In the na t i go r ib  l a t t l a r .  There atudler iadiork 

that all of fh. ro-orllad minsrnlo of the 8srpentlna poup a m  trr imntr d w  to 

mad. of r g p g a t i o n  and aryakl  habit of e i ther  the rosm nimr.1 or tm'olaorly 
, , 



. .  
row far oi ~e-tiam ni+'pm-m b~ retained an *rriat;*l-r for . + . ex* desariptlve purporer, krt are net T I U d  mirrmrcrlogloally. Sdlfiidge Sound that 

- 
* .  

, . grrs dif'fannf powder gattam, nhilb arpy dlfibmnf " r p a k r w  gavm the mame p d a r  ' 
, ,  ' .  

. pattern, Call13re fmmd 4 dmllv ooadition of utGr o o a r i a n  in the t h s W  - 

W l s d  X-ray study of  tbr rsrpsntlas i n  the B l & a b  f r ~ a  ha# not  k e n  at4zenrpted, 
' ma r$wt w i l l  be aade to dbthguioh k f r w n  ~ ~ U g o r l f s  *ad obryeotile or t o  

. 
npply the u d  M a t h 1  nom0nolah.m. A l l  o f  th. nmtarial all bo rskrrwd ta an 

.L 
. . .  . ' oerp.ntfna 909nring tbm praaf i o s  roo-nbsd 'by Orunar (1997, p. 102). Emevmr, 

+ .  

~praatioally a l l  o f  the serpontM in the Blarhka falaad roobr would bo alaarifled 
' 

1iMlr late sarpsntlab oaaupylng ptwking8 In velnleC8 of e - 1 ~  *orpentint, wtmld . d 

. k oalled t t m a t l l e  on tb = a m  baala, and #om rfrongly 'oo1or.d xabrial w- . ,' 
I .  

t . ,  + . . ." - ring am pwudambrphr of' o l l ~ b e  Aagrmnb i r  probablz-a 1 ~ 4 U n r  aU&b. . . 
. The f irrt  i n  the prooesr of serpektid=rtinn in-the, Blrshko 1rl.ak . '  . . .  . 

. . *  
raoka i r  the derslopmnt of palo, alaort ~ t r u o t u r r l ~ r r  reqwntlns along graia . 

* I 

boundaria8 and. in a deal. nsfrrbrk of fraoturem in 6b o l i v b .  Baoh veinla$' oh& . , 
t raars  of  r madial frsaturs or psrtlng biaeafing the vmlnlat l o a g i i a d i d l y  rrrd 

imy # h a  one or twu metr a f  pwa3lel partpogo on either ride af ths nwdial.pu"tlrrg. - .  
t 

%e ory~tallographlo orl*nhtiao of the aorpentSnr In t h i m  initial rtagr of do-1- ' 

opwnt i r  remarkably ulrLfoxm with reaprot t o  thr w1nl.t~ thati It ooaupis.. X I 8  * 

. . 
a o r d  to t tm t t y t i h  of t b  vein aad T z puallml t b  .=in, thus riaplr -ins . < 
rlwayn have parritim o p t l a d  oloryrtioa. In rtmm reotiorrr *ha -in8 m y  exhibl* . . 

. . 
a hint ribbnn rtruotrrre due t o  r ;light dlffbronom i n  eolar and pleaohroinm l n  ' . 

. . a b.md along tha ;pntmr if the vein OB mlthor a l d .  o r  tb. -dial tr.ottlr*. It mm : . 

0 .  *ham l n  the diucu8rlan o f  011- (pa 78) that the r r r p m t h  -inlet8 f o k d  

. . a,mr - r u t  h d  o e a ~ d  in fbr ocmplex and that the mior rum Z o m d  by , r e p l ~ o r  



man* of n l i r i m .  The amdial pasting in tbs e e r p s n t h  mln8 nbmtrt amrtalnly ' . I 

reprmrratr the lamas of ttu original f h o h a r a  in all*'+ith wrpntlm r-1-m '.. 
,- 

ing Uu oli* iLRUd fim tb on both midel. " 

1 . .  ~ - . , . . - 7 . . rhiab 1r k r t  m n  &an th. 'ni5~~rrl -%r rp.& fb' uC&otion pamitlon. A mw 
. . . . , .. . . . , - , , . '&t d s ~ a m u  (n.-iioa i. Aw u r . C ' M .  -HI ++o t~ n t a  g ~ n r  '. 

. . 
, . 

* .- . I  

a . -  . .  . ' h o t i n  X, but! h . m a r  . a.oUonm'bb.".tnrdt+ . . . II' . dhgolr l  . .  +a t b " t n n d  * .  af WI , 

. .. . , ' . , min bp u =ah u , s o o r ,  .~cmwmr. 5rr *mi,smotii& tho exk5.wtion dlreotlan, X, 
v .  . . 

. . .  ".' . . -liar ."mibly pmd 'h the *.in, @ringring the 'rtruotlm th. appatmo. of In- - .:> , ; 
:.. : t. .  '<. . . 
, : 

* .  
.,.. . .... , . : .' . el-d &*ti&. ~ b l 8  800& 0r0~8-fiba rtn0- ~r not the reinult of a. . ' . 
' . , , , A ' '  , , 1 " a ,. , 

..; . 
.. .. 

' '"--.-i 9 . ;.. fibraas o ~ t a l l o g r P ~ e ~ ' b a b i t  parallel to X, but 'is probably &used by rb5rrg' 

. :  . , . . .  . , . . * 
.. , t o  stre& yell-, vmrdrh yellm, m ysy 'pesn ,  and the pl~aohrolua'~n~a(1. 

, ., , 

, . I . . - -  
, .  , 

* .  ,. r l t h  %ha int.n#l* of t i  ' 0 0 1 ~ ~  Ia  g e n e d '  the 'rtrongor oolarsd rerponhina Sr . i +, 

: . :: thin reotlan dus t o  -t., thinly di8wmi.nabd apaqw minr.' o p 4 ~  malarhl' 



, with iron-rich uliolne. All af the rerpentfrm that d l e p b ~  my dr&lWa of 
. .+ 

aptioal uniformity I n  optiaally nagntim rith ZV .mPI1 - approaohing uailrlalifjr. ,,: 
. Ny $6 appr-kly equnl f o Nc and r a n g 8  *om a d d m m  of 1.560 in ~01~1086, .1 

. ... I almost imotropic grains to 1.668 In pab yren m r i e t i e r ,  1.678 i n  mtrongly ~ n a n  -. 

. . 
. 'vwleti4~1, and to betman Id9  md 1.80 i n , g A n r  ahmlng amber d;2loolar*Cion 

. . . . 
r e l a t e d  to n*th.rlng. Aa+ bmmrslon of f h p n t a  of rerpntior, froni a single 

, . . . * .  

' . rook r p o o i r n  -1 m h a *  8 ~arh* of mar $irlry; &.fino*, WOll-o~n~md,' mm+r 

olro on tb relnklvw opsoitg or oloudinesr of the aerpen5i.M oaued by disaoudna+ed' 
. \ . ,  

, . dusty inolusiona. Hrrrever, earpentha f h m  dunlte w i t h  oil* not exosedhg abmrt. 
. r 

. . . .., . . 11.5 'prosnt fayallte generally does not exoeed 1.570 In rrfraot5,ve iadox exoepb 

, '  d& alsrins rrnging up t o  WS6 m y  have stramgly . o o l m d  rsrpsntins r a g i n g  up 

to 1.680 In index, and higher if d i ~ o o l o r e d  by weathering. 
. . 

. 
~iffemntt;l.l'theml ana lper  mrm made of tm 8peeiPrrrar o f  partially s?r- 

psnlslnlxrd psridritlla. Ooe mpsahn, mbor 315, i t a m  6, table 1, f r dunlke 

I .  . o o n k g  72.1 peroent serpentlru by mlume. Tim rsrpenth 18  very pals grsmn 

. ,: -An oolor aad aon-pleoohro5o in  thin eeotion and i r  derived tLm oll& wikh a . : 
... , - . ' . Papllk mantent' of 10.6 paroent. The other, speoimen 177, i t e m  22, table 1, , 

. * 
. , 

. + . - .  
. . . i r  augi-. dunltm oonkining 48.8 proout  of serpentbe *hut i r  dirtiaafl.fr 'plea-. , 

, , I .. . , 

. . 

, : .  I .  

n ~ a i e  in tkin meatlas h? y . 1 1 ~  to ween and derived *m d i ~  with r'fiya- ..j . . 
lits ombat af 12.6 paroent. The dif ferent ia l  t);enml sums are @rsn in . 

I .  
. . . .- . 

, " . f1gu.m W, pag. llZ, along ~ 5 t h  eeveral, a m s  ,from the lilxwahra for oumprrlmrr. , : 
. - - ' I  

The o m r  ?or.tb Blsrhh Island opeobnena are.oloeely ooqnwabls. The dAffer-. , . .: ,. . . 
. -, snor in . q l i t u d e  l r  daubtlenr duo t o  the dlffsmnt peraentapr of rnrpntltu In ' ...' 

. * 

-the two C O ~ ~ H .  Them l r  r m h i f t  o f  about Wntg  degrees dannnud.in Chr temp& ,' 
. . * .  

. ' tuM af the exo~tmrmrl peak for th. plo.oohroio mark*, auggrClng that plool ' ,; . .  

. . , 

. a l w l m  $8 duq aombinod iron, - .  ?.. * , ' :  0.: . . . . . . . . ' .  . . 
. . I  . ,  

, . : I .  . . : .  . ' 
, , ' . . * .. . + ..-< -. . ,. . . . _ '  1 . . . . . . , .  f . . :  

* . .  # .. 1 ,  

. . *  
I 1  . : r . . . . . * . . 
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Figure 13,. Diffsrentiol thermal curves for serpentinized peridotite - 
ond for onf igorite. * 
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1 ' r i  

I '  
 he alpha aurn  by  illin in '(1~6, p. 115) d tb. o l ~ .  for .ntlgofitaWby . ; . 

~ ~. . .; 
,. . . . .  , . - Foetar, P a  Yoxk, with oublo a l . r ~ . p .  Th6 beka a u m  by caSll'csre (1936, p. 225) ': 

' 

.. : . . - 
. - 4 ,  :. 
; . ''. = . '  : m e 1  my ,nf'i*tit dUYaawnee# in"&putu#.  The pattern and b m p n t u i u  kf n- . . . .  i 

. . . . . . .  . ._ . .  . . . . .  .. . a t . _ .  _ . f ... :, % * ... . .. . .. : .  . . . ~bwon - . jqraxhbZy hb. n- rr th. m*akm foP rrpwm+ln5rad '=oak from *ha . 
,. > , . ,','.," .,  . , 

;: . .  I .  ... B1arm fmlandr: . litdtle mpport; hon*mr l a  iesa in tho B l a r b  hlandn for ; . . .  ;;;; . ,!. .,. I ' .  .,< , 
. . . , 0 : -  . . J ; ". .' . WllGro!~ ooatention' that t!w ,alpha ourve typifies ' errpentine derived 'fr? nur- ':. . . .  ... I . .  

1 . . _  ..I. ' I 
. , 

. . . . . . .  '..* fioiolly or h y d + 0 0 h e e y  alte-d aerpsptino. bl1 the o l l ~ s - ~ 5 o k i  rookn in the - ' .  I. ' 

. L . l  - 
.5 . 

,, , .  ,,,:.,.2,:'. ' o o n l o l  ty rnathrad aurkobr, ... -ahear moms, or other a*smem of m o t h m a 1  aeaok. 
.;i.;,, i? .: 
. , ._', . 4 . . . .  Tali' d, barlm+trr a+ prsarnt 'h only minu* BIDDIUL~S, amd the rat io  of admarbed . 

- . + .  ., 
" _  

: , 
' - .: t o " o p b i a d  y&rr-+ kv -mull am r h m  in the ohendoal aalyae#. , . . . * .  7 . . . . . . .  . . . * .* ? . . . . .  b'.;.. , . .  . .  ' f  . , + 

d .  . 
,' .' . ;, . , , :'Th iatial'rtnge .-of wpatialzation does nab appear r e l p b d  ' ln  any way to-  : 

' . . h t  . . . . . .  .,. . - 
a . . , ; ,.. . '; .- . . ',' . .the ,;&t .of &&&ring .*hlbitrrd by &a rook or %o feattvar suoh as jalnts and 

'! 

.I . 
t ',. . ., . * ' . #hear zawa thet  oontrol the ad-oe of weatherbag and Othm t;frpsr 'of axterml *, * . .  - 4 . .  

I - ,  

, . 
.. - -,. ..... . .,h '.,. - . . .  ' . altarrtfon, exaop-t: for * rmddlah-brom diraaloration a$ the rsrpentine ~oonoenk.ated t 

1. . ' :'. - '. .' 
. . . . ,,along joints mnd ,it&.. mm ~ ~ o o l o n t i o n  appva +a pndumd b; d i  A e ~ m t a d  ' 

. . . . ...... .,; .* . . 
' ; .,*: ., oollold8l fmnio axixib i n  the aerpehtlne, and it ao.8.. B definite &orean ih 4: 5- 

.: . . . . .  r'*.':..,.b.,tsry low birofflageit  t o  almost. lsotroplo kerpentins, with lmr  r@frineerrod than'. . . . . . . . .  ... ,. ' ... .... , . C ,  '.; . .;' , , ! -;ry .:* . ., . ... 
., 

\.. ! a .  t b ; . o = i a a  , . .  .rerp.ntlne, I 

I 

along t b  nmdsa p r t i q a  o t  tbs pnewaly $0-d 'I An. . .:i 

: . b h a h  t;hr bimmngencs o f  this mabrbl, and l t ~  elongation w i t h  rerpsat b the ' 
:<, . . . . . . . .  . . . ,  r . . -  . 

. ?.. ...... ,, .flmgth of tb i r  a l q n  nsgativm, 'or oppasib the elongation nk thrr Mrmt- 



by the fonaatirrn o f  spongy magnetitm, usually in the f ~ r m  aE nawm ribbon6 along 

the medial part5ngn d t h l n  the eecondary eerpen+3,ns, but almo i n  irmgular maemen ,A 

i n  rocks with iron-rich oliPlne. This reoondsry rerpmntlno appeum h form rt the , 

expense o f  tho prlnury serpentine and releasme imn in-thr t o m  of mgw4&tb. 

Conourrently wlth the damlopmat af la-bitefrin~aut 'serpenthe in the amnhlr 

of  the vein# i r  the oporaao l m a l  raplaoatmat of entire o l ivbe  shard8 by' very 
9 + 

law biref'rlngsnt t o  imotmpio rerpenthe. Thew pmaudmoorphr of rorpnt5na afbr 

o l idne  oonrist of a f e l b d  mrms of w r y  thin,  d i s o r i s n b d  fol io .  The lm bim- 

frbgenoe m y  be due to tha intsrhrenos of diver8ely oriented folia. flhers the 

ma4xrial o h m  rome degree of eryetallopraphla uniformltjr t b  birsfrlnganoe ranees , 

. , 
up to r sonanhat anomblour bluish-gray. Spongy reoondary m a ~ t ~ t e  i n  irregular . : . . . . * . a + i w r s e  also aooompsaiea +he formtion o f  this nuterlal. : ' . .  . . - 

. .  . . . ' . . . Stlm ebrpntine rep1aoln.g entire. shard= of  oli*e with r e l a t l r e l y  hSeh fkya- : 
. . .  . , 

lik ?an.t4nii is rtrongly oniored and plsoohraic i n  shadrm , of yulld~h-green. - . ! 

6 .  ' *  

0- :. i 

~ l r e f r i ~ n o e  mag06 up t o  first order yellow wi th  an a n d m a s  hint .  : . i q  

, , $ 
~ h 6  praprtiee ero tho.. of an r ~ ; l d n a ~ m .  ohlmiw nur neghtin pminits. ' . . 

'. - 
lkm mineral noaurm 5n radiating olueters o f  thin f u l h ,  and Its abundance seems t d  i' . . .  - -. related partly,to .the relatin rlohneae i n  iron of t)ll+irmband partly to ttw :- . : ? 
artant. of weathering. Frasohe ( X ~ r l i l ,  pp. 280405 )  h a  6 h m  that i n  the- itevohp- ., 

. . 
. . . mnt of laferitic 'iron oms f r o m  perldotite ,  the fresh par ldot l te  oansirts of , . . 

. . 
. , 

rrliriw and pyroxene .winad by norpantbe with abundant 'frrah ol ivine i n  ehsxdr - .  ; . . 
. rurraundod by a network of msrpentlm. ' Ar t h i n  rook pamaes uprmrd la  k ra+f;.r of : 

tonu of f ee t  into L a t e r l t l o  iron are,  the fresh ol iv%e~ shard# beeom rsplaosd i n  , , 1' 

, 8 , . 4 . . 
' - the initial atnger by dark, greealrbblaak aerpantlne, and this rtage' of attrpontln- - 

. 3 '  - . . ?  ' 
. I 

, ' I 

. . * 

, . . . The Inhomogeneity i n  aolor, pleoohxaim, and refringanas i n  the eerpontlne . . 
' 1 . .  . 

' . ruggestr *hat the mineral i r  n o t  a r i q l a  homngeneou8 phaas x i t h  r fixod oarngosi- 
: 

; 
' tion. Igl.t of the inho~rogmnelty may bs expls5md by tho effeotm of varylag n m u n t ~  . :, i . 

. . . of di11aaminrt.6~ lnolurinnr, but pa* of ,  lt =st be due t o  *.riatianr in tb. j , ' . 
I .  

" .  . .. . .. + . ., ... .- , - I ' *  - i . ' . , ;  . 



composition of the rsqentlne itmalt. Winahell (1956, pp. 642453) har published 

a cormlati& of ths optloel  &opert:lsr rad ~ h s a i o a l  co~llpo~ltion of the ohlorib.  

betnuen antigorib ond tho ah2arltas. lie oonridora ent5gorlte to b an and m r  

. . - of tha ohlorits group M a h  mrisr in omtpmitlon bg the mbrtlfu6Lon of forroue : 

iron far ma@asltnn and a l h  far sllSoon. Tho most.abuadnnt uorps&iae. in  &unite 

l a  the Blashh Xrlrnd aomplu &r th4 S a l l d l r g  praprtbrt  . . : 

0pt;ic sign and aagl. - Megatin, ZV nearly rem ' . . . . ' . , .  

' r  ) 
Inhnmdlate reikaoti*s index - 1.668 
Birefringeruia 1 01007 - .  

This would aarrorpnnd t;o m t l g a r i b  wltb aboui: 16 moleoular pefaent of ferroantlg- 

pntino in the auglb dud* & wahrllte at  the dunifs-augitlW o o n k k  has appraxw 
! . . I  

Mtely the follmlng proprkierr .L " . 

0 :  1 .  . . ,  . * 
' . rr 

. .,~olok .ed plemhrotm -- X prk g .edrhqe l lm,  Y f. Z m gmglgrren ! . - 
. . . , . _  

9.. , Optia sign' a d  angle - Nogative, 2V nearly zero '. I . - . .- . 
.. . . - . .  . - . . . ; L a  ' ' .  . .  . , . . *  ' . ,. . . .  Ibtermedbte rofraotive index - 1.678 : . b .  . ,  i . : . 1 . . + I  . ' ' - ~irsf~inpreaae'  -- 0.0OQ . J .:; - , i 

. 'This eorresgonda t o  a n t i g o r l h  wikh about 23 petorat f6rruantigori.b looording t o  ' 

. Winoball. Other serpentine found in  thhis, u*ms rockis nauld rang. from a1ma.b v .  . , . 
1 

... ~ t i i p r i b  'to a o h l e t a  with rpprsoiable amnunta of.al\minum ar wel l  as Iroa. 

. Bomrrer, 5t ehnuld be outad that  the lron entering serpentine aoaordiag tn Winobll*r 

- sohem i s  oon6idered to be in the f e r r 0 ~ 8  s t a h ,  Winohell point8 out that lron ln  . f 
r. 

- ths  h r r i a  &to has a atrongsr sffeet an ooior d reik5ngenee. 8mrellsr quantitie8 ' 
. A 

could thus produaa c.,mpnr&ble effeotsr i • . . . . . . .  . . - 
t r  

*n earninntion a f  published ana lyea  of merp.ntb and aerpene~zeti .ppfidotit*s : 
remale what: eeem t o  be a ourlaus dlmcmpanoy I n  the ratio of farroue to fbrriob - . 9 -I 



whole or 5n part of serpmtltine. Uort U y l e r  In the litoralwe that purport t o  

, 7 -  $ 
a& very low dr Ul; if it i n  1ist;sd a t  dl. On the 'other hand kbeaq d y e e m  

comonly a h m  semral paraant of  FsO Bnd the amount o f  F e O  ranges up t o  about 16.  - : 
, , 

percent. For example, out of 4ti kly8em of' irerpeutim mineral# i n  tho 6th. edition' i 

of Dana (1892) , ia rhloh both oxidea a m  l lsbd,  only 8 mhm hZ03 in esoees af WO, ' 

a l e  31 g i n  h , O ,  me nil. It 1. perhapa ai-fioaat, hmvor, t h n t  8 d the I4 

the W y 8 . r  given i n  U l n a r a l o g l m l  Abstraot8,frnm 1980 to date,, revsalr erron- 

t i a l l y  fhs IJ- sihaeivn 14 more modern ' d y n e a .  

In the oane of raok analyeen the situatibn $8 quite the reverse. Ferrio iron 

i r  far in  exoeae of ferrous iron in typioal wrpenth5.t;e a ~ l y m a ,  Tho proentngm 

of oambined water in analyaer o f  perldoti-ta i a  a fairly goad index of! the extent of 

eerpentinizaflon. Pure atltignrik ha8 12.9 percent oomrbloed water and therefore 

0- me the aumbined rlltbr i n  porldotite appmaoh.8 a b d  .W pmroent fhs r o k  apprnaaher 

I compleb aerpentinimtion. Tho d e g a s  o f  serpentinleatlon oan ba iadioated by 
' 

oxpreeaing oombined water as a peroenkple 09 the total combined water neoessarfr for 

. . 
, i s  p l o M d  a p i n s t  the ~ e r o e n k ~ e  of  serpeatinixation, as i l r  done i n  f i&o 14, . 

. . . 
: page 117, it i s  asen that the proportion of iron In the fsrrio .slate rtaadily'ia- . 

: . '  . 
. 'cresess with inorrasing serpntinlzation. N p e  14 g i m s  these dat. far 57& +, '- .' : . . . .* . . 
. a ~ l y a e e  of pr3dotitar of M a h  the unuumbered point8 are oaloulaked frm .&'he . . ': 

t ' . . . . .  . . 
, . .  . . . . . * 

." superior analyare b f  dunlte and olase ly  related rocka given in Washltlgbontq f . .- . 
I. - 0  . - 

1. ' .: 
a tablee (Warhingtan (1917)). Polnts nudwred 1 t o  14 wars frm other publldhid' : . - 

+ + desorfptinns of dunlta and related rook6. Pointr l6a a& b and 16a and b are ad- ,: 
A .. : ., oulated *om Rosiwal malyaes of  Bla~blol faland rocks, a8 doaorikd 'on pago : : . - . . . . , -  . , ' 124; and polat8 17  t o  21, i n o l u ~ i n ,  vr from the ohmia i l  annlysa. of .duni&, , : 

. , 

augits dunite,  and mhrl t te  k1,ivsn i n  table 2. 
. . . . .  . . .  . . ,,. 

. , 
. . , ' -  

The trend lodloatod by .the pld;&d 



Figure 14, Referenoma $or roalyses plobda  

Umwbered poin+r T/ashingtnn, Ho S., Chemioal aarlysem of i e e o u a  rooks, *- U. S. b o l o  8-y Prof Phm 99, pp. 756-740 a d  923-932) 1917. 

Polnta ' 

-, 
1, 2, b 5 ~ u p r o ,  LO and brosast, A*, ~schemhee geologiqua kur lo 

distriot W r  do Hioolri Pa*, p. 56, Kundig, G e m ,  1916. ,r: 

1 
. . 

. , a &  8 . , '.-' - Well.,' & C. , kra;lves' of r o k  rrd minerals from tho lrborabol~l . * , .  . . ,  ., * .. . 
" . o f  tks U. S. Gobl. Surny 191C-1936, U. 8 .  Goal, 8-y Bull. 878, 

. L , ,  , .  ' . pp. 13 d 112, 19S7. -, ' - . . , - - .  . . .  . .. . . . . . . . 
. : I .  .. . _  . . * ' : 6 1  ' .  .': , cai l l sra ,  8., CnntrikteLnn s .R*Etude ds ILinorsux de Ssrpentiner , 

. . e .  . . . . . ' '1 , - -  Saa. f m o .  nddtslogis Bull., wl. 59, p. 207, April 23, 1936. 
.. . .. .. . . 

;" " 7 .  . '. , C l a r l m ,  F. w., Dah of  '(3eachelai~tfy, U. SO Oeol; 8-7 R&l. 
696, pa -461, 1920. * '! 

'32. . . 8 . " 
. . Jahaaaren, A., A deaoriptlm pekography of the igneous raek., 

.. , -' ml. IV, p. 406, Univ. Chloago h u e ,  1938. ' 

a .  -- I 9 " Daly, B. b., fgnsoua rooh and the depths of the earth, p. 26, 
. . . . , U O G ~ U  Hill, 1933. 

. . .  . . . , <  
, . 

10 
. . ,  

, . .. .. . Barme, V. E., Damon, R o  F., and Parldnsan, a. A., Bui ldbg  
. . , . btones of a.sntral Tomu, The Univorrity of 2sxas fib. 4246, 

. : .-. 3ec .  8, 1942, Aurtirs, Texas, pp. 110-131. . . . . 
, , .  . . . . .  a 11, I.Z : S n b o l n ,  I[. D., Ferrlo iron am la index of t~ degree of 8 ~ -  . .. pentinhatian of ulbrabsio  rooke, Casrprtsa mn&r (DnUrdy) &do 

sal. U.RLS.SO, ml. 42, no. 7 ,  pp, SO1430a, 1944. 

Calraes,  C. E., Coquiblla area, British Colmnbir, C e n r d a  Mal. 
SU-Y h. 130, p. 35, 1924. 

Cairtlsa, C. E., Geology ahd mineral d s p o d t ; ~  of Bridge Riwr 
Minisg Camp, 8. C., Can&da Geol. Sur~ay &!em. 223, ,p. 29, 1937+ 

I 

Calculated from mode of Bleshke Inland d u d t e  asouming all iroa 
arieioally present i n  oltvine and not releared as ssoondary 
magnetitm i s  present a8 oombindl Perria iron i n  serpentine. 

Caloulabd from mode of B l a n k  Inland dunits sasundng a l l  1- 
originally prsaent; i n  olivine and l ~ o t  releaaed as ssot~ndary 
magnetits 5a prorent a8 ambinad f e r rous  irm in rerpenkine. 

Caloulabd from made of Blaahks Illand wehrlila assumlag a l l  ban  
o r i g w l y  preaenk i n  olivine and not released a6 aeoondaxy. 
magnskSte l e  prosent i n  serpenkiae r e  aombLned fsrrla iron. 

16b Calaulahd frnm mode of Blaehke I rland wehrlih asauming a l l  iron 
. or ig indlg  preesnt i n  o l i m  and not relermd arr rreo- 

nmpetlbs Ss present i n  8erpept;ira an oombiwd ferrauo iron. 



4 noat of the iron in the roak i a  aaidised to'the ferrio skate. It  Is'apparent, a h 

thorefare, *bat tho crrpontWrat5m o f  p r l d o t i t i o  rnoles geherally involver ' 
' J 

1 

nxidatlon af met of %@ ferrourr iron pmsent in the pr5smq si35oabs t n  ferrlo . T .  
o n  This faot ku beon reporbd by Sobulev (1944, pp* 3014C6). who a t r t . 8  Ut :i 
62 analpem of oltrrb.aia roab il*r tb. O u M l a  ~eng  *(I h m h  h n i b ' + a  . '; 

. ' oanplably hydrated rwpontlalbs pDnZllnn thlr d o .  ' Ftmr *nrlymss w e  gimn by . . i 

. , . I 

and the serpentinlts pru ~letted a8 point8 11 and 12 on figure 14. The nther, ' - 

, w l y a e r  ,are rejeoted beoau#a an* described ss slightly serpentldced s h m  a- . 

. binsd water amounting 4%) 82 proant of o q l e t e  serpentlnlzatl6n a d  tho .ather , . - 
. . 

deaeribed as intents84 aerpentinited (but not oomplately) gives eamb,hed rrabr 10 

I . .  

peroent i n  azorrs of that required for c q l e t a  rsrpntinitation.  Snbolm stAtba 
*. * that the uum ai' ferrfa m d  ism0118 iron axidea in per idot ikr  gemrally ranges 

from 6 to 12 peroarit, and that in h.eeh psridotitem Fa2& generally amounts ko 

about 1 peroent nf the total roak, *Lie in aerpentWted psridntitee the e i t u a t l a a  
L 

i r  mocrasd and MI 5s grrrrjrally about 1 peroent of %he mak. Subolmrs o b s s m - .  
, 

' tiam are i n  agreemnt ~ 5 t h  the aaalyses stu8ied by the author. 

Ttw queat5on tuskmally arises as t o  whore thir ferr io  iron i s  in the serpen- 

, tsnirrd peridntites, end why snalpe8 or rerpentine minerals kommnnly shaw iron in  ' 

' , the ferrous atate. The ano~vloue oharsoter nf the s1t;uatitm I s  further smphnairsd 

when I t  irr reaallod that aZlyaer of sarpsntine minerale osry oarnm~nly shoa a *nor 
- 

. nf iron of the 8- or@= a s  tho tonor of iron in mwt peridoMkea. It  I 8  nnt all 
' . .  

agent6 I 

Sabolw (1944) b bdmod the explsnaf5on that +.ha errpentins i r  a puro 
I 

xrrgnerisn s i l i o a b  onutaining ho eombinad iron, and that the opaque dust oomoaly 

abwwsd i n  aerpsntlne and genorally  aid to  be nm@itfte i r  in h o t  hematite SO-d 
- . . - 4 .  ... 



frm iron rsloarrd during rerpsntlniration of olivine and pyroaone. Thio explan*r 

tien finda l ittle a u p p d  in the literahre Or 5a the exambatSon of serpentitm in 

the Blashbs Ioland psridoti+as. Eamatite In thin f1ak.r .nB dust-like partiole8 $8 

*&nsluoent; and blaod-red in aolor. F5nely clladed hwmtih. ir a strong csd oalor- 

ing a p n h  Red aoloratlon urmlly rpparr in 8erpntlrPlr oaly after ~matbf*~ 

Frerh mrrpntim fa oarmonly aolorlsrr w I- to dark w~eairh-g.llpr wr gmnirh- 

gray. The op*pu. ma-rial fn rsrpodlar any autly bm raprra-d ~ 5 t h  a r~agnr t  ii 

it is c&s enough %to be ikbmd by @indbg; 1g seam8 more likely that th.. 

dust tkt C O ~ U  in rsrpntine AU -tits, 

Tm erloulatad o u m n  drrnn on figure 14. Tho uppar one ohmre the reh+ion- 

rhlp of ferria iron to perlaat of oerpenti~3sation in M idaal oaae whet9 ell the I r o ~  

In the roek Lo amrurwd to be Wiglt lal ly  5.n the f u ~ o u r  a h l a  wad 16 d d l r e d  aa~apleb- 

ly t n  tb fsrrio state during re~pwtlnicatiaa. The lOm~ mumu a h m  the rbWion- 

rhip i f  all the k a n  armmud to be p a e n *  in the ferraur, e t a b  fa nxldised to are 

trends. Herrrsrsr, sllmuma should be for the fa04 that fsrrio iron -.'no doubt $ 

' , end of the o m r  fn fall a b m  the m s ,  whioh wore oaloukted w i t h  tbs asmuqkian..-. 

that there 56 no p r h u y  ferrSe &ma. lIben this allmame L made it beoanmr ' 

- 
, 

. . . a p v n t  that the only ~~t derlstiona frtm a porition intermsdia& betamen . 
, eomplete oxidlratlon Md ddization t a  magnef3f;s fil1:lmlnr'the l m r  ourre, in- . .' 

. . 
" then thb proent  uerpntipirstlnn calculated an the baeir of ormpls04 aomraion . 

i ' 

. to pure r~rpsntipr bcoasm prae;ra~r&rsly lea8 than tbe aotual axtent of msrpeitln- - 4 - .  . . . 

. . . Isntlon, and ~ 1 1  the poWm,  eapeaiallt. i n  the uppr  r u y  .of r r p e n t m a t l o a ,  . 

' ' . ebould b. 8hirC.d t o  the right by au uouat equ3mlent t o  the peroantage oi..nhy- . ; . 

. required for rerpsntlas, as stralyner do, the atfootad painto rhould be r h i f b d  



. , . ; 

i 

t t r  the l e f t .  The effoct o f  there earrsotians probably would k i n g  all the 
.. . -. , . - 

0- into closer a~roembntwith the avorags trend *hat lie0 raa*plaas between %he . , 

' . (.. , ?  

a u m  fnr oomplstss a*idirrtian of fernour iron t o  h-ti* and the  o u m  for. , . 

cunwrcinn of f o r r w ~  iron ta mgnetlke. . :. ' 

- -  < 

Therefom i b  i a  oonoltldod tht'*mrost o f  the h r m u s  lroa ori@nrlly pYeeent 

. . 
to magastito.'. Btibnlw~a oont;sntlnn that %he iron L atnuplsbly oxLdlt*d .&a hama- 

.tits fa118 drm beorure port Of the poinke should frll abbrs rather thm below 

. the a m  ind loa tbg  consple* axidiraUaa in Ngum 14 If this were true. Hrmrrsr, 1 

it is probably true that 6 r  oa-reotinrr mat of C b  pn1nfr in 14 would- . . 
st111 lie srnr6wh.t abova the rpaknetite trend, partioularly the paint8 reprraenting 

prarrtloally ocrtqpletsly 8erpsntMrad rncks. T N B  kdicaCsu bikhor the pmrmea o f  

i. 
rtmm hamtifr nr that n m  Iran is combined in rerpentlns in the ferrio stab .  In 

the Elashks Ialand cmplox the prsssaoe of free ferrio *on in related f o  mather . . 

ing, and a o m  sll~ht degree of matheriq in moat analpad speohntr may explan 

rams nf t h i s  d d a t i o n .  H m m r ,  Barnee (8arno8, Da~man, urd hrldusun, 1942, 

pp. 110-111) has published a mdem analysis of a serpent5nlh oamrlrt%ng af 

,gwonlsh-wUts f o  &sap grerxlleh-blrok serpenfine with a little aoeeoaaly magnstih 

and an unldsntlfisd Nbrbur mlnaral. The ferria oxide psrosntege of t h h  enalyrls 

is plotted a8 numbsr 10 in figure 14. The rook oontsins'6.7l peroenf Fez% 4 

0.70 preen* FsO and the onmporitlon of t b e  serpentine i r  oalculatsd by hrnsn  in 



la other wurdc, Bnrnes ct,nsidors tho l'errio iron nthor fhas that  re&imd far 

magnotitio t o  %e conbinod in, Che rmrpntiae.. Slnor the rerpehtinlte a~alys ir  by 

Barnee falls close -to t h e  trend indiortad by other analyasm plnttad In flgure 14, 

if is not unlikely that &ran anteriog bta the o q o 8 i t l o a  of sorpntine i n  marpen- 

s a v e d  othr  nodern mrlyrwr a f  arrpentWo npo* the 1- a* virtually all 

in tha ferria state. Tpro m a l ~ ~ e 8  =do by the U, S. k o l o g i o r l  Summy laborrtor5sr 

(Tells, 1937, pp. 11 & 112) 61- marly 0 gsromnt Fb& and only tram8 of FeO. O n e  

af there enalyses i s  l i s t e d  uader a~lysss  of l p o u r  aml ory~tallinu roola, tho 

a #  ather i r  listed as a nineral a n ~ l y s i s .  me anrlyese rn *srp'~esrly idsntioal  and 

both are from matoria l  mutdtted by C. 6. Ross and daroribed am rerpsntine of th. 

piarol i t s  type; the rook sample !'ram Awtria, md the mineral spoinpa iroa Bellowm 

Falls, Vermont. Prerrumably the mineral eample, at least, m e  fkee of ather phasw 

such ae nogwtlte and hmmtita, at any zak no notation regarding; impurlUes ao- 

oump*lllea the erralyoie. These aaa lyssa  aro  plotfsd aa points 4 and 6 in figure 1 4 e  

Caillere (1936,pp. 205-210) eivos 46 analpea of omnon variet ies  of rorpontim, 

of which 21 mre mads by heroelf and the rest bken fraa the litsrature. Calllere 

gi-8 her analytical praaedure w h i ~ h  include8 determiratinn af ferroue imn by 

titratinn n i t h  pntaseium p e m g a n a t e ,  and determiastioh of ferria iron by sub- 

trrotion of ferrous irun from total iron. She desor ihe  a180 L d e t a i l  the wthud 

of eeleation of mnterlal for analysis ineluding miofneoupio examinatinn for the 

prosenoc of  impuritier. A l l  but of her analyses shon slgnifiotmt peroentaps 
., ... 

of i r o n  and a31 but four ahm fsrrio iron In sxooas of  rerroum iron. The.aoeragm 

oontent of Fe& is 3.05 peroent and o f  FsO, 1.36 peraebf, oxtludlng a serpenilne 

from Thetfard w i t h  a wry h igh  D2O3 oantent described aa asenciated with abundant 
. .. . . 

ore. In p a r t i o u l ~  she aoleatod serpentine from kabindaost~, Ihdagasear, an being 

repretontatins of onman nrrpcntins rook* The serpsntim rook from Ambindamto 

oanriats of  -twu kinds of arrpenClm; one dark gremrr, nith a amah rtruoture, md 
L .,.- - 4- . .  , . 

' f 



. c 

oantriniq a l ittle n re ;  the ather light emso aad ammbly* The l i ~ h t  peen > '  

a v i e t y  free of ore has a higher iron &Grit than the dmxk p e n  mristy nlth 
, 

stmm ore, str fhat the pmrae~tae of em present cmmt be large. The l i ~ h b p e n  

variety i r  believed by Cai l l~rr  to bs dm to neeandmy altomtinn of tho darker 

variety by eurfaos pruoessor and HLGS khe-alpha t h s d  a u m ,  nhlle the dark 

vmristy giws t;hs beta a u m  *hat looording tn  Caillerr i m  o t m r a o t i M a t l o  of nor- 

pentine that; haa nut bmon dfaoted by eurfeoo prtwsrres. Both o a n h l n  a large 

exaaes of ferrio over ferrous iron, - , 'Theramlo iran proentap of the umlbrsd 

serpentbe l a  platted i n  figure 14 as puint 6 a d  falla mU withsn the mn~e of 

the other rrnalyesr of oarpmthlrmd rook. Of the rnelyoes nf rerpantins c i f s d  by 
. ,. 

Caillere from the litera- most o f  tha alder omr g i ~ s  fmrrio ox3de ar n i l  and 

' , ' show a11 iron aa ferrouu iron, while m a t  of the W F ~  nk=, mil partioulorlp 
, . 
. ' thoee by auch mll-known snalyew oe IIillebrad and F. H. Clarke, el,m most; of tha . . 

. iron a8 FeZOg. . - .. . , . - .  . . 

. Although the study uf serpenthe by Caillere ir am o f  the most dmtailsd and 

. . . . oumplete in the lltarature, another aurious disorepan& i a  rambaled In hor die- 
. . .  - ,  

cuesion of tho oompasition of the serpentine minerals. She describes all at' f h s  - . 
.. 

aoxpntine8 oowred by the malysee dimourred aboos s8 "r~iaeroux puremnC mgnedsar ' 

de la serpentine" (Caiflsre, 1936, p. 178) dthough her m amlpes eive ircrn up 

' to  nure than ten peroent. Xn suaaPing up her remlts she s t a t e s  that Prm +.he point .  
. a .  

of vim of ahedoal compnsition one oan divide all  the serpentinem into ism yyaupr, . . 
pure magnerian serpentker and dckeliferous serpentinas. She notea that  nn&sea . ' 

of the ~ o l c s l l e d  pure magnerriA group contain small amounts a f  alumina and sugpats 

that it enters Into a e r p b t l m  by the subatitutlons 112 3 81%, and ales .,tab# : '  
thateddently  aluminum oan be partly mplaoed i n  thir subrtitution by hrrlo iron, ' 

. but f a i l s  entiroly to oomwht on the  faet that in mort of her nnn analysee mlumina 
, . ..  . 

' in lose thun one percent and forria 5ron is prooent ln greakr ambuata. Elomherd 

of rerpntlno aan 5e explained by differsnoen i n  tonar .of imn. Thrlu~h enillers 
a 

I ' . .. .,.. -"."..A-. .,-I- . . . .  . ' . ,  , 



has for a m  reatrun neg;leofsd bu mau&se or f i l l y  d l ~ o u s r  thm to le  af iron 

in the sorpmntlnss that aha h a m  &led orgmrian, he= mm data aonsictenfly 
.- 

s h a n  .tho preaeme t l f  iron ddmr up fo ten w'rpon pmmat, Wl'bh ibrrie iron 
. . . . . . . .  

' generally prepnhdernat;. . . . . . . .  , 4 

. , * .  ... . . . . . . . .  ._. . 
., . . . . rn esr~dnoe tht hu &omgiven polits 'b. ~IM s~mlumion that the arpn- . . . .  , , . . 

* . 
' tlnleafioa of p r 1 d n t i t . a  mrultr-b the txidatlw af ferraus i r o a  nriglnally 

. (  I 

. , ' .*aeent ,b n l l r l a o ,  . scrim of rhlak Lu xblermmd .ln the form of mgbetib. Rmwr, 
. : ' .  1. . . 

. *  ..;! 9 .  . . . . .  , a .  . 
?..:.I 

. . . . .  , r .  . :. ! .::,it .: .. .appirr -+mist ~6'~h.b t ~ t  .n ' a p p k i ~ ~  . . .  'wwt  o f  tb iron ie rst.lnad a . 
1 . . . . .  :-1. . . . . . .  - -: .. C .  . . . . .  ... ). :I . ' 

, .  - t he  ~erpantha,  but iII' tha hrri6 a t a s ,  Q the o&unnnn ~#mnpti& ChRt . . . . . .  I - 1  ..... .J ' I a 

' . . .  - .  ' .  'Iron in serpentine i s  hrrouu iron arbrtitutirig for mgneaium. . 
4 .  

I .  Addftf a d  support for t h i s  vlasr oalr k ' b d u o e d  from Rodml analyser =do 

*.. 
.I an partially serpentinired dudto and rugltm dWte i n  the Blaebbs f r l d  oomplex. 

. . 
Two Roeinal analyacm worn o a 3 o u & ~ &  frob modal dekerminalAncm. In the aalaula- 

2 .  i 

tione it ras aaatmd that Ww e e r p e n t h  .oontaSm ooaPblned irun oqulmlent to t h e  

' "  ' 1, nmnbicwd i m n  in tho iiML la replaced, lea! tbwtw n q u l n d  far  tha meeond~xy , 

wghstito present in t h o  rouk k p a r t l o l e a  of suffio5rnt; size ta bs detsotod 
, . , '  . . '  haramanpieally in W t i g  U14 & d d  U m S ' r  

. , 
, . 

. . . , ' TRn ;at@ of oaloulat%ona nsre mador o m  r m d n g  tkt a11 iron oomblma ' . 
. . . .  . . < .  

. . ' 

.. ' : ' ' in ssrpntine 5s la the firroue s b k ,  tho nthsr asswing the i roh  ir  in  the 
, . . . 

r i  .. . , . femia ofate. 30 &lag .the oaloulatlonr all-oe wur mde for all the iron ' 
. , ~. 

, .? *, 
' *in ecaundrly nmgastib derivad Prom a e r p e n f ~ t ~ t l ~ n ~  The result, am pla&sb : 

' . : . on figure ' 14 am paint8 16r rpd b and l6m in4 b. Bin* 168 and 16a areurn the . . . . .  I ,  

' . . Iran aoml,iaod in  rerpntlnr t o  bo in tho Serrio s t a h ,  while lbb and 16b oasums 
. . .  . , 

" ' the iron tn be in the fertoufi s h t r r  3t is apparent that  L f  f b iron h serpem . 

. .. t ine is aaa-B W be la the forrlc. s h * a  t h e  po i l lb  fkl1 perfeatly wlthln 'ttu . 1 
. . . '  trend shnnn by ruper,ior analpea of per tdnt ih  from a l l  arsr the rmrld and alao 

. - are in &ud a p e m a t  with' the ahemleal u u 1 ~ s . l  of B h s b  Imland p r t d o t i t s ,  

. -.  . but if the bnn l a  oaloulated in the ferrnus state tb paint# fall far'nut n f  the 



the ~ t u n l  ohemiaal &lymsa. V the l r a a  in a e t p n t f m  i u  a t  least in part 

• aombinad, IS many lnvmrtiptorr  ha& a r m d ,  rather thrt! aonkimd r e  a emparr* . . I 

phase i n  minute inaluaion6, O h  it m.O be Ln the f a r r i m  rtate. Themfom 

detamiamtian of tho oomparition of rerpsnkine from apt iaal  aorrslatlonr baled 

an rnrlyrrr &ring iroo i n  tb. f m m r  uto* py apply +a ao- ldndr of asy- 

p n t i n e ,  but  probably dmem Pof a p p 4  to Ch. .o-n aerpsnt;ltu ahuraotarisf l o  of 
I 

H u w r r r ,  ' figure 14 d m s  ~ h t m  a .fmu 1Wga d d a t i o n a  froa the trend tcmwd . .* 
uddlratiaa of fetraur l r o n  durlug ~OTp@nf;%nl~&tioo that fall below the trend 

knrard oomplrk oxldlratlon or  a r id i t a t ion  tQ q s f l k ,  and may not  k rxplrb-  

. able by an axorem of o d h o d  water. A oerbin  asnunt of oombinrd iroll ln the 

ferraur sta te  Lo rerpantina, under o m  other net  af  csqull%brl~m aondltinns, may 

explain thinr Ths d lepra lon  of +alusa for the farr io  oxids ratio both s b a  

, . * .  , ' - and balm the m a p t i t o  trmd In the region of extrem rmrpentlniratlon may in- 

a d i w b  that there am h dlmtlnot r o t a  o f  annbitlnnn t h a t  can r e su l t  In en ad- 

meed ds~.,rem of serpantirris8tian in psridotites .  Rtrhapn one met of oandltiom 

raaul t r  i n  the dvunoed aerpsntiniration obmsrred La aorwotion with vmathetlag, 

md the other may be extraxm hydrothem1 or apl*gaatl~r Houwer, within thr - 

. I 

range of rerpsnt; lPi~ation ib tb Blarhb Islrnds it roomm e l e u  tha t  axidatlan 

of mad of tb ferrour iron in a l l v b m  and pyrexene and it. release I n  the  fbrP 
. , i 

of r r r ~ e t i k  or  rsbn%lon in mrpontb as a ferrio ion in .f;o lm orpeot4d. 

One final questlon renain8 u a n m r e d ,  and t h t  i8 nhy mo m y  malyree of . 
eerpmntian as a mineral rather t b  r rook ohm rs la t ivoly large praantegea of . 

forrour i r o n  d l i t t l e  ar no hrrh Iron. Xi rsrpentine of this onnpa~ l t ion  . 

ware eharacbr io t i s  af psrldoti ter ,  the promfrgs of l ron in the ferrio state 
' 

should show l1tCla or no inors-e during ssrpent%niaatlon. The trend r h m  by 

a gmph muoh r a  figure 14 rbnuld thus fa11 fat b o l a  that found h r  the auperim *., rook an r lpea r  Then u r  r muffiaisnt muber of arid.- smlpmm, partiaularly . 1 
recent nnss, of ~erpentlao 1PInmalm gl t lng  fgrr ia  irw in ,rx&rs o f  fa-oir 'iron 

. . 
, ...--.. - -.,. . . , . , ' . t  .. . 1 - .  

. . : :  8 . : 



tn quortion whether m y  mla4rpl analyatr ham =rely 8rntnmd +hat ths iron 

. found during anrlyrir m a  otabltwd in the fernarm .fib rod oomprtsd the ir  , 

>.. arrrlysae aaoardingly. Oatha other h.nd rook analpllta ars p n a r r l l y  looking % 

fop both ferrotrr nnd forria iron and &temhm both values Irr d d n g  a rupri# 

. . narlyrlr. A o~aaplrk rnsrsr to ths g r u a o n t  4 r . d  b r a  om IMI ebtnlaad only ,. 

by a orl t lonl  re- of r nrrabar of malyoes and by a r t n r o t u r a l  atudy t o  deter- 

rim i f  S f  18 naro#mble to  plaoo ferrlo iron Sn *ha aerpwntllu m t r u o w .  

The qummtian as ts tb8 atate of iron in mrpentLu may ha tho b y  +o t b  

oondltinnr unbr  whiah aerpmt5drnkion t a b 8  plaae. ' The f l e l d  relntf on8 and 

petrography of the slrmhb Ia1.nd prldot5t.e reme moh rorr Su Implng w i t h  

. the view t h a t  the p- stuges of rqrpentinlthtion ur the rraulf of  reroUon 
, .:at . .  . 

: . + . . * .  I' . a t  -.arly-forrd aili~rba 6 t h  n. ldual ' rg.h(a ntu, nkhor  th.. mtek ba . . 
: -.....' ...,. .. ... . , . .,;.. . . . . . '  
* ::...; *:,*;.. '>% . '<..+ ' 

, : . . m - d  'hldrothmmii m i  a - a p ~ i o  .wo~. .t& m b ~ a e t ~ n r  t o  Y e  auk-hfira- 

tion proosrr i r  that; silimm ~ E C  bo added almg with *rhr or r ~ a g n e d m  mxtmded 

0' t o  sffs0.t; tim rsrpmntinbation of a l l d n r .  &uwmr, if t h m  ollvinm ooataiar 

. irL, a s  iti alrnyr dwm in prldokitmr, thbn rrloaas ef iron in the fbm of mag- 

n e t i ~  ar rubsdbitution o f  farrla lrnn for part of the mildoa in uerpentin, ylelda 

additional s l l ioa  fur wrpentlnizat iana If' ofirinr aontaiPs 20 p r o e a t  fayrllta,  . . 
for a~*lllpla, no m1110a at a l l  need be added to U ~ I  the f'ollmring 'hypathofioal 

> 

4 .  

' (alirlne, Fo80P'dO) (aatigori*) (mgnedooranatadih) : 

If olidns eontains 26 p r a n t  f ap l i t .  the Lll.n*l.ng hypotbtioal .~~tisW 
+ 



' ,  
. . 

heavy phase, o l i r i m ,  mrt k r s m d  to arb ry for an equal mlmm of th. , L 

l lghbr  p h a e ,  torpentiam. It i r  roraomble t o  aer- that it' t m  nnpr1um . . I 

that 56 orv r l rd  a q ,  t h i r  Surtbr mdu-8 the m o e a r l ~  far introduohg 

si l ioa.  

* rauroe o r  o x y r n  ,wedel to a x i d b e  iron during m e r p n t w m t i i n  pe~ent .  
'e 

ao problm and doe# net requirb tbs introduation of m e n  f r o m  ury extarnal , 

- ,  

mnuroe. Xenwdy (1948, pp. 520-649) b m o ~ t l y  publimbed bfr, on the equllSb- 

values f o r  khe dissea la t lon  oansknt i n  the m a a t i o n  Zh205 4 F e O q  at 

pratures from 12W°C. of  1400*~. Ha a h m  that i;hmoretlea3 *aluer agrea wi* 

. an sxtrapolati.on of r-nkl r d u o r  d m  t o  800°C. Ebrhapm a f i r ther  extrapol 

but if hi#  vnluer are extrapolated 3nto the e t a b i l l t y  -6. of rsrpenthb (balm 

. about 600*C-) givon by Bowen and .fi6tl* (1960, pp. 4393460) Pad eonperad W i t h  tbs 

0- , partial prsssure of o m o n  r08ult lng *om thr dls rooia t ian  of r*br (Duyar and 
b 

: equilibrium aaaosntrat ion of Fe20s rang08 from mevaral t l m s m  t n  h u h d e  o f  tlmprr 

the oarroentr*tion of Fsb at p m a m m r  ranging *om o m  t o  r thourand atmoepbrer 
. .* 

m n  i f  there data aarely orudely a p p r e t a  the true e p u i l l b r i ~  onndit inm, w . 

' . it .sans t h a t  the oxygen oonoaatratlon n a u l t l n g  horn the diasooiatien of,mt.r . ' 

.* 
. . alone L adsquab  to o*idlzr moat of thm iron t o  the  f a r r i a  rt.t;s during merpen- ', 

t i n i za t ion .  The u t i l5ca t i an  of the oxygen reaul t lng  frnm the  diasnoiat lnn of writer 

. s h m l d  oanamquently rsrult In ar! exaere of free, hydrogen, and it i m  Inkremtiag 
. . . . ., , 

. . * to no* that Zanr i t re  (Zmmritmlpr sad ktekhtln, 1937, p. ' 72 )  reports r'lbgo - 

ooaoentratian o f  B2 b tbs grwa e=rging'R.rrm a h o b  dri l led to a drpth of-600 '. 

I 

m i a r e  kl d a t e .  Auther i n v w m t i g t b a  a f  the equilibrium rmlotibnr of t h o  iron . . -  

' oxltimr and -so the -11- rrmg. or  rerperrtw Pry a 5% po&lblo"to ' 

a. maloulata tha tsmpsrakre and pmenws Faage of uabr mpor within whlob ‘&en- . 
I I 

t l n i c a t i o n  taken plaom. ? I  * ,  
> . *  .. .I. C.. ---..I. * .- ! , . 

C . .  J 

I .  . I .  ~j + . . 6 5 .  
. . . 1 5  



In wmmary, in the prooerr of rerpsnkinirrtian r s  o b r k d  i n  the BlrrhlpI 

Inland r n a b  and in tbr l ight  bf ths fimgolng di~ourrlan, them appmuc tb k 
" . 

, 
mm;.t- one r t y  i n  t tm d m l o p n *  of es'wntim mad mmnrnl diatinot phamea i v 

b . * ";.' ' 
. "  

. ,... 
*,a4 . . *. 

* r y  ba p u n *  e i ~ ~ l t a n ~ m m ~  in ttm .rrpntime. ~mikall~ ~ a r p n t i n e  app.ua I= ; ... 9 e-; ?.. 3 .- L. 8 ! 

, . . . - * 
- h r k  of mIISik .Ton@ fractursr ia tb. ell& thrakghout fbr o a n g l e ~  1% 1.; 

d * .  4 
, . -4.' ' i - . . . .- . , brr ken aham ~t tbme =in* uu ib-8 by t b  replmmnt of o ~ r i a b  ahng ': - -. 

. ,. ' '.. predxiatlng fh&uror rrrd that the f o m t i o n  of tbrr mlnr port-drbr dl move- < . . , . 
: ' * '  :. : m o  involvad i n  the emplnwmat; rf th. aaaplez.' TM. hrpdntino . h m  .n it&- ;! . . -. 

, . . , .  . . . .. . . ~ , m l u e . , n e a r  12 t o  U '&roent fagallto i t s  fomti&.ir aoooqaded bg the . 
'. b ..,. . . .. . ... . .  . ..J 

' ... , ,  . . - ' p r o p i t i e r  1, probably omAed tty mri . t ion  i a , t ~ e  haor of ioibimd 1-, +.* * 

. . . . . a  .. 
, . 
. .  ,. I ,  . : . is probably i n *  farria rtrte. miage of rrqmotlnizrtion i r r '  present . .  . 

'. . , - 6 .:. thrwghwthwt the O ~ X B  bar. nn relatianhip tbw e h n t  of mathar-, ro. ;: ' *  
., : . - .  . , . . . . ' 

;' far alr oan be judged by the rilatim.h.srbeuae of the ~ o o k  rrrd its mhtioarhip , . , .'. . . '  

. .  . . 
a thm u l i r l f m  aantafm 11.5 perosnt or more fayalik. Thlr rrsrpentior ham im in- . , 

I . .  

, , " .. .,.I 

:dim# urd probably mpormrrfr ra iron-poor or ir  abiroe pha.9 fnrmsd f h m  the 

. m@etIt.. This s t y  1. in & ~ t ' r o o b  a$ th. ocmpln ~antdlng '~dUndan+ 
. . . ' *: . r .  

- .  . .'* 
. , , :.. * . .  . ... ' Alteration that nmy 'k in part mhbd . . ta  matbring re#ulbs In the mrm or 

I . . 
. a  

I . .  

loor aarqplete r e p l a o w n t  of OIL* rhrrdr by a f e l b d  arms of dinorlentad ssr- 

. psntias m q s n g  *am rlmort I s o t o p l o  mhrirl ta wlth monmlour f i r r t  *: 
- ,  

nrder int.rfemnoa eolarr am.d .-at e010~1*ms to Erma. in t u n  ree61tp %. ': 

proprties af thlr ashr ia l  a m  khfhrrre of luw aluminu o h l w i k .  ThL -+p of 
m s r p t i n i t r t i a n  i m  rporndioally developed thraugbu* the o q l u  and me- @ofl 

. . . * 



- 
related t n  s- s&llf; with mom irtlh-rldh o l i ~ b e  mnd wi%h surPiei~1 alteration. ' 

A type of alixtratlan d e m t s l y  relateid to weathering i m  tbe dwsloplwnt - 
of =bet dircoloratinn 3a pnrlauuly S o m d  aerpentllw, rooaqanied by ma 5& 

orease i n  rahretive 5adioer. 'Zhia i r  i n b r p r s b d  rr be* onumed by ths re- 
- 1 . I . +  *..*-. _ .a,. 

lease of oolloldal ferrio oxide in a -her bTnldty darn of f e r r i f 0 ~ 8  mar- 

pentine. h m r ,  prsriaurly f o m d  ~rgwtib i a  not; nt~oeaur5ly axidired Co . , 

hemutits ur limonih at flu 8- tlm. 

. hrpsntiniut ion,  it appruu, f a  aot i simple, om-atage prooman, but ln- 

ro lves  the fornution of r pr- oerpnfiinm that say aontaln iron proportiaarl 

t o  the iron i n  the ol ivine frum nhioh it f o m d ,  f o l l d d ~ b y  t b  b ~ a k d m  of 

t h i a  ~rtarial 10b kFD nr mom pha~em that rry inolude pure ant igor ib  or a-o- 

t i le ,  mmgnstito, heaat3k, oollaidal ferrio oxide, and i~on-rioh ohlorite. 

- 
Chlorite 

.. 1 

I 

~ a n g  thin reotione ai' merpentlnlced dudto ,  ruglte-duutCs, and mhrlite om- 

b i n  traosa of oolnrlsmm ohlorit4 am a digtinat, but quantitatively negllglblm, 

phase i n  the serpentine. Ths mineral l e  ~ 0 1 0 r l 0 ~ 8  in  thin. seotlon but 14 pale 
' ' t  . . bluiuh-green in vls lble  oryetaln and l v g s  f'ragmontr under the doromoopa. :If 

z 

- , . .ha8 prfedt sdarcsous aleamgo and cleavage flakur are flexible but mt *lamtior . 
. , 

I 

. Optioal prap'*ieu 8 ? - .  . , ... .. . . . . . - 
'. . , .  . Amufr birsotri* 2 apprndumtely normal t o  c(001). . -  . . : !  . .  . ?. . , - i ' 

. .ZP+ rariable rrith3.u a mingle oryst=l :from nearly tsro t o  about 20.; . - 

. . * : 
intorfersnce aolnre. : i 1 

. . S  

. 
',loearding t o  W3nohell*a (1951, p. 280) optical ~ l a t d f % o a t l o ~  of the oh1nrlt.e . I 



it agrees olasoly  In propert ier  rifb al lnoahlare that I r  oolpman in ssrpnkirta 

e i n  the Webso ' aerpnt lna  bdfm (Poitarin and Om-, 1918, pp. 64-66). : 
\ .  

TWb ah lo r i t e  i s  prerent  in the r s rpnt inm 'in d l ,  irregular shred-l l la  . 

gra ins  without oryshl form. l lm maim a p p a ~  to Mb no .harp boundary +Ith 

rerpsntina,  but  para through ur lro$ropia bardor zone m d  merge i n k ,  tttb rur- 

rounding s s r p e n t i m  x l t h  oonfbu i ty  of oleamgo t r aoe r  rn though padationel with 
. . 

the asrpn+lne. The shlaritr appwrrr to be lrtrr th.s the o u l y  8arpmntim but 

t a  belong t a  the  end of the  i n i t l a l  period of se rpsn t ine . fo~pr t ion .  This rela- 

+innship tendn t o  rubrbntiate W$nohell*a (1935) ouabn t ion  that t he re  i r  an * 

isomorphrmr re la t ionship  b e h e n  ohlor i t .  &nd rsrpeattm. 

The preaenoe o f  thir almitwua phare rt t h i s  atage 18 s5gnifiamt i n  thn* 

it ind iea tas  %hat a 8 4 1  muat of alumina wna a 'cowonant of la* equemrr rolu- 

t ione  i n  the d u n i b .  The plrarnoe of m aluminwm hornblende and a l l t t l e  plagio- 

olarb  feldspar .in the olirLa4 augitila indlcatei t h a t  . the oonoa6trabiw nf a l e  
' 

r t t a a e d  a higher value a t  an e a r l i e r  6 t . p  in the pyroxene-rloh rmke. 

iShite oh lo r i t e  is a l r o  prorant i n  coarse wall-fonasd oryeta ls  in a few thin 

mialsts that wwm nbrcrwd I n  several  l o o a l i t i e r  near lh dunita ti.ue;itita eon- 

-at. There v e i n l e t s  a r e  no more than 6 n i l l i m s b r s  w5ds and a few metrrn l a g .  

The whib iehlarlb l a  in crys ta la  ae wide am tho traina and i n  some &ins t he  

, o r y s t a l r  are orimpled so t h a t  the traos of the  olaovagcr i n  t h i n  meetion ha; r . . . 8 

~ y - ~ w  pttrm. Emamonly l en t lou la r  blabs of o a l d t a  and agnet i te  ooour &thin' s + 

. . . the a r y s h l r  along the olsamge. In  these vein8 the whih o h l n r i b  im asaoo5ated ' , . . 
n t t h  feltad, disar len tad  s s r p n t i n e  and with t i a l ~ i t . ~  The p m ~ e n o e  nf rrhltm ' . -  

. . .  
ohlorife  i n  r r l n l s t m  fofmsd a t  a very la te  stag. sugmrrts t h a t  the  a l d n *  ' . . , 

- .  " .  
magssa ry  t o  farm t h l e  phase was introduaed inkr %he poridotike from autslda. 

I .- * 
C o m n  green chlorite ranging from pnnini te  t u  al inoohlam is a demon ' . ,. : . . '! . 

albmtion produof i n  tb. gabbrolo rooks. 8ome ooouplee angular intsr&ioer' 
. .  * .  ! . . - 

. b a t n e n  p m  d l lon f .6  and r y  be l n i a  p r i v y  i d  o r y a t a l l l u t l o n .  Yomt of ' : - 
. . 

fha ah lo r i t e  b r m  doep bluo t o  purple anamrlou8 intarferenoa aolors. . t 

r c 
I .... . . " -. 1 .  

. . 
. '  . . ' I I )  - 



F 

Chlarib i n  a major oanstikraf of' the oounizy rooler ~ o ~ g  thb. . I  , 
4 

t, 
'? 

. . , . 

q- , eorplex rk.n they irs not afeoted by oarho+ u-rp- ; ,' . . . .  f . . 
I 

. 
Talo 

Tala is present anly ia late -inlets r f'raotlon of r millktar d d r  and 

a farr oentiwr.t;eru long outtine the a t b r  rerpntine minernlr and Sn a fsrr irreg- 

ular arsaa where it raplrosr r e r p n t i n r .  ?ha wZolstr  are very d l  and e d e l y  ' 

. 0 

- mosttored, fo- m iui&ficurnt; peraentage of the rock. 2h0 m b l s t r  oa- 

oupied by h l o  ham the apparanoe o f  -11 pmh fraotursn. Displraement of . 

mlorotoopio m g d t u d s  m y  be ob~mmed aloq rorne of %hem. where ars vurg ir- 

regular and follcrrr aroobd pathr through the rook r k i r t l n g  the nargins of o l iv in ,  

and u u g i h  grain# without rsplaoing the prlaary s i l i o a k s .  The formstion of 

tala took plaoe after ttm initial atages of serpntinimation at leaat hnd beon 

aomplsted. It is no rpondio In ooourrenoe and present in suah small ar~ountr 

0 that if$ farnution e i ther  o k  i n  t h e  dying stagem of the r.quenoa of prooemaa 
. . 

inralved 9~ the f o m t i o n  of the oomplex or is the rslult of rubmequent uprelated 

hydrothermal activity of a mry weel order. 
' . ?alo h a m  nlso boon obmemd as rur altera*ion praduot of hypruthene ;in. ; ' . 

. . ' t ' 
gabbroic,granulite and aontamitrated ~abbro. . .  . : L *  

. . 2 

Calcio plaglomlass i n  tha BlaubLb Xstland rooks i r  lncrally altorod t o  a 
. . . .+ + dead white, aryptaorystalll.ne, powdery substanas that  i o  opaque to dark brma 

with extrsa, refringmom 5,n ttrstldtted l ight .  llhlm Hod of i l t s ra t ion  i r '  . ? 

I .  

. * * 
commonset where plagioolase 1s preaent In mirror unountr a r  r dieremlnabd late 

phase in rmrgiaal faoias  of the ol ivine aueitlte, but It l a  nnt unooonnon in moh 
I 

of tho gabbro that  ountaiar a hiehly oalolo plaglnalamr, Thla mineral is iden- 

t m i u m  in the rook  as  rham by the ohemioal *nolpaq. in tbble 2 an$ the. variation 



I h' I . . $ .  
diabran, fi bra 16 , pa@ 162 It 1. no&rthy that t itmitm' 1. moat' I . E -. . 

't abundant ln alum in nu^ rook. that am hi& in oaloitm, beaume .ItanMan b :. + * ?  . 
*. 

Iausoxeru LB probably brought abaut by dwtsrlo  atkok on e a l o ~ o '  p l r g i & t e  ' # . 
by titanium-baring r e r l d u j  f luid# aanoanfrrtd .3wq with ths orlalo aluadnoum 1 

. . 
a .  ' . . . . -*.-..*-- ,,., id. ..- ., . , . -. . . - . .. < C , <  : 0 ,, ; . . 

. pbaro, p l a g i w l . 8 ~ ~  . , .  . . . .  ....: . :, .,,. - ;. + . .  . . ... . . I i . . . 
. . 

'faaallp a l i t t l a  hornblende I r  r l temd.  &a l~uooxmm along d + h  plag%oclama. 
. . .  . . . . 

Zoirfbr, el i .noro l r ik ,  *hdiepidok 
. . . . .  . 

. . 
' , '  

-re mlneralr a m  prorent i n  the amaplrx only am reoaabry pr~duota of 
- . .  . , 

' . . ' .  , deu-rlo alteration or l a b  hggrathernal attaok. They' are ooaiYnsd l a  ooour- . . 

rsmr t o  the feldspaChlo .mob a d  are largely dsrimd fron the a lbrrt i cw . ' ? 

of plagioolase. l b m k r u  of thlrr group of mlnerala  re a pflnaipal  oon~t~ twnt ,  
a .  

of raure$trs,  md . r t r s a u i b  38 one of the ~~13 altorakion prodots of the 

... more oaloso plagioolrm in the ebbroe ,hob of the a l t ~ & o ~ ~  uf plagloalara . 

a .to z o i r i b ,  o l ~ o z o i s i b ,  or apidofs out be t n o r d  t o  mull #bar saner d 
. .  . 

' t n a t u m s  thf out fb. rook. . . . . .  . . 

Zoirfb,  ollno~ol~ita, md ep ldak  arm not uno-n 5.n the l m r  rrnkr o f .  . - , . .* . . . . .  
- 1  - - ' , Z  " 

' aonkot mtaxuphomd aountry rock m u q d  thm o 0 a p 1 0 ~ ~  . , + .  . . * " .  . . * .  . - . . . .  , . . . a .  . .  - ' ,  I . , : * 
' ,. , - .  

, , L .  

; * . '  . 
. . Some o U & r  of gabbro aontain nmreurable pemenhgea of prehniia. Tbe 

.i 
. . prshnik is oolorRerr fa iain*ly pl la lsh-green i n  thin ecctlan and is found 

, , ' am o o a r ~ e  grainr oaabpJ(isg anplru. i n b r r t l o e s  bst;rssll drmloprd oryatal faosr , 

of  the prinoipal prianry minerals. It 1 s  probably of mrg late prinwy arylrtal- - 

. n u h o  up remml  proent of khm rook, bath kr r l a b  Interatltial mineral and * -  . 

ar an altarntion prodnot of plagi001ae.e P r r M k  farmed by *he hlfar&l& bf . -! 

. . 
8- - . plaglwlare 1s farnd d l a u d m h d  through th. rook and a1180 in ~ h @ . n d  nna; and , - ': 

r 

.along hydrothsmnlly altered frao-6 Wallr. . . . . .  . . 
, .  [ 
I .  

- -  . -  ..... . I * .  I .  , i . ' - .  . . . ( "' ' . I .  . L .  
- .  . ? . 4  ,.- . 



om t h i n  seot ioa  ai gnbbre, epoinrsn 120, &+ad 127, table Z, 0mtain.i . , ,  3 , f 

areas  of a l t e r e d  plagioolass aondating af  epldote and ur optiaally poeit ive 

mineral with  -11 optio angle and rueti& rallsf. Yhm q t & o  orimlltrtian 
I \ . -..a_ I . .., . . .-  . . I 

. . wtth rerpoot ta ws o f  a l s a r y .  dorryrpondr t o  heulrndlts, and s t  i n  imrrh- ! 

t imly iden%ified an heulrodits  although nono m e  iralafsd for poritim idanti- 

f i a t i o n .  It l a  present only ia traoer I n  mrp om11 graLnr d appear8 fo b, 
.., , , 

a deutsrio a l t e r a t i o n  produot oi jlqioolase tbldapar. '. 
. ,  

'#  . .  . - .  . .  . 

C a l o i b  and othrrr alrbonsbr 

atld not more than S miUhmtarfi wide, oonktdning ssrpentlne and the oovrsay . 

orytitalline a t e  ohl ir ib  deroribed abovm. In v i m  of the  nmprinn ahvroter  

of the  rook and of the other .1IYral. L MI ,mi= S t  id&% be ontioipated 'that 

0- . any oarbanate pneen* mould b. mkp. i t e  or dolanib .  B m n r ,  the *raZ 

' . sf famroer pigoruuslp in  a l u k  hydroohlorio mid nerd the index Po a 1.660, 

leaving little doubt as t o  its identity. Theas oaloite-boar1n.g vmlalets ,- . . 
* .  - also be ths rerul t  of mak h y d x o t h e d  aak id tg .  p e t - d a t i k  the ooqlax .  , ~moar, '  

. . . r t e r s  owtain ing  aaibonata ion attaaklng the  rook would ba ixpeoted t o  produae.'. .' ; . 

, . . r magdsian oerbanata ud might not be expalied ta praduoe Chs whito 6 h l a ~ i t ; d  * - 

- and serpntilrrr a r r o o i a b d  w i t h  the oalulte .  On ths'other hand the sepusaar of ' , . 
. minerals farming in the oarrplsx puintr t n  a ahady enriohment o f  the lets fluid. 

' 

.' '. (1 

in o a ~ s ~ m ,  olrrminum m d  iron me ttmf magneeium may hpve been q-titatimiJI 

rerarmd t h e  fluid phaee at  tb 010s~ of 80tlviv. !he v e l n l e t s  are found 
. : 

. .  outking nuglte-dunits end mhrlik in olaae p~oxfmity to the dunItsduy,l t lka 
+ '. 

. ~ontaot. Thuy a m  not found deep within the  drrrrita oom or I n  t;ha oenbr nr 
' . .  
, .tha o u t e r  nmrginr of th* o l l ~ i a r  w g i t i b  ring. They rro Pnt faund raroolatsd . . .  - .  . e t h  e . o f  th* o b # e m b l e  =one# of mhaaring and faul t ing  affeotlbg tihe o&l*x; . 





i 
mphlbolr s b e l l ~  between eugite and pla~laalase, The amphibale l e  5dsatiaal - . 

2 

a; In propeAie8 with that surrounding tb olirine , aad in faat  o a n t i ~ n u r  grain8 * .; 
, - of olivine and a u g i b  srr, aommonly surrounded h p t h e r  by r rim a t  aay8Mlo- i 

' ? 

p p h i o ~ l l y  oont;iwmu amphibole. mod t&lsm w e  men in tb p h o h o r o -  

graphs c i ted in  tho preosding p a n p p h ,  The pals q h l b a l a  that ffim thmm . I *  

' 

eortmaa i s  different in propertha *am tha hornblende o d f  proneat in  eonrm, . 
. . . polkllltlo gminr md np3rolw ruglf. in-Mou r a o h .  Thm la*r varie* of 

hornblende is rtroaflp pleoohrbio ia ye l laSsh  t o  brtmnirh green. 

A third kbd of ooratu in f d  in oevmral horablende-riah tmerbachltoa 

'eontalnlng a ibrr amrrm pk+moorgstr of ol5rllir. Zhsre aurmrr oonolat of a 

' jumbled, granular a g p g t a  nT -11 hypersthens grab8 forming 6 ehell around . 

the nli+lrm ueprating It *om hornblende. S p e o b n e .  207 and 214, I- 114, and 

. ' ' 115, b b l s  1, ormtaln anrimam of t h l a  ,Mad. . . 
A fwrfh ldnd of carona 0 ~ l l e i 8 t 8  of s h s l l ~  of u g l b  swounding hypersthens 

a rrtwm the  hyporefhone forme InolusLn~ in oaarre polki l i t lo  hornblende. S p o l -  

ma 347, ika 1e3, table' 1, onntdna earmar of th in  ]rind, piohred in #bta 

* .- . A diatlnotian oaa be olads b e h e n  tho rook8 +hat onntain ooronas be-en ' 

. I . . . .- onronar. The aoranna BTa found only in .ths a l l ~ i n e '  gabbro. No onrnme are ' fmnd C . . 
' :.: . - 

,bet;llsen olivlrm and plqioalaw nh.m the plagloolar. '1s diswml~atsd'inbriti.. . ..: . . 
, - . ': t ial ly'  l. omrt.ln f ' a o i e ~  ef tY p d d o a b  or ln  tb. .g&bbrdo peptih bodirm . 

;. 
. . In the ollrine augifita, or Ln nli-e beerbaohtte dikes r No oaronaa are fmand 

' * I  

' ,  

, - u o u ~  ikn-rieh oldvim in the gebbroio ymxu~t .  'mnd ~ a b h i o  grmulih 1, ' * 
, . .  I . ( .  " -  . . . ' w l u b d  la the fal luwlk Uroumrion. , . ? 

. * 
- .  

. . 4 

In  general Cbs oUvlim l a  the gabbro 5s riahsr in iron and the plagioalase s 

I '. 
So 'rl ightly l e s s  osloLa thD tbe nl idne and plagioolaw in the p r i d o t l b ,  j. ; , : . . 

T 

gabbydo p a p t i t o ,  and oilv5as bmerbaohlf.. lbnvrmr, ths &ifferenos in an-' ' . 
porltion be-n ,the olivine and *tw plagioolare in the 0oronit.r '.nit, tb o ~ i d r u  

' 



.- r 
Oo.poaitlon of alirias and plaglwlams in o o r d Q 8  md noboorwitrr of ths . .  

B h r M  Imllrnd 0mrpI.a .. . : : ;a ., . . . . .  " .  - ..; , I , t .., . 
' * .,'. . . 6 ,. . . ...cli,, .' . - -> , 

Q1bbFoio pagrrti*' 'in .ollldxw , 
auglt its , . 

. . ., ? 
. . * 

Oliviw aug i t lb  with rooerroy ., 

. . .  plag1mla~a 
, . i  ' 

- 1  i' . 
o15vins h e r b  hits - ' ' i . . -  . '  

L ' .  . . . . . . .  (m cump~itioa not d a ~ ~  boiuse g r a b  aould mt be t e o l n ~ . ) ,  ;. ,: . . . .  . . .  
. . 

". ' , '  - ; '  
- ,  

' <  
. _  . 

. . .  

. . ' , 8 w  (1945, pp. la -262)  hpr doreribed an enrfa%ite ooronits frm Quebsa : 
- .. 

. . 
@ . : The ooaporltian of, the oli+lns zaporhd by Sbnnd i r  ZU4 .sb thr phginol.mr I s  

1 .  



. , ! 
, . i  

. . aontnirwd aoroaaa, but; he gfrse no data on the oomporitiim.af thr olivine 'ad ? 

. . tim itr the B1auhIr.a frlrod. giva l ittle **boo+ for them --birr m a b  i 

1 .  itmolf, and no eddeaos C k a t  the rwke that oontain ooroans ham been aubjeoted 

. . t o  more p a s W - t i o  heat tbrs the rwka a t b  similar n b e m l  o m t u n t  that do 

?m oonditlam appear on tb ba61s of the limitad data rvdlabls to oontrol 

, , the  dewlopmsnt of ooronar bobmen nlioina and plagloolaar in the Blrshks Xsl.e&d * 

oamplsx. Om i r  the oanporition of the o l i ~ ,  W o h  in  aosooiatioa with a 

highly orlo&o pplglaolar9 apparently art; a n n h i a  26 peroenf or nmrm fapllts. 

  he other 1s tho geologio mado o f  ooourtenee, In that anly o l i d a s  gabbros within , * the pbbra ring of the otnnplmx hmve oorunas. It is susprefsd *hat this lat;tsr * 

oandition 58 re lnhd  t o  the  onnoentmtlan o f  laGs m-tic fluids in the rook. 

-leu ha*. been seen l n  thin section whom us ollv%m grala oontairm an 3&- 

olusion of plagldo1a.s abmt rhbh thew is JIO oornaa, while tho externsl a*. 

taotr of tho a l i d n e  with plnginohre srs r b m d  by a oornm. The gablrroio * 
' "  . ' * , . .  t ' 

. 
' 

y.mrl5te in .atably M e  o f  hydrau ~ ~ Z L B ~ E  and I. I l a n  h e  of oow-i .1- y" * .  .. 
. 

. . ' . +though tho oomposi%ion of bath a l i r i ~ e  rind plagioolane s h a d  b oondwi- fo . . ( 
their farmstion:, If the forego- diecuueion i s  oorrsaf. , 

. ,  . * :  . 

.' . .. 
no pnernlirationa 0.n be rda about tho o t b t  idnda of ooFonam de#o=ib.d ' y  

I .  
..* 

: abm, sxoept that fha anuta.fib ooranar b e h e n  o l l r l a s  and hornblendm a m  ; 

,. . 
.' found in a oouple o f  hornblendite-herbaahito af a kind lh~t doer nub '. . . ' !  

. mnmlly oontain 0 1 1 ~ ~ .  The olirino i r  prersnt in r t sq  rslr unueually lrrp 
. '  . 

phanaorpots that laay lmva boon hoorparakd fPm th. psrSdotifar that tho dlhr ' 

. - 
0-, .. tmmraed.  T h o ~ e f o r e  the p b & ~ o r y i ~ t r ,  or xtItkocry~ff3, a8 thby be rtyled, ' ' 

' ooromr *round rnstat ik  lnolur5onr in poWli t10  hornblende sn uniqw in 
. .  . 



4 felasd oaun+ry rwk oa tb met ridr af tb amplax, a d  fb .otrul m t l r  + 

orlg- of thlr rwk i a  subjmaf t o  a m  quaation. 

gentla dipr, and timy mt rhuply - .aroma . . . .  . .  fb - kddlry in tb rtxat i f i rd o m t r y  

met-moutiwadu Dohi led rappin# of 1iUlologio unit8 ia the a- rooks ~xporad 

along tb ahom. of ths i s l d  l m m  prmrd in u m d  ~ b o n ~ i t i m a  ** roo ai 

tbrr dLbr ooaupy irtllh alang wbloh d l m p m n b  on the o r b r  of humbeds o f  

feat Imm h h n  plaos bfam eqpl*oumnt o f  tlm di&. other dibs in tbs 

m * h d l b m  m a  in t h i o b w r r  frm R fuu h o b 8  b trnr o f ' h a t .  $ a m  of UIO 
i 
I 

% d-8 are . x p a ~ d  aontimaourl~ for rmra~.  tmndmd faat ~ t h w t  urposing their . . 

. - ontlm length. Otherr a m  lentloular in ouforop end plnoh ou* -dually at both . 4 
1 .  . . . 

1 I 

T b  dlbr mxhIb5.b 0- ptto logis  bu$ for the m e t  part fall nifhla , 

t b  of brmaltio & r i b  and kmelt. fa bud ~ o - n  thy us uphanitia + 

tm d&mplw.ltie mnd o h ,  porpl@tim. 'A fm 'rbi-Wad p b a ~ i 6 . m .  t 

?by & romtly dark 8.7 d grwdmh g.y 3a mmlor ht a d l m  p r e n b h - p y  ., " A 

muiatimr sru not urro.ram. &norally tba minarm~s ia QM -an m o t  b. i 
. . -  

a ' ibatiflod ip hmd rp.oimn, but *xr prp-tir, phnwrpl*m of maram, horn- 

. .  . -- ' I . .  



tho groundmass and are imbedded i n  a mrortarlr of om or mwu hrrenmgxmrlan ' . 

9 mineralrr. The follming typio4l mineral *oanoiations ham h e n  found8 (1) 
\ - 

plagiaolaar and green hambXenbs, (2) plaglbalrre, gmm hornblende, and u r g i b  ,; 

plaglwla~, given hornblondo, pgroxone, aud.blo#k, (6) plrglaalrw d b i o t i b .  . 
Biotik Ir not 00- exempt in dllrar of a m  ymrp found within 1,000 feet of . 

the ulkrbario oomglu wbrr it Ir gumrally aooompnlmd th. bmlopmnt of 

rarphirn by t h  oamplsx. Rowever arrs narrow, flue-g*insd dike loaafsd m r  f,ObO 

feat fram the oolapler om-d a far rslatlrrrly opuar hornblmnde pbsnoorysb i n  

for the mare o a m m  i a m e s i a n  mineral., end this i r  prsaunmd to be a pr- 

f d a ~ r a .  In general tlm dnerdagy of the d i b a  i m  vorg r-la ulth dimrmalnatad 

o m  the only IIPp-t B O o . l l q r  

of either auglb or bmblsnde, not both togstbr. h l l o r  phaaaoryrtm of mhnrply 

zoned plr~oolaar m y  alro be preoent. A few plagioalars porptqwimr ulth mubar- 

. .  dinate Serramgmmrian pbnooryrtr ham beon notsd. dripgdrrlsr omtrkdng oalolk, ; 
. . *  

qumrt~, snd phnlk brw b a n  found. One o r  trro dmm rNdled 5n thin mrotion 
. , 

- hm r far r d e d  ptahor of antigor- that m y  be proudmo?phr a#er o l l i n m .  

* 
rpith aodlo labradorite, tho moot o-n. The augite h m  a d2mtSnot  yallowirh Ant 

. , * .  

but i r  not  strong17 plroehroio nor doma it brvm nok5ooable dirpermion.' Itn optio 

angle 18 Pad.rately lub.. mrrthenm i r  not o-n, but where .prmwnt ha; : 
. .: 
. I  modera* nsgatim optio angle. 

Thssm roakr gananlly mbm diet inot  kr rtrong alt8lrfion. Bmyond the ram 



1 

but amphibulltiration boo-8 m o h  rtroapf u tb oomplw: L rpproaehed and it 

i r  diff ioult  t n  ray ha+ far beyond t b  eor~plsx th la  s f faat  our lm a'ttritrutrd +o 
;$ 

. >+ 

o a t a a t  mot*aorpMam. 
3 

As the o w l e t  i m  m~~r#ohmd aqhlboUtlrut5mn b o m r  1*r;l notlosable ln .:, 

tb dikaa, .nd in mrny of them the -ma i m  aoortrriad In to  a r e g y d  a g g r e p i a  . 

o r  m n  hnmblmde ~ 5 t h  only mmnnt. of the or igbml  plqioalase lathr. Wltbin 

r m humhod he* a i  6ha .-lax gramoblartrir of bi-W 1 ~ p 1 w a  a m  

dl.kee w i t h i n  a f e w  yard8 of the  OUCP - rrglrr  of the gabbro rlng of the o q h x  
+ 

along tha maatern m i &  r h m  rtrong to o q 3 . b  gmmlltisatiam. The aoufaot; nmta- 
' 

~ l r r p h i e  ef f so t s  produoed on W m  group of dikaa ly t t m  bomplsx that t b y  

wbdata the ooolplex, and ir genetioal ly relabed to tb. oaiq1.x m a t  b. fomrunneru 

of tho ul t r rbaala  i ~ f r u 8 % 0 n m  The youngmat rwkl etrb by thrn L the Blarhbs Ie1Ptrda 

are Si lur lm.  Thair  oorrelat lon with owar l n t m s i w r  i r  not haown. 

. 
A ahmdaal analjnia im g%-n for a dike rook of thie y w p .  The rpeolnusn 

relmabd for ro*ly8ia - fmn a b m b l e n d r  porphyry dike rbaut 4 f e e t  xido out- 

ting a omrue a o n g l w n b .  Ths dike bar a dirtin00 - l i n m u  flow s t r u o k m  ahmn 

. .  by a notiaarblo p n f s m d  a l lgm~ent  of hornblende pbnoaqmts. The dike alro 

oaertalna sbuodmt; inalumfonu of o m t r y  raok. The growmbarr of tha di ln  ~ r l ~ i ~ a l l y '  

, .. o a t l ~ i s b d  of 8 ~ ~ M p M t l o  aggregate of plagioolass and r ierrbl~aep.ul= a n ~ m l .  

. Amphlbrrlltixation has gfwn the g o u n d m ~ r  a mry ragged w e ,  *ld, 1+ aonrirtr ' , 

. . 
of plagioolase m d  r l t s r r t l o n  praduotm w l t h  abundant f5m-grained pale amphibolm. " 

Thr feldrper i r  partially nlCred,  A few 4 1  phenooxyetr of fsldspar arw preeent. 

Tby ere strongly sonad *ad the inner roner r q e  up 5nto l@xnmi*. A l i t t l e  * .,- . . I 

' psnninlta l a  pmrsnt 5.n thln vdnle to ,  a fw 04gda105dml grab8 of quartz wen - . 
* .  : 

no-d, and am- the nltamtlan produola pmarsnt i n  mall psrorsntager u v t  , 
! . . 

. . . '. : aotinolit;s,  permlait., r n i d t o ,  a i b i t s ,  m u u o d b ,  marloits, sad Leuoaxaoe. .'Tho 

. . -1pis app-a 00- I t . ~ e  P b t h  *b n M  and -dm. ~n - ,' .. 



. - - - - .  . ., . 
Near C b  enkrarraa t o  Spud B q  on fh, routlanrkra rids of tbr amuplor We 

Tbme d-8 am' Chqonly aonrallda*d rooka fatand In ths' u r a  yaulrgsr thn tho 

Tb, rook i r  vmry dark -ah-blmk in band mpmoiarn, *#thering fo a amofh 

a h d ~ &  In thin moOion thm rook ham an b b r r e r t a l  'bypooryrtrllin, ~ I U  ' 
. . - 

mdm up of mbundmn6' l~thr of p ~ a o l m r ~ ,  d l ,  w a l l - f w d  a r g s b l a  of titan- ' 

mugits, and abundant, mu, nub-ma-- g d a n  of o m  probably ihmnlte  - 
hi r brae ai plluwimh-bram glr88.. The oorrm of r o w  plrgloalama u s  rodlo 

labradol%e. 2b 4-fr h r  r mbrrtsly d l  @a angl., rWong dl+- 

slon, a d  a dimtinot lam'nder tint.  A o h a d d  urrlyrlr, narm, u d  -& for tMr 

rook us g i ~ n  under oolumn Ef of tabla 2. 

W m  rwk oomparrr olomely nil21 the pstrogmphls derw%pfiam gims 

Ebdd5.agt;on (8uddi-n md Chapln ,1929, p. 273) for revmral dlbar of T m r t i u y  
' 

age irm xuvbg irlarrdr. Tb. rook L o U l l s d  a g r i n d  the dunik of the Blrahb 
- 8  . , - 

Irlrad o'-l.x, a d  no them l o  l i t t le  doubt that it balongr to t b  nrtiarg 

, . 
. . banaltr and m d a a i h a  ~oogPl8md by BudUngtolP. Ths o h a d o i l  rPPlyair r h m  it 

stmmhm and daiardtion of thr -la= mud 8-mmdlng P ~ ~ I I M  . 

Tha 1-r Falootole r o o b  lav~drd 'by tln B1.nbb faland a0mpl.x und.mot 

a- strong folding ~d * pl*rphim h rt 30-t tro dlfletrnb pt iodr  prior to 



the intrusion of '?.he oomplex. Sub8equsn-k ta the folding, hl& .nga faulting 
' " . . . . *- and some &nor thrust faulting fook plaaa and ituqt of tb fu l l tr  rad Arro-8 : - 

I . ,  
. . mtbming lrom bhis early period *m Lnvadrd by d o l e ~ t l o  e m .  ¶'he area N l e  ' . 

*thin the pravinos of r mjor struoturo tbat Buddington (Mdirybon and Chrpln, 

- a northward-plunging major 1ku6ture In rbioh Mw' requonor o f  itamtiom I 8  m- 

. . .  Hm eridmoe im awn in thr B l u b  X m l r a A .  for an unoonSormlty batwen fhs . . 

. Ordwloiur. There tuo mltr us l i thologioal ly  grrdafional in a Goad menm .ad . : 

, rpprr Ca ha*r bran ioldod and m-honed togsthss. Thm~ghw* ths irlaudr . ? 

W o n t b g  olorm Soldlnge I 

Tim orsrlm , 6iiur1.n . unit a-r only In trra 1 W W d  areas a t  norWlsrrr,. : 

end of fb 1rl.ndr. Tbs attfbdo o f  turn requaaae of rbob rrad ths iaat fkmt lt ' 

.ppnrm'ia eatfrat with both $he h r o v % o l . n  rooh mad the p1d.r llllurip rklo 

indiortmm that I p r o n k a  u~eonformi* lntsnmner bstmen t b  tm Silurirn units. 

8trong mpportlng e l idmar  l a  wen in t h e  lithology. The lawar of ths S1lurlm.a 

ualtr is 8oaarrb.t mC)t.pprphomed and ooatrins at; Imart m e  bed perhap# 30 or 40 
1 

the oamplsx. Tho'uppr a? tho % tilurla f o m t l o n r  oa, the other hurd oon- 

slstm in p w t  of lamhated t o  thh-boddmd, dove-gray to rhlt~ lirrrtoru hawing r 

il.aabrm 01.r~gm wh~m aorarrbt but rhmhg no sddenoa a i  t.orpt;allllra- . 

Cion. Horrsmr, thlr f o m t i o n  h a m  alms been strongly folded. A l l  of ths mlmo- 

solo rwkm am out by Saultm a d  dike8 bmlaryiag t o  a nqumnos older tban tb 
, . ul-bario o q l r i a  - 



* 
"(hr the Blarhka Islands the beds are domed up by an iatrusinn of d d t e  m d  

@- aaanaiatsd d io r i t i a  (i .e. gabbroio) rooks, md nrdowloian grsyraolm i n  expoued 
nn the  borders of the ignsnur otook r i t h ln  a belt of ttm Silurian grren~totu." 

L 
The dam-like rrlatl~nrship is i~ a broad, general senre, the ln t rur ion of 

the  eomplsx apparently hating either oaurd m upbearal of %ha maquanee info 

a rtrong kraungrarrin ru r .  The abdaaea o f  pyroolaatio rrbrirl in tbe l m r  

of ths Silurian unita argpatm h t  lf a p n e d r t i n g  r w o t u r a  uam uamd It a h *  

well ham Gea ur oia r o l d o  mn+. fp dofai l  t t ~  rtnro.tnrrr i m  a gnod dem~ more 

ampliamted than a rimplm d m .  Dsf~mmtian baoanwr rkong in the tloin5w of 

the oamplsx. Xu general tho rtt l tude of th4 bedding nriDgr into omb o o n f ' o d ~  

wlth the outliner of the oanplex krt tbsrs i8  moh oruql ing,  disturbanos, and 

oblitaratirw of bedding. Th4 b d d l a g  dtm8 aaC iom s rLaple dw- l ikm rhonth ' 

around lad over thn oaapler. Looally lmdm t o  strlko into ttta ooaplox 4 

b. out off, h t  mbmmrphla near tb oapplsx d m 8  thin hard t o  prom. ?lam wi- 

deme lndiawkr that ths ooanplex i r  strongly tranegrrrqirs, but at hha 16 b 

bu bsd a pwaerful u p u d d m g g l n g  oiiaot on the r o o h  It t ramrnod.  

Th. internal rtruotrrnr of b omuplax hn been dmmoribed l n  oonaeotion 

~ 5 t h  the drroriptloa of the rook unltr  and t h s i t  mlstionrhlpm to one mather, I . .. . . 
. . psgor 16 tn 68 , The o r i enk t i oa  of banded or  t u n l y  lapred rtnzoturrs In th. 

. , ., 
. , ' '. ' gabbro Ir mhom on t b  g~ologlo np by a rymbol and by the digmeat of the dnmhri f . . . . . 

. . arad to dealgnats %hi8 rook. Weatbsr3n.g looally br5agr auC a omde p l a w  or alabby 1 . 8 '  
T- 

.. . 
. , , Irtrueture l o  the olivine augitifs, rshc l l t e ,  and augita ddunlb. Whom th l8  mtruo-. ' 

Ours i r  pronounnsd it i r  bdioatsd by a rynibol on the m~p. Tlw relatiwrhip of - . .. 
, 

- ' tblr * o b  to t b  oonfiguTation of the oampl# $8 not uadarmtood, but in  , . . 

mry erude rrrd laomlly nslfloontradlotbry way it h a  a rude d--llko p-m. . 
. . .* 

. . . Vow mMlv u l t r r k 8 Y  aamplexe~ deuariimd by D u p n  (Dupara m d  Gromret, 1916, .. 
' 

- .  : I 
p. 227) and Cammoll (19U, p. 68) rhm dmflnita midenom t&t dam#-llb rhmll 1 . . I.: . . . . 
of plroxsnlW orlgindly aarrp'letely ~z'rauoded tkm b i t e ,  .Cawell aptly lllcsnm ' 



In the outarapn nt pymxenib along the matern aide af th, inner Bhrhln Lagoon 

moms -11 boasem o f  dunlta a f r  yard8 aorosr apprar barmath rht 18 at la&& 

looally a gently dipping undulmfing ooataot baf.**n dunlh and W k . .  Ths 

mrrm axposllmn of 01%- au#tik I n  oontaat niCb gr*nulltit.d 8 f m . n ~  rook 

on tln aain i a l m d  a t  the northm8tmmadga of the ocmplrx malrar b rhm thi *ugG 

tik dlp- at 8 rodmk 8 S g b  k~m.bb tk d b m d  Mnrnt- rook. e*po&8 

. ' a m  not good enough to  be oorpl*tmly sum. T b  M total  of +he evldan.00 p o l n k  

t a d  the oaplex  bin(: r mtmep-unll8d eyl indxlor l  mar r l t h  maay laoal pro- , 

. tuberanora apd mentnntm both horinonfrlly md mrtioallf. T h i n  aylh&ionl 

rtruotum probably pamsed into a r k e p  d d  r truotura not far abm,  end l ooa l ly  

at ,  the p n ~ e n t  10-1 of e x p o m e .  

Exospt for faulting, the Blarhbs Islnnd omp1.r ha8 emorpod dgnifiomn% dsfor- 

=+ion wbwquen% +a i t 8  iotaation. A rtrong meriem of aorthmrt to  north-trending 

faults has owred horirontrl dlrplaoemmat8 of as nuoh rr 1,000 fee* l a  #oms of *he 

0- oontaotm k-n rook rurltr in t b  o o ~ p l x .  Them i r  no =y of m a t i n t i n g  tb. 

. . 
largely h a ?  faulfo. Ilhare these faultr paar hh~ the ultrabarlo roaka broad 

I 

. , .  r b u  ranem af alomely mpaed abetsdl frsatwrr a m  f o m d  asd r o k  mtrong fulh 

apparently die aut %a thlr Hod of stmobam. Looally vaxy striking breooia am08 

urd fault  breooia oonglmratem ham b.*n demlopd. Strong faulting mad mbaring 

ham aut out; m d  obeourod 8- of the eonkot ktmm fhs omuplox and tb enaloriag 

raokr on the s o u ~ a t  border of tkm ooaplex. A remrhble  fault brseola oonglan- 

. 
, wartern edge of  tho m a t  routhsrly irlrnd inoluded l o  the oanplsx. Thla m d  o t b r  

. thm Tartlug d l b s  that out tbs ocmplax. ' T b r m  dike@ appar to ham ban dirp1ao.d 

. , by tbs r u l t l n g .  T h i m  q r k m  of i a u l t m  h a  had a avong o o ~ ~ t r a l  on tbm arorioa 



or tba Blorahka Jolmdr eddonoed by the mwrour Wmk and bayr th*t S o l l a  

its  trend. 1 ,  . I .Jt ! jb ' .  
. : 

TIM m p t m a  of Tmrt5.ary 1II11b pmmd b m a t  en U. ~ubh'Iml.nd. q ' *- , 
1 

thrm orwmidarablm light on a preblro oi roufhrutern U a k *  polem that h w  

raoi lad  m o u  inlamat, -17 tb a h o f u r a l  oamtrol for mah ajar  h a b m  rr 

Clnrarroe 8-t. The ialmdr l ie  ~JI the a d l m  of Clu-enem S t r a i C  md t b  fiat 

v f u m  .purllo18 *he tron&af the 8-t. Tba 4-t my ha- boon oontrollod by 

B proloryr#on of t N o  olomely mwsd 8- of hrk5lr~1 hx~lk. 

T ~ B  la4t s t n r o b m l  mmnt, or geologiod m n h  for tbt ntbr,  roowded an 

tbs Blrshlrs IeIand8 58 u m t h b g  as tbs ord.r of 10 20 feet of pashghml*l 

uplift. At r a m 1  paink on fhs l r lu lba;  mbbly bn tb north end of B l m u * o  Bay, 
' 

. , 

. .,ii.t &am boarr f o m d  md.'uplifh!.;#bne g3polel * tL .b  boanuam -they omOd not have 
. .- * . .. . . .,,::. - .  , . .  , . , + 

' 

; n t & . t o t i  '&&ma& during Whtlsll. FIuddhgton (1921, $p. 46-62) h u  deuarlbd 

.. 
r j a r  rook unit. in comsrrkrla &gr w3* tbs m ~ . t  rP.ila -la I n  Che aom *ad .: C .  

* .  ' 

. mtaamrrively lama e o  ring8 'mkmrd, Enoh nrloasetllng rlng is -Iced +he . , 

p b . ~  In the olSvim ~ u g l t i C  ring. FlagiooW, and to @om exten-% harnblenda, " , - .  . 1 

. play tbr lamding role# ln tlm gabbro ring. m r r t b n a  and bsotitm appear l n  *ha :, ' 

. . . I  . . - . . I 

.. pbbralo -liP.,*.d tb g.nullt*s &de b t a  gr"mmkm rs lou id ,  and' i . . 

. . , - 1 . 
. modiasn+w o f  1m mfrrorphio rrmk. ' . i '  , I 

& .  

! '  
. : ; . a  

w 
- , 

i' 1 
I .  

,. . l . C . * C I _ . _  - * .  . 
- ,  . ! 4 .  - .  : . . 

3 .  
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of ths Blarhke Islands rridenosd by tha numroum l u l m k  end baya fhrt f n l l a  

its trend. . . 

Tha ryaknr of hrtiuf Mlh m d  to adat  oo the Blrrbke Irl.adr *- 

thrm ooslribrabla light on a preblm of r o u t h r r ~ k ~  A3mah gaol= that brr . . 

Cluenom S t n i t .  Ths irlmnd8 l i e  in the dddla of Clmenae Gtraib umd Ckm fault 

a p t o m  parallmlr +ha tmod of flu r-t. T b  8-t pry h*r k . n  oo&ellmd 

thmm ere unoonrolidmkd brnb of 1ignl.bio mud oontaiabg abmdmb r h l l  f rapnta  

of ruoelrf arpeot 1- 10 to W fst abom p r e d  tidm lml. . Thmrm eholl bed@. 
, .  < 

... . .  h m f  b t i  f o m d  md.'upli*h.i#inaa gl .alrl  flrei borurr -they o d d  not tmvm .- .*. , .. ..., . . ..*- 
. . ...;.-.. , . 

,n&tola a i h . a A  g . o h t i ~ n .  boda-m (1927, pp. e-62) w ~ a a d m '  

.4 

mjor rook unltr in aonosnkrlo ring8 with tbr, am& psfio fouh 1n o a n  mud ..' i 

ptnn l n  the ollvim aug$tlk r-. Pl rg lwb,  md to 8- oxhnt hornblmmh, 
" 

play tb. lkadlug rolem in t b  mbbro f lag.  BJrpsrrthsna and blotit. appear An th. 1 



fawaver, *thin t h i a  large reale cunosntrio zonal mmtqpmnt of rook j 
r 

them 18 r hidden oonitlg that  sxprsrrer Itself in r u h l f i ,  & only in thn kind8 .: , -  
A 

\. urd relati+. proportiom of &oral ~on8b%hm~'k,  but in fh. oomporltlom dthla , ; 
-J 

. saoh rol id  soluMnn aeries tbat omprimes r mineral pbara. Zhur tbe oU* k o m r  : . . * .  
. . pamr in m r p s i u m  amti riohr won. ~ u g i t a  k o m m  p o w  im agna.iur and . .: Y 1 - : 

r l a b t  in iron rlmo, .ad the uar h a d  18 a m n t  in o r t h o w r u ,  homblu~dm, . , 

, pl&soo~um, bt the .wyite b o o s  pore=, in aalloiui t-d t h  iro-ah enit o t  

l t r  vwiatioa, id ths plagioolaar boo-8 poorer in oa10imr mnd rjmbr'ln .odium.' 

So e ~ h  -$or rwk ua3t 'of the  oomplax L not d f o m  wi- Itrslf, but \urd4rgosn . . . 
a shift ia the 6ompoeltiorr a i  l t a  aonatitxtent phamm. r h i m  &a- af f& oompler 

. . 
nar iirmt oabd by warp C. KO-dy in the pmlirnlnary t s n e m t i o n  of tb ma&. 

to rdnpt this tam t o  a oonosntrle rnnal anxqamnC of rook typsr sad o r l l  Cbs . 

. .  ahifking m5neral oompor l t im w i th in  fh roak unltr of fh. Blaehla Inland o q l e x ,  
. 

woqp%is raningem Sinoe the mrd zone deer not ham aay s p s o l d  rtruoCrrral hpli- 

. . I artionr, the term argptia ccmlng can be applied to my ayn-tio u h t i a n  in tha . 
. : .  . 

. related, systematlo ambngement of roak unita. . . ! 

Beoause or the oryptio roniag, ewh major rook unlt b the ooaplmx i8 not . 



the xdmrrlr of eaoh lolid ralatlon udmr to boom mnriobd In i t 6  lous rutha-  . 
,) . 

L. 

rook o v a n t m  toward l~r-taqmatut.  1.ook e&mntr 18 ftvtbrr rxprrrmed by -. . . . .  . A * . . 
t b  appiui.o.'a? r a d i t l d  p h i . #  b r ~ a t m r i a t i o  of lawr -rutun# auoh mm . 

orthoalum f e l d r p u ,  @t,  aad mlflder in the outer a r r g h  of the aamplu. 
. ~m . - . . ,  

H-vwr, a- tho outsrmort r o a b  af the omplax tdva produoad rfraly armhot a r b  

morpktlo effaatr w tbs snaloring r a o b  and are aomromly to bs thought aS r m  lam- 

tempera- rook# in tin ordinary rears of tb ward. 

on the ather lmnd t b  oomentuio cordng of the oomplex l o  not perfoot either 
I 

' In regard tb the dintrlbutiun and hmmogenisfg of rook type8 or irr regard to ths 
I 

,. ' o q p t i a  radng. An medl  of the o q k t  h r ~  baa derarikd, and i,a i 

dsbll wi.bMn eaoh,roas of the e q l -  tbsn am uny impsrfeotioar and rnaaraliu 
- 

i n  t b  aoneex~trie m g - n t  of raokr. There ~ & r i s a t l o r u  'd anoaallar Wl" . - 

I .  m r i e o t l y  gmdatlonal to rharply dimowtirmour sontrot& be-in the duai* f;l :I . . 4 ' 
' oom nnd tb4 o U d . m  wglfik rbg* • . , ' i  . 1 '  ! i 

. 5. D S b u  of mhr1it;r arrd r u g l h  dunlk wtting both the d d b  of th. aom md ; , 
. 

. 6. Wbbroio t o  hornblwditio dibm of the k . r h o h l b  gmp h oudm wgl- . 
a - 4  I 



8. A sharp d i e a o n t i n u i ~  and sons of wenherr along m e t  of the c o n b a t  between 

gabbra and' olivine auglt i ta .  

9. m e  tooal abssnas of +tie gabbro ring, and t b  premsnoe of r s l ~ g h t ~ y  i e l d a p n t ~ o  

wmhrlik at; samr, orlfsctr b e h m  peridotifs and atamtry raok* 

10. strong textural m d  mlmralogloal u5rtiom In the gabbra In w a u s  part. 

of the  oinuplsx. 

11. A atrrmg oontn*rt bs-mn t b  n*lldefinOd intrortan brsociar and other fba+uren 

ohnraoterisCio of sharp inCruefrr obntactr along p a d 8  o f  tb eonGaae h h e a  gabbro 

and e r u n t q  rook, and the -gum, b s t  gradational oont*ats i n  other plaoes. 

12. Varlatinas In oompoaition in the grbbo*oIo gr*nuli+s produaed by oonbot  n w k -  

morphism of a m t r y  rooks. 

15. Outlying dikes of  gabbro and pyrtmnifa. 

hrrthermbre fhs oryptio roaing *thin *he =$or rook units is' far' f'rm perhat, 

2ha 0-0 in mompoultion af olivlne i r  abrupt new the oontaot b e h e n  d w t e  and 

a. : a l l v b e  augitite,  mnd gradual ~ I t h i a  *.oh of *baa  units. A gl-e rt the diaper- 

mion of valuer for the ooapositiw o f  n l i r i n e  as o o m l a h d  With mlativs position 

In tb ooarplax ah- in figure 8, on page 6$, rhmrr Chat them I s  a Qndenop kmard 

cryptio zoning fs o l i d r u  rather than perfectly developd gradation out;rard in 

011-no aomposltion. Tb u9, 18  true of the oaer p h s s r ,  Some of t h i n  dirperelw 

of values m y  lm duo fa abmemtional errore,  but name i s  nurely r e d .  The augik  

dunits  and wahrlik d i b s  in halts .nd olivine wgltif4 are mamaliar %n t tw  

orypt la  senlng. The oampoaitian of ttu m u r a l  pharmr in these d i b s  aomesponde 

not t o  the  rock in whioh they m aarplrasd, but to the mm.r&-$nsl fao i s r  of th.' &unite 

aoru. The b.arbaohlte~ .nd gabbroio p e ~ t l t a r  i n  the olivine a u g i t i k  a re  also 

aanarlnur w i t h  rorrpsot to the  oryptlo zanlng in thnt they otuuiabntly omtrin 

olirinr and auglta r iaher  in i r o n  thn the hoat rook. 

A atrong awoentria roning of =jar .rook type. i r  o M o u r  i'rom a glanoe a t  the 

0 gsolagla m p  of the Blamhb Iolrad oomplu. A ,oorrempanding foademy tanard oryptlo 

raning in minekl oarpoaltion har b e n  r h m  t o  s x i r t .  .A  tanriblo tbory  of origin 
.I ' + ,  



of the B h r h b  Xrland oarmplwx rpd axp13n bofh the oooaoafsia arnngamnt of rook I . 

. . ' -a i  fb roalcr. chem~orl e m ,  of 12 rook. belaaging to the oomlar, m oukllylrsg 
. , 

. . 
, ., grbbrola, d i b  rook doubtfully related t o  tlm corrpl.x, md'm *mdrrlt.-barrl* -la- 

, . .. , * . .' .. .. . 
L., !+. , ' 

. . 
. , . .  . '., 

' - ph+l balongini ti grotq ef TWM y -1- to th. 'oampla ur g i n n  in , 

, . t a l e  e .  Variation dhgrua  of tb arjor und minor aomponmak km gimn In figumm . 

. . plotbd sglnmt the molsoular rat50 of siliaa plum alrrmlns. Ths ma*on for p l e b  ;, 
,tins the oddem' a i l ior  plum rlumlrrr rather tban agminrt siliaa &lone i r  

. '  
prorent in adnor ammatr ia rugik and perhapr dther minsrdr, but mat o f  it ir '' 

, I 

prorant ia pla&oolan rhm half of the a l m h m  a t a r ~  rmbstituk for millaon i u  

the *atwe. If th. molroul&r proportiam of  r i l l o a  d o n a  are ow%dend ,  a 

e h r p  break ocorrr8 in the tarlafion dlagrm b h e n  the f e l d a p t h i o  d mn-feld- 

mpathlo rooka and tbr foldrprthio roo- em k1.roop.d l n h  the non-hldnp.ahio 

~ookm, orrrlapping them i n  rilloa oonknt; and obaotulng rpg oon#frtent trend that 

my exist In  other oompanentr. 

Aohl ly  there i n  a aonthmow inorean in the &r of a h  playlng nhrf 

xdgbt ba oalled the riUcm role In tho rookm a8 we par$ Prcm tb perldatlt lo into 

the gabbrola r o o b  af tho o m l o x ,  if the dual rola of aluminum im t a n  into . * 
aooount. By adding the mleoular numbr of. AlzOj * #h@$ of 81% half af  the total 

number of aluminum ahna ur aralsod t o  the ailioa porition, while by plotting the 

mlmoulac ratio of 11203 against: 9% plum Al203, the vuiatiw of a i ~ & a a  playlag 
' 4 '  ' . - "  
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the ~ o - c t ~ l l o d  "baalaw role in aootynbd for. -8. I8 true twoaura the t o k l  number ; 

T- of molsouleo of MZOS i. $auk half of tkm -1 n m b r  of at- of aluminua. 

F l y n  15, page 161, the variation dl- for the pajor aampnnrmtr of  th. 

rooks, shnrra all 14 m l y o e r  plotted in  the rrnasr de~oribed.  The major rwk unit8 . 
1 

iarrPing the mueoerriva ring8 of thm earplbx era dunits, aueit4 dunits, m h r l i k ,  
. 1  - 

a l l r i m  augititm, gabbra, and granulibfib. Thene rooks are d e d p ~ t e d  i n  iargs =apt- 

tala at the Cop of the dlagmm, nad the palntm ahawing the vuluer for  theae tmkr 

are aormsot4d by heavy vertioal linsm. Analyrsr far mlnor roak'typ.6 and mriauto 

of the atnaplox lnolude au bugits dud+. ,dike about four inohem wide sharply orosn- 

I auttit..g o l lPins  augl t i te ,  n w&rlit;s dibs nbout tm inohor wide sharply erosoccut- 

ting dun ib ,  tim renmrkabla diopslde-garnet dlks raok given ae mpsoimn S90, i h  

- 
the bserimohlte group given as  apeoimon 99, i t e m  112, table 1, pmgs 29, a oampoaila 

: mamplr *om msvwal omme dilcsr m d  m,80mr of  gabbraio psgmtits i n  o l l d n s  mgi- 
. . 0' - tit., a tmmblende g~bbro  pow- from d i b  seven1 thnum.nd feet  irm th. , 

oomplex outting the oo\mtry rooks and doubtfully included nith tlm roobs of tb 
. 

. .. 
.otmplex, and the m e t  alkali0 m d  s i l i e e o u ~  raok aolleciWl rrlthln the complex. apd 0 

' . . .  or thin d i b  ahuC *D inoh wide follr/rring a major joint s e t  in olivine puelt l fs 

. + mar tb outer part of the ring given an speolmen 261, i t am 117, table I ,  pnge 29.. 
' . 

. ' . Thsrs a a o r  Mutm of the maaplsx are damignabd in l m r  wee  a t  the top if the' 

dirgrqm and the point8 shnrring valusa for  theas rooh are oomeated by thin wrr- 
# .  . . I -  

* '  t i o a l  l lner.  The aaalgelr f a r  the andsaite-bamalt mslnphyrs I r  alma given snd ' . . 
, . . dmmigna.1;.d by l m r  oars. The points for thin atdLyeir are aanwated by a f u n  . 

.*. '. 
The major trend of ohemiod mriation i n  the  oonplex is s h b l l a h e d  by +b 

. . 
r j o r  raok unite,  thsrafore tlm solid l ine8 rhmring tlm trend a t  'mtia.(;lnn for 

eroh of the nqjor omtpoaenta are oannrokd only t o  the pointu rspreoenting valuer ' 

. . for t tm  major rocks. Thu8 it xlll bs noen that th trend of m r l a t i o n  4 XQ 
I 



0.30 0.35 0.40 0 O J O  0.51 ofio a*¶ 0.10 0 0.10 0 .  0.90 

Moletular ratio of S10, + AI,O, 
w AI,O, , + Totol iron oa Fro, 0 Mg0,  0 COO, Na,O + K,o : 

Figure 15 , Voriotion diogrom of mojor eomPonlntl 01 Blorhkm Imlond' rock$. 



Molrculor r a t i o  of ,810,f AIEOI 
D TiO,, * PtO, , + MnO, A Cr,O,,O NIO, 

Figura I6 , Vorioton dioorom' o f  mlnor component# of Blorhka Imlond roehs. 
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~ b a d l l y  falla from dunlk t o  grurullW, &nd tht the valuer for rugita d u d t o  and 

6- ,I,, ,,,a ,l ,, .lo.* , ,a ,mi; , , tb ,em for tb a,,, 
L 

garnet dike rook or t he  hotpblandlte dib do not fa l l  at  all alasl  ko the tmnd 

eatablirhrd by fha majar r o a h .  Thb t rend of var ia t ion  i r  bontinwd by dashed llnor 

*or puwl5ta f a  flu hombleude-ebbro porphgry and fhs f e l d ~ p r t h i o ~ + a i n  rook, ar 

1 f o r  tb T s r t i u y  andorits-basalt m l r p h p  obviau81y haw rru r e l a t i o n  t o  t h e  trbndl 

a h m  by fhs rwb af fb. oomplu, the mlue f o r  l im falung q u l b  by alranom on 
* 

the trend lib for nmgnrmla md thst f o r  a1knll.a an tb t rend fa lrolp, -1. 

iron f a l l 8  on tb trend for alundna and only alumina aham uxy r e l a t i o n  to the 

I 
trend8 of t b  roo& brlanging to the oomplsr. 

I 

T b  rfrongest trand of w i n t i o n  ~borlr by rqy of tb r j o r  omponenk i r  the 

tread mhmn by magneela xhloh d r o p  s b r d l l y  and very nearly on k -o*h o& 

from dunib t o  the most rillamoar snd a l b o l l o  rook in tho complex. Impartant dovia- .- 
t lotlm i ram .tb. t r o d  ur ahown only by the  dlopaidr-&nee d i b  rook in *ah aal- 

oium la abnormnlly Ugh and nngt~~alum r b n o m l l y  low, rlrtually sxohanglng plaaes 

with  eaoh other ,  arrd flmi brnkiklldits *arid of' t he  kerbaohik grnup i n  whioh 

the reverre reletionrhip ia found d t h  r drop in  o a l a l m  onntont oorrelabd wltb 

aubrtitutinn a f  auglts far ol iv ine  r e  t he  major phase. p m w r  aaloium reaaher a 

mlmurc  in o l i ~ I ~ e  augit1.k md f a l l 6  ~ t srd i ly  t h e r d t e r .  The deolina in oalaium 

i r ,  of oarram, a o r r e l r b d  wlth m inoreeua In alkuller, mainly aoda, d n g  ta the 

The bshsvlor of iron 18 partlaularly lnstruat ivs.  Unlike the ather majar 

ti-. The rtrong sf foot  of the otyptio soaing i n  aomporitlon of a l lv ine  end 

augite i r  the lasin faotor i n  atablliring the role of Iron. Olirlnm rad auglte 

are the prlno5pal iron-banring mineral8 of tb amplax md both k n e r ~ i e  bao- 
- 1 .  
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progrrarivsly richer in  iron toward the per5phery of the oomplex, but at  the 

tine the tnineralr themselms boom rsl.td+sly lor8 rbdonk sa t h n t  the t w  trend8 

ompenrate to armm extant for .*oh other. Other iron-bearing mherrla 8uoh a8 

hornblende, biot iG,  aad ormm play a part, buk urgite a d  oliviam ha*, the pria- 

oipnl rolr. A mrs or laam aimm+aat tenor of iron i s  thereby mfirativa L pro- 

gmsrively rmduolng tbs  w r a t u r e r  of aryatalliaafion of the mjw maflo phauel 

fron ths oentmr of tha ooqler ou-d. Among Chs major roah  of tb oomplez lron 

5s  a t  I t 8  l m r t  i n  the ollrLne augitlte. A r P r i r t l o n  U a g m  of tlm.majar rook 

cmpmenf 8 baaed on Roein*l *naly8@0 o f  tb XULjor rook units oomprfsd frtm 

oompasitionr of the mineral phaar8 deteralnrd from optiaal d n k  mhcnrs errentially 

, . . .  tloa.8harrr that  tb rslatimly low iron oontsnt of  th. oli- augitlfe in mainly ; 

due to the a d t  lmsr tsaor af iron in t b  augi* fbrmirrg-W bulk of  thr 
.' . _ 

r u g i t i b  ring as againat the iron content of the oil-ar i n  tk dunite. As 'long 

0 ' .  . re augita $8 a mjor phnar then llay be monw bndwog for iron to raw moiproc 
'. 

oally mgainrt; orlo5um. 

appeumnaa of feldrpar am a mjm phae~e it k o m s  a =jar orrnpbnsnf and ahrrrr* ' 

. . llttls vsriation ia the feldrprthio rooka. 

Thrsr of ttw r j o r  amponentr, nmgmriun, Iron, and the alkalima rhcrw s 

I #. , 

I more or 1.0s ooneirtont trend aoroaa the diagraa. The a t b r  Cnr, aluminum and 
' 

oaloiun ahow a 8h.rp break in trend b e h e n  the feldrrpathio and non-feldspathlo . 

. . rook#, oaloium abruptly o w i n g  e o n  a ahep upward to a moderate duwnywd trend, . - - , 

alundnu~ ohaD&ng from V8ry 1- but slightly inoreuing d u e s  t o  ralatimly . ' 

high and slightly inoraraing ralues. Chemioally cpealdng, therefore, the major ' 

break i n  the atq lex  l i e 8  be-n the peridnti tea,  or truly ultrabado rook., a d  

t b  g~bbro. I t  i r  perbpr rlgdiiannt that the sn30r phpioal  diroaotinuitJ 

a b n n  rook8 of %ha ao.ploX 080W8 h k m n  th.80 two d t 8 .  The eXi8t.noa of a 
I 
I 



tonr of m b e a a  aloap, the o o ~ t a o t  b e h e n  gabbro md all-ne a u g i t i b  and t h e  , I  

g l w n  a s  figure 16, page 162. Thla dlagnr aormrpnndr in amgemant to fb 

diagram f o r  tb. mjmr oaapcumm &opt that tb mwlr of the orbikb shtrrring 

mlsoular  raM08 of the dnor ooplpanentr ham bnn a r l t i p l i r d  ILW C i u r .  

Chromium m d  nlokml uu M y  o o d b a d  t o  the parido*itio roaka, with nlobrl 

oloeely oormla ted  with xmperium darbtleoa due to i t 8  prersnoe in llmall amount. 

i n  o l i m ,  whlls obromlum i a  mlatimly hlgh in all ttm p e r l d o t i h r  and i m  present  

ablefly in  ehramlk  !n the o l i ~ i n a  rooka and probably am a a h o r  oomgonoot of t h e .  

mlatiw~ly law-lrw a u g i b  in o l l ~ l n s  urgif ih .  Tho role of o h r d m  In augik' 

ham beon disoums~d 780 

The olose oomepondenoe b d m e n  tlw *nd of m 4 p n r o  and thl; of l r o a  

obriourly irrdloaimr t h a t  mangammr ooawa 1ug.lr.w a arbmtitubr f o r  iron i n  a 

d s i i a l t s  equilibrit~~ ratio. 

Phorphanrs show6 a dimtinot o o m l a t i o n  with alumintmP* It i r  a miry lau, 

almost omatanf, oompaent of *he per ido t i t e r ,  and i a  rnaral f h r  ar abundant 

urd, with an i upor f rn t  exoeption, ~ h o m t  o o a r h f  I n  the alumtnaum rookr. Tha 

mxosptinn i r  thr grurullte I n  *oh, aa has been previously notad, the minmral ' 

apatlta 5n ooarao, anhedral grainr 10 exoeptionally abuodmn*. Tblr l a  tsuo t a  a 

ramerh.t lsrrer e h n k  in the gobbroio pegzmkits, 

The moat r s w k n b l e  variation i s  mhom by t i ~ u m 0  In fbe ps r idn t i t e r  it 

. '  p e l a ~ d  with oaloium i n  t he  rldneuw rooks, but st m moh U g b r  Iaml. In other , I 
. . words, titanium rlwm n ohsmloal d f i n i t y  for oalaium, but  i n  maoh higher rrtior> 

i n  aaloio roalm that high in alum%-. I. ear of the world ~i& a r r w i a t l o n  . 



Onoe r variation di.pa.m bar been onclstruated from a g w p  a? ahemloal malyuea 

0- the pusrtlon a r i s e s  as to whether it muw mytibingo Conrtruatlng a &&vain in- 
\ 7 

volvem taldng a group  of rook annlyseu and arranging thum in 8 rspuonoe bared on 

the r e l a t i n  proportions .of ro~w importsot oanrt i tuentr  Qne rbould not be foo rur- 

pr i rsd  than t o  find thr a h r  oomponentr falling into rmm kind of logiorl order, 

aven i n  8 group of totallr wmlated malyrsa  ehosmn a t  random, booauae the other 

oa~pmmntr a m  m11 ta a- e n t  f t m o t t o n r  of th. oamponmat, rtaoh am ailio*, 

ohoamn rn tb k a i m  for tb diapiua, md all rwk8 hmw t o  obey the ram lam of 

p h p i o a l  ah.ri&ry. 

(hly rhea Che 8rpu.n- l a  Irhleh *he a n d p e r  f a l l  beer  a n r y  oleo6  relation^ 

r h i p  t o  ro tua l  aequenoma of rooke t h a t  u w  mlatsd t o  raoh other I n  the field a m  . 
We, a r w  that tbs VaThtion dhgmm dsplcte a genuinely o u m ~ o t e d  aagueaos o f  

chrAaal m r i r t l o r u .  !be k i a t ~ o n  diagrem for t b  larjor rook u n l t r  of t h r  B l a r k  

Iuland aamplex aeem t o  mf this hat .  Tiu major ro* full i n  t h e  rpriatlan 

d l a g n s  i n  the m m  requwoa that t h y  are mt wlfh la the flalb, both 5,a regard +W 

spt la l  m l a t l a n ~ h i p a  and nrquenos of iormtton. h n g  the rdnor r a r i a n t r  there 

I8 lour unIlom4ty. The auglts dunita and mhrllf. dikea 11s 60 olome to the major 
4 

rook type6 to nhlah they bear the relat ionnhip of apophyrsr In the f i e ld  that there 

our ba l i e l o  doubt that kby rrs e i t h e r  derived direot ly  from the major rook urrltr 

or have formed by tb aaupr proosru as the major &to .  On the  other hand, r ad loa l  

t o  rigxilfioant drparkuvm fronr tim trend of  u i n t i o n  are a h m  by tlm diopride- . . 

, Rsverthelear the minor rooks fall i n  proper requenos &ang t he  abralmr of t b  

b It i r  abPiour that t h r  arrdeafto-basalt melaphyre that har been oomslated with 

an extensive group of Tsrtiuy bamaltio r o l o a n i o r  and dilcsr belongs t o  an entirely , 
.. 

6, as fenat  aor t  of  iv lmt i tm t n n d  and prohably I. ocnpletely -elated sithe; d l -  

r e a t l y  o r  indlmot ly  t o  the  ebbrole rookr o f  ths oataplex. Thir oouoluaion l r ,  of - . 
oourrm, ruppnrted by the  field aud petrograplaio e*&noe. 
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. .. ,;a: * - 
The ohemioal saalyaer bve also tnam oompukd to WJD Wolff :parameterr and ' 

C 
I 

alao britlge nut the nharp dlroontinuity batmen the peridot i t io  and the feld- . 

. - 
ooaponent, a aorrempondhg peraentagm of orfoium i r  mbtraotod Wan the ohemioal , 

do* aoawm Auto $ha  openo om abruptly, aa it doam inhe BlarW 1 a l m d  aomplex, 

' .> *. ". *. , . a rhup offas% in tb t;rrpd wet a p p u  in the wm Wolff diagram, but an earen- 
...I . d. ". 

ti*l parallmllnm of trr t ld ' i t  =infainad, T h i m  in not to lay that a m i h  of 
, 

roob oannat be sollaotad in the Blanhbs Ielanda mnging ~ t i o a ~ l l y  from 

alirfnslrugitik with  raoermorg plrgloolrw through mlmoorwtio gabbror to th' 

typioal grbbro of the aonplex, but moh a requmoe would lie along tb &mhrrd 

. : . lir bobnan auglh-dunib .nd wbbro 4 oon~k l tu ta  a h u p  break i n  the a- 

rvatlan of trend ior both part6 of ths =jar rmqusnae. An anrential dlnaantlnulty 

in  tbs e q l u  b e b o a  ths p e r I d o t l k  and the gabbrolo r a o b  $8 thrrefora nnt 

gabbro ?ad ollvirie urglUk. , ,  

1 .  

T b  ron WolfP diagram also brings out the oa4.anguinuity of' fha aug%te d a t a  . 
. *  

' 
and W d W l i t 8  d i h u  ulth ths radar Wtr of the ample%, *ad the dl+llr~enom iron 

Thr orrigin of u1bw.huie rook h m  b n n  & ll*aly mauros of  aontz.o*army and 

invantian down to thm prmrmnt and, no athmpk -11 k nrde i n  t h l m  paper +o nursy 

the mluminoua libmturs or tmrt *he mb5.et in rr pneral  my. ft Ir oWmm 

a .  at an00 thaf -2% arm anjr kind8 of ul*ahario r o d  rpamreu no+ neaar~arl ly  related 





' Pigum 17, Analyrsr plotted 

Points joined by a o l i d  or darhed line8 rspr*rmnt r j a r  rook umi- of t& 
s: ;-l 

., 
7. Diopsido-ganrst dikm rook outtirg ollrins ur&tih, m p o h n  590, oolum Y,' 

' . -  ' I 

. 10. ~abbroio pegmati* dtLnr and i m y l a t  badlorn b olivlru aug l t l t s ,  aaapa8ib 
, . . I 

I 

epoi~urn, oalumn L, table 2. . . 
$ . . . 11. Gabbroio grarrulib, o o ~ p o s i k  rpoimn, 001- T, t.ble 2. 

. . 
12. Hornblende p o r p m  dibs outtlng l ~ r  Silurian oonglomorat. and belonging to ' ' 

bo l sr i t i o  dlbsa oldor tbsa ths O O ~ ~ O X ,  6p00ieen 465, 001- 0,  table 2. . 

, " .  . . 
, . , 18. Ander5 .b -h rd t  mmlophp of Ib r t l~ rg  dike group, 8paa5san 474, o o l u k  lfi, , 

tablo 2. 
8 .  . . v .' 

. . . 14.. h l d ~ p a f h l o  birr rook oooueng early fomd.ilat lying joint in ali~itm' . . 
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om, tha i ro lrhd bodlor of om kind of  ultrabas10 *oak 

, . ',., :.'+ . : .*. ; . ' 
!, :,:,~,;;?,<:.;: ';,::'.:. r l  

Fg ;h,,,.... . .  ',u..:'.: 
......................... 'mods of emplaospent, ultrabmmlo bodleu ran- fim sharply frrargrearirr to fully 1 . , ,., *. . ,.. .:>.?. .... ,;v;-.. . 

. . , "  . s:.; Y,.?. <:,: i.,!-.i'. tb. . .  ,:.:.. .... 
, .; < ,; ,,,, ,,< .!,+:..,' ,2:'.. 
. .  c...,  ,;:t.:7.,.: ......, A -..;!.a. (.,, : oaabor&ut. They aatn~? in ragionr rhrn tmatbnia 80- f n m  i n h a a  

.<;.,* ,+,;,,;,., ...... 4 . . .  ,?!?., . .  .;<.;.: .c, +:, 
: . , . !. ,:, ,..';. ,.::.:;::. -.',"' I . .  , ........ t: . .  dmfomatios a d  rshmwpblsm to lulatlmly und.fomd and ummfamorpbsed. In - , 

*'.. . ::;.: a> . :. . .  1 C : . . . . .  I .  . . .  
.,.,>: ;,: .;; .,.'.; i.: 

, ;,f *.:;:. , '. 
,, . , : . :  .'. . 
, . . . .  .,; ,:%? ., ': . ,. 

axplninlng thm orig- of +ha Bla.abbr 111uid awqplax wm am ~onoernod only kith . . 
., .>.: - i .  .' . , '  : , . <: .!. .......:.. ... 

.* ," .,., , , a owomntrloally ronmd mtmplax, ht them nay davalop inpllo~ticms i n  regard to . : ' 
a * ,  

, I . "  , 
.I 

, ,: . 7 .  ' otbr ultzabrrlo and k m i o  roolrr. Z 

'. , .' . 
w *  4- . 
.. - . Theoriee of origin hi+. mhmn at learnt am great; a d i v a r n i ~  &r f hm r o a b  

' < , . . *  
,T - 

G I  I 
. thmmsl~~r ,  mnd -6 Ir perhap# rr it abuld be, sxoape that there ha6 boa  r 

tendenoj on the p w t  o f  t;hs t h a r i n t s  t o  extiend their theoi ier  kjrood t b  r o o b  ' 

1 

ka witlob the7 rmra applioable, thus enoaunterlng Motion oaaring' from ather dl- 

r004don~. A t  the premamt t b  wwral min liner of rppraaoh t o  the problm a- ' 

. p- + . . , , , . . 2. Other k i d s  of diffamntirtian o f  an ordlnar~t barrio nqgm ri%h rubrequanf: 
," * 

* -, 
' mbdifica%ienr ko tb ul trrkr ia  fraotian. 

, " , ,*' 
. . . I . . . .  I - 

* ' . .  3. Cold or lukedam lntmrlan8 of s@qentins, ol ivine lubrioahd by serpen%itm, a 

. - * I  * . . . 
' ,  i .  -. 

. .+.. or alivins undsrgaing plarticr deibmselon. 

* . *  . '. ? '  .' 
the author's -9- abns of t b a e  general apprarohom ha*r h e n  mppllsd t o  

1 4 -  * . L ...... 
I . - .  , . . . . . .  ;ormaetrioally coned u l ~ ~ r 2 0  oomplsxas wi th  notablo nrooeaa. F?owowr, mtah of 1 . 

......... &,;,, ... .+; <; . .  ,* 

" *be mxhnrim Rurrian Iltemtura ham h e n  imoosrrible, md It i r  in *ha Dmlr . . 
.. 

f a - +  
. . . . . .  that of tb flnsrf e,r*mplam of ,%hi. tgpa of oompxex am found. -, I ' '  , . . . . . . . . . . . . .  . 

1. , . C I  
, - , ,  . , 



An in terns t ing  1ifht on the problen of eonaeotrloolly toord ultmbarior i r  

thrown by Duparc (Duparo and Grorret, 1916, pp. 226-227) rhow oonoluaioar mgw&- 

l a g  the or ig in  of the U r a l i r n  oopplrxer mr mhtbd 4r S o l b w ~  in 1916: 

"fl pmm ît inoontertrble rl\w r* d i f f c k n o l a t i a n  r r e r t  iklfs en d-t tout drabard - 
ml8mmce rur gabbrm, aux noAkr,  a t  .ur rooher +ubordonn6er, om q u l  r eu pour 
r4rultat la f i n t i o n  44 la prempur tot*llt/ d. l'alumlnr, drr a l o a l i s  a t  d*w, grand 

: pur t i e  do 1. ahaux. fA mmgm emf aisisi dovenu r iohe en fer e t  an m p 6 r i e  a t  paum 
an alumlnm st m d o r l i s ,  oonditioa r amrab l r  pnrr donner nairranao aux p y r d n i b m  
p u  uno noumlle d i f f d m n ~ l r t i o n  qui rwa, aamms auntre-aoup i d d i a t ,  la  a 6 p r r t l o n  
de la koslrllx e t  des tllaltsry la pramiire, par addit ion au pyrbxbns e t  A l'oliviae 
da la rcorlo fem3fAm lrrfis libm st qui sntr&a mmo ell* une partis do l ~ ~ l ~ n s i  
la  seaonde, par f lxa t ion  db matrot do 1'dUPSno +t d e ~  t r ~ e ~  d4aloal ia ,  a m w  
plagivalrosb bamiquss. Dee l a r r  1s nngn epulmd en oerquioqder,  emf dsvemr asaan- 
t iel lement ugn6mlen, la t o t a l i k  do la chnur ayant en ef fat  . i t 8  fixim dans lam 
pyoxdnsr e t  d&nr lo8 fbldlpaths. I1 so troum bins1 danr den oonditinna fatorabler 
pour donnsr fmlmslooe b la adparation 1m8mim dlun b i l l i c a h  femo-magn6~ien, a ' e a t a -  
dim & do l ' o l t v b a  oamprola~ c t e s t  done la U t e  qul ra dm8 as8 aonditlonm mpd- 
asnter  1e pradult  u l t i m  do la diff6renoiat ion m p u t l p u e .  I1 pantt hnrr de douk 
par 1 'sxmmn fait mar 1e tstrrin, quo oms d5ffdrenolntionr mooenri*Pr ront  oon- 
oeatriquea, 10s grbbror i 18 fir iphdrie a t  l a  d d k  ru oontre. L * o a a b n o s  de 
ohapsaux de pymx6nitea rana rlaino, l r o l i r  i l*lnt6rlsur dea mnrsifm dunLtique8 a 
p r a x i d t b  M d i r t i u  de la  osbturo pyrox6nittqus qui ei roonror i t  oer dernisrr, *n 
06t  I.UM ~ U V O  6ddmhbs. '  ..- 

e Ta medern m d e r r  thlr atatanent dl1 appear ad*, f n  the rxtr-, roverring 

nu it dams Chs ocmplstr mequbnoe of m b b l l i t j r  r e l a t i o a r  that ham been ertablinhed 
b 

f o r  r6obSorm%ngdllaat6 r r r d b l a g e r .  In h o t  if must bars ssenmd ao t o  m n y  pet, . , .. I.', *.: . . .. .:; . . ' . 

'. ..., .,.-< .... r a l o g l r t 6  kt  the . t b m  if, . nm+rittea. . kt nithit Chb prement writer m t r i l r e m  one ' 

note of oamplah aaoard* Ilu aonoentrlarl ly sonad ultraMm10 oamplexes a s r t r i n l y  . 

look am if  they bnd Somod Irr the order m g p s t r d  by Dupsra. Therein l i e s  the rub. - 

tuned orr~plmx i n  Brltirh Calumbia, rsoognized the problem aad for.rhado&d o e r t r l a  

aspeats of. a solu t ion  tbrt rill k dmrsloprd in d e a l  i n  latar rbotiona of thim 

" ~ t m  process doe8 n o t  appear t o  be rlmply a oare of frmational oryst*l l lzr t lon 
and gravitativm adjustment, booaure tb rtaok ahauld then ohm a rrpsrat lon alone; 
horftnntal l i n e r  inmkad of,  am it; notually doer, mn aold rho13 around I baaio o o m l  
but  it appears rather t o  tho author a6 if t h e m 1  ommotion cumeats had been a r t  
up i n  the ~ g a a  obarber, and thaf, i n  the ndmf ion- o f  the material around the 

- ohamber, oar t a in  x h e r a l r  of tho m a  p o s e  md eepr&ed  out  along the  o o o l a  
mills. Suoh a proosrm o f  asparatlop 5,s f!i'aqumtly ma@ ure or i n  ahemistry and has 
been 8uggeshd by &akrr as r p p l l o s b k  alr0 t;a igneour r,aaka. Thlr probeas would 

* ,  



Lnvolve fraatic>nal arprtalllzatlon t o  same exbnt, b u t  t h e  f i n a l  e f h a t  would 
be that wkich ntm ;vchtaina i n  +hie rtook, namely, r core o f  paridotite surrounded 
on top and on all sides by n she l l  of  pyrorertlte. In tho broad* part& of 
tha stoak tha top part of the  she l l  has bean eroded any, rxpo~ing the  p e r l d o t i b  
aore,  W l e  i n  the w r m  p e r  the pyroxsnite oover s t i l l  pra teot r  the paritlo- 
t i t o  oore o f  the i n i a ~ o r .  To urn a sbuple i l l u s t r a t i o n  the atook rerembles a ' ' 

hard bailed egg, the  psridoti+. b i n g  oquivulmnt t o  tho yaU, sod the pytmnite . 
t o  the  w h i t s  of tha agg. 

Tbm otqmoitAon of the or ig ina l  m p  war probably i n h m o d i a t e  bobmen thsf ; 
of the bm prlmiprl of rook#, md the  m u l l  dyke6 rhioh out these mob, 
aad hrve muoh a oolppoaAt;ion, may reprenent pnrtiaan of t;bs uadlfforentiatad nmm . 
injrotmd into the ooollng amkm of theaa roolca." I .  

Yodsrn roaderr Mlhr rrifh t b  rrritiryr of B m n  (1916 g Barran and Sahrirer, 
. - 

' .  ' 1935 , pp. 392598 )  will quail a t  tlae readlasrm' nit& rhCoh C~lmsell 48-r a 

highly fluid p e r l d u a t e  mgm mnd a t  t h o  mabanlam that: b ptopomea, but tbs rook 

, . r r l a a a n s h i p a  t h a t  ha desorlkr put,. thm problem aquarely up 'h or. . 

A aenuaiour e f fo r f  haa k . n  a d a  U I u m  ibr Oo a d i n .  t h i a  report to h o t 8  and 

0 ' 

relationmhlps obrrrrad in #a f ie ld and dmhrrPinrd ia the laboratoxy. &oh infer- 

. enoes a8 have bow rvde haw bean of  a l u t e d  and knfetfva naburs urd, at lee& .. ;. .: . . 
'..in tbi + ~ t h o W a  -, ~ t r o m g l ~ ~ ~ ~ d  by o b r m d  h&o. Tha obj.oti& h.8 

bssn.to build up rr  ocmplsto r piohre as possible of t h e  Bleebks faland omplmx, 

oalorsd as little am poarible by pn-oonorlrred idear  of haw 1 C  aught to be, 

Bo doubt: 4 number of mporf'io%rllf applicable idear fbr explaining the o r i g i n  , 

of ths ooaaplrx h.rr mhw* kra effectlwly elinbnnbd from metiou~ ocmsidsrstion * 

by tho  abrlauw 5mpliartLonr of tba obremmd h o t a .  For example, t he  hypotbs lo  

of 8 oold i t r t rur ion i m  rapIItmd at onoe by tb strong the& m c ~ t n m ~ ~ h i r m  v d  

the oontactn, bu* fir +Am nb of oamplstsmsm tbro are met forth b.lm all of 
I 

th* gmaeral fdndm of hypotbsss *hat ha*. oooumd %a t b  author a s  possibly qx- I 

fat)@ of it. Thia l isting of gsnsral Unda os pomrible explrrufloo* bsgioa w i t h  

purely meohaalaal md m h o k u r i  aohemes, followad by Sdsar i m l r l n g  both etruo- 

funl and ohsdoml proooaoer, rod oonaluding with hypobbrer  thrt arm large17 

absdor l .  laturrlly mat of t b n m  ho.t;heaem w a  d s r l ~ ~ d  f'rum idarm aurrsnt i n  I 



geolog5a l i t e r a tu re .  An attempt ell thaa be mnde t o  elindnuk those t h a t  oah 

be shcm t o  be untenable atid deoslop i n  de&l m hypathadr t h t  the present 

author frankly favorn. 

1. The oamplexwas e q l a o e d  ar a solid masm of r r r p n t i n a  or plastioally de- 

famed o l i ~ i a e .  . 

2. Tho ooxplex represent8 a sequence of 8epnmta lntrurianm h&ng a ring d i b  

petkern. The-ouoamrmlm Intrusiotm mry be entirely unrs1at.d or related only 

In a broad, general way to a regional o p l e  of p t rogenes ls .  

3. The oomplex i s  a ssqusnoe of ring d l k a m  and a oom. The suooaomim~ rook 

units mrs der5-d by d i f h m n t i r C i o n  a t  a lonor 1m1 of a single o r  oomplsx 

s a u r o e - m a p  and iujsot+d i n  the ssquenoe i n  vhioh they wars derimd, 

4. The omaplsx formed by d i f f r r en t i a t l an  af r m a p a  In an e n t i r e l y  d l f fb r sn t  

pawrn, ray as s rtratiform #hoot, and u a a  rubsaqusntly t l e f o m d  by aouh damhag 

i n t o  its apparently conasnttio ocrtlfigurrtion m t  the lam1 a t  *oh it i e  exposed. 
. . -  

a .  5 .  The aomplsx l o  a araa&atiou of a 10-r leva1 of a m t t S o a l l y  exfsnd.d 

m a p  oolumn, perhap6 t a m b a t i n g  In 8 mloPnie rock. Dlifarsnt la t iun  of one 

Mnd or mnther resulted i n  tb r la ing  of aal io  f'raotions of the   ram mid the 
. . 

rinldng of &la f h o f i o m  wMoh by m a  o f  the o a n ~ o f i o n  pa+tern set up, - .. 
* .  

ool l rc ted  i n  a aonoentrio .aonf'lgurafion near the bare of t he  oolumn, Other 

. . orora-sratiana a t  other  I s m l o  i n  f b  o a l m  would reveal diffmmnt rook t y p e  

and perhaps dif%mnt patbrnr. 

r o o b  sated on by 6- energetlo agenoy d5Yfieing outward irm a oentral rouroe . .- . - " .  . 
; or lnrrard toward a oentsr. 1 '* - . .  . . . . , 

, . ' 7.  The oomplex f o m d  fram a rimer of aagm that war lntruded i n t o  I t 8  prose& 
. . 

- ' poslt ivn and farmed aoaoentrio ahel l s  through some mthd of difYersntiatioa . 
' - 

* .  
tkt mry ham lnoludsd eequsntial oryata l l lza t ion ,  vigornu. &+ation with en- 

I 

. slueing rook, und e x h a a i m  d l f f e r s n t i d  difftutaa of *uiau# aamponmntr a104 
. 

~t;rong 'tan~~rature and oonomntration gradients. The nar vsry hok but n o  F 

1 .  

. .. . . . . 

. : a , ,'.., 



not necoasnrily entirely liquid. It m y  ha# been a pnlyphnlre maw cnn- * :: siating of a mixture of a rys t a l s  and one nr nmrs fluids. . 

1. Snlid I n t r u d o n  

This  hypntheoia lary ham #oms aoeeptanos b a w r s  it meem8 to sxplmin aer-0 

aerpen+bs mnrrer, bu+ It brad8  d m  orrqplmhly i n  the  Blaahke faland.. Strong 

rsamons f a r  m j s c t l n g  my dsforaation sfter 6erpsntinlcat lon hum baen glmn 

(p. 77). and svoa i f  m admit that an o l l e n s  m.8 may be psaullarly adapfable 

to p l a r t i o  deforrmition before serpant5dta t ion ,  ue~ muat g i l l  aooount for  the 

IM~BJYQ, eoaxne-gminad, pymmnita ring wi th  its amplet;8ly unsbssr~)d and un- 

granulated allaMmorphio fabrio. The many minor i r r sgu lu r i t i e s ,  t he  gradational 

oantaotm be-en d d t m  and ~ o x s n l f s ,  and the gabbro ring am ebuplbling b l a o h  

' This hypotho~im m y  be rejeoted almort * n i l y e  Prom t h e  tsgiond point 

of vim It f a i l r  t o  explain tbs olow, a ~ t r n o I a t i W  In a fsrr well-defined i s o l a h d  

oo~aplexem with a r y t a e t i o  omoenk io  r t ruo tum a0 t h e  dunlb-pymxenlte-gabbro 

srquenos without  fhe random dsveloplawt sls&era I n  the region of independent 

dunits and ggroxenib nm88em with  dlff'brsnt ~eooolaf ionr .  It lnralvam the 

orsation of tm Nghly  s p a i r l i t e d  mgmr, one pyroxenltia a d  th6 e the r  dunlt ie ,  

oapable of independent intrueion#. It can be made to fit the  pattern of arypkia : 

cwing and syatsmatio ebmiaal mnd mineralogloal rar ia tdon ahawn by t b  aamplsx .-A 

s .  

, only bp rrollmbg r oamplioatsb sequenae of i n b r a o t i o n  and mutual contxdaa*iaa 
' 

. , 

betmm the euoosral*. latruniotu. The overa l l  petrolog%o, mlnernlogioal, ohem- . ' 

; - .  i 

l o r l ,  and rtmotuml u n i w  of  tho aomplmx belier 8uoh am adventitious origin, . 

. . w 

3, Ring diks mequanoe tl1fferentiat.d a t  b p t h  
. . . . The or ig ina l  msw In the Blsrhke Ialend o q l e x  oan ham been nn losr mafia . . .. . .  . . thaD a atrongly undsrs*turatsd gabbro, fo r  from it 4IUbetantial.ultrabado k ~ o -  .. 

. . 

Mona mart be derioled learlng r normal saburetsd gabbra a6 the molt aaid frao- - * 

I). , 
, , t i a n  of m y  quant i ta t ive  Lmporbmoe. Bsfora injeotlon.took plaoe a mbabnti*l 

part of the dlf f rmnt ia t ior r  m a t  &m Cabon plaoe In tho  = p a  ahamber beoaum , 



the  gabbro ring jr largely oollposed of matmrnted-or only rlightly uaderwahrsted 

gabbro. Cmuldrou rubridanoe am a r ing fraebm of r blook of oountry rook m u d  

,- then ham enmuad with tho upwelljag of tb gabbraio hotion. The mohmn5.p reew 
I 

fesr lble  up to th in  point, but here it meets fa- d i f f l a u l t l e ~ ~ .  From t h i r  pnlnt 

on, t b  nrbridiag blwk arrt diaplaoe f i r a t  pyr-ajt. md than dun lb ,  f o r  pro- 

mumbly t h ew  latur h o t i o n a  of the mgma dl f le ren t iahd  by Raot ioar l  oryahl-  

dnm r   st hod of differrntintlan mast be &*inad tha t  oan praduoe l iquid fraotiorr~ 

a f  zlsla#-ly puro dunitio 4 pyromnltlo ooapoaitino. It would be beating rn 

drad horw Co prrh tho ring dlbs m t b a l a  any M b r .  

The ring dL& m m o W m m  i r  ipdspende~f o f  iokuaivw pressure md de- 

. pndr on u p u d  dirplacslwlrt of =gum by nrbsldenar of a ornatal bloak into the 

=,pa o h d u r  ( M o w ,  -m, rad otherm, 1950, pp. $8, 59). A s a n m h t  mare 

em*imlng hypoWeais almg tb l iner  o f  r ing Itr-burlon d i f f e r en t i a t ed  a t  depth 

a oan be nmda out if  the p r ~ r i r *  arahani.nr is abandoned cldd it i r  rsawad t h t t h s  

gabbro n r  intruded ar r plug into the enoloring rocks, t h a t  Ulls plug partially 

rolidif3rd wound the imrgiur, and t h a t  the e t i l l  pl r r t io  oore of the plug aerrsd 

a8 the avanum of least; mriateaao for the faraibla 5.nha;ian of pyrozenlkm faolla- 

ed by R dunltr Antmeion into tb oars of the pyrawnito. T h i m  is errent ia l ly  

ths hypotbair offered by A h  (1903, pp. 281302) to explr5n La oaonaentrio 

arrangemn.t of' rook 4 q p  In the Mount Johnsun iotruaivw of ths Hm.t;erugirn H i l l . .  

Ths mjor d lmou l t f  nfth t h l m  nmdlfioation of t b  ring dlbe hypothsmi~ am 

applkd to m ultrahais o q l s x  l l e r  in the nature of the mpporsd pyroxsnltio 

and dun5fi.o d i f f s ~ n t i a t o l a  It m u  pointed out  above tbaC both ultrabario fho-  

tioms bad t o  k eltbrr.lugbly rolld oryr ta l r  o r  elrm l lquld diffsrsnt iafra ,  for 

wtdoh no porriblm rado of origin o a  be irPagined, at l e a s t  the miter oan iargine 

morn. 'lfa .videnor i m  m n  i o  the fkbrio of e i ther  tha mooeira dud to  or the' . . 
. 

pyroxsnltm i n  the B1arbb Xm1.nd  aomplex for intrurion a h r  being fully d i m r -  

entlakd m d  ainogt oasplmkly rolib. Them may b. way# of getting wound t h i 8  

. . . , , . . * --.a. -. .- , - .. - . . . 
. . 



dif f loul ty  i n  tbe oaua of dunst., am h a  b a n  ouggs.t;rd by Borsn and Tut t l e  (1~8, .' 

p. 456), but  ths ooareo , allotrlmuorphlo-granu1m.r , unutralasd sod unsheared -. 
fabrlo t yp laa l  of the oli+lae a u g i t l h  i n  the Blamhles fmland orwplex a p p a r r  to 

elidnab molid i n t r u s i o ~  o r  s m  d - r o l i d  i n t m r i o n  rr a kfbod OF mmplrom- 
- .  . 

m n t  f o r  the w o x e n l t i o  roak8. The mcqemai~~ lntrurim of a h i f f e ren t i a t ed  

amqusboe fr l l r  drnm on t h i n  rearm alona, but numerour d l f f i o u l t i s r  I n v v l d ~ g  

af rock units nro a180 pmmmnf. The asrumption that orypt lo  oonAng and grada- 

t i o m 1  oontaotr oould be mxplabmd by reaotion md ammimilatian h h e n  the sue- 

beoaure am rueh Chmy aro pr08~1uably already clam0 t o  equilibrirrm kith each a the r  

and no longrr  etrongly reaoflvme 

4. Dcmlng of a utratiform rbn4 

Thin hypolAerir o m  be suummrlly dirmimmsd on t he  ground# t ha t  +he eontplsx 

a .  r h a  no oddenam a t  al l  of intenme dsfarmatlon mbsequrnt to i t 8  io rmrt im.  Ths 
.+ I 

thiakuems of t h e  rook unit8 Lamlmd as oonpsmd with t b  d h r l o n u  of the 

o o q l s r  would rsquira mry r t rong deformation ta ach im' the  p r r r a t  oonfigura- 

tion from orlgLzally f l s b l y l n g  strata. 

6 .  Different ia t ing  8 a p  aolumn 

Maures o f  d d t e ,  mhrlib, and Lbrbanded durclb and o u g i t i b  are prorent  

a a  inolusloor In lam and ejsobmenta h.am baual t to  wrloan'oos (Maodanald, 1949, 

pa 1558) lndionting t h t  moh roakm do f o m  5n oalounlo oonduitr,  although them 

5s no e ~ d e n a e  fhat t h e y f o n n  i n  large bodiee or  oonoentrlo owlplmxer. If a 

magnv 11 uQdsrgoing d l f f r r en t i a t ion  by fraetiorzal c ~ t a l l i r a t i o n  in a roloauio 

oonduit almg tha  llnsm dererlbed by Bowen (19a8, pp. 159368) wu my rxpoot the 

early fomtion of olivine oryatalm I n  the l lqu ld  sod their sialdng to forn 

aooumulatlana of alsr lrrs  in tb l m r  p~% of t h r  oonduit. The examples givan 
I 

t 

by m d m a l d  i n  tha rafmnnoe o l b d  a b m  show t h a t  theam a e ~ ~ a t i ~ n m  oan 

aggregate and ram prmmor with .tho a l l o t r l o m o r p h i o ' ~ u l a r  bxtllrr oharnabrirtio 
. . 
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13.- tho oom and axhtbltm et- flm wtmohuwr d g  to the oonvmotive air- 
*. I . -  

oulatlon If undmmnt. 

S- of t h e  oonomntr;5a*lly ramd por$dotlt;m s o l ~ p l ~ r  in the Vral .  (Durn 

and OMw#mt, 1916, p l a k  f )  are irohtod W a r  'mnolorsd here aad t h e m  irr . 

maser o f  gabbro bi hthbllthk proportioar. trgW bo h e a r d  that tbrm 

p g r ~ ~ ~ m  thrt 001lbof.d beneath plaamm where thd gabbro prrr mxtnrlrded uplard for  

r ommidmmble d11Carroe or reaohod the murikoe i n  ro lo in io  vea-t;e. Olivine would 

a r y ~ l i r s  In the higher -8 o f  the oalo~rr md pile up bolcrrr. Evonhally th, 

supply af olfrlns muld k axbaurtsd aod pyroxem m u l d  mettle out and math 

the p i le  of allvine, &oh by a proosmr of parthl mlting and gidng up of  r 

. little i'ayalik nmy k mpporsd * ham ilntarud 5nb a mtwp-wnUed, sol id  

ma8 rather %hen slumping out omf the now of  tho ahadibsr. Plrrolly *he en- 

g a b h  nnsm wwld o q a k l l i a a  wound It, bu* it I8 dif f ioulf  .bo awe rrtrJr Uls 
- 

a' .  . gmaf. prrr of gabbro mhould b. oqqrbioally coned end &r@ af no-ti*. oliv3.m- 
3 ,  

. . -  byand the h m d l a b  rittialfy of the perldotlte withouh a proossa - of ooavsati*s 

. ' o l r o u l a t l o n  md return o f  olirinm-fme maw t o  the ohambsr beluu. . . .  
Th. hypa.thsalr outlinrd rbvo h a m  ths typloally unoonvinoing alr of most . ; 

geologfml rohemr axtend far beyond ob8emble faote and seem t o  rrqulrm " ' 

. , 

. ' . , an axoerrlve mount o f  what mlght be 8kyled " n r b t e r ~ ~ ~ m  plumbing," but lt mrpr 
* - .  

. d 

. . *. ,-be o m  oanmelation 4m bathore utu~ ass crystal mottling nu the only f'maalbls . , , 

, .  -*hod of quantitrtios nmgmtio differentiation and basaltio m a p  am the only . , ' 

* .  I .  . raw material. h a g  the problsnu t h a t  it doer not r o l r r  I 8  tbat: looally the . 
' 

. a  
, . . \ 

* peridotits in fh. Blarhb Islandr 58 l n  Wet oonfaot with oomtry rookr *nd . ,. * . . , 

.. , , ::. .,., # . .  : ,  hem .t;b oountrp,;rl)al~. ba- undergone .a N g b r  d o p e  of thermal metamorphim ' .. 
... '. ..; .. , ". . , ,. . 

. . .  .. .:-.. 

-. : thm *re they am ln oontaot r i t h  gabbro, A~rthermors the  praoear has t a  , . . , 

- _ .  o p r a b  asax tta bottom of  8 long oolumn, whom prsmmebly rll the rook8 -, 

for ammidorable dlabaoes eround ware ra ined  to high twnpemturss, nnt Juet 8 .  
. ,  . 

ton* a fsr hundred i.at Wid.. Tbe intrurlm rrlationa of the aarginkl faolee ' 
. . . - 



for,  The many large *ad amall irreylaritier in the dunits-nlhiam augitits 

a o n k e t  are not iooounkd for, ft 1s dilYiault  t o  believe t h a t  ruah a proobra 

[.- oould remult In suoh a high dogram of monmmbaralio segrmgation. The lrmwnt of 

gabbro i n  the Blaahlca 1.1- oomplex i r  dbproportiomatelf -11. For t h e  msahsnl 

ex ia t ,  so ttut Tight  dona to the o q l o t i o n  of the praoesm Che aan t ra l  oorr of 

o i rou l r t ing  gabbrola map%, Gabbro I r  wry i r r egu la r ly  dtr tr5buted m i d  looally 

p r e ~ e n t  in r mry thin tam or  ntl~rring mound the  northern and 'lli)etdrn mergine 

of the  81rmhk6 Island oomplex, We should e x p a t  there oamplsxer only h the 

deeper roller of gabbroio aa- ohmberm and not i n  nnrruw neoks out t ing  rharply 

thrnugh Im-grad. mt6morpUo rooks. Where a mohnl8m of crystsl s e t t l i ng  and 

oonmotion has been wall established sr t he  effaotiva prooerr of d i fPeront ia t ion  

i n  a basa l t io  aapm, af whioh the Shergrard  in t rur ion  (wager a d  Deer, 1939b) 

I 

I i r  perhapr the f i n e s t  example that ham born warkad out i n  d s W l ,  the r e s u l t  i s  

L. * ~CPYtiform ~ m p l a x ,  as waild logioally k expeotod. 

Uabl (1946, pp. 417441) has reoently advooabd I meohrrrlam of thermal dif-  

f'union rad a-otion am a ammr of differenCiPthag aagmas under thermal gradienk 

' bared on nsr expermnkd evidenoe of the effeo.t;imnera of kits proaemm. The pro- 

oers as outlined byllahl 1s most effeot ive  in .tall oolurms of l i qu ld r  o r  p e e r  

wifh r e r t r i c t s d  oroar-aeotionu. Wahl oites numorour experiments on solutionm 

and mlrturem of gasaa t h a t  ha- n r u l b d  in the  development of  npporita ends of ' 

. , 

. . tbs elongated chamrkmr oontaining the  rofutinn o r  gamous dxtura of rew& . 

. . . ' f raot innr  Mth strongly oontrauting aonoentrationn o f  rar ious  i.an8, atma, o r  ' 

. , . molaoulee. Thin d i f ferent ia t ion  of *he l i qu id  or gar 16 oruued by a strong tcbm- : 

peratura gradient  f'rcm tho oolv of a long, narrow tube m h r d  o r  &om one w a l l  . 

0- . 
f e m n t i a l  d i f h s i o n  of oomponentr and t h i s  rarrults i n  d e n r i v  diPforenoem t h a t  ' ' 

dart oanmotim ai roula t ion  *thin the mysbs. Nahl b r  ruggrrted app l ios t iom 



of tb mahaa5ra to a nwbar of d l f f a n a t i r h d  rook oomplsrsr, inoluding r m n l  '-. 

that haw a aonoentrlo roorl axrmgmment of rookr ~ o g o u ~  t o  thr Blrehku .-- 
Inland onmplex. 

The rook oo~~plswe o l b d  Wahl thrt hum oortaln poh te  of 8iadlaritJr 

. u l t b  the B L a h k  ~aland'oaa~plrx rrri Mount Johneon, Xonterrgiui Bill8 , Carm&) 
AJmmge, m n t r a l  Snrdenj X o r r r  U k ,  mouthern pait af' osnttrl 8mdm; sod Magnet pi 

. . 

OOT., Arhnwrl (Wabl, 1M8, pp. 430440). All of theme bodla8 a m  nlntlvoly 

of r o a b  with basla oorrm and r lka l ia  oubr oaae8. Ckwxdcrallg there 1~ ooamidor- 

they drily ohm an snriohmnt i n  alumina and roda wtmrd aad l h  and t r a p a i r  

imnrd. So& plqm a rubordlnate r o l r  in the Blarhh Irlrnd oomplst, alumina Am 

rirtuallr ~ b s e n t  frw the two msjw Smmr toner, rrrd within theas tones lim ln- 

a. Them I m  one p o h t  about WahlWr appli'oatioll of them1 difYurioa end o o m o -  

t i a n  to oonoant;riaally r o a d  oonplaxee that, on the f'aee of it, i r  not oonalntmit 

with t h e  exper-ntd oi*d ar~exnnplifyiag the proosmr.  be experiments, u t h i n  

author undarrturdm t b m  oorraotly, i n v o l ~  aett;lng up a ~mpbxriars gradient from 

.the u l r  fo tba ral l r  of tube oontaiming r fluld 8olutioa or mlrture. Under 

tho. influenoo of thm temparrturs gradient a relative oorloentratian gradient brm 
. . .. . .. - , .. - ... . .. _ 
. . .:. , . ' th. ' :arnbr wclua 16 amb ap betmen tb o & m n t r ,  depending on thair  'differ- 

. . 
ant  rater pi' t;hmxaal diffusion. At tbs BRW tim r omwotlmn w i l l  be re* up, 

the fluid rlag the mllr of the oolunm ridking if it8 d m r i t y  has Inarmred due 
, 

, : t o  thm-1 oanh-aatioo o r  enriolumnt: in r heavy aoqmnant, ar r la lng i f  it ha8 . * .  
' been ruff'laimntl, e n r i o b d  i n  i l i g h t e r  componutt, ~rhiie .tb f lu id  111 the oent;sr' '. f. 

of the 001- nil1 nova I n  tb oppoaiw dinoti tm. In t h i r  m y  the f lu id  rrill 

. boooar pragsmmlmlg mriohod in' one oomponent rt o m  end of the tube and i n  th* 

ather oo.ponsnt at the ether m a d  of th. bibs fhrwgh a 00~t inu0~8 oyolio 0lraul8- 

t ion unWl an 'mqullibrium L rarehod. A t  t N m  point the  bot;tam of the tuba +I11 . 



oontrln a high oonaentmtlon of one oomponerrf.md the a w i l l  oantsin a high . 
oonoentratton o f  tba okbsr, but the oonoentrakion ,ndimnt i n  e i the r  o&ont . , 
from the  o o n  ouCIlvd a t  mp gimn 1 m l  in the krbi rrlll  a t  all t h r  drpond ' * - 
only on the different ia l  r a te r  of  thermal diffurion abd no aonomntrlo rorvl  om- 

osatrrtionu of arrs oompownt orsr  tbo other oan be sxpaokd in the beyund 

that  produoed by m5mple them1 diffurion. 

If tb abom h l p i a  i r  oo-ot, .?ah1 m y  have polnkd out r vary ef feo t i re  

way in whioh magmas may diffamnt ia te  in to  di f ferent  f lu id  Praotiona at: d i f fe ren t  

l e ~ l r  in  a -gum ohambsr, but wlthovt nedifioation it appean no m~rs efhot lvm 

than simplm them1 dlfhmion alone in produolag oono.ptr10 s o d  dis t r ibut ion 

of rook types. However, W a h l  points out a t  tb. beiinning of U s  papr ( ~ a h l ,  

1946, pp. 4 1 7 h ~ 0 )  naw oxperlaout81 eddenue rpd other reaaonr for be l lwing  tbaC 

simple thsnm~l  dlfftarion m y  b. hr mom sffeatir* tbrLl ha8 h e n  generally be- 

l i e m d  by arny psfrologirf r . 
a- . In +I- of the i d q u r a y  of +a& of the  mom aonvontlonal oxplanatlonm, lh 

praoers of tlm-1 d i f f ~ ~ i o n  and oonveotion propameti by W a h l  offers a mlom n~ 

approach t o  the problem of *e oonoentPio ronal arrangement of r o o k t f r p . ~ ,  and 

uatll it ham k e n  applled exp.rlmn+.ally malutiona more marly approaobbg 

, rook -8 m are  not en t i t l ed  t~ may on a p r i o r i  grouodn rrhat Ita ef'f8etr are 
. . 

. . l i lmly  t a  'b.. For aor thing, thettarmal diffurian md o o n ~ o t i a n  uysCsm r o t  up 

i n  rook magma mid o e r k i d l y  k modif5ed bp t b  onret o f  fraotlom3 oryrCallira- ' 

. . . - t i o n  nnd the lntroduotlon of golid pharmr in to  the oanvebtion sprtem. . I + w w l d  ' 
. . L ' 

a180 br mdlfird by reaotion d t h  enoloning roaka. . . 

< .  . . ' 
8. YsW~onat im 

. . The author &or: mot f e e l  hilly enough at h- i n  '*he f ine r  point. of ''Wurm- 1 
. . .  . 

f o d s t "  doatrime t o  wen be nure that proponent* of t h i r  prooear would o l a b  * 

8 ~ 0 h  aa origin fo r  a oamplex muoh as the Blarhke Island, but Bsynoldr (1945, p.236) 
. . 

ha8 advooaWd l r p l r o r ~ s n t  of oouatry rook for t h r  generia of blot$,+ psrldoti- 



3?2 
. . 

and b i o t i t e  pyroxenito end a suite of ~ 8 ~ 0 c i ~ t e d  basic roola, and k o r o i x  ' : + ,  

4 '  (1941, pp. 261-266) ham c h m  that a nsrrvw bend of rook r ioh  in farsbritio 

011- encloaed l a  a biaUta pgroxenlk probably P o m d  by pnmumntolitio aotion. 

I n  the B v  o8mpl.r demoribd by Reynold8 the p r i d o t i t s r  U a  a ~ m o o i a b d  rlth 

a lugm mrr of granodlorib nnd i n  Reynoldml rim ham f o m d  by the l o o a l l u -  , 

t l o n  of i ron ,  m*guedtu, and d o l u m  lonu in a ~o-as l lad ' h a l o  front" advancing 

ahead of  a wave of oodluu, oaloium, an& r i l i o o n  a t o m  that produoed the grarro- 

. IO im truo t h a t  tbe e n t l m  reglon of mauthearbrrr Alraka abounds with diori ts ,  

quarks d i a r i t e  md g r m o d i o r i b  Lntruriunr. In feat it oonfaina par t  of an* of 
. . 

. . t h e  lvgemt  of ruoh mnrreir haom - tha Core t  Range ba thol i th ,  but flmre are no 
. . 

e w r s d  marser of my r i r o  nearor tban 12  mller f rom the  Blrmhka Islandr,  though 
I 
I " 

admittedly t he  uaterr of Glarenos S t r h i t  oould eonaeil  ather bodlea of onneidar- 

able mlre and my amount of  It may 110 beneakh the pmnent rurfaos. Hmever, the . 

I) 
I .  

oounw r o o h . o f  tho B l r r h h  I r laad8 mnd a l l  t b  nalghboriog llrlsndu gtm no -. 

svldenoe fo r  the  pro*fnity of  r l u g e  lntruaion with rttcindaaf aureole ,  unlear  

the Blarhks Inland a o q l e x  p r  re is taken f o r  nuoh eddenoe. Therefare the 
. . '  

. author flndr S t  hard to imgloe h m  auoh inhare m d  sharply defined lrroalira- 

t i m  of ~ a t b r i s l  undergoing diffusion 58 poesible without a tangib le  lnoal ised 
' 

I .  

aourae and d l 1  m s b  no attempt t o  apply the t r a n s f o d l r t  oanaept t u  an ~xplanh- . 

tlm of t b  drtr%la of the onmplez. Aoouaare new re debst, 

. . , 

7. Different ia t ion  i n  plaoa of  a polyphare u l f r rba r l a  =gas, . . 
a * .  the hypothemis of or ig in  advooated by the author . , 

. . ' . 
. P . .  

If the Blrmhke Ialrnd e q l e x  d l f f s r s n t i a ~ d  i n  plaos -om an i n t m s l m  badg . .  

.. ' lrithirr them tb 1 3 o r  part of the  rook-forming cmpwentu  wi th  whioh the or ig lnnl  . . 

, 'mgr wag andumd, t h e  m s g ~  mu8C have been m o b  mom magneetan and r u b - s i l i o k  -- 
b .  

- .. t a  o r d m  un&rraturatsd gsbbro. I n  fact 10 must ham approxianted l . , a 
, . 

, mhrllk,  and it in m i n to r s r t l ng  f ao t  that  at  the ~ n l y  plaoe in C ~ Q  Blashka . I 



In . . 
t 

\ 

Islands whom an abrnlukly a h u p  o o s h o t  betmen p r i d o t i b  .nd rook. that our . 
. . 

be unsquirooally 5dsnt;ifimd as gmul i t i s sd  country rook oan bo o b w m d ,  t b  
. .  - 

\- peridrrtlte Is  a ~ l i g h t l y  fsldapathla ~h. l l tm (speoirwna 561, 562, .ad 386, . 4. , 

tb aomplex ,ha0 not l o r t  upnrrd .and beyond obasmt ian  a ~ b 8 h t i m . l  loom h e 1 0  , ,.. 

fraotlon. In the ares dsmoribsd by C-ell (19l8, pp. 74-78) a ritsabla body 

gabbralo ibis8 tbat grade. rrginaily hta the p~rroxan%b 8hrll of the oomplax, 

ultrabasio bad5r8 w e  ourrounded by rolwdnour gabbro maaasr. Hmwr the f i e ld  

mlatlonr in the Blaehke Irland o q l l x  and In th. o t b r  aoutbaatern U a r h  

peridotito oonplexer g h a  no dbaot  hlnt that thr oomplexe~ are amneatsd wtth 

prnparfionatsly large, I e r a  h u l a  dLffsrontiataa. In the argumrnt prorented 

lmlm a relatively large m t  of gabbro or otlmr lore  tmmia rook i r  aore dif- ' 

fiault ta oxplrin than a -1 mount, w t i n g  t b  a r ~ i ~ n m  on whiah tbo 

1l the anhydrous oompooitlo~ of an original = p a  mm romthfng 5ntsrmed.I- ' .  .. 

. . ' a k  betman d u n i b  end pyra*eaitu, approauh5n.g a mhrllta, wmral qusrtione 

arias a s  to the s t a b  of the -pa, , fo regard t o  tamperahre wm are entit led 

t a  a r w  that  ths YM- n u  near ths upper llat o f  v t i o  temgeraturer durlng 
. . '  . 

the Intrurltm of the Blarhke Irland aomplex. C o u ~ t r g  raalco of low m s ~ o r p h i o  

rank hnos k e n  oonvert8d by oontaot rifh the aolpplax b t o  gabbroio granulite of . 
4 - - . vow high metmnrphlo d. U8ny o f  these graaulibr o m  hrlly oomp*rrble to 

. . in tb oelebrabd Tertiary i ~ p a o u s  oomplexea of mrtarn S o a t l a  (~00regor,lQ31,~ 

. pp. 806621)o Early rmtimabr of Ymgmatie bnpsratum# of tbs gabbrnio magpa a t  

a * .  
Mull worm in  the wlghborhood of 1,4QO*C ( ~ h o m ~ ~ r ,  1922, pp. 229-260), and Uu - 9  

geolagie arl&n.aoe at hll pointed t e  Chin temperatuts having b n n  aFaWd a% . 
* .  

' t 



depth, not  due t o  near-arrface pbno~asru t o  *oh #om detondsizitiona of high 

4 volonnla tempermturer hsrs ken rttT1buM. 

ThSe ert5mate l r a ~  baaed on the  suppored a b i l i f y  m l a ~ l o n a  a f  sillhwinib. 

Subrequantly, B m n  ( h n ,  Orleg, rrrd We*,  1924) ahorred that tbs n b m r r l  tabn 

for 3 l l l m u l t m  war ro tual ly  8 rur rainmtrl, aulll*, and mptherlrsd It in .=l ta  

rt temperatursu 6s low am 10M)*C, (Bowan and orleg, 1924) r o  the e&mos a t  ? 

Mull 58 hoonolur5rr .  Mermwemntr of the temper&urm of b raa l t io  lam havm 

r u e d  mll abooa 1,000'C. but rapls of tbs b.igher maarraxmnb bava been attribu- 

tad to gr r  reaotian@ rt 'tb murfaae ( J a g w ,  1917). Emvnr,  Wer (1946) baa 

reoatly sham that th lava mi-d f rom far iout in  i r  probably at loart 1,200'C. 

and shown t h a t  gar ~ r a o t l o n n  arm not  reaponsiblo for t h i n  temper~tun. The 

- , proamat writer is  inolined t o  soaept Z i s r '  a r t h t e  am a. minimam far  t;hs u p p r  

. . limlt of tempraw in bot bauia -8 aad a r g p r t r  that n p r i d o f i b  mgmr . 
ootild be sxpwted to rango mbr ten t i a l ly  higher where evidsnos for Ugh bm- ' 

-I . * : .  

p e r s k r r s  aao tmt  effeo+s I a  present, as in the Blashka Islaudr. 

 rum- e x p m t a i  data do not e a t s t l a  urn to my a t  t h e  rtsh of . . .  
wehrlita ma- undrr r Pspor p r e r w  of wabr appropriate t o  annsiderable depth 

.' . ' 
In tb orur t  would b. n t  a bntpurakrr 300.C. or mars *boa 1,DM)'C. Bmmn anit 

Ilrtbl. (1919, pp. 4 ~ 9 4 6 0 )  ham mhan that MI l iquid pbme .xiat# h a r y N l  
. . 

orrnteldng nahrd 011-r w i th  about 10 perosnt fsyalite snd water a t  a prermure 
. . 

of 16,000 ~br . / in .~ ,  equlvklent to & depth of mom thrn  2 mdle.er in the  amat, . 

at  moh Nghbr prearurrrr, aad uiCh t he  s d d i t i m  of r goad deal of l u m ,  revrrrnl 

oqonente inoludlng other .ml r t i l s r  suoh an CO2, wa apn only r p e u l a t e  an to 

ths a b t s  of tb v. . .  

f t  is not udtibly that the ele*stion of .t;empsrrturs and prssws, and the 

oddition of otbsr oolrponank I e r r  raf'raotory than UgO Would moult ln tha mltine 

of r w ,  or poroibly al l ,  of the ollolm and tbe app,branoe of a liquid s i l i o a t .  
. . .-.... - ' ' I  

I .  



phaae riah in dlsrolwd mlatllbm. Soma highly mapbrim o35vha nrlght rvlarin 

ar a rol id  phase i n  eqrrilibrlurn w i t h  the l iquid  f r * o t ; i ~ ~ ~ .  Another f'raotian of ' ,  

would EM a% a fi)lplnbu and prsmrrm f u  rbo- the  orltiorl  valuer f o r  writer, 

It# moat abundant o c p p o ~ n ~ ,  mnd mould rpproaoh an aqusour rolution in donatty 

t h i  g m  ptumm w a n  not rabually prement i n  dim m m  i f  rim be p h n M a l l y  

prrsrnt arrd oreape frat tbs mgxn rhera the enolorlng rooka nmm psmable to 

gaseoue e ~ ~ t i o n s ,  am m g g e r b d  by Xngerron (1934). It I s  a l s o  poaelble that; 

f& orjrrtr l l isat lon of tho .nhydrotam ai l loat rs ,  ol ivine mad wgi*, a* rmlii~%vely 

high temperatures along wlth tbe lnak oP alkal ies  and exosar s l l i o a  i n  the origins1 

nmm m u l d  remalt l a  the retrograde t o m t i o n  of a ~ ~ p r a r l t i u a l  p a  phae  lfter 

a hot, mobile er smlmion o f  two ar more pbaarr. It in porsible that a: 

m u p e r o r i t i d  gas p h u ,  if no* prorent h i t i a l l y ,  would a- Into a x i ~ o a  

under high pmmsurm, or r s  tb r r ~ u l t  o f  o r y s t s l l k n t l a n  st hlgh hmperaturm of: 

. .  
& .  . The actual ar potentla1 e x f e h o e  of a gnu phare may 8180 supply tho mtiw 

p m r  for the intrusion of the m a p a .  The author h e  a h a m  that arnne olsrt io  

. dike8 a m  injaotad bgr I =ohanlam of e laat io  rbmpome t o  the opening of avenues. 
. . 

, of r r e ~ e r n  whom the interatiosr of the olnatlo material are ooo"p5ed by n 
' 

. oPPnpr*rsbd gar woh 8s n b a m  or L U L ~ ~  gar (mklton, and O * S u l l i m ,  1950)~ '  
" .  # .  . .  'Ihs b J s o t l a n  of r hot ultrabaaio maw into oald owlatry mob of qui* 

iilffemnt oomposition m e t  set  up pansrfil hmperaturs, oonoontration, and 
m a 8  

vmp8rAgrmYenta. under the I m p h l m  of them atrony gradient13 L dgornu  re- . *-'- ration bsbmen oawtry rooks md ~ ~ p a  nay be anticipated, Mth aanrequent; md- 

i f lo r t ionr  to both. Is it reaaanablo to bl le+e  thnt the ldnd of ohangor that 
. . 

wauld taln plnoe could produo* ths Blnrhbe lelarrd owqlax? 



. * .  
' b  

Cart*iuly the  uwdifioationr t o  the oountry rook nm far Prom hypothetiad. 

9-- .. 
. Lmr grade ohlar i t io  rortb ooatsining abundant quartt aad a h 1 2  hl&w ha- 

been oonvorbd i n t o  g w u l l h  of gabbrola oonparition. The geologlrte dealing 

with the grnnulitm araooiated wlth the T.rtlarg igrrrour ompla-a of matarn 

\ Sootland hrs grnorully held the rim t b a t  t b n e  grantalltor are pr&uoed by tho 

thermel m a q s k l l i u t i a n  of basaltio l r u  (Harkor, 1904) Thmne, H.H., Ballsy, + 

E.B., and other., 1924) Yloilregor, A.G., 1931) through -oh tb l n t r u d a ~ r  p a r .  

Thur l i t t l a  obangs in owupasition during ~~ixmarphlm need be ammmd, In the 

B l r r h b  f s l m d r  a r r f i s t g  of roeks inoluding lamimiad argllllbs arrd gmipaokem; - 
aoaglme'rater , and r o l d a m  ham been oonvertad lnto g a ~ u l t t e .  U m m l a g l o a l  . 
differmaore ham been 8 h m  t o  s x l r t  bo-en the ~rrtatnorphored faaier of %heso 

rooks (pp. 52-50), but all o f  them hars achieved a mineral aamsmblaga spprox- 
1 

lmatirrg gabbro. Thn datalled analyses neoeerrry t o  f u l l y  demonrtrab the point  

haw not been =do, but it ce- apparent %hat oonsidetable ahangem i n  oomposl- 
. .  

t ion muat ham tsken plaos in seame of there rooks -to bring them t o  grbbroio panu- 

lib. tmlar +renrfor~ationr h8w b a n  a~~v%no lng ly  demonstrated by Grwt (1953)~ ' 

who has shorn tbat elntem are ooovmrted t o  granulitse approaching gabbro i n  

omposition arid n d n o d o ~  near e o n h ~ o t r  w i t h  tbe Duluth gabbro. It ir further. . *  ' 

mgprted that the  oonrrrrian t o  graauUt4 5s only a part of t h e  atnry and that 

, .. ' where the country rook6 mrt~ open an aocertrion of volaeilss,  aa alonE'f'raat*trer 

. and 1n more pomab le  bed., r r o r y r t a l l i ~ a t i ~ n  has advanoed t o  the point when 

. .  . 
. there rook8 fully maerable gabbra. T h l ~  origin i s  partioularly admoabd far 

. . the highly irregular gnbbroio ruok commnly oontaining rame bgporakhena and . . 
* .  . 

b i o t l k  around the weetarn rim of the oomplex. It in a l ~ a  euggertsd that by an ' 

' inbne i f loa t fon  of turn procesm in e r p c i a l l y  favorable plaoer, partial or omplets 
4 r .  

. fusion and aolution ha6 t a h n  plaoe t o  prnduoe a f i l l y  mobile wbbroio m a p  out . + . 
. . 

of gabbroirod o m t r y  rook. TLw gabbro ring .nd marby r e l ~ h d  bodies of grbbra - 
L 

i 



Sosman (1950, p. '77) has recently pointad out t h a t  mepas unsaturated with 

water w i l l  absorb -tar from 8urroundl.ng rook aauaing a nopbmout of fluids along 

a f a l l i n g  pressure end ooncenfration gradient  tonard the oenbr of the  unmahratd 

nagma. There l a  no d i r eo t  m y  of knowing lf a maw auoh a. thuC proposed berm -- 
would k raturated o r  uusat;unbd with  *rater. It I r  genera l ly  amrumrd that: igne- i 

wr ragmar are j a a t  saturated or newly a t t a m t a d  d t h  mlafilss where they origin- 

When they w e  intnrdsd lnta highsr l e v e l s  w i *  lorrsr ooaf5ning prommum &nd the 

orys fa l l i t a t i on  of anhydrous phaess bsgina, It i s  thought t h a t  the re la t i~e  vupr 

pmrrsuro of tlm v o l n t i l s r  I n  the asgum h c r s a e e r  and tba* fbre  5s tu~ artnard 

ntlgmtlnn of v o l a t i l e  enmmtiona, g i n l p  -tar. If an u l t r rbas io  maw met b. 
. 

under6aturmted wi th  water and tb s i tuat ion  is revmrred, a r  rSo6mn guggerfs may 

' , ' be t h s  oase, an that  the migration of w l a t l l e s  i s  inward rather thsJI  outward, i 

- um may 1111 envislap t b  extrsm gabbroizatinn o f t h e  more p o r n a b l e  rooks + 

a '  raunding the oormplex, o u l m i ~ t i n g  i n  the oroation of gabbroio m g m ,  fluxed by . 
-'. lnanmlng ra ther  than outgoing water. The otber s f f s o t s  aug@s*d hers a8 depend- ' 

. 

ent an a f l u i d  onnoantration gradient  ret up by nn outward lrdgmtion af  fluids , 

*am r fluid-saturated mugma, might a180 ba produoed by an innkrd migration of 
, 

* exbmally derimtd rater. O f  omrem the qusution i s  not  amrely hypothetical if ' ' 

t h e  proagar of d i f+e ran t i a t ion  outl ined hem m r o  a o h l l y  operatiw. UM oon- 

- . , bawledge, or  perhaps ane rhould aay ignoranoe, it i o  no t  paesible t o  answer t he  . 
. . 

. . . .  
qumrtiw on the bmais o f  direot evidsnoe. Bath a l t a r r i a t lma  may be enWrfalmd, 

.' . - bu t  the author i a  inolined t o  belie- t h a t  a magma oapabls of  emanating f l u i d r  
' 

' . - i o  the mom probable. 4 

. .  Tn order fa onnvmrt aountry reakm in to  grbbro ooneiderable chene;er must bke 
. . .  . . plaor i n  the ul t rabas lo  m p .  It m a t  lass heat, and i n  l o  d o 1 4  oryatallirm. 

. - -  S i l i o a  .nd the alkali08 = f i t  be drivon out uf the o w n t r y  rooks m d  oaloium d 

magnesium added r o  that a oherPlo*l i n h r o h a n ~  met taln plaer batmen tha o w n t r y  



rwk and the ? h i m  ioterohPng. probably takes plaor by thermal di*a%on 

and alao by the transport of ra te r i a l8  i n  molutlon dur to m n t  of Zluidr 

along rspor pmmrur8 g r d i s n t l b  tbn -dim for  diffhrlon fight poe8lbly b r 

a11 klm rook to roam drgrae. 

w qwrtioa of s m i o i e n q  of d ~ f i s i o n  ~n l iquid  mgm ham b s n  twotied . 
on in t he  dlrourmion of Hhhltm ibrm nn t h e m 1  dWfu8ion #ad aotmmotion. 85s . 

eontention that; it ha0 haran gra-ly undersetfwrted ha8 h e n  o i tsd  an pages 170 

and ln. Muah new experiwntal work in thim f i e l d  50 mpubllrhed, buk we ge t  

*ong hlntr  am t a  itm effoot imrusr  from muoh r k t e m n t s  ar the folloningt 

wAt %ha l abamto ry  there r*r d e * ~ l o p d  a l iquid thsrmkz di f fwion  proarar  

m . p ~ r a t l o n  of' ~ I D L  i s o ~ ~ . "  (Ung, B.J., 19-46, p. 42). 

T h a n 1  dif'fuaion i n  a mprrc r i t ioa l  vapor p h r e  of hlgh dsnr5ty l a  89othsr 

matter. lhprrimantal verlfioatlon of the r e a l i t y  m d  a h M  as t o  the  porribls 

.qurntitatf*. Itppwkumr of t h i a  pooerm $8 given n rn in teres t ing s ids l lght  im . 

t h e  paper bg Bowen and ' luttls (1W9, pp. 441 and 489.460). Apptuoiablr v r p a  

-port; of r i l i o a  and iron in a mttsf of  a feu htnars t h  are mhwn t o  ham 

*trlasa pluw, but Bcma and Tuftld maba rhat re- t a  t h i m  outhar t o  b, m uo- 

nmarumary rrempblon in regard t o  the mechaa58m of the s f f e a t r  obsewsd by *hem. ' 

1 

' . . They a t a t o r  

"It nrr found t h a t  ornosoti- oiroulatlon of mbr =par +oak plaoe i n  the  . 
prmreurr ohunber ma I n  the tube oonneat;ing it wi th  t h e  p u p ,  wsn when tho bore 
of thin t u b  f o r  a aonc1idrrob20 d l e t s n o e  f r o m t h a  preerrurs chmmber was mduaod 
t o  a@.plll.sy s i t e .  A8 a r s s u l t  of t h i s  oireulakinn SiO2 wan abrtraoted f r o m  the 
ohare  and deporlted elsmbsrm U t h e  apparatus, and a dsfini* ohange of onm- 
pori t laa  of the oharge raml ted ,  in s p i t e  of  the faet t h a t  t h e  rolubi l i ty  of  
8102 in the mpor i r  s x o e a u i ~ l y  n ~ u r l l .  Moremr aoms iron oxide ma at  them 
m l n i l u l y  t rsnrferrsd  t o  t he  6 k g r  frwnthe r t e r l  prt s  o f t h e  apparatur. To 

-a reduos theme effeotr the rmall p l a t h a  orualble m a  oowred with  another om- ' ' 

. oiblo Inverted omr it *nd talerooping with it ln r mry snug fit, E m n  w i t h  
fhim arrungsmsDf tranrport o f  material t o  and f r o ~ n  tb ohPrge rrao not  entiroly , 

s l I m ~ e d . ~  

(Bowon, I .L. sad lbttls, Q.F., lWRO, p. 441). , ,  

corwsot5rs airoulation in o a p i l l u y  tubs and around inter-looklnp; oruaiblss ' 

oan hrdly ham beso affeati+e. h p  a*psrUaent: reamr. t o  prove that the t r a n r p o r t  
. . 

. . 



, of Si02 and i r o n  took plaom by difYbrian 3n the wproAtSorl vapor Hen- ' $ 
.: 

over, it i r  to be noted that it rat iron that m e  tramportad, not iron ox l ib .  ' ' 

, . .* 4 
nm -1 -1. .f . bmb f la ld  up .* .t- iomm of ~ebti.. . i 

4 " T 

mat hmvm tdmn plaoe by nduo t ion  of r*kr i n  nooordrooe u i t h  khe equilibriuli ;. 
relat ion8 Chat &am alroady h e n  dlaorurmd an page 187 l n  oonneotion ~ 5 t h  db- ,p 

t i ~ n  of %roo. during .erpkntinic*tion. If lraa axld..W h e n  arallablm aa the 

raw material nuoh mom apso taou lu  ef foota  mlgh* turn m n  rohlemd,bmoaune n 

oorre8pandlng oxidrtion of hydrogen o d d  have m n  plaos pramnting,the athin-  

nsnt of an equilibrium. I n  the  o a w  ,of r i l i o a  It m y  be s l l l o o n  that: is trans- 

ported 3n one d i m a t i o n  m d  hydrogen in the  o t h r  nith oorrsspandirtg abdmtionr 

at both sndr of ttw m y a h  The quertion of whether it i r  o w m o t i o n  or dif- 

fusion thrt took plaoe i a  wortant beonurs if 5% were d l f h s i o n  it mans fbt 

sffso%ivs muperoritloel or Tapor phess tratraport lrr largely independent of thr : 

motion a? tha f l u l d  and t h e  oanoentration of the t raaspor tsd  substanoe in tbr '. 

=par phar.. . If fb ef feota  depended on t h e  streaming a f  the 8uperoi.Meal i< 

f lu id  ar vapor, fhs law oonomntmtionr of maat rook-fomaing oaraponents that 

haw h e n  rham t o  bm rolublo in oupsrori+iorl nrrhr Papor would requin -?it-.. 

able  oorma of wahr W produoe la rge  roals s f fea t r  (Kennedy, 1960). The o m  

thlng 18 true Qo I 8-t l e r s e r  degree o f  tha hydrathermal solutions tbt 

figure 80 prominently i n  geolngio sohemor. The large-soale *renspnFtatit;iun of' . 

mmtarialr inferrmd in aohfaot metsmorphlem and aomnonly attributsd t o  pneumsb- . . 

~ f l i o  aation bar  eioquent tast~mony that them is an effsotirs pr6oera. ~ a m n l a  ' 

exprimant o u g p o t s  that it i r  o m  of dlffhrion. S i l i o a  i r  yielded up t o  thr 

a u p r o r l t i o r l  n o l w a f  i n  am part of fha ryrkm and remnved from the sn l r sn t  in . i 

mother, This i e  expariwntal fao t ,  not thenrg. If they ge t  t o  tb pint of - 

re-1 fram the point  of a p p l y  by diffurion, the r o k r s l  oonorntratian of  , 

mllioa In the f l u l d  a t  any one time may never bs large, i n  f a a t  5% may at ,tall, - a ,  

timer be minub, b u t  lf the atmu difhrre thrwgh the f l u i d  at: a repid rate r . - 
larea quantity of r u b a a o e  oan pano tbrough the l l u ld  i n  lm annoentratinnr 

, ,. 



The rate n f  diffusion may be by far the more important feahr, f o r  i f  reem8 I 
reasonable to suppnme that Chs rate aP d i i h e i a n  i n  di luta ruperor i t iaa l  rolu- , .- \. tlane i s  relati~aly rapid, a t  least by gealagio ~ k ~ d a r d m  of rapidity* . 

Supsroritioal water vapor has a a m l l ,  but nppranlabls, solmnt power for 

' . .  
hraotLon of tmpnkue  u i d  spaoifio volume .nd aontinuas ta .inormame with tom- 

pratun a8 r h r  pramr8 from th l iquid  to tb. rupsroriflorl prmwr htr, 

rolutians the ralmsnt p m r  of e u p r o r i t i o d  mt;er vapor say be vary p a * .  

Yorey (1942, p. 987) s h b m  th~t some experimsntal remltrr  indlaah omr 60 per- 

osnt s o l i d  matarin1 in rolut ion b suparor l t iaa l r ra tar  vapor f a r  e m  oampoaition 

~ p e s  1x1 the myatan, Na20-Si02-X~O. If appreoiable m t t  of oon-mlatilm "' 

* .  

pose that rate8 of diPrurion muld  be r o l a t i m l y  rapid owhg t o  the high 6 
' 

@- ' .  
porn- and l~ vlnooslty of the me8iut~. 

- 
However the dlfTslrntIal tranrfer of eamponsnts need no t  take plane enurely . :  

. * 
by dlf'f'uslnn. XP a gaa phase containing non-mlati le  matarid  in  solut ion 18 . I .  

' . being enmaatad end l 8  prmatlng the rurrounding rooks, w may expeot that o e r k i n .  

.. .. o ~ n e n t s  of t b  are WPB soluble In  the gaa phase than other6 and these 

will ba o u r l e d  outrrard i n t o  tho rurroundlng rooks t o  rssot 9 t h  them and ahance 

. their oomporition. The rmagnm $6 thur improveriuhed in sow oompnnents and rela- 
*. # 

tivsly snriohsd in other aoarponentr t h a t  form early saUd phases or r e l ~ s i n  ia 4 

. l i qu id  phase Nth lelra pnstra+lve p m r  for the rurraundiag rookr. The l iquid  

phase of t h e  magm nay alaa  lnorrane i n  ocmeentration t m r d  the outer  parte of ' 
: 

the  ma- body arlng b 'the strong temperature gradient between a m p a  end aounty  
. . 

rook. Cooling af the outer  park of the m a p a  w i l l  oauss an inorsaas I n  density .. * . .  
a d  lawring af vapor pramcu* of t he  liquid phase rdd llwid M11 ma- oumrd 

9 ,  

. from the hot ter  hiartor nhsro the =par prssau*, i s  hlp;bsr tm balanaa t h in  lose 
. . .  . -. . . 



of volume. Thus t h e  denaity and onnaenkatlon o f t h a  l i q u i d  phaae ell be 

g r e a h r  tnrrard the margins, and the oore w i l l  be enriahod in thoos owrpnnentr 

prorent In  the high-temperatur, solid phase or phaomm. 

In the pre reme  of an aureole of rawrated f l u i d  at high vapor preasurs, tb 

utrong temperrtura and oonom~at5on wadientm b e h e n  mgmr aad o w n t r y  rook I 

, . 
rmay b6 e x p o k d  f o  m o u l t  In the differential -mnt of aomponents of bath t h  

' 

o m t r y  rook and by diffbsion and by bulk aaos-n* of the fluid phases. 

At tb eawa fm, oring to thb annm gadlent@, d i f f e r e n t  atability re la t ione  are 
' 

r o t  up i n  diffa~ant: park aT t he  system oo that: different molid phases my lm 

s x p o k d  t o  be elable i n  d i f ferent  pl~oem. The miter in ti& oomptsat t o  

a adrquatsly Pnalynr f'raa the phyrioal 4 ohemiaal standpoink the  r f f e o t r  t o  ba . 

expeoted in tha  rynten, and M o o d ,  =oh of the fbdsmental &W far moh m 

UUlymis is a8 pt unhum. The mlwr aan, hmwer, autliorr what t h e  offaat8 

m l d  h.r* t o  be in ardor t o  praduoe tbs Blarhlra Inland o q l e x ,  pol& w.t a 

fmw rsauanm for  demmlng t b n e  e f fmat~  porelblm, and hop. tbt l n  t h  the physioal 

o&d,rt orn  m h  t h e  final svnluntiop. 

Within thm n m p  i t s e l f  the f i r a t  e f fao t  u f  the lam6 of h a t  Plld volatllsr 

mut b 'tho oryatnlllration o f  the phars i n  whioh it - i r  mout marly maturated. 

l lmm is Ilttle doubt that 3a the Blarhka 1 a l n . d  o q l e z  it wag ffirst o h r d t e  

and then n f o r e t a r i t i o  01id.m. Thrb IUf la1 o r y n t a l l b a t i o n  of o l iv ig s  rhould I 
oartsinly tab plaoe s w a t  rapidly eratmd t he  mrgina of t t w  olrmplex *re oool- I 
5rtg ~ I I  aoaf rapid. m m r ,  ottur h o t o r ,  ur m r ~ n g  i n  the o p p a s i h  direatton. . I . 

'Under  high vapor prermem, heightened by the o r y s t d l l r a t l o n  of all*, there I 
H11 be atr outflux tmdi ooalsr reginno of f lu id  fYmn ths oeakur of ehs mane I 

I 
whether 5% i r  a mupsrorlkioal f l u i d  or r l iquid d.bh high vapor premslire or -0 I 
f l u i d  phase#, om l iquid  and rioh la  r i l loaW aomponsnts nnd the other gaeeous I 

I md rqueour. If there mm a ril iwb-r5oh l iquid  phnre =oh af thm trmnrport 

m- of ohedoal  oamponenta oan hats h h n  plaoe by a dlreot laoreare in l iquid oon- 

oentratlon In the owlar uur&$na of th. =as, t h  mow fluid  arrrfting with it 



l a rge r  concentrations of more soluble componentrc There w i l l  also be an ex- .- ohange of omponsntr with the enoloring rooks. To axplain the Blarhke Ialand 
. . 

a m p l e r  we muet asmume t h a t  11- nnd r i l i o a ,  rbova al l ,  wero tnanrparted dorm 

t h i r  temperature and fluid-oonoentrstlon gradient until r porn or l e a s  steady 

gtab was get  up h the magma ~ 5 t h  t h e  l n h r i o r  very hot, m l a t i v e l y  dry, larr 

i n  liw rtrd e i l i o a ,  and Ugh i n  mapemla, urd tlm outor -gins lower in tom- 

perature,  richer ln f lu id ,  and high in limo and r i l iaa .  

We may naw enviaage a oonditlon whom in tip ooolor; more f l u i d ,  mom 

sillcanurn, mad aaloium e ~ i o h e d  margin8 of the o o ~ l e x  augite b o o m 8  the atable 

phase and early-formed f o r r b r l t i o  o l i d n a  i s  aotlvely replaasd and resorbed. 

At t he  sams thus in th, core of the mar8 olivine oontlnuee t o  be s table  and 

oontiaueu t o  o r p t a l l i t e r  With the onollng of the oomplsx the  c r y e t a l l i ~ a t f o n  

of rugits proaeeda inward w perhaps blces plaoe more o r  la88 dmltaneouely l a  

a broad ouwr xnne, abd e r y r t r l l i r a t i o n  of oliPitre prnoesdr outmxd. ~t any 

g i m n  t inm the m d a  uaorgstul l l ted,  o r  p a r t i a l l y  uaer~rs ta l l ized ,  maidus af +ho 

aonplu MI1 lie btrsea tho core of ol ivine and *e orus t  of augite and be 

inkfmsdiate i n  oamposltion bstaeen them. Zrregularitier in the  o a n b a t  betrteen 

dunits and aug5ti t4 eon be explairwd by sagging and alumping of Che aore and the 

o r u r t  i n t o  t h l a  nushy resfdue and l n j e o t i o n  af the  residue lnta bath rook88 t h e  

o w  be exp lahed  the intrualve masses of augita dunite u d  wshr l i te  with a 

eomporltion aormrponding t o  the  barder faoiss betmen dunite dl o l l r b e  a u g i t i k o  

Several other troublssanm feature6 oan a l r o  be explained. The replaoexaent 

relations of augits  t o  011-no r s l a t i w l y  lm i n  irna are demnnded by t h e  hypothesir. 

The augita etttble ln  the outer part of the aimplsx l a  re la t i - ly  lower i n  iron . 
t h e  o l iv ln r  t h a t  it rsplroee. M enriohment of i ron  i n  an intsrstikial  

lurlduo m y  thur be b u i l t  up, e w n h a l l y  oryst;alliting as the high-iron ol ivino . 

t h a t  r h m  l a b  r e l a t ion r  t o  augite, or l w a l l y  a8 i n t e r s t i t i a l  nmgnetite forming 

a the eideroni t la  grauu&#m m i  the rook, komib. Cryptio zoninp; i s  demanded by 

the  hypo tbe i s  lmotluro o r y a k l l i t a t i o n  16  taking pplao dorm a + s v r a t w e  slrd 



a ~ n o e n t r a t l o n  gradient from the  core o u h r d r .  The equilibrium aendlt lons r e f  ' 

a* 

up may be different than those that would p r d 1  during f r so t ional  o r y ~ h l l l t a -  . 
, 

t i o n  of  a bamaltio nulgruu and t h i n  oay explain ths dlrplaoomnt of t he  rue;llze 

w 2 a t i o n  e m  f'rm t h a t  found i n  a-n mafia s m p r .  It nmy a l r a  explain 

Ths snsenoe of the hypothesis i r  that a gradient i r  met up f'rm oom . 

of the. #yakom out;nard both i n  t q m r a t u r e  and i n  the ooaoentrntinn of a number 

of oomponsnta. In r region mar t he  o e n b r  o f  t h l u  gradient there  i s  a o b g s  

in equilibrium from o l iv ine  t o  w g i h  an t he  primary stable phase, uaos sorrrethiae 

rpproaohlng a shady a k b  ham been r o h i m d .  The mohaniarn f o r  aohisving t h e  

grrdi.nta and s h i f t s  i n  e q u i l i b r i ~  that have bean mugpsbd here m y  not be - 
. . . . . entirely milid, but the oboemod petrologio mlatiwm arem t;o rsquirr, soma 

- movsxmnk of  fluid6 along vupor prerrure gradientr muat hare played a part be- 
. . 

0- . oauro of  the strong toqeratun g r ~ d i e n t  known to h k e n  prement u d  tho 
' ' 

khemiail aontrart betmen ttp lntrusire and the owntry rooks.. 

4 .  

gxplrnatitm of oh.ariaal wiat iwr  

. . 
Tho =jar ahsrPlea1 obangr taldng plaom btneen mrm and o w n t r g  rank is  the  

' 

b e h n  m a p e i u m  and oalclum within f h s  ultrnbaaio pa* of the oomplox beoauew 

a a l o ~ ~  58, so t o  u p & ,  u n r b d  ili I t s  outmu4 f l i g h t  a t  the bordsrr of the 

' u l t n k s i o  by i ts  fixation i n  auglte. byand t he  oamplox both gradually dsollns. 

Thir srplaiBJ t b  -bum in CaO i n  %he a u g i t l t e  ring. On the other  hand, r i l i o a  . . . 
r r m  l o r t  by the g b b r o l t d  oountry rook, probably by k raa r i e r  i n t o  the w g l n r  

of  ths u l t r abs r io  mar, thus helping t n  e e  augi te  tho major s k b l e  pharo in 

Wle outer sow of the pefidotl te .  Very l i t t l e  i n t r r o h ~ g ~  of alumina toek plroe, 

1% m y  be ref lsatod i n  a l i t t l e  i n t e r s t i t i a l  anorthiu  here and there in f tn 

o l l r i o o  a u g i t l b .  A l k r l i m 8  found no mating plaao i n  the  ultr*bmaiqc They wm . 



drtually absent from t h e  original m a p  and there nas na rtrble rolid pbaae 

available tu fake them up at the high temperature end the o q a a i t i o n  range in 

. . which crystalliratinn took plaoe In the aomplex. A l h l h  no longer prbaent In 

the granulitlzed oouatty racks may ham o o m  fa re& in natrblm proportions 5n 

rook. beyond the gctbbroised r o w .  The rhnle.de x r p U e n t ;  of q u u t r ,  horn- 

blende, md biotita by &ranulLtlo orthwlaas in a rook rs+oral huud.mil f e a t  be- 

yond the  grbbro &. bean aobd (apeoinmn 238, pup 100). The &fr an reab be- 

yond the gnbbroSred tone are unfortunately not ao~~pleta anough to develop + h i m  

i d o r  in d s h i l .  The prmrenoe of alkali feldupar and blakite in  outer faoier of 

the gabbro ha8 h e n  noted, ar wall r a  the apparuros of  b lo t l t s  and alknli fold- 

m p s r  in Cba gsbbroio grnnulito wtmm tha grade bf mfmorphimn i s  l o a f .  

Origin of &nor rook -8 

@ A n  explanation for the origin af these &Ikon h e m  alrandy been given in * 
gonorm1 outline of the hypoCherie on pga162. 

&&tits d i h r  l a  dunlk 

These dikes oan bs explalnbd by the redntry in to  the dunite part  of the 

. a-lex, at r later .tag., o f  the sams f l u i d  oomporrsntr that brought about tha 

arysbrllisation o f  wglh urd resorption of olivine in the outer pexte aP the 

eomplex. These Pluidr entar err ly  fraoturea i n  the dudte oore after it has 

" oooled into the nuglte -go of s t a b i l i t y  and they reaotwith the o1iPias wall 

. rook to pr&oa auglb .  The proaerlr hu been deroribsd i n  d o h i 1  by Bmsn ( B m n  

and Tuttlm, 1540, pp. 4591460) 

. . . I 
i .  

Gabbro$o p p f i k o  reprseentr an a s ~ w i a M a n  i n  a m e l l ,  i8olated olote, ' 

and dike- l ib  PP.IIIOI of anIaludmnuo phure, snortUte ,  with lats-orystsl- 

. . 



l i z in l :  primary phsrns of the ultrabasio, wirily i ron-doh o l iv ine  and hornblende, 

along with auclte. X t  o m  e w l l y  wall bs regarded ar a la* d i f f e ren t l a t e  in 

- m y  be reguded rr having diffured i n t o  tbe aamplex *om t he  oountry rwka, or ths 

psptitmr nmy mptsrent fim reeatlon of the n u p a  With a.ldnour ino3usiom. Wo 
, 

mefloun objeotion e m  k rwn t o  any ofthema modrr of origin. Oo C b  whole, tb 

mporrdla dirtrlkrtlm of the bodbs, a b o r t  a l l  n f f  Uu outor mnrgin of' the o l i -  

vine augitfta ring, points  tarsrd their or ig in  by naouon a t h  alumlnoun fmlu- 

rlons, andusam of di8seabPakrd in tarmfi f la l  ano*ta amy indloakr limited d i G  

e .  gmnul i f io  tax.turr. In  ndmdogg and texture they a loaely  appraaoh aomb of fhm 

g r u u r l i k r  of oontaot mt*morphio o r i g b .  HolrePrr t;halr d ih~-I ibs  r e l a t ions  tb 

the rnoloring al iv ina  auglti- and gabbro are ol . s r  out. MaoGregor (1931) hna , 
oallwl attention to this m i a i l v i t y  betn*ea Soottimh granulite produoed by maa t ion  

' -n hot brio m a p a  and basalt Inolurlorrrr' *ad beerkohltam irom +he , , ' 
. . 

. loonlity in b o n y ,  rad has taksn i s rue  with a oonolu8ion renohod by Klam (1926). ' ' 

, ' 

' i n  a papar not  a o o r ~ d b l a  to the prseent author, that tho Od.lmald bmrbaahltam 
. . 

, a n  harnfmlbad inolusianr of 8mdlaPentuy rock. YBoOrsgar'r oantsntion in that 

, the ohmdoal oomposltion of beorbaahits l a  so e M l a r  t o  th& of i e p . 0 ~ 8  rook .. 
. 

tht if m8C b. derivwd fraaaths granulitLnkion of ignsour rook, as i s  oletwly 

' the OEUO u l t h  Soottiah ~ranulites. Bath inremtigakorr regard the rocrk se d e r i a d  

' . fha bearbaohlta d l b r  are probably dsr i rsd  fram inolurionr alro. Uhera they appoar , 

. . 

' in the ol i r i rm augitil;e they bave ro anomalous oompeoition 8nd whers fhey appear ' 

in the gabbro they mre strikingly mimilu in minoralagy u d  t;sxtura t o  o l e u l y  
, 

- .  3 -  . - .  b :' : . '  . ,.,. . . . .: .". . . . '  . . . 
.. . 

. . d 

. . . . 
. . 
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defined inoluaions i n  the smm rack. The question is what kind of iaolunionn sre 
C '  

they and what Ian8 happened t o  give them their dike-like ~lationu. . .  
. A .  

Tho mry intoreetlng m d  umrurl rook l ir-d an cpaimen 390, i b m  103, 

table 1, offers a fruitfhl  point of deparhm for the dirourcion of t h i n  probl-• . 

The roak hpr been dsroribsd end disoursed on p q p m  40-41, , e l ,  and 91-96. 

mnd r ohoaboal analyair i r  @ma under oolumn Y o f  tablr 2. Thb roak I r  a granu- 

lar a g g r a p b  n f  oolorlmmn dl0p.id.h eugi* md m d r r d i h  m ~ t .  Zt hu tb 
. . 

Nghmrt caloium aontsnt of any nnalysed rock i n  the complex, i r  lm 5n alumha, 

and har n o d  iron aontsrrt far 5ts poaitian %n tlw oaoplex. It appearm'quibs 

oertaln that t U e  rack m u s t  repreesnt produot of reaoaon between linmstone m d  

t h e  ul trakoio  mqgm, b u t t h e  d i h - 1 5 h  relations of the  rook t o  the o l i h  nugi- 

t i t o  a m  uhprp and clear. This rook i m  almort proof positive that lnolueionm i n  J 

hot magma that oontdn phases not  table i n  the magma break up, dsaompnm, *trd 

boom softened und partifilly fused to the point where they flow readily sad that ! 

m- they ean maintain t h l m  state under t b  proper oondiMons unU1 the enolosing roek 

h.8 mnlidified t o  the point where if om fraoturs. Thin part;ioular rook was o m  

. of the final produot. 

The augite-anhdits  rock olsarly estnblirher &Ice-liln mlationr for a 

, rock nbvlwsly dedvod from an inoluelon, and thus i r  asrler fa aooept the smm 

. . .. ofigia for maka mom nearly like eonanon igneou8 rook  i n  mineralogy .nd o o q o r i -  . 
-. 

. . 
tion. Ehmvor, it i 8  a quemtion 5f the unusual oamposition of  apeown 390 prove. 

. . 
that differenoss i n  oomposition i n  the original inolurione ulll dl* be obvious 

. . i n  thm f h l  pmdtaot. Thin author thlnku not. Specimen 390 m a  probably derived . . 
irom a pure nmrblo, of *oh a c m ~  bed8 us premrnt i n  fhs surrauuding eedimenfary . 
roakm. It reprementa ths introduotion of a Ugh-orloium, lm-al- body into 

that pert of the aamplsx saturated wi th  a aalalum-rioh phase. Under these oolldi- *-. . tionm the tenbonoyto lore  it. e ~ r s  orlolum is  not large .nd aL3 It o m  do l a  

taka up r i l i o r  and nmgnamla untll r .table phara oan knn. On the o t h r  hmd, 
' 



let any kind of aluminous rock be intraduoed and it bzmdiately bake's up oal- .-- .. 

alum t o  form the plagioolase feldaprr stable under the e*leMng oondi t lms plum 

a r e  l i k e l y  to appraooh gabbro in mineralogy and ohetmioal oomporition when i n  

omtaat; with hot gabbroio md mom brio rookm. !lb gabbroio granul i tes  derived 

f i rm dimrob origioil  rwL a r d  the  oolrplsx p m  the truth of thie de- 

duction, and a b u n b t  e d r n o e  l a  given by *out for  f hb o w m r  li on of' slatsn 

in to  gmbbroio grenulitm near etmtaobs w i t h  fhe Duluth gebbro. Orout a i t s r  numeratam 

oupportiag refersncen i n  this papr (Graut, 1'933). The oonolu~ian f a  t h n t  th. 

beerbaohitm oan hve &en derived from iaaluslw6 of any kind of aluminous rook 

anolored in a hot a m p  that $8 ertreme1y rioh in oaloim and magperlrrm. 

The divmraitf of dike8 of the besrbaohite group appears t o  be -1y a fino- 

t i o n  of poeition in the aomplex, there beLng s u m  bndenay fo r  a l l r i m  miaregabbros 

to oaaur we11 *thin the  o l l r i r u  sugitftu ring ond the mom horableodia beerbaahitea 

a and hornble&br near tha o u b r  part8 of the olipine augitl* ring and in the 

gabbro. The dirsrrity 18 also part u funotian of the atage in the ooollng of 

the  aomplex a t  wUoh the dUo finally orya't;alll~ed. 

Tho norm of the hornblendlh beerbaohite for uhfeh a ohsaioal arralys5s war 

prrdr (speolwn 99, oolumn P,. table 2) ahown 25 percent olirlns indiaaking thnt 

, its oomrporitiw l r  rokrally elors to thak of an o l f r i ~ s  miorogabbro, The ooo- 

traetlng minardow l a  thus a Punotion of Che mode of orystal l ization.  I t  h a m  
. . 

. been ah- t h a t  during the later ~Cager of oryata i l i ta t ion of the gabbro and 

01iPlhb augi t ih ,  hornblende appears as a prlraaqr phase mud as a replaeemsnla of 

au@te md plngioalare. The mi~eralogg of t h e  u u i h  of beerbaohites para11010 

. t u a  trend with hornblende booambg the major p b ~ e  a t  one mxkm of the ssquenoe. 

. 
Feldrpathio =in rook 

a '  BPlk (1937) hpn disouersd tkm relat ionship of  l a b  r i l l050 a d  hydreAt;helmsl 

Paoi.8 o f  many i n N 8 i m  marlel to early primsry join* ry6tsmr f o m d  during tbs 

Into stager of oar~eoUdatian. S p s o b e a  261, itom 117, tabla 1, f a r  *%ah UI 



analyeis 5s given uncler c n l ~  Q of tabla 2, war aolleated from a -in or dike, l i '  
' 1 

relation8 t o  the eo-called L j o k t a  ar derroribed by h l k  (1937). This rnok appsvr : 1 
I 

to reprerent: c r y a b l l i z ~ t i o n  from the last nuid rilicenuo fraatian oa@b of 
I 

fo-g a rook t t e r  fluldu appear to haw - M y  n a o b d  with pre-.xlrting m5.a- 

errla to forr hfkarr r l t int lw produotr muob M rsrpsotb .  L i t t l e  or na re- 
. . 

sation be-en apaeimsn 261 and fhe enolorlng mok (apeofma E61, i h  80, frbl .  1) 

oars ham plaos la dw of the a l b ~ t h e r  lmuoaoratio ahwnetmr of Wm min. 

Rurmrblytbia 8poa-n giver M Ind5oatLon o f  the oompobitinn af ths la& silt- 

. amoua fraetion o f  nmpa afbr prolonged oryeklllratfon aad reaotioa w i t h  enelos- 

in& rook. It i s  rioh in rllicta, alunha, and a&, but it o a a h i m  a low p e ~  

oenhgm o f  potuh. If is wtiwr indioatlon that potarlrium hnded t o  diffuse out- 
I 

ward mther thn inmud t;mard the  onoling mrr. 

Dibsa older than thib o w l a  

~ b .  ~ l e a 8 ~  porphyry dilra rook (oolumn b, tublm 2) flts we11 lato 

r prolongrtion o f  * m r i a t i o a  trend shmn by the lpajor d t u  of the o q l e x ,  

but them l a  1itt;le direat spldsaob t o  bontlsot tMti group of rookn ta Wac eorrplex, . . 
If relaha, they ur fomrunaorm af the oamplex grnerabd a t  grsatar dep.t;h and em- 

,. plaeed ahead of t b  ultrabarie masr. Tbir +axtursa ahmr that the  amller one8 

~rsm quleUy ooebd againat relativsly aold oountry rockm. If they a r e  not fore- 

mmnern of the ultrabrrio iatrurlaa, they indioate that them m a  a 8iluri.o or 

, later episode of ibt;rurLvm igasour ro t iv i *  in aouthoant8Fn Alasb prfor t o  the 

. Goart R.ng. ~ r ~ l o  ar lower Cretaoeaua a o t l r l t y .  T b i m  author im iaalinsd to . 
t b  opinion +ha% +&e diba earller than the ofunplu a m  mt grnetloally rellshd 

,to tL oomplsx and are aonnee*d w i t h  n o d  altogether aarller poat-Silurian 



Origin of  pcrtrologio and stnaaturaX re la ti am hip^ b e h n  

gabbro, gabbroia g r ~ ~ l i h ,  Pnd inolua2o~r 

Where wall rocks are i n  o w t ~ o t  direotly ~ 5 t h  peridnti fa  of one ldnd or 

another t h q  have beon a m - d  into a gabbroio grreulits in nhiah the moat per- 
' 

aimbnt phasee are a u g i b  and caloio plagloalase. Borablendb i r  abren* exeept 
v 

at r oonriderable distmoe f h m  the aomplbx. Where nll rooks a m  i n  oonfaot 

w i t h  gabbn, or appear r e  inoluriotu ~JI gabbro hornblende 5 8  en abundant: aad er- 

sent ia l  p b e e .  The oompositinaa ai' oomposih swnplae o f  gabbro end gabbraio gran- 

ulite a m  olose ly  o-ablo as shwwn by ths ohemioal analyses i n  oolumne U end Y, 

tnble  2. The highest r w  of gabbroic granulite oantsin very staall amounts of 

hydrous phaees, while hornbleede is abundant in  the gabbro. 
. ? 

AJJ explanntion for tbslre reSatiaarhlpa may be found in ttw mode o f  arigia . 

~ u g g e ~ t e d  for the gabbro. The gabbro i8 supposed to have f o l r d  by ohmioal t n o a -  ; . 1 
. ,  I 

f o m t i o n  of aluminour wall rouh along the scrau, l i n e s  a h m  by the gsbbmia gnu- 

. ul l te ,  but in the aaw o f  the gabbro the proaorlr was cu lmiuhd by the partial or I 
. aompleb d i s so lu t im Into d mobile maw by volatile fluxing and partial melting, ' 

of the trnnsfurmsd eounCrp rook. !he maron why tM8 took plaob along ram p r t 8  

of t h e  ~ o n k e t  and n o t  on othero i s  probably direa&ly due t o  original eompasition, - I 
t;o the extent to whiah the wall roaks -re permeable t o  vnlatlleu, and to the I 

' ' velatile onnoeatrntlo~ to which thsy mra exp8ed. %-able rooks of s u i h b l e  
'; I 

, ompoul t inn  ware d i s a n l ~ e d  and fused. A t  other points i n  the complex, partioubxlp ' 

. . 
, * along the w o ~ b r n  border wMoh appear8 to dLp sllghtly inrmrd, the ennoentratlon * 

' , of  valshllee war l e s r  nnd the rook l e e s  open t o  Volatile impregnation, no lero - 
I .  

gabbroic f luld wua fo-d. Gabbro recrystalliting rfbr pat%ial ar  ocrmpleto 

. . l iquif ioation oryetalliosd a t  a l m r  hmperature and w i t h  hlghor vo la t i l e  oou- ' . 
. .  . 

' uantration aod DO hornblende formed. The lower ter~pera+are and higher ~ o l a t i l e  

eunoentration i r  refleoted b the  anineralogy of the inolusionr and of  the -1 . . 
a .. 

rook6 of t km gabbra tbt has pasrsd through tM8 mg~rat io  stage. . 



No a h i l l e d  borders betweon gabbro and oountry rook wure seen any plnor i n  

t h e  aomplex or in outlying bodies of  gabbro re la ted  t o  th. complex. Thin h o t  

is r ead i ly  explained by the propored mods o f  orlgio. Ths gabbro f o m d  by h s a h  

ing and ahemioal transinmatian of oountry rook, md the oountry rook wi th  -oh 

it l r  i n  oontaat war only 8 llttls lor. d f e o k d  by tho unm agenoha ,  -0 tham . 

war no nbmpt break i n  the tampemlare gradient  and no o h i l l i n g  e i f a o t r  along - 

, . In.t;.rbaoding of wbrlite and augi te  dunitm In ol iv ine  augltitb 
t 

Along the western s i b  of the onmplax broad, poorly defined band8 n f  nshrUte 
7 .  

and olivine sugitite 'nre found with grsdrtioml re la t ionaUp8,  Tbee band6 have 

been oonsiderably modified by l a b  faulting and shearing. Elwnhere 14, *he aomplox .; 

other  band8 and msnm+r of whrlib with indis.t;inat boundwisp are found. These , 

bodiea ere usual ly  mb-paral lel  ia or ienta t ion  t o  the ornoentrio form of the com- * 

. . . plsx r m  a whole. They m not  ~haxpIy i n h e l m  am a r e  the f e h r l l t e  and auglt. ' 

dunite  dikes t h a t  ham been desoribed. These bodies w i n t e r p r s k d  in one of 

. trro wap, They may be rraidual m a m e  approaohing the oo~npoaitinn of tb orlglpal' , , 

r s h r l i b  magma. Thraughou+ mst of t h e  o l iv ine  au&tite ring or ig ina l  o l i ~ h  . .  

nas l a rge ly  roplaoed by auglk,  b u t  looally l eer  permeable texture may ham spnrod 

s m  bandm of rook frm moh replaemwrk leaving mnrrer of nahrlite oompoaition 

. .  . . . 
". with  nliPlne oarrs~pandiag  in  eomposltion t o  thctt in t he  msrglnr of the dunita , . 

. A aom. On the  o ther  haad, the baundaq bs-en the region in the oomplex where - ' . . . - -  

' olivine remained shblo  md th. oubr reglun where auglts supplanted o l iv ine  

. may ha- ~ N f t s d  inward during the orya ta l l i r a t i on  of  the oomplrx. There outer - 
wehrlite band6 with  o l iv ine  oorreeponding t n  t h a t  i n  the border faoiea of the . .. _ 
d u n i b  aora may reprerent rook6 o r p ~ t a l U r e d  r.t; thm loaur of s farmer bcrundarp 

batmen regiane n f  nugite and olirlne s t a b i l i t y  whore thn roeka of the tsmpnrrry 

boundary sone vmre t o e  -11 aryeUl l lred f a r  more oompletm replaoemnt by a u g i b  

. when thb boundary rhifted lplmud. - 



Zone of wealmese and physloal disoonCinu5Cy betnern 

gabbro and oli- augi t ik  

1 

This feature aotually represents Ule major dinoantinuity i n  the  oomplex if 

the gbbra 3s bfsrprsted  am hvhg been dorivod by tranmfurmatlan of lvall rvokm. 

It 1, ftis lws of the htnar ive oonhot bet;rPsen own& rook . k d  ultrabasio poly- 

phrar m p .  htor in tb hietory of the oomplox - ebbro le  may bve  axlatad 

in r mobile s t a t e  on the  r5de of ttm oonhwt onom oooupisd by molid ooutry  rooks, 
. . - , ,  - 

and nolid,  nearly o a m r p l e ~ l y ' o ~ t a l l i s s d  ollv5ne u x g i t i k  nmy ham been present 

where ths mgpa onde lay. Cabbro formed -her d m  along %he ooataotrr with the 

u l t ~ b a s i o  m y  haw moved up ,slang t h i s  oontaot. It thus  r e d  a lncur of phym- 

ioe l  and ahamioii diroont5.nuity and In later s-r may ham been open to hydro- 

, . . ths-1 m a l u t i w  oauaed deotmmpositlnn of t b  rooks on both sides. : 
& .  

i 
. . . . utrurian brsaoiar 81- orrtdn gobbro orataotn with 

owtantry r o o k *  

* ". The genen%lo~ of r fluid gabbroio magma by u l t r ~ t a m o r p h i m u  has been argued . 
I . .  . . 

at lepgth. 1.t; Its l i k e l y  %hat this Und of ma- would ftam in greater aburtdatlor . ' . . 
-- 

. a dsmpar down along the  uu l l s  of tb ultrabasio and rime dm& the onntnot w i t h  

. . a o ~ k y  rook.' As it rose St invaded sad breoaiated qabbroised oountry r n o b  

' rlorsg the walls of the Lntrualnn. -. . . ,  
: . . 

Banding in th. gabbro 
, . . . 

+ .  

- .  T h m  banding lacally pramat  In the gabbra m y  be inkrprebd sntlrsly oa L 
' 

., f l ow l r tnackw where the gabbrn reached a mapatio stage and flowed, but the inkrim I 
oatr mrling, our*iag, and intersection pattoma of  t h i s . a t r u c t u r o  are hard ta I 

' ' . sooount' for d e r  t h i r  irrterpwtatian bsoauae ths probable r laoonlt j r  of the rmm 

. ' -8 t w b u l e n ~ e  during flm'udlikely. Noosrtkslaar t h e  rtruaturss do ham the 

app.mmnoe of h turbulsnos pnktem, at leaat superfioirlly. 
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It has boen s h m  that the struclam i s  aatually a conosntraticrn o f  late 

poi ldl i t ia  hornblende along narrow bsnb and rspreaentb n m m  ronea rlangwhioh 

the 1s-h vola+ile rosiduer were active. Some slight parallelism of p l a g i o o l a s ~  
I 

h b l e t r  w i t h  the h d s  has been notsd however. It i s  ruggaated t h a t  this band- 

ing m y  represent atrain patbrnm Ln a remi-rulld maam rubjeot b o earnbination 
. . 

of rrheariag r t r e s a s  rsllemd by f l a .  During ahear, finely apeaed bands of 

re la t in  o q m r r i a n  and'tanuioa mip,ht lorn causing law mlabila remidues to 

mlgrrb intn bands of rslltias tension. The shearing streas muld then lm re- 

lieved loorlly by plasCia yielding, eauaing deformation a o d i ~ t a n u p t i a n  of 

s Q a h  pattern8 and the rhlfting, bending, and reorientukion of strain  1 5 ~ ~ .  

Origin of polyphase ultraboala P Y ) , ~  

B o m n  l,. Bowen has repeatedly tabn up the oudgelr against propanent6 o f  

ultrnbamie magma. In hi8  latest publSoa*icm related t o  the subjeat ( B m m  atLB 

0- 
Tuktle, 1949, p. 464), he remarket 

"Gealogl~Cs ham been, fur  tho most part, reluotant: t o  abandon dunitio nr oloaely 
related l i q u i d  and have nought: overy avuaue o f  eeoap  frum the feneed analoatare ' 
t o  whioh experinnnbl studibr appeor tu c o a t  them. One by ane these avenues 
ham beon olnred by further experimental rtudirs." 

. . FJe*artheleas there i s  a remaon why p a l a g l 8 t a  have been reluatent to abandon ulerr*.. 

basic m a p s ,  and that  i n  because aertain field relativnshipn eeem t o  dmmd them. 
. . 

There msy alno be a reason why the fenoed e n o l n m e  built by experimnixd mtudimr 

. 00er not enoompus an ulfrabaeio msgaa, and that may be that ultrabaria maw . 

lies well autside the field delimfted by experimenhtion. The f i e l d  delimitad 
' b  

. by exparimntation ns yst  fn31s far short af the f u l l  range of geoloeio ptiarii- 

blll*i.a. 

(as of the llmiting faotors has been the abvinuely lm temperakrrer at  M a h  

most ultrabaaio brdiee ham been emplaoed, and the present author is in o o q l e t a  

rooord wi th  Banmqe er#rt;entltk that them bndien o-ot have ounsolidatsd frm 

a magma a t  the plnoe wherm they are now seen. Elorrevor in the Blarhke Ieland 

oomplex ma hamr rolrrething of a rarlv, an ultrabaslo with awry evidsnoe of  ha^- 
' 

ing bnn  at Ngh t r p r a h m ,  porhapu several hundred degrees abon  ihe rnnw 



of cxperimcnt. The canplex ha8 undergono differentiat ion.  Uns of the end produob 

has been a body of oery pure dunitr, but t he  amaooiated rook i h m r  ' t h a t  tim 

original material oontsinad rubsknntial propartionr of otbr o o m ~ n e n t r .  lluu . 

a dunl t ia  l i q u i d  i r  not  oallsd for+ 

Fbrthennare, a fully l i qu id  ma- i a  no t  oa l led  for, only one # a t  is hot, , 

mbila,  d reaotiva. Ruwun himself bPs enta-aed Wr posmibiliw i n  duggs~ t iog  

tht an enrptibla 1h;rsolitla mgma, perbps half aqrrtalline, nbgh* bo produoad 

durhg  f r r o t i a n a l  a r y r t s l l i r a t l o n  of gabbroio (Barsn, 1915, p. $1). T b  

interpretation offered here i s  oonr isbn* with the possibility thak aom b o t i o n  

o f  the papa would be molid oll*ine. It m u l d  tbuk be r ma- in tha original 

senre of the word as applied i nd~emi r t ry ,  medng an eml8 lon  or rdxktre of  ao l id  ' 

d fluid--hot u l i ~ n e  md, if p u  l i h l  

Esoape frmn Blmsrrlr rnolomrs mato on there oomidera~onr .  . In t& shadow , 

of b l a  mammntal onntr ibutiana f a  p e t r o l o w  it admittedly may seem lib no -re 

than a wistful peek 'through a h o t h o l e .  

A polypbaao ' p r i d o t i k  m y  orlgimtb In rmra l  n y a r  Here ( 1 9 ~ 8 )  ham 

dgorottaly rdvooabd tha dewlopmsnt of t~ hydrnur p e r i d o f i t s  nmgma by partial 

f inion of a peridotite layer during ooruta l  downbuokling aC tb beginsring of  a 
. 

p r i o d  of deformtion;  %ram1 fusion d g b t  be brought about both by an elem- 
, - 
. t ion of temperature and by looa l  releaee of  preerure attendant upon o r u r t a l  ntresser .  

( 1925) 
, Uad,,har oal led attention t o  t he  fact that breoolatinn in solidr oausm~ inorears  of . 

wlume and th%r r r r u l t s  i n  en influx of ava i lab le  R u i d r  i n t o  t h e  parnull Irpaoes 

of the expanded maoses. (hoe partial fuaion-har taken plaoe, a polyphaas m a p  . 

i s  in baing. It may than'  be oapablm a t  intrusion a m  a p l r r t i o  maas o r  e l a a t i o  .-- 

. . : 
- - rampanee t o  the opniw t?f any arsnus of nsahwar in the oontaining r a o h  r r  

advooatad by t he  author fo r  thm intrusion of 0e-n -8 of  o l a a t l o  dikes ( ~ a l t o n  

. and O 1 S u l l i ~ n ,  1950). • . 
t 

F~lyphare per ldnt ik  may a180 repmaant the a a o w l a b d  residues In  

deep oruota l  ahamborn of preceding psrtoda o f  , p a s ~ o ~ n a l  vnloanirm,. Th6 Jurassio- 
* . .., .. 1 ! ,  

. . . . 

.+, , ,* 1 .. ,, L .  ' :: ' .! 



lower Crs-&oenus(t) asotion laid down iprmsdiataly prier tn t h e  begianing of 

Coart Range deformation and deep-roated intrusim a o t i P i t y  oontsinm amoh role 
and Chapin 

4 .  

. . 
R e l a t i o ~ h l p  of the Blarhh Island ooxplex to other 

B laahh  Island ormplex and im nn t  offered a8 a gemral h y p o t h s r l ~  t o  exp1d.n all 

peridaW* l ~ ~ t r u ~ ~ l o n ~ ~ .  For examplo thorn I s  rro rsaaon f o  apply the hypotheir38 t o  

ultrabaalo lagsr* in strof5fom a ~ l e x a s  o f  the h a h m l d  type. Nevertheless, if! 

tln hypathssi8 ha8 any ~ ~ l i d l w ,  it mat barn lome ge!KWR.l a p p l l c a t i o n ~ .  The 

hypothesir 1s d i r s o t l y  applioable to only a mlatl.rly fm u l t r n b a ~ i o  oomplsxer 

that show oonoentrio roning and eddenaee of! high kmpen*turs. Yore o-dy u l b a -  

b r r i o  ma8808 ha- l i t t l e  orderly in t e rna l  arrmgmat of ocwponent rook w e ,  rhm 

. utrbng d a i o m t i o m l  atmoturea mnd hbriou, pmduoo little eont.ct e f f e o t  on en- 

olnslng roako, and -7 oonai r t  aimply of' an dlmoat monomineral nrasr of  dunitb o r  

serpentine dsrivbd lkua dunifs. 

An axplenation t o t  the r e l a t i v e  s o a r o i w  of aonoentr ioal ly zoned u l t r abae i a  

mrsses nith the high degree of r egu la r i t y  and the  hich temperature s f f e b t s  of t h e  

Blaahke Iuland o o q l s x  an ooqared  with more enmmon peridof%te an4 r e r p s n t i m  in- 
' 

trudoau m y  lm found in the tootnulo w t t i n g  of p e r i d a t i t l o  rookr. Ultrabario 

rooka are general ly fouad Mnng the  f i r r t  rooks t o  be btrudecl  during a petragenet30 

. . . ayols  (Eonson, 1926 , pp. 76-76) and aooording to Beas (198 8) t h e i r  i n t r u ~ i o n  W m a  . 
. p l w  during UL4 e a r l l e n t  period of  strong deformation in an oroy;snlo belt. b 

. . ' ul t rabaa lo  in t rus ion  therefore o-nly undergoes a prolonged period of regional  . * . : 
' ' defamatLon af%r i t 0  smplsosmnt during whioh Its prlmPry etmoturer  and rs la t ion-  

. " . @hip8 Qo mucraundin~ rook# rimy be onmplstely or p&%ally obli terated.  If ths 

. . . .fo *atordo dlaplaoerwnt and d ~ r i n g ~ r e g l o n a l  folding may u n b r g q  fur ther  movement 



by plas t i c  flm f o r  considerable distanaea i n  B condition in which it Hill  ham . 

* no oantact effeots on enoloslng rook. Barnrn ( B m n  and Tuttls, 1949, p. 456) 

ha6 painted out t h a t  olivine itself l e n b  t sad l ly  to sol id  f low under s t r e s r  ' , 

becauae of its atomie .structure. An sggregah aS olivine in the o o m  of s ooslpla 

ruoh a r  that deraribed in thin papar f ight  o a t r i a  a large mount of i n t o r s t i t i d  

s u p r o r i t i o a l  water vapor f o r  a oonsider*blm porlod a f t e r  the formation of the 

oompl?x, and ehlr  wnuXd lend C b  dunih' paxt of the aomplrx e a p o i r l l y  t o  injso- 

tlon and displaoenmnt by the method o f  blastlo reaponre admatilad by t h l r  authar 

t o  oaure t h e  d e ~ t r u e t i o n  of the  primarp r truatursr  of p e r l d n t i b  Intrusionr and 

present mom t o  v i a  ln  a d e t y  o f  f o m  produced by degrees of deform- 

tion. Only a mlakiv&ly few oomplsxes lib 6hm Blrshke Ialand oamplex m y  e m r  

hnp. ea0ap.d the later deformation whioh f o l l m  i n  the  n o d  oourse of evenkr, 

but  differentiatad aamplmxeu lib the B l a r h b  Iulrnd a o q l e x  may have bee6 the 

proximate rouree of ul*ab*sio bodisa, partioularly the  nearly monomineral a. 
onem that a n t  bvo urrdergom a high degree of d i f f e ran t i a t inn  a t  same other plaoe. 

W ultrabarla arrrea  m y  h*m had t h e  opporhmity Co uarry the prooea8 of dli- 

ferent ia t lon t o  eampleti'on before undergoing defaarpration. The Blarhke 1d& - 
1 

* A 

. . oampl;x afford r rare Inrlght into s proossr ssldom oarried t o  onmpleklon 
. . *  

and emn mom nr r r ly  p r s r e m d  and brought t o  Plow I n  rooemriblo part8 of the 

. U a r h  and aontlguous areas of Brit ish Cnlumbis and the Yukon Terri tory wo'  . . 
fax f i m n  adequately knom gsologlaally. A large psrorntngs of Chese areas h r  

. . 
never born m p p d .  Woh of what has beon mapped has boon done on 6u0h a mill 

' 
norla sad by ruoh harty r e a o ~ r r e a o a  -thodl t h a t  mny bodies of the magnitude 

- . of %leal ul t -b r io  oomplexar o m  hnm s a r i l y  eeoapd aWention or b a a  lumped 

w i t h  other rook rtnitr. ~e*.rthelsab a m y  of Alaalo~n and Canadian iihrafuru 

. . 



hslr revealed nors thnn f o r t y  l a a a l i t i e ~  o & i d n g  in2;rusim bodha  of' paridntita, . 

r e m n t l n e  derived from per idnt i ta ,  or closely n l * h d  make. W y  of them 
\ - 

l o o a l i t i r a  oontain a number of bodisr, 80 t h a t  t he  t o w  rwmbr of individual ul-  

trabasio mareea hana i s  a good deal mm than a hundred. YMla the re  u s  doubt- 

lear msny more pt t o  be reportad, t h e ' d i 8 t r i k r t l o a  o f  the knm peridoMta and 

r e l a t ed  rook laarsar i n  plaoe rrrd tins l a  probably adequa* Ca gi+. a t n m  pioturs 

of the regional rs lat ionahipr .  

The reglonal and ohronologfo d i s t r i bu t ion  of  ultrabaaia rnokr in Alarko and 

geologloal ly r e l a t ed  area6 of Canada a r e  ~ l z e d  ~JI figure 2, and t a b l e  8. 

The 1aoa.t;ionr af all u l h b a r i c  rook bodies ]mown t o  t he  author ham been p lo t t ed  

on f igu r s  2. Thr areas, referaaosa, rock types, and geLlagio of the bodlem 

p lo t t ad  I n  f i gu re  2 r re  l i s t e d  i n  table 8. I n  o r d e r  t o  bring out  the geologio 

rVlation8 of the u l t r e k r i o  rook., figure 2 d r a  ahmfa the m a s  underlain by other 

plutoaio roake. These rooks aoneiat largely of batholltha, rtookn and boosea of * d i o r i b ,  g rannd io r ib ,  granite, arrd syenlte. The data on plutonio roakr other than 

u l t r aba r io  ham been taken fram tb Geologio Map of North h e r i o a  ( ~ t a a e ,  1946), 

supplemenad in BrlWah Columbia by a mosnt oorppilation by hnstrong (1946, fig. 2, 

of  p r i d o t i i a  l n t rus lon r  fhroughouf the m r l d .  The gsologio ages giwa for the 
t . 

u l t r n k r i a  raoktr l i s t e d  ia t ab l a  8 are those areigned by tha or ig ina l  author unlarr 

- enalorrd in pfwmths808. Doolagia agea enoloaed i n  parwthsaea have bean assigned 

by the promeof author on the bamls uf ths positive evidenae f u r  age o i t ed  by the 

* ' 

or ig ina l  author plum the l a t e r  oormlafinna madm by o t b r  workers i n  adjaoent  areas 

o r  by the pmment author in t he  l i g h t  of the prorent ompi la t ion .  In o a p i l i n g  
* .  

figam 2 and table 8, at;tention ban been focuaed only on truly ul t tabasfo  rooka 

bsl ieved t o  be of intmrrive urigia. &any geologlo ounp5latiuns arm d t i a t s d ' b y  
. 

inoluding k 0  man;y 1- o f  divers, urigin ond gemtio signifiomnoe. This must be 

. h*r pointed rmt k oonneotion w i t h  t he  problems of por idat i te  intrusions. Thorofora 



I .  

many bodies of baeic rook wiously drsofibad as harnbledte,  sbbro, lntrusirr '; 
graensttk, por idot l t io  d i f ferent iates  of gabbroio or baraltlo ~ m r e s ,  or Inad@- - .., 

quately dosaribed ham been exoluded irom the prrtsent ompthtian. Doubtless I 

6- o f  t b s e  rocks are gunetioally l~twreoted r i f h  tba inimaalva psr idot l tsa ,  

I but otkorr are alosrly nmrgiml faoiwr urd diiferunldmtsil of a m  milloio roak., 

Table 60 Ultrabaaio a d  barf a i n f r u ~ i o ~  mppsd b ti- 8 .  

b a a  and rshrrsnos 

Alaska, Weat 04 long. 141W. 

Book tgpp 

4. Copper Uvor reg&oa; Ibr idot i ia  
Moffit, Bull* 894 

. 
6. Kenai Esaiaarle: 

Guild, Bull. 9 3 1 4  

8. 000dnmrm Bag1 
b r t i e ,  Bull. 910 . . .  

9 ,  Mk. &Kinley ragionj 
Brooka b R i n d l e ,  p. 70 
Reed, Bull. B49-D 

. . .  . , 

a 10. lhtanueko u e a )  
R i p  & -opt, Bull* $27 

. . 
. . - 

Serpentlnlzrd par- 
i d u t i i a  not iortrd 
in place, and per- 

- i d o t l t a  net -pad. 

Intruaim into Carbon- 
iferaur or alder. (Late 
Wiaeeio-Early Jura88io) 

Post-Rrmian(~a* mrrmsio- 
Barly Juraasio) 

Iabr than pout-Penultin 
defamation. ( b t m  Triaaals- 
Early Jurar eio)  

Cuts Middle Jurrraio' 
granite 

fiats Cretaoeaur " 
" .  

. . 
(hrart~ia) 



Southeastern h.1aslz 

31. Baranof lalandj 

(.- Guild & Balslsy, Bull. 9364; 
Kennedy b: Yialten, Bull. 947-D; 
Reed k Coats, Dull. 929 

12. Fords Torror, Juneau Diet.; 
Buddington, Bull. 800 . .-.. 

. , 

13. T~AOY h, h * u  D i d . ;  
Buddington, Bull. 800 

llunih, out by Early in Xnta Jurarrlo- 
. . granite d-r br ly  Cretaosoum orogeay 

Early in fats Juramaio- 
Early Crekoeoul oropng 

14. lbne Peak, Kupramof Xd.# Faridatih a q l e x  hw Juraarlo-Early Crrtr 
Buddington, Bull. 800 1 oeour, Early Cretaoaour 
h t b r  - preferred 

16. Blashk~ Islands; hate-moxenita Ute Juraosio-Ewly 
Author oomplex . Crabcaour 

16. Yount Burnett; Dunib-wmalte 3sb Juraseio-Early 
Kennedy LWalton, Bull .  947-Pi' oomplax Crstaoeow 
Author - +  

17. Dub and Atmatte ~ds.; 
Kouohmann, Tranr..&p. Geophyl. 

' Union, 1936 

18. K a ~ o m  Prnlnmla, Salt Chuokl 

o r  Wright, p. 87 

19. Whitehorse Sheet; 
Coakfleld & Bell, lh. 180 

. . .  
. . 20. Little Salmon Area; 

Cookfield, S-• Anpt. '28 

Saxunite-hornblmb Not given ( h t e  Jurarnio 
flits oamplss  Early Crehaeaus) 

8erpentina Carboniferous or 
older(?) (Juransio) 

22. Iaberga Sheet: Esridntita,srrpsn- Jurassio--out by Jurassi .. . Cmkfleld, m p  172-1 tine hornblondit. or later gnmite, 

25. Tealin-Quiet Uke brew Serpent5no Juraasio-auf by Jura8mi 
Lees, map 3604 or later graniko 

24. Conrad nnd Whlteharrm D5ats.j , Serpentia, Unhrran (Juraesio t o  
C a h e r ,  D.D., Swm. Rapt. '06 l5wI.y Cretaoeour) . - 

. . . 26. A i d i n  mining dlatriots Mlllm, 
dn. Rapt*, ~e 12, '90, m ~ p  742 

' .  - 
Serpentine, "Gold Mesozoic, ear l i er  than 
Series", inoluderr aeid intrusions . (Jurars 
moh Intrueive wr- Early ~retammeua) 
pentine, derived 
from dunlts and 
pridot i - .  . ' 



c~ :,:, . i,. ,. -- -, , . d i \ ~ ~  . ,- :.:o;ozoic. ;A::n:ric- * 

i .  Con- Enr'ly Crcrtacso;lt) 

2 0 .  AiLiXan 'Lake map aroal 
Amstrong & Roots, paper 48-:' 

29. Tnkla Disk.; 
Armstrong, mnp G44-A 

i ' o r i d o t l b  and J u r n ~ s i c - c l n r ? l o r  t k a n  
aorpcsttno Casclcr ~ n t h o l i t k ;  

P o r i d o t i t o ,  sorpon- i u r n s s i o - o a r l i e ?  tbr-q 
tino p y r o x o n l t o ,  (Mnocn ac id  i a t n ; c l n n ~  
horabiorcdito 

P e r l d ~ k i t o  and J ~ r n c s i c - c a r l l o r  thm 
s o r g e n t i n e  a c i d  Intrusions 

I 30. Fort 7 r n s o r  m p  aron, 57. half; Paridot i te  and Juraccic-or;rl io~ fhnn 
h c t ; o n g ,  P r a n r .  Roy. Soc. serpentine aoid inkrunion  
c a r .  v. 34 !c m p  631-A 

31. F o r t  EYasor map aroa, E.  half^ Paaridntite and Yurcs~ic-ou.r:ier thnn 
Gray & krrrhstrow, m p  630;A. ' serpentine acid iatru~iar 

I 

i > r i t l s h  Coiw.bia, South ef Ink. 54*, except in^ 69th Parallel S U ~ V D ~  

32. Sandon, Slrrcan L: NnswurCh 13iots.j Serpentine Trinssio--cut by p o s t  
C a l m o s ,  cap 273-6 . P r i a m i c  ~raiiira dikcs. 

3 5 .  Tular,con Dist.; k n i t s - p y r n x o n i t e  Zarly curnsslc--cut by 

I Cmcell ,  ha. 26 compiex Eagia g r a i c l i o r L t e  

I 34. C & d ~ r a l l a & e r  Creek Aroa and 
Gun Loke Aroa; Cairnes, 
Worn. 213 d: mapa 431-A, 430-8. 

I 36. Yale D i s t . ;  
Cuirnes, Surcm. Rspt., 1929 

, I 37. ii'olfe Creak Aroa; 

: 1 D o ~ t o o k  & Zlc?Tau~htnn, u p  696-A 

Dunitc , pyroxenite La"& 2~-nssic--cutby 
& norponticizod h d n r  inti-2 nivo e 
p e r i d o t i t o s  

Sci-pontino ; nnppod Triassic ( In to  Gcrass io )  
a s  oxtr~sivo, but 
sh(i7'i)l by Cnimes , 
Koin. 213, to be in- 
t r u a i v e  L n  adjacont 
area. 

Serpon t ino  derived a t e  Yurnssio-B~rly h o t & -  
from poridot i te  ooouc. Cut 'w C o a o t  R m ~ c  

2ioriAd.  

P o r i d n t i t o  

?yroxonitc-gc-abro ~ ) P . - Q S ~  p o s t - P r i a ~ n i a .  
coz,?lox, d [ ~ o b t -  Cut by oyonfi to  end p r d t u  
f u l l y  roln 'ad t o  
p ~ r ~ i c i o t i t o  
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Sritish Cnlumbia, 49th Parallel, Referonce: Dalg, h. 38 

39. Uap 84A Croosduttbg late l%looto%o(?) 
dunlte dibee 

41. Hap 8611 Baaio amplox out Ute Wleosnle-' lriudo , 

. + _._. __ by arbioular per- 
ido t i t e  w i t h  nli-e 

' nodules 

42. Yap8 8111, 82A, 831 Duulte, Earsburgit# ~ s a z o l o ,  earlier 
and 8erpentim Trial Batholith ( ~urssriol 

p - in t rue iona  . Early ~reePaetour) 

43 Y.p 88A .  burgit its and Fost-rhtrasrio fo Oligoasm 
dwit .  

Table 8, Bibliographia referenoes 

. ' Asmstrng, J o  Em The ultrabasio rock# o f  the Fort Fra60r map area (Wort half) 
nofibern 80 C., Royal Soo. Canada Proo. nnd TtPOs., Sd #era, m1. 14, 
sro. 4, pp, 2142 ,  U y  1840. 

&matrcmg, J. E. Fart Fraser ( m a t  half) ooa8t  d b t r i s t ,  B. C., Caneda Osal. , 

m y  Wp 63U, 1941. . . 

Armtkmg, J. E. Talcla Dimtrlat, B. C., C u b  Gaol. Su!-vey Map 84411,1986. 

kustrcwg,  J .  E., and Roots, E. F. Geology and mineral deposits af &ken fakr 
map area, B. C . ,  Camda Geol. Survey Papsr 480s. 1848. 

Bostook, H, S. ,  m d  MoNaughton, D. A. vhlfe Creek, S ~ l h n a e n  urd w o o p a  ' 
diatricte,  B. C., Canada Geol- S u m y  Map 669A, 1940. 

Boatook, II. S. Olallr ,  S3m5. lben,  Osayaom and Kamloopr Dfatriata, 8. C., . 
C w d ~  b o l a  S U ~ Y  Wp 628H, 1941. 

Brooks, A. Hog and Frindla, L. M. The hunt  IlaKinley re%-, Alamks, U. 
Geol. Survey Prof. Paper 70, 1911. 

Buddington, A. F., and Chnpln, T. Geolow aad m i n e r a l  dspouita of rautheartein 
A l ~ g l c a ,  U* S. Goola S U ~  Bull. 800, 1929, 

Cairnem, C .  E. The serpentine belt of Coquihalla reglon, Yale d ir tr io t ,  B. C., 
CnuadP Geol. S m y  SurrPPary Rept., 1929, (1930) 

. . Calmren, C.  E. O e n l o ~ y ,  Sandon, Sloe- end Unmorth.minlne; dfs tr iotr ,  Koo.t;emy . , 
dletrioC, B .  C., Canada Geolo Surrey Hap 2%A, Rab. 2270, 1932, 

.- - &ma, D. D. Bplnrations in a. portian of the  Yukon smith of Whiteharss,. , . - 
~nnnda i%my S v  mpt., pp. 2 2 4 0 ,  1906. 
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Camroll, Chae. bnlop,y and mineral depos ib  of the Tulaman d i r t r i o t ,  B. C., 
Canada Geol. S u m y  Eem. 26, 19W. *- Chapln, Theadare* The 1 f e l a h f ~ - S u r i h a  region, fitirks, tl r S. Geol. m y  
Bull .  668, 1918. 4 

Cookfield, W. E. Explomtionm beiawa Atl in  md hlegr rph  ~ m k ,  8 .  CI, 
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.. . 372A, 19564 
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C ~ d a  Gsol Surrey Ysm. 58, 1912. 
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m- Onillhi, J. e. Report on the Atlin mining die t r l a t ,  B. C., Canrd* h o l m  m y  
illna. Repto B, 1899. 

Ranson, O m ,  and YoMrughton, D. A.. EsgleYaDame area, Carrinr d i r f t i e t ,  B. C., 
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gingrton, J., mnd Miller, D, J. Hioksl-aoppr p rospa t  near Spirit Mountain, 
Copper River reglon, Alaska, U. 80 W o l .  8umy W111. 943C, 1946.' 

Kamohmmn, A. H. Bornblendlla and related rook8 of  Annette urd hJEs Irlanda 
rauthea~tern Il lauk, bnr. hophys. Union Tru. 10th &. Ytg. F w t  I, 
pp. 268-274, Aug. 1935. 

&gem, E. V. bolagy  of the Tealln-&is* hh &or, f u h ,  C d  Osol. Survay 
Mom. 209, Yap 350A, 1936. 

Yartin, a. C., and hts ,  F. J. A geologla r s o o n n a i r m ~  aP the Ilillnu region, 
Uaekr, U. 8. 6.01. Sutmy Bull. 4BS, 1912. 1 

%cum, U . S . C e a l o ~  snd l n i w n l  depodtr  df the Bridge Rimr amp are r ,  B. C., 
Canada Ueol. m y  Y.r. 150, 1922. 



Martis, J, 8 .  Jr. The Gmdmm platham depsr ik ,  fianka, U. 8. -01. S u w e y  
WI11m 918, 1920. 
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Moffit, P. f. molngp o f  the Chi- Valley m d  adjrssnt area, Alrrh, U. 8. 
Ceul. Sumy Bull. 894, 1998. 

Ebige, S., and K.nopf, A. Goologio ~ e ~ r ~ o  i n  Cbm Y.ke#l#h md ' h l l c s m *  
bani-, hlaaku, U. S. h a l .  m y  Bull .  527, 1907. . 

. Reed, J. C., md Co~ta, R. 8. Geology ud ore &posltm of the Chiohagof d u n g  
d i s k i o t ,  Uaskr, 21. 8 .  b o l .  hxrrry Bull. 929, 1WZ. 

Smlth, P. 80, md Ysrtie, J. 8. Jr. Woln@ m d  dneral reratraes of aorthrrcrutsm 
Alrrka, 0. S. Geol. h m y  Bull. 816, 1950. 

Wright, C. W. Oealow *ad a m  dsparitr a f  Copper Ywnta ln  and L a w  hnintrula, 
Alaska, U. 8. Goal. Suney Prof. Papor 87, 1911. 

I 

. . epimodar of ultrahelo l ahmlon  i n  Almh ropa.ra~d in fim and plaw, am Sollowar 

r. A norkbmrn blf in the Braob Rang. o f  lmr Dbt'l)alan age, barely maggertmd by 

the mrpontinrr reported In the Kobuk River area. A dearth of infomm%ioa rather 

a: . : than a pauoity of  irrtmrlom probably rxplalne tho Uok o f  ather ultrabarlo bod108 

shown in northam Alaak.. 

b. parrllel  uppr  D . v o U  belts in ths Yukon-!Cannna region that du not lnmdr 

Mlerirrippirn rooku and oat by Yeraaoio intmsionr. 

o. A lamr ndddla4bsorolo belt in the Capper R;L+.r regton maid h k lrbsr than 

a pout-p.rmiaa p r l d  of' dmformbtion and older than a i l l o l o  intrveinnr that do nut  

inmdm middle Jurrssio and younger r w b .  

d. Upper Jurasrio t n  lonar Crekaoewr bodirr In the Coak fa lot  srsr(nor.6, 7 & 10). 

, , e. Upper Jurarria t o  lowr Cret;aceoun oomplsxee in snuthsar04m Alaska, earl let  . 
i 

than t h e  Coast mgs batholith and relatmd s i l l010 rmh.  , - . 
f. A port-mlddls-Cnho@ollr mad pncsuly-Tertiary o m m x  (no. 8) a t  Goahow6 . 

Bsp, nat  dsfomd bf a mid4retnoenuo orogeag in the Xuaknhrim rocion l a d  out  by 
, .. . " . ...a ._  

, . 
early Tertiary g-twr. 

g. b rmggrtion base& on mry iludsquah ioformrtiw of a prldoU21 belt in #a 

' Alarka Range. ..:b : 
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Eaoh of these groups of i n t ~ s 3 . n ~ ~  is  looated i n  a b e l t  that war k o f o n i o a l l y  

aot lve  pr i a r  t o  or during intrusion, eud in  eheh belt tb jmrldotits in t rue lorn  

m r a  f o l l m d  by the mplaaemeuf of batholi thio ryaaer of' r i l l a i o  reek. The older 

b e l t s  am in  central and norttmrn Alaska, md the ynunger iatrumionr am *long the 

Paaifio ooarf (sxoeptlng t h e  Ooodmm By oomplex, no. 8) and belong t o  the e a r l y  

part of the period of l a t rus ton  .nd orogeny thrt brgan in  ths l h p u r i o  &d oxtsndrd , 

into tho Cmboetnaa, aulmlmting i n  the C m m t  Range h t h a l i t h .  lugs  puts of ths - 

mountain raagea along the ooart  frm souttmarfam Aleeh t o  Rinoe Vflllim mould , 

a r e  r i r t u a l l y  uomapped and unexplored so tha t  the u p p s r - j u r a r ~ i o - l ~ r - C r e ~ e ~ ~  

belts of b t r u s i o a  in fb Oook I n l e t  a r e a  and ln  routh.ar+snr A l r r k a  msy mll  lm 

ooeneotad by as yet unreportsd p e r i d n k i b  inkumionr. Tha author ham oolleated 

rqrpenkins pebble6 f'ram Oligooene t i l l i t a s  i n  the Robinnon YwntaInr r fm mil- 

The ultrabaslo i n f iu r ion r  of sautkssmtern Alrrh ars olosaly related In tS.me, 

. .  
place, and geologia relat ionehipr t o  tlm p e r i d o t l b  lntmmionr a f  the Cmmdi*rr 

watt. The Canadian ultrabmrio m~rss  are apparently largely oclafinsd +o a ulllgle, 

' though prhmpa inhrruptsd and r e l a t i w l y  prolonged, eplrode af  intrurlon, exaspt 

fnr several  areas along the Xntornationnl boundary at the  49th para l le l .  laars of 

the e r r l i a r  workerr i n  t;hs Tukan Territory and northern Br i t i sh  CoZwmbL.. were In- 

ol lned t o  plroe s- o f  tbs rerpentioer and peridatitor o f  there  amam In the low 

. Rrlenrolo or e a r l y  Yesoroie b o a u s e  they ars enolored I n  Fkleorofo raoku. The . 

only upper limit of' age ie that these r o o b  am e u l i s r  than upper Meraroio r i l i a i o  

intrusions.  faker m r k s r r  ham plaoed rlmilar rook8 i n  adjaaant  arean a t  Che 

beginning af  +he lato Yaro~o io  oycle of intrusim aot iv i tg ,  ao t h a t  thewe r o o h  .. I . 
I '. a n  bra r e ~ u d e d  as Jurrrmio or luaur Cmtaaaous. 

1 

. & mouthern Brf t i rh  Columbk, Drily har oluri f l l sd  6evunl ul t rabar io  badfsr i 
. . . .  

. .. . along the l o t emat id  boundary am l a b  Ehleoroio. Cairnor o l a r r i f l s r  the earbra- 
, ' * I 

m - ,  

m o d  p r i d & i t r  wr rham in fiv Z r m  Tr i r r r lo ,  but the only upper limit of 
. ' 

. -  age i s  that theme bodism are cut by pomtTriamrio i ran$b d i b r  thmt ray bo late I 



I . Meeoeoia i n  ace. Cmsell states t h a t  the ultr*barrls rook6 in t b  !Culams4n 

D l s t r i c t  we early Jurorsi~ beoauoe they are c u t  by the Wgle g r m o d i o r l h  wMah 

1s overlain unooafatasbly by Cret;roaour. The other u l t r a k m l a  badiss i n  aouthera 

Britirh Calltabin are gonbrallyregvdrd rr bwlmging to the ear l i sa t  phre of th8 

C o a m t  Rmg bathnlithia b t r u r l a n r  'hnd all a m  maid to b, older than ttm aosd r o a b .  

Hmvor Daly regardm one body (no. 43) a6 probably early Tert5ary. Thus t h e m  La 

pnrr ib ly  r a u n r l b r a b l e  Age in rgm In amrthern Br l f i rh  Columbia, but thim reem- 

ing  range w, i n  lnrppmrt, be dua to aonflloting interprmfationr and d l fP lou l t l s r  

i n  sxaot  correlation. 

Herr (1968, p. 278) ham i n d i o a h d  t h a t  sane af fhe e r r t a x o ~ ~ m t  ultrabario 

Lntrurions lsng along tha 49th pa ra l l e l  may belong fo a R l r o r d o  perlod of In- 

trun$on, but  the p e a t  study d u e ~  not give moh auppart t o  t h l o  vim. 

Tb weal d l s t r ibu t ioa  of u l t rabar lo  lntrumlanm $n mouthes8tmrn Alamk. and 
1 

C a d n  shmr  r dlstinct pattern i n  relation t o  tb bathol i tNc mrsaea. (be large 

&re* o n a t a h l w  nuxwrour ul t rabas io  pamrr~ is loosted along ths 49th parallel a t  
I 

t h e  routhern end of ttm Coart huge batholith. A teooad $8 laortad at  the rarWmrn 

end of the (bdnoaa-Caoriar bathnll thio a u n s b l l s t i n n ,  and a third i s  st the 

northern ead af this broad a ro  of plutonlo ma6aee. Thia  third abater of ultra- 

braio i n t ru r lo r r r  i e  praotlcrllp aoat iguir  with a fourth group @%tanding 4 into 
the Tulcon Territory at the aorthern end of the Coast Range batholith. T b  fifth 

group 18 i n  r o u t b a r t a r n  Alaaka where there mw numornus satxtllitio stnokr d 

. . . . 

prnprrrtinns extending from Barbnof Island northrnrrd into tb Yulmns. 
: 

. Each o f  these s rea r  where ultrabasio lntrusionm are  canoentratsb appear8 to 

, . be an are. whom zone8 of -jar ba tha l i th ia  marrrm p e r  beneath the p r r ~ r a t  area . . 
. . 

of exposure and where aany minor batholi ths,  rtnckm, sod bomrsr r u g p o t  that ' . 
. , 

. fi-r w o o f i n g  would mvau an alPlaot oontinuou bathol i th la  apmu not far b.- 
. . 

neath. In ether wardr, t b  ultrabaeio i n tma ioa r  appear t a  be relabd in , 

a t o  ba tha l i th io  roof sonen and tb plloedb the ~~~~~~~nt of fbb h t b l l t h  In f h a .  

. i  
i 

+ 
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Rees ( 1-8, p. 269) ha6 conoluded that ultrnbario i n t n ~ a i n q  a e o w e r  tha firmt 

great dsforrrmtinn of an orogedo be l t  and are  abrent i n  latur dafonmtiana. 

Thin olose oorrslstion 5.n mpoe and time i a  oertainly not a d r r ~ t i t l o u r .  If 
t 

a t r o n ~ l y  luggesta a genetie ooauaotion, tut it l a  not moarrary ta oanaluda thrf 

tha ultrabarlo r n a h  and tb uilie16 kthollthio rookr a m  d l f f a n n t i a b a  of a 

o m n  ma-. f h  the ooncnrf, the mob of mmt oxtram a ~ o r i t i ~ ~ ~  and highart 

danmlty rm found aqlaoad a b m  and in 8 b a r  of thr brbholit ie rooks. Tby arm 

not  marginal sad gradational wlth the major gmod io r i t a  maser ,  but  a m  m d e d  

by Chs acid roolcr at a d l r t ino t ly  l a t e r  p r i od .  If 18 fnw that the batholi thia 

. Y L ~ I ~ I  0 - d ~  d i s ~ l a y  baslo marginal fnoies sf hornblendlk and grbbro (Buddiw- 

ton snd Chapin, 1929, pp. 236-239), and tha t  8- of the ultrabaalo bodlam arr 

also bordered by grbbrois difrersnt la t r r ,  but theme nrs amra g sah ra r  in the 

rieht direction aarnsa r broad gulf that Is ~whom found bridged by a oontinumu 

mequonos o r  rooks t ha t  onn be olearly shtmn to havs h e n  derlrsd frcm a ommn 

. ' 

. . 
fib di f fe ren t iaha  af' bamaltio -8 that a r e  fnrmsd In r d i f h r s n t  orustal 

Diffsmntiat3an from a 8- mgnm reerm t o  hold the greatart  appeal far . 
goolaglstr, bu t  there aro r~ther IcLndu of genstio relatiourhip. The m l l d  rela- 

: b 

tlrmshlp betmen ultrabarrio lntruainns end batholikhlo smplaosment that  aan ba 

~bsse-d IS t h a t  thby u s  both produak of . amanon aeguenae of orurtal  p r o ~ ~ r ~ s a .  

Major orngenio diaturko0.8 lnibiata a o y c l ~  of petrogsnettia beginning wlth thn 

iatnarion of ultrabario m o h  and eulmfsrting in the i o m t l o n  of bathollthu. .. 

Thm ultrnbasio roaka and fhm g n n i t i a  moka ars produet. of a o o n m t ~  proosrr'-. 

rbthsr than a 0-0 maprrr. By analogy a m  d g h f  point  out that the lnbnrr of . 
* 

a geelogirt lpsy prnduoe both p i r p l r a t i o n  dl hypathsre8, bpt f.rr wauld muggmrt 

C b t  they 8pring f'r- aonmlOn 8~b-mataaenur m r e m l r r  t . ,  . . 



eor 
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Notes on tha Kans Wak oomplmx ". > I 

' 1 S 
Intmduotlon 

I 

! ? . . . 9 - .  
The rncka of tho &me Peak oamplrx orop ou t  olang the ~horr of Kuprsurof 

, . - 3 
Ialand from Cape S t r a i t  southeartward for  I l i t t l m  more than a rpilo.' The amplox 

. e x h n d r  inlaad routhwestrrud for  a b r t  -9 milea to 8 m u a l l  lake ar tarn oooupf- ' 

1 

in6 a oirqus south a f  th. d t  of ha8 Rtak. Raakm of thm carmplu extend t o  . 
- t u n  a few hundred B e t  of the NlrPmit of Xaw Rak md f o m  a promlmnt shouldor 

. . . . .  w i t h  a #null r u b ~ i d i a r y  rumit, The extrems ferromgrrssian aompoeitlon of 'the 
. . . . 

. - . rook8 on thlr shaulder oruaer them Ca bs haa t l l e  to m g e t a t i a n  and it appear#, ' 

. . 

.. . - when isen from boats paasiag along Frsdsrlok Sound, a e  a la rge ,  bars, red-brnn 

rook euterop o f  uno-n ampot. The oomplu har thus exoihd the pr r r ing  inter- 

. .  a r t  of  lay Alamlrmr, uho a m  alvmym ale* for mignr of porribls ~ n l l t n t i o n .  

a wfr prarpa torm ham Pimited the area i n  the haps that It repreaentr  the garman 

, . of a mineral depari t ,  and t h e  h e l l n g  t h a t  "them i a  mtmthlng thmraw mm&lm l a  

the pllndr of m y ,  d s r p i k  d iuppo in t ing  urrym urd l m r t i g r t l o n m .  . . .' .....- 
The looat ion of fhm Knne Esak oomplsx i r  ah- on fiwr 1, pap 8, and am' , . 

l o o r l % t y  number 14 on figure 2, page 12. A general rim northeantasrd aorose the 

olrque and t a rn  toward the bu, rhouldsr of Kens Peak rrlth F'redariok Saund nnd the 

aouotainr o f  t h e  nraldland In tb baokgrnund may bs aeon l a  p l a b  5. Relief In 

. I the arbs  i r  #harp, riming from mar-10-1 to r d t r  ~5th els*atlonm of more than 

9,000 femt i n  l e8 r  than two milem. Hmrsr t he  northeratern half of the sna 

underlain by the oamplex oonrista of gentle  slopma and terrnomm, f o r  tho mort part ,  

w i t h  an 8lnuiat unbroken oowr  of makeg and raararht stunted forest: gruwth. Tn 

t h i r  part of the area outoropr a m  also& otnfined t a  the wuw-warhsd rhore md 

t h e  bed of a d l  atreun oramring the  aomplsx. The prealpitrmr suuthmwtern half 

of the  rrsa oontsinr m y  bold outaropr, whom underlain by psridntlta and pyrox- 

en i t e ,  but  rmtoropr rtasp. mlopm undarlrln by rooh lmrr hortilm to plant 

~rawth a r e  d i r r p p o l n t b g l y  mouoe. 
! 

,' 



The Kano Peak orr.?plex brierly eonaenhd upon by Buddington (Buddington 

and Chapin, 1929, p. 192) Prho gave short petrographio de~orlpfLoam of soma of  t h e  
' 

t rncka ksrnaiatsd w i t h  the onmplax. He desoribsa the part of t b  aamplex farming . 

t he  prnudnent~utorups  an the f lank of h a  mak r m  a aare o f  pyroxbnlta eaolrolsd 

along the mouth and e a s t  eider  by r bordor of durrltr m d  mhr1it.o. There r a a h  

. w e  dlrtrlbubd In tbs ray Buddington haa Indloabd,  but eubuqusnt i n v ~ s t i g a t i o n  ' 1 

ha8 p r m d  t h a t  it 1s the  pytorroSh t h a t  l a  e g - 1  t o  a oars  of Q d t a  rtld mhr- 

lib, rather than the mwrn. 

The arm war again d s i t s d  i n r  a few day by b o c p  C. Kennedy and fhs prraent  

author in 1943, and a rhort aoaaunt o f  t t w  8alLent gwloglo fea$urer of  the aomplax ' 

.raa published (Kennedy m d  Vialton, 1946, pp. 7840). A t  that ti= the essential 

marglml nla t ionmhip  t o  dunite ai poxsnite sod other more r i l l o i o  and aalo io  
* 

rookr m e  r&oo@csd. The prerwt aooount add8 sew data and d e t a i l 8  and gimm' 

addit ional  insight inta the petrology and stmature  of t h e  oomplex. 

. . Ths author and h i a  amrirtent,  Ivan Tolltoy, osmpsd Tor 10 days in the m a  

*. in August, 1946, and prepared s topngraphla base map by ohainiag, paoe+omplrs, ? .  

end aneroid b a r ~ t a r .  D e k i l s d  geologio mnpping nnd obdy of the a rea  war mslnly 

I .  aoaflaed t a  the routbartarn part of the  oomplox and l b s  snaloslng r o o b .  A , I '  

1 tapographio rad geolbgLo sketah map i e  given here u f lgum 18, page 210. A 

The mjor rook unlts of the Dm Esak ocmplsx are,  far the mom-t part, rtrik- ; 
a s 

' iagly ~Wlar t o  t h s  r a a b  of the  Blaahko Island aonplrx. The oomplsx arrarirte . . 
. . .. of  a osnt ra l  area underlain by dunitlo rooks. Marginal b there  rokr ,  pnrtiw- . . .  . . 

i '  + .  

. + 

l u l y  at the ~ou t imur te ra  end of the oomplex, 16 r border soam of olivine a u g l t i ~ s ;  - - . Bmwmr, unliks the  Blaahbe IrXaad oamplex, the  a l i r l n e  augi t ib  mar doer no t  - ' 

. . 
. . -  f o m  a oomplsb ring around tb mrm olivine-riah rookm, but 10 l oaa l ly  a b m t  . 

.. . . 'and i n  representad by a w r o u  border rona o f  blotit4 lrhrralit. or b l o t i b  nu&- ; 
. . . . lib. The Z(Me Pb& oomplex hag  not  been r u f f i o i e n t l y m l l  aappstl t o  de l l twnh  n 

a o i n  of d u a b  me of ay i te ,  a6 t h e n  i r  i n  t h e  B 1 ~ r b  I#l.md t ~ ~ ~ ] , e x ,  b d  , ' . * .  . 



reoonnaiwancs indicator that nehrlits, aommbnly p r s i &  i n t o  a1ld.m aug l t ik ,  

i r  tgpioal of tho border6 of t h e  maam rrrd khrt rugits h a d #  to b. 108s abundant, 

or  even ~beent, t m r d  the csnbr of th rrma. T b  exlrtenoe of r duai- ear0 . '* 

rubrtantially f r e e  of w g l b  forming a oon&ld*rable fraption of the oomplmh ha8 

nat b a n  ~4 demnstntsd, mi it I. d o u b t ~ 1  tkt o m  . ~ l r t u  tlvt i r  em All- 
L 

d e i w  n the dru3ta oom of tb ~ 1 a . h  f r l rnd oapiex.   oat o f  the  olivim- . '- 
rioh rook. .rs partlr msrpmtlaited, but loorlly thry am u n u a d l y  i h s h .  

The m e  mrk a q l m x  51 different tbrn th. Bluhks I~land oomplex'in msmral. 

petrologle arpsotr. There Lr no cr*t;snrit. d m l o p m n t  of pbbroio rwk surround- 

ing Oh peridotltm -8. Looallj, mnd putioularly along the northm.mfarn border 

of C& aorplex ths a*rginal f a a i a ~  i r  r hornblendib w i t h  r b u n b t  ~aaarrtr of 

augita largely replaoed by hornblende and a-&r omtaln9.q aolver or la io  plrgio.. 
\ 

clrso. Only prbhem of t h i s  rook r few fas t  rerorr  looally approroh r gabbra ia 

. minerrl oompoaitlan. Elsewhere muioua rather d i r t ina t lo r  foolerr of ths pmridot lb  

nra in direat m d  dmrp oontmot; with oountry roakr, h t  the o m n t r y  r o o h  a m  gran- 

u l i t i c e d  and ohanged 1n oaaporltlon for diut*noem of only r f'ew tonu of feet to 

prhspr 200 fast frw the eonhat,  aad the ohPnge i n  oompo~ifion I r  by no mean# 

am *xtr+au as  that o b r e m d  around the B l w b  Island oomplex. 

an oaunlarpart in the  B l u b  'faland oaaplex. A t  one plaos the routhem oonkaot 

of ths aomplex with the oountry r o o b  m y  be reen t o  d ip  irrrrard tnward the  center 

o f  tb oclllplax about 40.. Tbir plaes I a  rhorm on tho gaologSo ~ a p  a a  the most 

moutherly nutcrop of psr ldo t l t io  roaka. A nsfrm aroeloaal mnmant of the p r i m  
. b  

dot i to  lam6 appears I n  the fom of a lsdgo rumlng mrrt*ud along r no*- 

rloplng h l l l ~ l d e *  S d t  g n a u l l t i t s d  horablsnde sahlut uaderlying the peri- 

dot i t .  11 expaled up-mlops from this ledge, and reappears r p l a  dorm-rlop from 

thm lodge. Ths slop of the h i l l ~ i d e  im thuu a p p r a x h k l y  the rum a# tho dip 

6, of' the oontaot,aad ~ b r r  fbs p r l d o t l b  h a m  been eroded away along the  r t rsu 

m l l r y  below the  l e d m  tlm flw of tho oonplax I r  again expomd, TMr expowe . . _ ._ s 



. . 
afford3 a unique opportunity t o  see the per idot i te  m s r  in oantaat w i U I  anolonin6 . 

roeka over several hundred f e e t  aP relief, aad alaarly dtmo-tern thm inward- 
* 

dlppiag, basin-like structure of' the coatnot at t N a  p u t i o u l s r  plaas. Tho raok . 
ln t h l a  ledge 5s most1y.a b i a t i t 4  wuhtllt., b u t  within tm t o  fino* f a s t  of tho' 

- 
.eonhot  Mth hornblende moblmt bypersthens rppeum in qumtit iem up to 10 or 20 

' 

. 

' ~ r c e n t  of tha rook. Appreoiablr amounts up t o  rmral prorat of t h e  rulflde 

 mineral^ pyrrhoti ta ,  p n t l a n d i k ,  awl ohdtoopyrito w e  r l 8 o  ~poradioelly d i s t r ibu ted  

through tho rook, but  no marme8 of 6ulfidp-brmri~q radc qf *oontnnioally explaitable 

dimsnrionm ware rean. Ham-? muoh =rror  may drrt. The rook i r  porphyrifio ia 

texture.  [ ) l i r ine  and augies o r y s t d s  2 to 5 ma. i n  urosr-seotion rra distributed 

thrnugh a granulrr groundmerm of grain8 l o r r  than a millbmhr i n  oroes-rsatiun 

oonsisf ing mlnly of auglb and hypersthen@ with a l1tf;le mry ca lo io  plagioalaae. 

So= la rge ,  p o i k l l l t i o  a rps ta la  of  greenish-brmn hornblende and a l i t t l e  pie, 

reddlrrh-brown bio t i ia  i a  alw prerent. Th. rook m y  be o r l l e d  a biotitr lahrralitet. 

; -  
A t  one l o o a l i ~ n i t h i n  the o l iv ine  a u g i t l t e  ~ ~ * m a  a t  the aouthwomtorr~ end o f .  

t he  a q l r x  m outorop o f  raok aanaiat ing of oorrw b i a t l b  ud augite was noted.. 

The biot i t e  encmrtr and partly raplaass nall-f-'d w g l h  orylrtrle. 2he rook 

PLY be a produat o f  hydrothermal attaok an oliV3ne augi t i to .  It8 f i e l d  m l a f i o n r  , . . 
t o  attwr rooks of the oaluplex were no t  exposed. 

At tha r w t h  end of t h e  exposurer along M d e r i o k  Bound the perldotiw a? Chs 

' +  'aomp1.x app-m to pmr gradrtioarrlly over a dlatanoe of about 1,700 f r e t  from aa 

. almost oomplably unmerpentirdted enst;a.tiUl-blotito dunit. oanai r t lng  largely of 
. . 

oliAos with  unurumlly wall-developed 100 and 010 oleamgem and onatnining aoorrasory 

, ' biotite, hornblende, and s n r t a t i k ,  through a tough, fins-gninad, little-nerpen- 

, t i f i r e d  wehrlite, t o  an equally f h r h ,  fine-grained o l l~ iw  rugitits. Ilost 'of t b  

a l i r l t re  a u g l t i b  of th B l a r b  Ia l rnd  anmplex i r  notably ooarre grained, and tb 

texture of there  rook  a8 nll as t he  aooaraory biutlte, harnblmnde, and a o r t s t i k  

a- tn the dunlte, and the olsamga in the ollrins i r  dlrtLaotS~s by oampariaon. 

Another di&inofi= Pock 58 prewnt, apparently 88 r m s h r p h o m e d  i n o l u 8 i w  

wtthln mhrllt., a b y t  160 h o t  f?G the a o u t b m  border of  tha  ooq16 on 

1 
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shnro of fradsriek Sound. Tho rook is a hypersthem u3phlboEbonnsistlng prln- 

't- 
c i p l l y  of a gray-green, mnnooliale amphibale *bat i r  a h o a t  oolarlam8 in thin 

seat ion ,  ~y - 1.653 2 0.002, moderately 1-9, nsgatiw aptio angle, 2 nn&la 

d r 16' 5 lo. The rook oentain8 10 or 16 proeat of hyprsthmm pertially rsplaoed 

by the amphibola 18 libr*lljr upofkd with  -0, p n i H l i U o ,  deep msfi8hr 

b r m  hornblende orgrt.lr up to a o e n t h t r r  in ororr 8eoMon that enoloam a d  

partially nplaoe mumroue a r y a h l e  of hyperathsne and the oolwlsrm Pqhlbola. 

The oalurlsrr mnphlbolcl 11 o-oly ~'3-d by magnetif. and oonta$ms abundant 

inoluriona of magnetite. A oarbornto replaoer thr oolorlsnr amphibole In c~porsdlo 

I WiWn tb p m d e n t  prmr of  oU- wagitllm at 90 mukern end of the 0- 

p ~ a x  are n-rarm -raw lrysrr and dike8 o f  augits durrik arrd wehrlifa ri& 

pstrologloally to the ruglfs dutlib and whrlikb bodiae found b the olirim 

auy;itita ring of tb Blashkm Imlnnd aaqplmx. Art8  of tMm mas# o f  OUT- and- 
1 

0 .  
tit;. arm also pmtrabct by an ind%atina+ bax-wnrk of  -ins of  ooarser textured 

i rook a frrr laohor wide oontsSning muah v a q  oorrrr all* in assnoiatinn w i t h  

I very anrrre augit. and rrrorthite* veins o t t h i r  ur pso-d in plab 9. 

1 A spoimen collsoted from one o f  tho80 ooarae, h g u l u  band8 ravsaLsd an unulual - 
Se'sature. Tha mpoimn awrimfs largely of oaarm olivine and oanCaia8 r. -11 

oavltJr rhllrr t o  *ha m l v o l i t i o  o a r l t k r  reen l n  granite. Cobrme, temimated 

oryah la  af augite projeot l o b  t h l m  o s ~ i q  and perabd an the augl+x~ oryrtPalr 

are sams ooarse orye-8 of  pennlnitm up f o  aewral millimetore aaross with the 

to 20°, opt10 s l g n  poeit lm,  birefringeaoe luw, o o l ~ r  pole bluirh green. !thm 

aaqoe i t ioa  to fh. auglh ln ttm marrorinbing rook. The pmeenoe of a o a r l t y  af 

t h i ~  ldnd n u g g r t a  that the box rark of ooarrs allrlnm-rioh vmim h r  bema pro- 

duoed by reaotiona along early-fomd in+arrsoting jolnt ryehma In the rook 

brought about by fluid#, posllb.bXp mranue, e8uratf.I~ *om M h e r -  w i t h i n  thm 



The olivine e . u ~ i t i C o  a t  the  smtthnastorn end o f  t h e  aomplox al8a oontminr 

hodular mannos u? t a  a font or  tu-v i n  cross seotlon at onarre p g m t a l d  mak i 

. ..; 
aonslseing nf onarse marthita, nllv5ne, &d augito. Soms ni the80 bodles ham , ' 

a ooneentrlb r t rue ture  i n  the oore of whloh L a o l u r h r  of ooarre anorthilm : - .- 

The Pssk oomplax exhib i t s  the  earns strong tandenoy f w d  oryptlo zoning * ' 

in t he  onmponi*ion o f  i t 8  prfnoipal pharos tbat the Blarhke Imlnnd oomplax mhmn. 

The follar*ing table gives the in t enmdia t s  rof'raotive index and t h e  p=okblm . .  

. o h e m i d  o l r ~ p a r i t i o n  of the pr ina ips l  mineral8 in r o v e d  mequenoer of apo5mmnr . 
I . taken along t;ra-rssa fromnithln the oamplsr outrrard t o  thb mar-. The oosnpod;' 

t l o n  of augite l a  brtimrkd frtm the in te r rea t lo t i  of the rrl'ractlve Index murwa ,. 
. gl-n by Herr (1949, plata I, p. 634) w i t h  the  t r end  of vwlatlon faund In Blarhkm 

f 

' Iuland a u @ k  ar uholm by o w  A, figuro 9, page 65 of t h i n  paper. , 

Table 9 

1 Intermsdl8te raf-raotiw~ index and i n f e m d  obmioal  oomporitian of minerel8 i n  

I * . Kane Ebnk psr idnt l fs r  and re la lad  rookm. Composition glmn. i n  stondo or mnleoular 
p r o r n t .  

Rook type mnd 01 1vi.w AugiC other 
laoation a i  spoimn kg & Fa My Ca . Mg Es Ny Cornparition 

. - A. Traverrs frm oenter 'of onmplex routhwee.t;rwxd ta oontaot u i t h  mrwtadlorite nurr ' ' 

srmth of Peak. - <  , ,  . . . . ), . . 

. . Dudto ,  o e n h r  of 
compl~x  . 1.676 

. . Duni*, near grada- 
tional 80nh0t with 
augi te  duuitr 

. - ,  
1.682 

Augifs dunlte, a t  
' . oontaet with  

' ' olivine nu@t i t r  1r684 
b g i b  d u d t ~ ,  trh- 

l o r  amas enalored i n  
- o l l r lne  a u g l t i h  1.889 . . W e h r l l b  frnbl an 011- 

. . vine-timh band r i t h -  

a: - In o1I~Im a u p l f i b  11.690 
nl i r lne  a u g i t i t e ,  a 

fsrr feet from bnrder 
.of  O ~ ~ O X  1 .6B4 



B. Traverse snutheastrrard a l o q  shore af Redsriok SO& *om within mimplmx 
t o  enntoct with granulitited p h y l l l h .  

Duaib, 1700 feet  
from bordor of 
omplax 1.676 

Dunlts , 900 feet 
from border of 
complex 1.675 

Wehrli*, 300 feat 
from border af orrmc 
plrx and i n  caataot 
wlth smph5baUtlsed 
inalumion i .a@$ 

a i i d n s  augiti*, 
i n  oontkot with e- 
u l i t l z s d  p h y l l l b  1.692 

Qra~ulitlsed phylllbs, 
in aanhot  with ' 

oli-e augi t l ta  

C. haverse  aoroar t r a n o i t i a d  oata.of beimen augita d'unik, wahrl3ta, and 
ol ivine augi t i ta  near awthemuort wtorop of oawplax. . . ..- - i  

1 '  b 

Augita dunfte, 30 . . , * . .  ?- !. ..  * . , , , ,  
. I  ' feat  from o l ldne  . . .. . _ .  . . 
. . . augitita . . - 1  : . 1.684 04 IS 
' . .  ' .  . , 

. . 
, . Wahrlita, 3 f e e t  from s .  

, . . . . . , 
. * . . 

rslativel y abrupt - . *  
, - .  .I . '  ,. 

'I ' - :.[ ;. 
. I 

tranuition Into a l l -  f ,. . ,: .-i . 

1.686 BJ 17 1.688 4 4Z W - :: 1 ' 1 '  t 
Ollrina & ~ g l k l k ;  3 F . , . .  ^ +  

foo t  *om abrupt; ' . , : i  . '.. 
, . 

I . "  . tranrritlan i n t o  
1.687 823 175 '1.689 48 41 14 , * 

, m h r l l t i e  , ; 
t '  

: 
' I D, Speoisraaa new i d - d l p p l n g  oantaot be-n ooaplsx and hornblandib I . . 

gneisn floar. . . 
Bio t i t e  augitite, 
withfn 20 feet of 
bane of oomplex 

B i o t i h  IshrzullCs, 
I0 feet a b m  bars 
o f  onmplsx 1.698 

Auglte-harnblend~ . - 
. gnsimr, estlmuted f o :- . 

' . bs a f ew  tan8 of feet - 
below onntaoC ~ 5 t h  . * oampl#r: 

. Blotlb-hornblsndm 
sohlrt .  1.300 feet 



To sumar ize  Lllo rclktlor.sh:ps o h m  by the d a b  i n  tabla 0, oliplne ranges 

t from Fo88.5Fa11.6 i n  t h e  center of the onmpltlx Co a mhm i r o n  oontent of 

F ~ ~ , ~ F ~ ~ ~ , ~  i n  t h o  r e ~ r k a b l e  b i n t i t s  l e h r s o l i t s  pnrphyry fouad laorl ly  at  tho 

oontaot with gran!rlitizsd sohlat.  Auglte r u g b e  from a rPiaimrm it- oontant of 

13 peroent i n  rahrli. d t h i n  th. c c l p ~ e z  to  a n u i m m  i ron  ' oonbn t  oi 20 perah 

i n  e ranu l i t i r ed  schist and p h y l l i k .  Elagioolare from p e w t o i d  b d i e r  ia the 

aut;lC4 dunlt;s part nf .the oumplsx Is .northits and plagioaleae in grawl i t iaed  

rooka near oontaats  with the omiplex 18 of the anaqomltlon AM0 bnS0. Owaide 

the eontaota+rmorphio  influmnoe of the o~arplex tho oomporitim o f  plagivolrme 

I8  A W E  AnS6 or even rrure modlo. h.aoe8 of e n s t a t i t e  ham been noted in mersrlPl 

1 thin sso t ionr  of d u n i k  ard rugifs dudto  frrar lrithla the oampllt, bu t  a t  the outer 

I m r g i n  of t;hg anmplex the arthapyroxen@ i r  hyperrthsns of' ishe aomporltion U78 FaZ2. 

A d ln t lno t  aryptlo toning i n  composition n f  a l l  of  thm8m phamer i s  olsarly i n d b r t e d ,  

. .  poasnt from the center  of t he  nomplsr orrtumrd. Thug the  pattern of wrLatinn in - 

I " 

Plinrrrl o ~ a l t i o n  i o  omparable t o  that f o d  i n  tho  B l a s b  Island aomplex. 

Yebmdiwntary r a o h  Ln oaniaat w i t h  the oampla 
* - . . 

' . ~ b 4  m e  ~ s a k  aomplex i m  molored  i n  by mstaradimsntr that; ~ u d c ~ n g t o n  

(Buddington, and Chapin, 1929, *pp. 1634) has o a l l r d  Jurarsio (7). Ro f o a r l l r  ham 
.( 

. been i d e n t l f i a d  i n  thlr group o f  roako on Kuprsanof Ialand, and the aowslat ion 

, r e s t 8  on l i thalogio  aimilari* and r t r u o b w a l  relationr ~ 5 t h  r o a h  from local%t;ier 

' mrny milem d5rtant whome age it! bet ter  establlehed. Aooording t o  Buddine;tan it .lo 

. . porsiblm t h a t  a- of the Jursseio ('J) rook8 mhbuld ba o o r r r l r t e d  ~ 5 t h  roekr a l a r r i -  

fisd aa b w u r  Cretaosous (t), and other  r o o k  plrood i n  t h i n  oate~ory  m y  -long 

I S  
. '  t o  moh oldsr  grmtpe of  roots. Thur the age of  the anolooing rookr 5s doubtfully 

. . 1 .  . g1-n am Juramrio-Cntaeeau~. The prerent r epor t  o m  onntributa nothing to t ho  , . .  . . 
prablea  of oar re la t ing  theme mala, bu t  3 f  -1 notioed that: the ~rtbrsdimenfo at: ,.; 

. .  t h e  northrn t i p  of the oompler from Cap S t r a t  nmbmrd fo  p r k p 8  hll a 
' " 

.. obnuist minly of dark t n  mdlum grerninh-grey rnota*graywuok i n  t h i n  -but pat- 

r imtaut  bed# up t o  a few f e e t  thiak-la uhich f o l l r t l o n  1~ mak or rbasnt. South . , 

. ' ,  
.,,.id m . t . d d i - .  i ,' : . 



of the oamplex the rock r a c e s  fron s light; gray, d i r t h o t l y  fnliatsd quartz-riah 

phyllike to a dark to medium gray quartz-blntita a c h l r t  with aodulnr.porphyro- 

blaetr of mscovito. The oomplrx m y  thsrsfors km in aontsot with bra rock unik 

of much di f ferent  age, but r inae both l l thologlo  fpp.8 f i l l  nlfhln t h e  range nf ' 

l i t h o l a d e o  that  Buddington bnr dararlbd rr pmreat . in  tk Jurrrrio (7) sequsnom, 

t h e  quertion oannot ba w t t l e d  oo t he  bar58 of pmwn'b kndrdgo, 

Wlthin 80 abou$ f0.t o f  the o o n t a o t d t h  the u l t r n h r i o  oompllx 8 

deoldrd ohaags onn be notioad in the texture and ooanpasitiorr a f  the msturedhnts .  

The lx~xturs beocmr 8-t grarrulibia, quartz, msaov i t s ,  and moh of the biotite 

dimappear. The plagioahme i n e m r r e r  in *rrortk&b oontent f?om a l igoelsee  up into 

t h e  l sb r rdo r l t e  rango. Oarpet and augitm rppar a s  new phrsrn, and hornblends 

baonrss very abundant i n  ram a f  t h e  raokm. h a a l l y  th8 rook il   hat through with 

imgular strerlnl md t a e r  that approroh o gabbroio bxturr  and appamnos. T b  

exten* m d  i n h n a i t y  of. oonk%et mafarnorphiom is no t  ma great nu around the Blarhh 

. . 
Intrufiirs racka i n  aontaaC Mth the arwplex . .  . 

fn t he  d a i n i t y  of h a  Psak the oamplex is ia  colrkaet w i t h  an intrumim 

t h r t  sxtenda several milea t o  the retit. hoardlag  t n  Buddington ( ~ u d d l n ~ t o n  

end Chapln, 1929, pp. 192 and 204-6) this m r a  i6 ~minantly o f  monrodioritia 

I . ,  charaoter, but Buddington hotud a h i e #  of t h i n  mala new i t 8  oontnot lrlth thm 

ultrabario oaoplrx that he de8erib.d am a p o u l i r r  rarlurt of t he  namml mmo- 

d i a r i t s  enonuntersd i n  southeastern Alaska. This faeiss he aallsd a hornbletide- 

. pyroxena mmrodiori te ,  Bad arorilmd it8 *rriatlon fitnu t he  no-1 biokib-ham- 

. blonde &mtndlofite t o  maotlan wifh the ultrubaalo mar .  

A speolma eeloatad &s repmssntatios of the m o ~ u o d l o r i ~  body unaffso*d 

by proxlmlty ta oontaotr Mth atbsr raokr was aollsoted a t  the  edge of tho  mapped 

arms shewn i n  f!igwa 18, pree 210, near the m u m n i t  of Hunt Rak, Thlr rook i r  ' 

@. a nwdium-grained phanerib with an equigmnular, r l l o t r iomrga ro ,  e rani to id  tgxtura. 

,,.. , D . ;  
Y . . 



Plagioolase of the appraximate aampusitlon Ab70 An30 emnpriwa about 40 peramnt 
r' 

of the rock. Hioru~liae makes up perhap8 20 peroent of the rook. Five to  10 

C)\ ,,-. .:< p r ~ s n t  quertr 11 pnmant. me p r i ~ o l p l  u k  m i n d  is a du* g m n  korable* -- 

that ma)wr up about 20 praent or C b  rook. A pale penlsh-brown blottfs'oom- 

prim8 about 10 proant o f  the raok. A W i b  Sm the only ImportmC aoomrmory .ad 

a minor mount of seoondatg epldote is pre~snt .  

. of Etwt Rdc, the mok t a h m  on a strong pair8k m t r u o b  ming mo~tly to  a 

pmferred orientstion of  borableutde, do., and hldmpar grrlaa, but partly to 

mlight but dlmtinot aatrola.tio kxfum. In this rook miarwlins i r  abrant md 

the plagloalam l a  rod io  oligwlama. Epidote is abuudurf, both reooadqf aPbr 

both b i a e t a  and hornblende u e  more abundmC than I n  the rook oharaoterirtia of 

f h s  mum, repreranted by tbo mperlmn *am Butit halt. ,big I dnor  psrornfap of 

quarks i r  perant.  
@.' * , '  

&n entirmly dlffarunt faoier of the moazodiorita appear. near its aoet;aot 

n l t h  the elirln. augitlfr border zone of the ulfrakeSa o q l a x .  A u p s o h n  

o o l l a o h d  S f e e t  frca a sharp, p l w  ooutaat with bio$ltm-nli+lne augititm oon- 

5 prornt raob o f  hyperathone and Moti tsr  The mimralm of th. mok ara hatably ? 

irerh. The texturs ir medium m e ,  hyplbo~arphla-granular, and momwhat dialmrio. 

The t o t a l  abranoe o f  harnb3enda is oonrpiouaur. Ihe rpecimsn desaribed by Budding- . 

ton r r  hornbl.n&-ppoxetm mnrodorib ~p.y ham bmh taken iarthsr f h m  the oont;oot .' 

rith the  ultrabario rooks and reprbraat; a t-mitinudl PIolrr bskramn tho rook 

l a  oontPat rl%h * ultrnh8lo r o o h  and tho typical monrodiorito. 

A dike about 8 f e a t  wldr l m  exposed for momw gsrd8 in the bad of Cho rtrsun 

-g the tup south of b m  Pralc. The strram f o l l m  a fault tuns that outs 

the oomplox. WlOhln  t h i m  fwlt tone the mka of fbrr aamplex and alro the nmta- 

- . nedimmn- rook" dt. tha *o.plax .haw oonmld.nbh mhearily .ha*=- 



ing. Closely spaced shaebd  joint8 are ooa t tp iou~re  Emmr the dike npprvr ' 

t o  be uaaffechd by th in  disturbanoe and i r  thus later than the fault that mtr ' 

t he  complex. The dike rook 18 a mdium-g~"aUed, squigranuler, hypidiamorphio 

quartr d i n r i t e  emrlmting of plaglaolams, about Ab70 AMO,  ahrrdunt quarts, 

hornblende, biotitm, and tltanib. The rook i r  marly hal? hornblende, m d  th, 

hornblende displrya a strong tendenoy Cuwurd 1dlanorphl.k The tibrdte i r  w%- 

uruallg a o v r e  and abundant. Iluaoovttr m d  s o i m i k  m a-D altoration pradusk. 

A vmry small amount of mlorooline i m  preront, 80m fh in  . lamprophp d-8 are 

a l r o  prorent i n  the O u l t  Sober If the quartr dlorl- dike  i s  re l a t ed  to the 

m a r o d l o r i b  maar, an it w e l l  arr ba, it sekblirher tho ormplex 81 older t b  

the moncodiorlte and invndsd by the  monrodlorib. 

The actual onntaot b e h e n  the  mlti mnr;adiorita ma8 and the rook6 of the 

ocmplez ern ear5.ly be looatod **fin a few feat rrhere st auto aarams C b  r h l d s r  

of b e  halt, but it i m  apparently a sons o f  weak rock for i t l r  s m o t  nahrs i n  

a ., oonasaled by moh ammbllng and deep mathoring. Bawwer the map re la t ion8 in- 
I .  . , 

. . d i a a b  that it im probably 8 nlatively rhtple, undulating plane dipping in tanvd 

. '  ", the u l t r r k . r i o  mama a t  m Pngle of' about 7 5 ' 5  The lnsp r e l a t ions  a l so  rrugpat . . 

. - t h a t  the mnnzodiorih m a s  ha8 out .out  a part of tho barder zone of the samplsx, ' Z 

- far a aonrpleuuur b n d  of harnblsndlta bordering the oomplex a t  Cape S t n l k  vmdger . . 
out along Chm oonkaat u l t h  montodlorite nenx Xana Psak. Tlae erldonas f o r  the 

. . .  
later in t rur inn  ni the monxodiorih Is h m w r  no~otrrolualve. A border sono of 

hombloadits i e  not promant along other o b n e m d  aontaota of the  oomplex, and the 
" 

quarfr diori* dike m y  be younger than either the w m o d i o r i t s  umre or the oomplar. 
. I  . . H m w r ,  euoh r r  t h e  evidenoe im, it polntr t o  the oonaluslot~ t h a t  t h e  m n ~ o d i o r i t e  . . 
- l r  the younger of the intm8irs =emor .. the o h a n p  i n  mlnrra lo~  md oompodtian ' ', . . 

of t he  maatodior lb  near i t 8  oanteat rrlth the ultrabarnlo r a o h  mtst  be asoribed, . . 
aa Buddington has sugpstsd, t o  reaot lon of the mantodinrite mragma w i t h  the u l t r a -  

barla rook. The ult&baalo rook mew f o  bs l i t t le  elmnged mar thr annboQ 

e t h  the moncodiorib rxorpt  f o r  a tendattoy for bioti* t a  be mare abundost. 
< .  .. . 

i - 
- .  



---A*, ,> ' , +  - ' 
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Perhap8 the sporndla appearanoe of  bsotita elrrewhatu in thb psrSdotlka of tlw 

A mmbr of obremtiou bdianke that the oaabrot kt*saa the Kaw hak 

. ocmplmt mi th. rurrcmdhg rooks dipr inunrd ~~nbr lp ta l l y  on al l  midma, Tb 

" b8t- + o m  that ha8 lmeo obremd of  tbm oontaof of the prtdotik with an- 
. . ,  . .  . .  . .: , - : 

oloslng roaka i r  at Chs b a n  o f  the rrmt of mhrllk urd lahrroltite fh.$ f . o m  

the aoutbrnmat wtermp of th. o ~ l ~ x .  Harm fhs rook of *he o q 1 . x  forma & 

sart-wer+cCranding l s d p  along a rtoap nwth to northernt-faoing slop. The dip 

af the oontaot b e h e n  the u l h b a r l o  r o o b  and the unb~lylmg hornblmnds grublrr 

may k amon ia m s r r r d  plmoer slang ttdr ledge to k about the er tho inolba-  

t i n m  of Uu s l a p ,  ao lakt *he hornblmnd. g a m i m m  p.ruo  bensakh the ullrabmmlo 

rwk on t b . . u p h l l l  . . did.  of fh.. ledge end reappara rw belaw *b ladgo *lr' .. 
. tho r+& h a  out dam through .bb ultmbaslo rook.. The otanbt im thu8 re- 

. . malad m r  r vorWoal d5irhias of about '600 fbsC t o  dip $mar8 at an a g i o  of 

about 40.. A high+.ngla fault  downthra*ll on the narfh a e p a r u h r  thin whrop  . 
from the r e s t  of the a q l e x ,  on the north ride of the h a l t  the kg. of tha ., . .  
oompls* baa h e n  boppod below thm prmrent 1-1 of expomure. 

The utruafarr of the oaaplax rmy rlmo k W m m d  from tihe oonhet between * 

the mrginr l  o U ~ b  augitita mrr fo- the rhoulder of Xme Peak and fhe om- . 

tnl wsm of' dunik,  auglta dunlk,  and wehrllk. 'Ibir oontDot Soma a rlnumrr _ 
. about a mile lang within ths m p p d  -a of the o a m p l ~ ~ .  At: eamral looal i t lem . 

'along thir  oontaat bt i r  wli emugh expored Co psrrdf dlrrot obmomtiw of i t s  , 

. rttltuds, and it $6 seen to dip i n  toward the dunlte oore a t  angle. ranging *om 

80. to 68.. Th~~sinuous h o b  of this oontrot upan the pmrent mrfaae i n  due 

t o  t b  fno% that the oankot  arrfaae and the erst-faoing 8lop.r of m e  Pmrk are  . 8 

C. . .  inolirmi lt ttD 8- pried ~t+i* u trt anal1 d d a t l o m  i n  01th. a w b a  

. produoe onnaidemble irngu1arlt;g i n  "the p o r l t l o n  of t h e  oonhot.on the. ,pap. : 



Uap re ln t i i~nr ,  m d  one a i r e a t  obrsme+fian Indioata tbat t h e  aaPrrhot of the 

enmplex with the monzudioritt? mar8 on the  shoulder of btle Eb*k dip6 aauthere tuud 

q. toward the ultrabasis' m.8 about 76'. ' The monzodlorlt. r a m  h a m  b r m  ah- t o  b. 

probably younger than the oomplex mnd possibly to bve out out  a part of tb. aom- . 

plot  along t h i s  oontaot, but the a t t lbds  of tb aontaat rpay bnva b a n  psrtly 

oontrol led by tho  original oopko t  k b e n  the  aoarplox rod W e  r o o h  it invadad. 

Sam oddenor  for t h i n  mupporltion 58 m e n  In tb faat tbat budr of mhrlltr with- 

i n  the a l i ~ l m  augitlte mar W e  mo~fodlarlts 00ntaa.t; para21elthe oontaat. 

A t  Cap Strrit the  bedding i n  tks mmlagrmywaoka near the o o n h t  and an'ln- 

d i r t i n a t  W i n g  in the horz~blend2t0 of the oorplmx both dip swtheartnrrd rbarrb 

80m, whioh ruggewts Chat the aontaot here k s  about the aamr a#itude, 

Bssr  the oonhot o f  the oonrplex wlth gmtUUtized phy l l lh  a t  t h e  routh end 

t 
of the sxpormrer along the ahore of Frmderiok l o u d  there am a nunibor of plaoer 

where the whrl ib and aU+lss r u g i t l t a  ha8 a alight but d i rk lno t  laye-d or 

a- . brrrded aspect,  This banding dips a n r t h r t m r d  f'rm 30' t a  SOe. 

A l l  t he  a b r e m t i o n  that ham been nude indioste that the oomplex $8 Atnaal- 

8hapd at; the pmnent  level of expoours. The aontaoh probably dip lmnvd a l l  

around the oompZex a t  angler ranging from SO* t o  80.. Thr o o n h o t n  along th. 

mouthern and mrbm wginr of the omuplox u e   apparent^ ~wrarhat I s m  steeply 

inolinmd, m g i n g  f rom SO* t o  50' i n  dip, nhils the mthsr inaonalumlw abmem- 

t i o w  along the norkhweetern border of  khe anmplsx lndloatsr an inward d ip  a f  the . 
oon*at af b e h e n  TOm and 8Oe* It 4Il0 rppwr8 :hat the a t t i t u d e  of the bedded 

rnoh i n  whioh the oomplax I6 emplaoed tomlr t o  mlng i n t o  oonfomt&ty with thc 
. . 

oontaot a l l  around ths onmplox. 

Sonm oomplloationa %n the mtruotura of the eamplex a r e  pmaeahd by the 1-w 

mrur of oliv3.m wg3tita st the  wertsrn end of the oamplrx. WltUn the ali-ar 

In a general  nay t h e m  aliries-rioh baPdr i n  tlw rook ha- r s y n o l b l  arrangement, 

%he axir of  whiah plunger mu-rd t a n v d  the alabsr of the oomplmx. The baadm of 
b 

4 .-l. .. . . . 

I 

. . . , 



olivlrm-rioh rock d i p  southeastmrd near the oonbot b o b e n  tba aomplaz and the 

mnnzodiorite mar,  thoy flakken and d i p  eastmrd just  belaw +ha- a m 1 1  summit en- 

olorrd by the 2,800 foot oontour anthe  shoulder of Ilana Wak, & rwthsart of 

t h i r  s-t the brrndr of  oUrim-rich rook d n g  to a northwmmterly dip of  abou* 

- 66.. If thorr brodryrflsot the urdrrlylng oanfiguration af the flaor of tha 

ierturcl at the m a t o r n  end a f  ths emplat, aooupiem a rag l a  th. eaatnmrd-plunging 
. . 

floor of the oomplsx. !ha sag or-trough i n  the floor oauwa the outline of the , 

' oamplex at tho proaent 8urfaoe to bulge t o  the awthmrt.  A p m t 3 ~  during the a 

, - .  
' . aryrtalliration of the 0-1- tib oonditionr in M a .  prk of t& a-r nrrs 

p a A i a u l u l y  fawrable for t;he for~rtioa of a wide border zone n i  oosrmm ollvina 

rugitik* 
... 

In addlt lan to * brad8 or lrysro of  w e b l 3 h  and oliviae augittt. that ham 

a -re or 1ern repplar rynclinal 8rrmn#mun.b, there arb ofhsr d i h - l i k s  bods- o f  

of u g l t e  isl strsmh nr bandr parrllel to the m11r of the bodiem. Tho augito l a  : . 

i n  oaarre, detached 0ry~ta18 that are lator than the alirW and 8noloas a l iane  ' -- 

' . 
' grains poikll it ioally.  Tbs auglts i e  n o t  in aggregates or marraa. These bodlem . . 

are intmrprehd a8 trua dlbsr derimd R.oa bhe inner p a d  af the oumplex before 
, 

, . .  
its aomple* o r y ~ l l l t ~ t % m n ,  and the streaky dis%tibut3orr of augit, i e  probably 

. ,  . 
. . Aside f'rom the highdugla h u l t  along .t;h4 mouth edge of the anmplex wid a . 

. . 
fwu whew toner noted here and them in ths oamplsx, the aomplax doe8 not appsv 

1. 

. 
' 

t o  hem undergone r u f f i o i m t  defonnakioa mabasquent t o  it8 smplaoenml to mator- A 

.ntly no mtromg dirtur-amm A e e e i i  the imtrumitm of the id~aeemt  .took 

- , mnnrodialb. The folding and metmorphia of the adjvinlng mrdl.*nt~y r o o k  
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C r ~ n h c t  rmtamorphisn ef fected by the oonplsx on the surrounding r o o b  hns bnn 

7.' . aupsrlmpoeed an a preexisting regional nmkmarphiam. . 

Dlawrsion and oompariaon wSth the B l m a b  Island oomplmx ' 1 

The mob and the i r  ptrologio  .nd ohenlml relrCiaamhlp8 .=oh thm ram 

have bmn noted. The mod important differsnorn rrs I n  tdm degree nf onntaot 

mtmarphimn produced tb* tm eomplemm drPd 5n thblr r.tsuatum1 mlat lons  wii;h 

enoloaing rookm. Cnntrot nmtmmrphlmm m d  tb ooarmqumnt deoelopnvrn+ of a gab- 

brolo border zone 58 mch Imrr I n t w w  a t o a  f b  Kana mak a o q l e x .  The 

mrk oomplet ha8 been rrthsr dsfini t41y a s t a b l i o b d  a8 ha- ~urael-shaped, la- 

w u d  d1pph.g awtaotr with onoloring rocb, and the B l a b  I r l d  o e q l a x  i r  
. . 

. a w d r e d  t o  bs a cteep-mllsd oylindar %ha*, if nnst;hlng, paras8 into a steep 

d m 1  etmoturb near the pmaent 10-1 af expome. I/e~art;hbl~ma both massor 

o o m l r t  of a oom in nhioh forrtsr i t io  olirlrre is  the nnjor phws and outer tnner 

. . in M a h  augit. b o o a m  inormasinsly a tmnbt  tn tha po5.k it hoomtng t b  r j o r  

pharr. In both o q l l r r s r  t he  mrgor pharer exhibi t  oryptio s a n g  in otmporition, 

' and the p*tn of a m i o  toning is aloably parallel. . , 

There om be l i t t l e  dwbf that the genetlo proaemoar operaking i n  both o m  

plexmr -re e rnen t i a l ly  t h ~  num and that t b  differenorr bs-n the oomplexer 

. are due to lwrl ~ i r t l a n r  in  the aoadl%5onr under rhiah the genetio prooenrea . . 
opratsd. The r tkaotural  dlfferanaem i n  the oamplexos e f f b o t i m l y  el-- , 

.. . . 
. . . a a-n genetlo prooerm I n  -oh the oxtsrml  r truoture o f  %he oamplex i a  a m j a r  - 

. . Paator. For example, tb origin of the B l a a h k .  X s U d  aanpl'sx through a prooeou ' ' 

* of fraotinnal arynt.llitation m d  t h e  me+tling out of the sarllmr pbaasa wag~dlm-. 
' 

. . . . oureed and r e j e o h d  bsaatlu lt did not explrtn tha aonosaIa%o, afsap-wnlled oon- 

'. . fi-bion of the oanpler. The oonfiyration of fha Xanr BrL oomplrx lPatsr it 
* .  

-all the mra trcroam8ary to d lmdrs  this hypotheair f rom onnrlderrt ian boause  the ' : 
. . 

augitio border n n e s  of tb aomplex unbrlie the o l i r s a i o  onre, md If aryatsl 

.. mttl1ng'b.d opntmd ta podme t h r . o o q l u ,  f iu~ i t*  wiwld h had t.i oryatalUr. 1 



arr 

f i r s t  and sett le  throu1;h an olivlne-rioh lipuld. T h i s  contrnvenr8 phyuiaal- 

• chemical mid petrneraghic brmledg. of tha s sqwnab  of ory8tallizatian of thorn. < 
two phftsea. hlrthe-re tbvcrypt io  roning in the ooarpasition oi augitm 4 

olirim puts the mra iron-riah and luwr tempsrnhwo amfibera of boeh iaamorphaur 

aerier at the bare of the m a  krk ooaplex with the mrm asgnedan, h i ~ h e r  tiampr- 

a w e  olivine end augik higher up i n  the oomplmx tamrd the aore. Thir i a  the 

t l o o  dlfi'arentiation ham busa ma* alesrly dao0natrq.t.d & be tin af feot im gex~aMe 

Tha naxa objsatinnn that haw bean applied ta other nntthodm of orsgin i n  the 

diecurrim o f  the Blarhke Islsnd complex 'apply ~ 5 t h  equal foroe Co the Xens Fsrk 

. . oomplrx, and the ring dikn hypotheria I 8  rendersd men mom untenrbls bg t;h. oen- 

. tripeta1 dip of the floor of the  &an. Bak omqlez, - nts ring dika xmohdaa o a l l r  

for miward dip8 of the b t m r i m  oontaala. . 

The ormatis1 f a a h  that the two aomplaxe8 haw i n  00-n 58 the rsla'bion- 

#hip ef rook type8 and mineral oompositinn Cn ths .tntrualm o ~ ~ r t a a t ,  and khir re- 

the attitude a f t b  intrusive onntaot. Thum a proaean I s  oallmd for thp* is re- 

' l a b d  t o  the oantaot ia  a WE? that is substantially bdepoadent o f  i t r  attituda. 

, The hypotherim tht ha# been outlined to explsln tk Blauhke Island onmplex, in- 

vnlriag both diffurian of oompomntm along tempentnre and oanosntratlon gradient8 

and tho bulk a g r r t i o n  of  oompmentm in rolution sing t o  a building up of fluid 

. oonoeatratian i n  the ooalsr rs@ona of the oonplet, 51 441s beat that tha prssenf . 

au*har aan offer t o  explain the clr#mtSel featurrm that both oomplexmw ham .in . 
ooman. 

It nnrr renal- to explain the important; dlfferenoer betman the Katie b a t e  

a' .- ' has been offerad. The really si&fiaaat differenor i r  the abnanos of an oxtan- 

s ios  gabbro ring and a broed ~ranr, of intense t h e m 1  me0amorphL8rn arnuad the mar- ' 
C 

gin# of the b n e  Psmk a q l m x .  Two rearon# for M e  diSfmreaoe o m  be offered. 



The first i s  based an the struatuml dlfhrsnaee i n  th. two oomplexerr, mad i r  

9 . +  
that t h e  butmrd migration of anlutiann and ths poaribls interotmngm by d U h -  . 

I . rinn that h a m  been ar l l ed  upon to Oxplain the gabbroioation of the rooks ntr- ' 
' 

. . 
. * 

. rouading the B l u b  Ia1and ocmplmx r y  hn had L strong up.ud a* wall nu& ': 
.' wnrd ompanent, thua the n l l r  of thm &ma F W c  somplex, f lar ing awn7 from ths * - I *  - 

, ' 1-r IBOWO.. of i laidr mad tholail mnerw, would ero*pa Ch.  fist^^ to o o m  . 

. ,. , ' degree. It i e  parhapa s l & f i a ~ t  l a  thin cobnsotlon that the tMok harnblantUbF 

. . ' - marginal tam, whiob probably approaohsm gabbro in bulk obmposition, irr lomated ' 

. . . , 

along the rteeplsralled sido o f  the llsns Bak aonplu. . . 
. . 

The Kans Peak oomplex and th. Blarhlm Island onmplex expaem difi'ermf 
. . ,  

' lewrle of  very dmilar ultrabasla lntiueionu. The Rans *rL oomplax m y  expoam 

. . s ssot lon  near the f loor,  ~d thr Blaehka Illand oompls* a reation maxr tha 'rlddle 
' 

or t m r d  the roof, of bodies that uuro emrsntislly globular mamuerr i n  fhsir 
. . But 

entirety. Athe m e  Ebak o q l e ~  may paas dmmmrd into a hedlng oonduit that 

: -+endm tu plutonio depth, and the B l a n k  Iuland oolplex r y  extend d m  
i 
I 

- ,  lndefiniialy rrfthnut a baelned floor. The aygsstioa of globular form is nokhing 
9 . . nmm than a rmggestian 4 i r  not srosnti&l t o  the hyputhealo o f  differsntiation 

that han beon aff'ored. 

, * ! The second ruggat ion that can ba offered may obmbinn with tlre f i r e t  t o  - 
explain the laok of extrams t h s 6  mbnmrphism around the Kana Psak oample~. 

. . 
The h e  hdr intrueinn m y  have not had rr muoh thermal snerCy a8 the B l a a h b  ' 

. Island oompbx when it oams t o  rent in th. plaoe in rhioh It finally solidified* 

the magma may  haw^ lost more heat and ro la t i l ee  In reaching it# final p o ~ i t i o n  . 

and thug etmtaimd a higher proenhge of oryata1li.m nwterlal l a  wnpenmian a t  R 
' 

., 1-r temperakrre. The prwsar af dlfi'emntia~lon wuuld therefore not ham been 
. . . c m e d  Cu the d o g e e  of perhotioa seen in tho Blpehke Imland oomplex. A Irrp 

. dunl4~1 ccuo rubstantially m e  of a u @ b  would not so readily form and the auter 
' 

raao n f  augit3tr mruld not be ra *do and porfaet. Certain p o u l i v  ooalaot famiem 

a f  the pridntitr,  s oh aa the blotike lbhrtoliCe porphyry Prlghk bo the rsmult of , 

partial o h i l l 5 w  =d arrsmhd rmaatfon along the mar- of tb O O ~ ~ & ~  . - 
-4 



. ..: . ..... . . . . . . . . . . . . . .  . . ,  . . ,. . ' ..,, , - ,  
.-'. ,,L=. . .  ..... ***- , , , , ? .  **:. .:>- r : .  -:: - ~ : , r . . .  :?.: . I - ;  ..l :+j.:;s 

*,. - I* . 1 . -  L*< -.< & 
..---.I-. 

. . .  * :j . 226 
. ,  , f t i  

i . : 
. -i 

1 

On tha whale it appears that the diffemnoer Sn thm B l n s h h  X r s W  a d  lhm , : 
' . I  

mnk anmplexer can heat h explained in toma of th, influenoe of rtruahwal dip- i 
. - a  . . 

fsrsnams at tho re~pestim l s r s l r  a t  -oh t h s L t m  i a e r i a r u  us oxposed on an ; 

rr=renti*lly identioal proom88 af diH'bmnk%atlon. fn tki8 authorrr not altnisther - 'a .  



Note8 on the Mount 0urnett e o ~ p l u  
" . 

The Mwat Efumett omnplex I r  a oaaporlto ~ r s r  of dunifs, wmkrlitr, augitlb, , <:, 

hornblaadlb, aad gabbro l i tholo@oally abdlar to the B l u h k a  Znlmnd and X u u  

PbrL o q l - r .  The ooapornib mar l a  about 7 miles l a g  rad 1 to 2 lailea ride ' ' - 

within a few thounand feet of VUen Creek at the  head of Vken  Xnlrt. .& un- 

.known, but probably minor part of tho complar is ooaaralrd beneath the rrahrr of . . 
Union ~ y ;  A view aorbt~s t;hb YGlnt Bllm~ft omuplox I s  ahown i n  pla* 4. 

Buddlngtan published r brief potrographio derazclptloa af a h o i e r  of tho 

augitita prssent nlaag the ahor* of Union Bay (Buddingten ~ s d  Chapln, 1929, pp,193-4). 
, - . . 

Csarga C. Xsanedy and the pmsaht authar bvm dmmoribed the expoauree of C b  
1 

L. . , aompla along tin aham af Union By rt the wartera and of the oo~rplex aad on . 
" ,  . .' . - . - ,  M o u n t  Burnett a t  the eastern end of the a q l s x  (Itemady &d Walton, 1946, pp. 8 b V  . 

'I 

85). A fa &ye ware allottad a t  tha olosr of thm menson during whioh the prerant , *  * ' - i n n a t i & t i o n  -a r d e  t o  rmoommlt.r tho oentral prt of the ooplmx b e k e n  
* 

a 

Ddan  Bsy and M w n t  Bu.mtt io the h o p  th$ 8- additional o b r e r ~ a t i a n ~  bra 
. , 

, would aakbl i rh  the sraant ia l  r t ruotural  outlinorn of fb oomplex and &ford r ? 4 

L 

The omntral parf a$ the  oomplex f o m  a prealpitoum ridge r a n g h g  in altikxdo C 

I .  

f'r- about 2,000 to about 3,000 feet and u n f o r ~ w a f a l y  the reaannais~anoe ai Chlr 

. 
. . . ' , area had tn b oarrird out f o r  the mnrt pa r t  during a prolonged a t o m  t h h  reduoad 

' vimibl l i ty  to a few yard8 and pado effeotlve mapping a l l  but impoeribl~.  There- . . 
' , . .. . '  

. . fare the gealo&lo m p  plblirhed by Kennedy and Weltan (1946, p la te  22) I r  repro- . 
. - -  . - . . 

. . . duoed hare 8s figur, 19, pago 220, Iri* a few revlrloru and edditionm. Thr' . .  . * . . + . . " 4 . . : p n a e n t  a o o w t  r m . _ _ s s a  ram of thb prm~cmm bvomtigationa, addm a feu addi- t 
, . .. 

, . .' , .Clam1 abm-fionr, and -8 rar lid*& o-lmanr with th. Blashkw xsiurd ' ' . ' - .  





? 

The Mount Burnatt aamptx io, nany of its ersentlal ' ieaturmm, rory i + 

similar t o  tho Blarhke Inland and lhne Aak oomplexrr, although t he re  are mjor 

~ V u c b l r a l  differenoar. * mjer iaok of th. Hmt Lnutt 0191ex  are, 

18 lo the other oumplrxeo, dunlte, augi te  dunite, .mhrlLk, o l l v h a  a u g i t i t a ,  

. hornblradite, and gabbro. Some minor rariurtr net noted l o  Chs other. oomplexsr 

. arm; a u ~ i t i t a  a r  d l a l l a g i b ,  free of oU~I.trs rtrd ohamobrlted by abundant aoaer- 

1' ' 
nary ilmenlta rPd r m  rp in r l ,  4 1  rm(grrgatlon8 of ohrynl- ranging from alum- 

. term of a ' f m w ' o d d t e  gralhm up to a u+ w t i p r h d  C '?entdn about 26 tonm of 

maarivm ohrmilm, arrd tMn band. up to *a lnoh or  km t b iok  o f  ilmetiLIx and nag- 

Tlm oantrat r e l a t i n u  ba-en the =jar roak unltr are in a l l  mspsotr 
1 

s imi i s r  to  t he  aontaot r e l a t l o n ~  b s h s a  knalogow units noted Irr the other  a m -  

. . plmxea, m d  it i m  iqorbnt  t o  n o k  t h a t  although tb Haunt Burru%t complex is 

m e ~ ~ r a l  tima longmr t b n  ik average width, i n  c o n t n r t l r l t h  ths mm or  l eas  

alraular plan af tb other  ooapls+4r, the olivine-rioh rook8 form the l a t e ra l  

mlswntr  af the  a q l e x  and are r-d by w o o c r r s l ~  shells of prugreaslvaly mare 

riliosoum and lsrn mgnerlan raok, w b m r  a ssqueaos from the interior af the 

onmplex a u d  bat b a n  obrsmd.  Kennedy rtatsr,' *A+ m r y  plaae where onnfaot 

a i d s  by hornblsnbtte. A t  no point m a  dunlt. notod i n  o o n h o t  w i th  humblondits, 

nor m e  dunits o r  pgroxsnltu in oootaot w i t h  the rurroundlng e o h i ~ t m  and phylll-rn 

af the Rxrrrgell-Redllagigsdo h1t  of r0ak8.~ (Kennedy and malton, 1946, pp. Dl, 

Tho structure of the Ma& Bum* o a m p l ~  18 most i~deqrukely hrm exoept 

'for ttm f a o t  t h a t  alloine-fioh raah forming the i n t s rna l  elemenfr are rlmmed by 

suoosmmios s h e l l s  o f  pyrorrcsnib, hornblendito,.and gabbro. fa the v i c i n i t y  of 

Mount Butnett: irregular r r m r  af mhrlik ;nd o l i r ina  a u g i t i k  arr pre r rn t  vie11 

e..-. . nithin tb -in k r r  of dunAta and .it i r  o a n o e i ~ b l e  t h a t  thmre rapresent  roof 



pendant8 of an i r r egu la r  she l l  o f  mwrnita Chat ha8 bean l a r e l y  amdad from 

over t h e  dunite. The r e o o ~ r r n n o e  oarf led mat during tho  prarent  i n a r t t i m t i o n  

shows that in t t m  eon-1 park of the ampler, betman Y c l A  h r n m t t  and Union 

Bay, dunib 16 nvurlaln by auooeauiva l&yers,of o l l r i r u  aug%tite  and ppbbro wSth 

mndsrab routharly dip8 f r rw r  the oenter of  tho ooniplex aouthnard. A r ro t ion  from. . 

routh t o  nar# .part way sororr Uls amplox nem itr osnter  giver t lw  io l luuixq  

requome; gabbro with a mtrang peimmie ~ t m o t u m  dlppiag in a moutherly d i r ea t ion  

SO* t o  36., olir lsrr  u lg i t l k  m%th strealm o f  whrlit. .pd augifs dunlte dipping 

i n  a 8aukhmrly d-tion 1. t a  SS* . (moo p i a h  lS),dunlto wi th  atrrak. af rugi t*  

durdb and wwhrl ib  dipping oonfarmably nit& the mrlplng n l i i l n s  augitits. Xo . 

6 b r e r r a t l o n ~  have b.on &dm t h a t  g i n  may lndioatioa of what the 8 t ruo tu re ( l r  

nor th  af the duait. a t  the baua a i  t h l ~  maq\unaa.,rlthwh It 18 h a m  that pyrax- 

snit4 5s prsaorrt along the northern mar- of the aomplbx and around the  eartern . 

end. Two por s ib i l l t imr  euggelrtthmn8slnsrj eitbr the r o u t b u d  dipping layered 

e t r u s h m  oon~nusm md the  pfraxsnlf+ undarl ior  tb Wb, o r  the d u d b  18 the  
1 

oore a f  a doradl s t r u o k r n  and tlm pyroxsnik owrlying the dunit8 arohsr over the 

dunits aPd remrrom t o  r northerly d lp  along the northern bardara of tlm aomplssc. 

The - d l  r t r u o t a m  of the o q l s x ,  a8 n t n  enPiaiagad on the bas i s  of inonmpleb 

in fo rmt ion ,  Is tbat of a rteep-oldad, roughly domal Prmr af dunite with euoossrive 

r h e l l r  of  pyroxonlk,  mnd hornb1endl.k ormgabbro, m bath, i n  the area of  Mount 

Burnott. This oore of dmlw nanarrm .fo tb wort and pasnos b r m s t h  a roof of  

pyroxsdte and gabbro an an e longah ,  plunglrrg, d d  body, o r  eLrs the  dunito 

paseem into r tabular, rill-1- rpsrr axtendlug t o  the wmst and t i l t e d  t o  the routh, 

both overlain m d  underlain by ggraxmaih and gabbra. 

Parhap8 I t  i r  pmumkm to maLs eny gensra l i ra t ionr  about the Mount Burnett 

ooaplex on the baais  o f  h b q u a t s  in fomut ion ,  but enough i s  known to make it ' 

certain tlmt lmatavsr tlm 8truatum m y  be, it is d i f f e r e n t  I n  i m p n t b n t  re rpea ta  

from both the Blaabka I r land  and bas hak  oopplsxo~~ I n  tho Blashlce Imland o o m  



* '  
rocka are sssontial ly vertical. In tha Kane mak oomplex the daatsata dip in-d 

all a r o d  &he ultrabarlo mr8, and tho Ater ~ h e l l n  tandrrl'ie thr, dunih ao-. 
' 

In the Mount Burnatt oomplex there I s  rdequrt, vrldsnae t o  ahow that In a s m i  pla-m 
. >  

*rhioh tbr r  oomplrx*# - into being ir to a oonmidorabls extant independent of . 

~ t r u 0 t U m o  

~t  PI bmn augpalad that ths l i s r m r  developmnt of 8 gabbralo wbr %om . 
/ 

and the larrsr btens i fp  and mxknt of granulitlo o o n t r o t  mtamorphirm Ln th* 

s n o l n r i ~  roob of the b e  Psak omplex or o ~ e d  w i t h  tbs Blaahkn Island 

eo~plex uw dur to thm eoolomiag rookr dipping beneath tb Xano Esak oomplsx af 

moderate Co 'Mgh q l m r .  In oontrart It i r  notable that tbrs i r  a w e l l  d e w l o p d  

gabbroio ahall in the X d  Burnett oomplex i n  the plaoes where the a&r ebllr 

mrlim the oore a$ Mm auzaplex. At tlm rwth end o f  the exposurer of the rook8 

of the Yount Burnett ovmplsx &long tho ahores of Union Bas particularly eWIdng, 

syidmom m y  h amen for the gradation of harnblendib info gabbro.and gabbro 

The frapanhry d d e n o e  pro*dsd by present howledgr of the M a t  Burnetf 

oamplox auggstr #it; the gmnetlc prooasr r a e  e i r P i l v  t n  tbt %n the Blashloe 

- Ieland and Kane Eblllt'oqlewr, W l f l a d  by d i f i r#roas  i n  bhe atrum- om- 
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Plabs 2, V l a  aarorm oenfnl lagoon urr of Blarhke Irlrads Canard ths ear%. ' 
The tide i n  rt a awdsmtely lnr sbgo axporing about 1 5  feet of bus rock up 

to high ti& Ilrw. Innhers relief is 16, the foreat oovmr Ls thiak, and 
fc' 

rook oxpomrrr rra pow.. El& in hr baokgrmmd are on Etolln 



I ..,..-. I... "... 
a Plate 3,  T i m  mrthearfrrard aorore part of the Xaae Esak ultrabasio area, 

Kupreaoof Island. Kana hak 58 at %he laf't. The bare rook nuas axpo~sd In 

the dentor is oomporbd of oI.ir5.m augitifs, mhrllijb, and a u g i k  dunite. 

The larg. body of water b the b a o k g r d  l a  bdariok Sound. The momtsinr 

in the fu dist*aae the Coal* Range on tin =bland. The whlb dot  at 



Bnlamilr. T b  rwlw In the foreground an mainly allvim augitite nith thln 

1ay.r~ of mlrrllb and a u ~ i t a  dnnifr dipping r n u t M  about SO degrees. 

Tha bm rwk m a 8  l a  the baa- 11 You& Borastt, aonuinting mainly of 



oovrs olivlm nupikite. Tba whlb matsrirl mnorrurbd on the rack I s  

barnaolar. The d l b ,  which mathor8 out ln sharp ro l l s f  i r  reprementad 



. Plak 6, Ooarsa  augl t ib  md olirla, aug i t i k  d i b r  autt3ng nneairs dunif.. 

Thir photograph ma lakwn at tb Mount Burma* rrar on Olrralnnd Perrlnsula, 

but r l d l a r  featursr wo.mll d b p l s p d  en fb E l a r b  Ihmdr. Photograph 
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. . . . 
Plate 7, aarrm gabbroia p.~;aot i*  dih a u t t h g  011- auglCik. The 

. . d5.h rook oonsLta  bi ooarms 'aaorkhib (b96) with -or auglts, hornblsndo, 



aaa&hib (An93) with raoaoaory alidm, wglla, and hornblende. Speoiman 

356, i k m  09, table 1. There mrssem appear l o d l y  enolosad in ooarrm " 

< I 
ollrirw .u&$;lfik. 

. i 
i 
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, ,  . . . , . of a o v a s  saarthib and u y i t a  lo ,  about equal emaunt outting 'onrretr, nnaslva 

' ' Kupnmaf Irlmnd, but r3dla.r f m a t u r m r  sr* displayed on the Blarhke Islnnda. 



. . . - . and oonmrging ah d l  mnglrr. Thlr e*moture i r  f o m d  by the aonosntr*tion 
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, . ' - of l a b  hornblende In bandm and rtro8.k~ through the, roak. A marly vertioal 
' . . .  9 

I .  . ,  ., 
# . . . -  . .. Joint; w h e  fa= a #tap in ths outorop rbrm.b three quarkerr of ths my 

. . . . . . ' 
' ? .  .. kmard the top of tha p lo tun  *st below the mix Lnoh rule o h m  for r o d e .  I 

. . . . 
. mm vmrt.tioal axpa- mhrm the dip of tha .rtmoQrr nhieh i r  .hop, aiprooc- . + . '  I '  . 
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n a b  11, Bmndrd gabbro expoled on a nearly vertiarl arrfaoe shuwlng r ! 

a t  . ' 

rttmply dlpplry: set of oaning band8 t;ratlssated by anather sat 04 lour 

. ' - ,  &tamply dlpplng k o d n .  The bmndfng l a  fonmd by the wnosntra~lon of late 
, ' . . ,  

. . harnblmnda in layerr and r tmah  through tb. rook. Awe -to u h & ~ ' ~ n d  .- 
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' , . e o m ~  rook. The. lighbr-aalared wbbro enolarsa arzd Wh8 . . . 



. . .  of oantry rook  that hrvw ken nmtersrrrphoesd to 8 hornblende-rioh auglte- 
. 

p l a g l a o h n  grmuli4x~. A d i o  d i b  of fhs beerbaoh.itu grnup outs bo? , . . . . .  . . . . 
. . iaolubienr and pbbro. Ths dfku h m  -tsly the mun dnmnlogy and . 

. . - * 4 '  
' ' .  stwpooition at# tho puntlib lnoluriowm . , . 

1 .  
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. , : * mate 14, Fault bmooia cnnaistiw of fiagmnts of d d t .  aad augif. dunita .- 
< .  

. , ', produord by fault* along tb rrerbrn 4 srruChnaPtsrn borders of the 
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' I .  

' . p r i d o t i u  mum. T b  fault# d 8- sans8 are in g . n e d  stbeply Cupplng. 
- .  

. . , ' ' The geologia rslutionahlps rhm up to aorr thrn a thourand foot  of horitontal , 
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, .  dimplao~rwmt. Sliobnsidrm in aom f a u l t  sans. barn rtrory - i t l o d l  aomponmnk 
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The dike oundatr  of m 
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splitic agmgats of hnm- 

blonde with a l l t t l a  l n b r ~ .  1 
stifial ploglaclase and rim. 

- af augitm and W r -  -i , 
112, tablm 1. b a l y s l # ,  ' I .  
mods, mnd norm gi-n in ;' :' 

'. ::I 

. . ' and 01 rn 8 h l b r l h  (pen- 

. . .  Ute). Speoimsn 390, . .  . . 
, . . itemlCS,'tabla1. 
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