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Tiie AbP;~11-91rna d%a%.~icS;  i8 loeatad  b -%he E a a t s ~ n  

Alaska Rcngee 2 3  k h l e  area tbs Alaska Range b e n d s  north- 

en.3 t and $ 0 ~ ~ 8  the highs$ $; r s b i e f  * 

TPI@ only socks i d a n t i l i e d  wa sedirnenbry stare found 

e>3:1Ch oi Indian Pasa ,  anad Bore m p p @ d  8 8  wadiffeatentiated 

so2Lm-m%ae 

P ~ o b a b l y  ~ e v ~ n t y - f i v e  percent o f  t h e  bedrock o f  the 

Ak3tall-%Panw d ~ f s t ~ f c t  esnaa$a ts 05: h t r u a i v a  i p e o u s  rocks ,  

r . f  W M C ~  dlo~l i .$et a n d  qua r t z -mmzon i t e  a r e  the p r h ~ c i p a l .  

I-rpsa. !??ha Ahte l l  Creek p%u tan is m h l y  CKor l t a ,  wheaaeas, 

*r\~~rta-a~pns~,o111,t@ Ps the ianps~tank E ~ O C %  o f  the o l d e r  Indian 

Crssk plutona 

maaPtsi a m  widespread in the d i u t s i c t  and k v s  been 

%anta$ i s s ly  a~abctividgd h t o  t ~ s o  types ;  thra  Grubs take Creek 

k3.sal.ta and $he Long Laks basal%se 

H@.bar-9?0rphic pocks aesabe~lla a ~ e % a $ 5 v e b g  s m 1 1  par t  0% 

th@ d f s t ~ i c t  and the r w  j o r i t y  o f  those croppbzg out a r e  

@lang the Ahte l l  Creek and t b  South Pork of the S l m a  River 

Staguetwal ~ d j ~ a s t r a e n t  bas  been a c o n t k u ~ u a  process kr 

the d A a t r i e t  since saar l~  geslog5.e t k a e  and m y  b v e  lasssaaed 

o n l y  in the r ecan t  P % E P ; o  1% k~enda  of f a u l t l a g  are so 

lo@a t ed  as t a  wvqspes regionxi1 oz?%~l:ta thon. 



2i~dE' iea .k ; f~n  QP @b P&nd form waa found t o  msg k~ 

d .  C f s ~ o n t  arsao and bsewuaa of that, tihis p o ~ t i c ~ t l  of the 

d26t~Em. B3aags P ~ s v l n c a  hr% been subd%vfdsde 'Fh9 @as t a rn  

part i s - . ,  ca l lad  the Q l a c b 1  ~ub-provfnca aid the westem 

~ $ 3  R %  %hs P a r i g l a o h %  ~ ~ / u ~ - P P Q B % ~ c @  

B a p o ~ l t s  caaiain%ng ~ ~ X g b d e n i t s ,  %@ad-s i lver ,  c b l e o -  

p y ~ i $ e  and g s l d  w m e  n o t e d  In the dl .sW%ste 



f i e l a  eeaasn began Ju ly  1, 1957 and ended 

.og$@abas 24, 1957, HF. A u  N ~ O C  HaP 8 g e o l o g i s t  f o r  

:%-ra?adbsrg Hinea h e  e, jo3ned the a%i ter In the area 

sraglrai; 12, 1957' and left September 7, 1957. 

Eaa.a@$. within the area w a s  on foo t .  Bass camps were 

a a k b P i a B ? g d  a &  seve~a3_ b ~ k e a  and s u p p l i e s  were f lown in 

~y $ L C X ~  ~ I E k l l ~ a  In araas ~hc3ri3 lakes were n o t  available,  

:anp ssuppbfes and equfpment were e i the r  a i r -d ropped  or 

b a P  c t  p . c k s d .  

b & ~ t a 4 i s % b  pilotog~apka Bore n o t  a m  i.lab3.e d w i n g  the f I e Z d  

~mr* is~~ and a k e t o h  mapa sirem made o f  a31 araaB traversed. 

La e m ,  a e ~ P a %  p h ~ t ~ g ~ a p h s  , b k e n  by the United S t a t e s  A l r  

h r t :  a, were fkradd avai lable  e 'fiec%e p h o % o g ~ ) a p ~  were enlarged 

and %Bats  E =.a mds with %heir a%&, 

h p p s i g o x i n  250 rook axad ox3@ $pa6 bent3 mere coalec tad 

F ~ e w  which eighty LhIn. see t ions,  h e l v e  polished-th2n sect ions,  

and "&k~&-y -bo  p o l l  %bed sec t ions  were p r e p p e d  and s tudled. 

Looetsloa and Area. --- 
Xke Ahtslb-Slma &La W i e $  %a loea teed P39 the Bas t e ~ n  A b a s h  

Aarrga in %he T a r s l t o ~ y  o f  A%ash and is a p r t  of  the  larger 

S l a ~ a - % Q k  &%s t ~ i c  t The d i s  @~%pia.t i a  approxim t o l y  26Q milas  

southeast ~f R8z2hzdxa and 200 m i l e a  n o ~ t h e a s  t o f  Anchoragee 



A 2, msa dlesu~asc l  in tbr3 f ~ b % ~ v b g  pages and covered 

l;i :?LB grss ra l  gnologlc m p ,  )?late I, axtendls nor th  npgroxl- 

~ r n t a i y  twa i z t y  nf3,as TFcm ti13 I la~*a-Tok h.l.gb~3.y th@ SlmEi  

- 2 v w ~  and. lnoladae an axwa of apyrox%~ataby 1443 sqvAra m%bese  

edsc8 c s v s r ~ d  inel3:&3~3 the &a%r&g@ o f  Aht~l-1 Creek and 

%G f30ntb Fox*k 02  %9:m %7s~m ~ I V B ~ ~  T b  P o e a t f ~ n  of th is  area 

?a BLaeka $a 8hoara 9n F L g u ~ e  Is 

P~w$.3+8~1a 17fix3kB 
r w - > >  - -&!-d-==?--.7- 

43.1 pz~eavicsud wskk Xn %he ~ F P A  waa 9s the n a - h ~ a  of' b ~ o a d  

~~8d~3~~.5.~~fafa43;~63 8UZ3V8YW @ s E ? F ~ @ ~  QU$ by F ~ e d  H e  % ~ f f $ e ~  6% 

g m P s g i a  $kg 'ITn%"bsd States G e o l o g i o a l  SWv@y M o l l 3  t, 

.b 1.929, ~ 3 , d . ~  s "aPisE ahad p~s l%rdnasy  t~- .avorse o f  $Bag Shna-To% 

ii%sLslet; h~4wev0r~ b d-0~3s n o $  mke me3atAon pb2i.ska~d 

ImLlo%$n (9,929, 824) of ac%xmbby &av@jasisag the ape&i as 

r ~ ~ . y p s d  GEI FABLE? I& La %h BPWXBF OF 1936, BIo%%F;ib% again vleitedl 

tPi4 Slam-TaEll. d f b a ~ i e t  e.nd contfnued t;bn r ~ e m a i a s a a e %  awvey. 

crar .*,rd - ~aesd ts  of "LMs W O P ~  V6I38 ptlbbish~d h bt;abl@%h 904, 

H G @ ~ 1 ~ g = 3 =  o f  the Slasza-%bk P f a & f o t f j ,  and ineluded m area of 

o p t f d z ~ ~ x ~ ~ a t ~ b y  1,0W aqwipe z~d>9,ea W-B l4oaFfft ~ipentirned in this 

work %;he & g 2 w  halaadsd a P l a t s  X 3  bat mizs~eby r a i g r ~ e d  %Q tb 
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~s.~&B.zl %o@& o f  &h$@l% C ~ e a k  aa uradiiiarentia'ced igneous 

f . ~ t , ' * ? = ~ i v ~ s j  and C X Z ~ * X B ~ V @ D  @A& %h08@ $0 ~ P B %  b3 a 

@20z*i.8;is MJLSBB H ~ ~ b d e a k a l L ~  %a 1801 and 1962, raid@ 8 

~ * ~ a o a ~ B n s a n m  s u ~ v ~ . ; $ .  of &a C e a L ~ a l  Cogpsp WSvsr ~ s g i s n  

r+;hf t:h also Ln~laadsd t h  uppep €lM @$ochLna River  s~vru l t~y*  

&'L+;ba~3.gh k3md@nhll  did  n o t  enter $;b Ahtel l  Creek arm hs 

3t%d 'FZ%'BJ~TB~ %%;6 I a d h n  @r@$k peglone Eta  work %as% pub1L~hed 

Zn 1904 a s  P~sfssaioaaP Page2 41 and tft'hed 'gQsoPogy of the 

Zen@&l Gappap B%sar ~ s g i o n %  Xn 1954, m e  % o f f i t  bad pubZfskl- 

eA Ua%tsd Zw t e a  @so%sgSca% 8mseg  Bulletla.  9989-D, a cornpila- 

eie-2 o f  an~~ch o f  %b ~ a f o r m t i o ~ t  (illzaeh o f  i%  hi^ oribgbab wosk) 

~>sggsblng Eha '&ern A%aslm l32m.g~ and 6% t l s d  gGe~Xogy of the 

.Ehcka~a Part of &he A b . ~ l m  R ~ n g p  and bdjaeent Prem" 'T3m 

bnlLe$h b~ aa s r ~ d i b  "a k42, M~%%itfw l a g  m d  Pl.lba$bnguiahed 

a e u g i ~ a  l a  a o n % ~ ~ ~ i h L i o n  $0 A%oahn geology * 

Ehe:~oaa --&--- ef Eo~ke 

Th6 ptlys7puse sf t h e  %%e3%d work =I to ealigry o u t  a geolog;fc 

sas~~x'm$aaane@ suxvsy of %h% area bahet-3 by Ahtell Creek and 

th3 South Fork of the Y l a m  R ~ T T B F ~  %he f i e l d  work ma planned 

$0 ~ ~ r v 8  a dm% ~ F ~ Q B B O  (1) 66h exs.rn82ne all Lmow mheiml 

del;o~Pta and 8@&2eh fok o t h e ~ 8 ~  m d  ( 2 )  b u s e  & h ~  &h co l lec ted  

for* thssas ~ z t t e ~ l a P  jn pa4ti92 ~ ~ q u f x ~ ~ r n e n t  f o r  the Maetar of 

Scleane~ d a p s e  in geology Prau tb Bontana Sch-0~1 of' Ninese 



'Il&s ~ r d t a ~  v%shea to expseaa his a p p r e e h t i o a  to 

t4r 4 B a r ~ l d  Y ta-andbs~..g, Pra8 %cI@n & of th@ % tranddPmrg Mine8 In6 

Fiacho~ags, A l a s k a ,  who fkrzaced  the t o t a l  c o s t  o f  the f i e l d  

zosk and s"cw~ expensgla Lneus~ltaad. in %b sumpibation o f  th9-a 

:h@388e 

A4di%;ieamX t h a k ~  i t s  ex tended t o  Hza QI@ Doheny, 

r?Ef'b 5s klaaraqtw fos S t~andbe rg  %91ra@s En@ (3 6 

9 5 3 3 . ~  W P ~ % B F  R O M L ~  also 12.k~ t o  expnbeas h2s a p p r e s b t i o n  

to &kq roPZow'lng p ~ s p l e  who lmvs csnrtributed add2 t i o n a l  

l . x i i ~ ~ r r & % L s m  about ktbs d i s t r i c t .  Dpe Soha diesd, (3% the Unit@d 

3 2 ~  t a g  C-:-sologfoal B u ~ v e y ~  wkm a a a i a  ted ia o b t a b L n g  as r ia l  

pb;,; d$*ngEs.~, K r  IQMl HaXBswerCh ,  Fsrsi t o r i a l  Co~miasd .$.onen? sf 

kIj'Lt3qs, L?ix-iB k%%Ft%n Jasper  and W e  % f l E % a ~  Powell of the  

98~.:'.rr%6~3?g%1 DC3p9.xab7&Xl% 0k' ?Af&63~s 

3p@e%ak tkazdk8 go to *&. Au Ngoa Elo who faecm~~wrniled L h i ~  

~ W $ $ S P  T"OP $XP% o f  k;h@ f9.@1d 88aBQ81,e 

TB~P bh@a93.-81anc~. dfbe%ai@k l a  dm%na tee% by tiha E&a tern 

Alt;obl Raxlgs and t b  Coppar Nlwer d ~ a b a g e  systeme The former 

$ F G ~ I ~ J  agl~Zd~m~s4;  t d x ~ ~ u g b  tb d l a e i g t t  a d  foma the highest 

r%d$sf TIM l ~ t % e ~  %B t o  the sou th  and sea 'r; and f ~ m a  a b r a d  

aLogLny Loirlmd nrth m a y  h k o s  and meunde~b3.g rrisera, but rises 



t s m ~ c b  a;b south  t o  for- M a t  Sanford in the Ismgbe Mountainsl 

Ey 
-, % 

The rsl%e$ of "ee Ahtell-Slma d i s t r i c t  %a comiderabby 

l a e s  t b a  t ha t  of t b  w a s t e r n  p a r %  o f  the Alaska Baaage* The 

aLgk&a$ pobkat in %he d i s t x i o t  Be Alnte lb  Mountain which f e  

a g p ~ s x ~ t o l y  9,OW fee%@ Tkm % o w e ~ t  psdnt is near the m o u t h  

l t f  AhteU. Creek and 1s apprcaxha t e l y  2,000 f e e t .  Hence, the 

22Pfareace ba maxhwa selfef i e d  rawrly 5,000 f e e t *  

gl 

The Ahtell-Slam df s &%c t i s  &a b e d  by t;hree mi jsr 

B $ P ~ ~ s ,  I n d b n  Creek, Ahte l l  Creek m d  'the South Fork of the 

Sh524% R L V ~ F ~  6111 e i the r  f l o w  d.beo%b$ i sab the Copper TiPi~er 

022 ht0 % ~ % h t & % i e a  o f  t b t  Z ? ~ V B F ~  

ALb of t l g a 9 ,  atrems a m ,  in part ,  b~fa&ded, but miany have, cut 

C I ~ Q  g o ~ g e s ,  p a ~ t f e u % a ~ 1 = y  along t h e b  bower e e w a e s  %gag 

Sbam W i v ~ r  i~ the major =%er course in the area mapped, h m -  

wwr, 1% AP a fag t f l o w -  U g U y  braided river, n o t  ~ u i b a b l e  

f ~ i ~  @ma11 bats Tkm name Shna $8 apprm%%y de~lveel  from 

th I a d h ,  & ~ w n b g  muddy and - rn river in the Athabascan 

1 Haa t r i v s ~ e  in the, Intssfos sf Alaska ending wf th 

BA are  derived f i s m  the A'GB°tbbaseane - 
Bfgh ~xttar em, g m e ~ a 1 1 y  be exggetsd in July, due to 

& ~ & i v s  raef thg  o f  glacikasse W h g  per lo& of high mates the 

%lam Rivor m y  prove d i i f t c u l t  t o  ford, but the other strems 



7' ?,s "3 s ,+~l@&@fg3%@-&~- e 
-r-.,<=- 

T i ~ b e ~  su8tab%s f o r  lergs cona'muetion pwgsses is n o t  

amiP=babla f b  d f d ~ ~ @ l ; ,  h W 8 ~ 6 ~ ,  S ~ L W C ~  end birch do grm 

91; abu.ra.d~~noe wi'r,Exh thc3 Cappop River lowland* The timber 

wFkkI.n the t$s'es%c% La g m s a ~ a b b y  sm1% dimetar ,  spruce, 

~ a , , d  bs gsnssal.ly limitad t o  axqege below 2,500 f e a t e  

L $ d s ~  brush is e m i o n  t o  .all P,k ;b~  3pove~ val leys  and grows 

3-n ~a br~~dcanea  3x1 such a-9.eag 

"I'arnfi3?a and axekeg are abw1~2@n"tvez~ywh@~~ S9-b tb lower 

arms ELR ~ 3 2 . 1  P B  in tbs h,2gh@~ f9-a k counWye 

Po~~?~.tr%a e l  em , 
s..r- z&s4A--~-A 

Em G ~ Q  ~ s o B  ~e~diCEen%s In the are% are along the 

Sl~zxa-Xk-8k hLghrmy and nmza Hsntaeta Lake. 



'Bra Ahtiell-S%aaa Q i a $ s i s $  is Isea$;ed p ~ t l y  in a detached 

p o u p  of m s t u ~ ~ ~ % n e  1owbS.y ~ e P e ~ a % e d  9;o as $ha &tsl!% ldountahns 

X% 18, g@og~agh%awll$ ws sell as  y a o l a g i s a b l ~ ,  p a r t  o f  the 

A b a ~ l ~ a  t h g a e  [Ses areal  mag, P l a t e  I) I; t ie predsmhan t ly  

&n B g ~ e ~ l u ~  area, but dncludse a. r e s t r % ~ t e d  number o f  metamorphic 

and asdirnesiafsry ~ o o k s  

X.geous L n t ~ w s f  vem ~ ~ n s f ; f  ~ U $ B  the mos t wlsi.dsapread assemblage 

o f  pocks In  the d i s t ~ l - . f c t ~  Wxe t o  clbtfferenee in compasftisn 

aa;d ago, the ;f61$24~3j.~e3 F Q C ~ S  may be considered t o  be two  

8sgsrats  plutona* ma Indian Creek gluton,  Located t o  the 

w2a t of Ahtell Crask, f a  the o % d e ~  and p r o d o m h a n t l y  quartz- 

t w ~ r a z m f t s  o r  re la ted  f a o i e a e  ' a o  Ahtel l  Creek p lu ton  I s  

~ z i L n l y  d S o r i t e  and covers  a l a rge  area t o  the e a s t  of A h t e l l  

Croak. Dlksa of va%f OUB ~ o n p o s 1 $ I ~ n  a re  n m e r o u ~  and t r a n s a c t  

~.-asx*y psok t y p s  in the  di3Zlq15ietg 'The d ikes  represent the - 

3.ateet ignooraa ac t%v%ty  the d i s t ~ f e t ~  

A9.1 have been fdubjac ted  t o  prolonged s t ~ u c  t u a l  

dsromitlfon, and f a u l  I% 8 r e  cornon throughout the d%s tslbct 

%ian$, bu t  n o t  all of' the faults ,  bve beon aaapped ( P l a t e  I). 

SUBI~ sf the f a u l t s  have r e s u l t a d  i ~ s w  l o c a l  ht lpa rs im,  'but 

~tkzars ~@.y be ~ @ P ~ . t e d  t o  ~egionaf 8 %P@s% o ~ $ I = % I B ~ E % ~  readdus t- 

s e a t  2n the veky recen t  p~.sP; %B s t$>. l  evident  tri vslP d o f h e d  



f ~ . a b  t -  B dns-a0&~spf3 Scxfg3 8.f th8 ~ ' k r n x e t ~ ~ ~ l  ~ d j u d t ~ e ~ i t  ha8 

s c m :  ,+d wtabesquaat to g%aetall.an, &I%& fee,% is svlldsncsd by 

the p~-@w@rv@.k%on 02 B O A P ~ ~ ~  Qbagajfal IC%SOD ~ A B   OF@ 8~4;tlve 

i n  %ha h f g b ~ ~  ~rmm.tafsa  s s a t  0.f Ahte18 Creek than In the reg ion  

t o  %ha E B C B ; ~  AS a OOk188~TI@b7Si2@ 30 Find ''biaqeaf t - b o a ~ d ~  e ~ p o -  

gp%?.ph~ d ~ b ~ B s p @ d  an %he Indian Ck@ek plutsn and a m s r s  mature 

d f m a c t i s m  In %he g%ac?lat@d m ~ u n t a f n s  of &tch% Creek, 

P.>m?:~n %a age, r @ p ~ a a a x b & ~  the o ldes t  ~ s d f m a n t  iara the district, 

B ekdlar @~ya$al&f~e ILmeetoms or m a ~ b l s ,  n o t e d  by h 7 s f f 3 . t  near 

EL@ ;Lemth @f LBa Indiaa Creek wuggests tha t  %vowlbara o r  early 

Ftjaua2@m. F s e k ~  B V ~ F ~  a 0 ~ 8  B W ~ B M Q % P ~ ~ .  than i~ a m  a p p a ~ e n t ,  

Se'tBe~3gsuo@ q;~@cux~ed ~ U I P I D ~  glemiaa % h a ,  a$ ev%dsuac@d by 

the Fi3~:~1%an ua~Rne oed%~~saants, If so, du~?%rig ek6 P @ ~ m i ~ n  p ~ i o d  

$,hers@ w a B  ls l tsnsive vo%eemi$ aetPv1L-y thsm&nout Uaska,  except 

252 %hs nsx%born par%, l4eati@ (%935, p, 361) haa suggasted t ha t  

uns sf tfss E I ~ ~ O F  Eoe$ o i  aolsaaie  a @ k $ v f l y  vas g r i  the Ea~fterlrl 

Plaaka  i8auga, h3sosed1~~g ths voleanf c a c t i v i t y  a s e ~ i e l e  Q$ a e d i -  

moat8 (19resenG d s y  h o ~ n f e l s )  wars la$&.' down, probably over the 

s ~ ~ $ d r a   gel%-Ylaaa d i a t ~ f c t  and adjacent regions t o  the w e s t ,  

'B~swo a@d%biianl*i;,.a are goasibly equ iva l en t  t o  the Cki~na fa .matfon 

t h a t  :,fesr4ds&al% (1988, p, 34) $?Ire% d s e e ~ f b e d  in tbe upper 

C+d.sLoehBn& r%gisrt~, and regasded as pae-Pemf an, %PIendex&-~b 



3'' 
:*-+ * 
>re; , 

yl~lead *Bern i n  tb Carboniferous Period. Moffit (1854, p. 10 

%$a* 2 -3s 0f %&3.3iri@8 

aaaLgmasnP, a f  t h ~  xloek~: of ths Ghlana fsrm%ilon 
$0 t b  CaxabmLfero~as l a  p 'cr .ovisio~al,  , f i t w e  d e b  fl-sd 
B tadg ss"a21. pzwhab1.g show tk&-i; rocka o f  the Permian 
ags hk.i\re been lno luded  in t h ~  Chiane formetion'. 

liilgarciles~ of %hair nbrolute age, the hornfelsic rocks 

are ,  La& e r e l n t i v o  m y ,  pr!Los t o  Grubstake Creek basalt .  

b3,'tnns there is good season t o  believe the basalt represent8 

the houeas E3@m~$P;Ln and equIvabe9nt $0 the lower %aazkomsr% f o r m -  

~ B o s ,  the hamfa%ef: maid ,9e@gl n o t  yoxmg@% t b n  ear ly  P ~ f m i 6 U I a  

fIo~.-;swea3, should the Long Lake basalt  and tb Grubstake Creak 

bggsP t  prove tx e ; b ~  $ ~ u $ % T T J . . $ ~ ~  tp the IndLan 6rsak plutora would _ 
$;11~'a t ~ v e  t o  bq pm.-Pe~m?aea i n  ng3 o r  at lacast pr io r  

L.md~a take Creels, b s a a l t ,  and ma bsrnfe la  ic m c k a  would a l so  

gre'Ez,'36=blp b@ ppk.as-~azmieaaa h Qgbo E a " p f d @ ~ ~ @  8U&588% %he 

oqn$va$@xkes of Long I&Ls mzd 6 s a b a t ~ k s  Crgek b a a a % t ~ ~  h a  not 

$@&!a ~ Q P B ~ & @  

B i t s F  $ha ex&mas9lon o f  t b  .b;kl.ek basalt  sesias dsprs%%;%aaz 

s I  $ h ~  ~ ~ ~ ~ ~ P B F ~ Y P . ~ ~ ~ E ; ~ ~  s a d b e a t % ,  accamwnbod by further 

volasw 28221, $sok p3,aaa e 

Atmo~dd4.ng $0 XaQfit  (1954, pp. 181-182) %ha axaea sf the 

ppaasn$ AbaaLm Zbnga RBM m e  02 .f.17u~Lua%j%L12g land and sea 

'Reoala bt+.kmea Pemfan and T ~ ~ 9 . t i a s y  titme a, Alaf 2;~r 8'6180~ i t b n  

of tJ?o sec15mmfa and l a t e r  vo1cad.e ac t iv i ty -$ ,  iatsusl~n of 

%ha Ead%exa Creek . p l u t ~ n  t ook  place. 

Capps, (1916, p. 85) and Cagrmes (1914, pp. 12-28) beve 

- 9 -  



g540 ,. -, -:s +,%d $,kg3~2~ -sa~*t3 a $ I sr3.4 t kwu  paab8odi.s of i,gneoua Lntnw 1.0~1 

2.: C*e Cj-~lsaan rwm arid ,La adja~eat  p%r*ir;a sf dlaaedao Th@ 

;,,Y 1 7 g-cx*jant3 v5a% la i - ,e~  ktbsn r;ii;>p@r Jux%s;qLe os  louse^ Cketa-  

aao'?*xa z-nd 1,&$@22 p9xa3 0~' 5W-8 233 T 0 ~ t f - 8 ~ ~  ~ ~ ~ E 3  a WeylQ~r~Ca. 

[%.!3.4-.4, pe 152) aoGi~,4_ndsa %E-t;l,% kh-3 K l a i x ~  Greek bat;hiibt%;h 

( k ~ ~ : ~ - ~ ~ r s e k ! . ~ ~ " 5 5 % t ~  1 D ~ W ?  t 1- I : ~ ~ m & 3 , ~  bo~deiko~ wa8 p0e3 tc=B8m2af1, 

r~flL j3ps-ap~t27~ ,Tm2aasstas Bltll_rsqqh @I?B arsazs ~ $ % a d  a r e  s m @  

113Q . 3 1 J 7 ~ a  sas t  $%a% t-,8m Aht@12r-3hna t l i . s t z l a t  t h y  UP@ an th@ 

e&kl,r @%~;IE?$~IJV@ &ad tgnsous d c t % - ~ % q  j.n €?a6 @~?m 60~h3.d- ~ V B  $den 

ooai %s@p~lr tw~~acs  elwe.sh~x3i.e alsng %%m a Wuc t u k s  Because of 

Ljr* ;r21~=?~2-az3-.f"e,s s:f the vorak Lyp6,9 i,a %he O ~ O T S  &.gtroatJ to %~.OS@ 

Z f i r j , 2 ~ ~ 4 ~  Croak plrzbon, 2 t  W B W ~ ~  f1~~~tSan3;' 3,%kkgfy %kt;  the^^ 

.$ ?> $ ,* - M Z  ve18 XGFB r ; ~ n L e t ~ p o p m . a ~ ~ x f ; ~  mi, at ~ B F , B  $, neay1-y. 80 s 

r2ea t i h ~  1~2&"g%,23 C13e0k p3,u tc?n may b s  ten ta, $il.vel y csnsi  dered 

gs;2 t-i;aam744~~~0 b~bv 1~~-8--C:z*er ~ B Q ~ O ' L P B ~  $.a age e 

A P L ~ L .  XRkrusSsn 02 t8.3-6 .Cad- Clrsek p2u"con d i a s @ c t l o n  ms 

pwy?=i~b9_=y aesaBe~*a t&da :Cri ~FLIS~.!.OI~~ eQ tho Ahte13.l Cr'aaL ~alu'crsx~. 

Z S , E ~ ~  h3v@ ii~g~a i1ae7.x~ @h9 ~3.f1ea.x af the bbasks, Ww-ge ob9agsny and 

Lsb P O 1  % * J ~ : F ~ ~ X L Q @ O U B  %;%GI@ a 

S f ; r ~ s , c f ; ~ l ~ w . k  defo~rrts t5,oa of  kLz3 2-sglan p ~ e s s s z t l y  oc~upiecl  

by %b% Alaskx Rm~ga beer1 n P:O~%JKL~LPISI~ process s h e s  b t s  

Fal eoxoj,o tknaP F a i t h  (2939R p o  27 )  bas daacx91.hsd rs%rongky 

d@P~zm@d & , ~ ~ ? " O Q Z . ~ ~ ~ @ ~ O  rock9 bolsua on1.y .Bi~d@sfa %sly d t s f ~ ~ m e d  

9kiaaeica, rocks $a. %he area a d j a e m t  %QJ the Ca,midk~ b s r d e ~ ~  

Weafgl,t @ > a o  be%is.i.ea &he A b a a b  Rmga h . d % c a t e s  ht. zone ~f 



B k21:t3 t ~ ~ ~ a l ,  W G S ~ E ~ R B  and  on@ of xaopea.t;ed mrsunkin buf l d h g  

an knndii==g ha11 as m.rl.y ae rnid&1e Paleazobc t i m a *  T h e  c 3 - i . n ~ ~  

:if" the g z ~ ~ s d n %  A $ P s - w ~  bag@ arog@nyp ~ o c c ? u . P & ~ ~  b M ~ ~ l t f e  

1830, 11. 1x5)  m e  3.n T ~ ~ t I w a y  %&nee 9310 &$feet  this kad upon 

the Rhf;@ll-S%nM d i s k ~ f c t  l a ,  f o r  tba m o s t  part, unknown a 

t&~%g thg l a a t ;  atx~uctxzral readjasYment La recognized,  but  

uaw ~ $ b h y  the long csntixausua a t ~ u e h w a 3 .  procass and sespa ted  

oro5en.y h o e  a f t s c t o d  t ba  d i s t r l o t .  (me D a n a L i  faul t ,  

~a~EZssed, by Nandsaahall (1805, ps  84) t a  bs poa t-Eocene, ma$ be 

a ~ u c B  a3.dsi. a - W u e b u o  tJ.xin wany %nferae 'I%@ stni~br83.  ad jus t -  

z?,@r;+ of th0 Ahtel l -Slnxs  ddiatr1a.t; p~o't-tably is r e l a t e d  9-g some 

way to the D @ m l L  f au l t s  T k i a  miters8 ~ F O ~ G B @ ~  e a s t - w e s t  

d i r a c t j n n  for psflraclpal a t z ~ e a n  m,p be, ~ e l a % s d  .to t h ~  ~r t i cu-  

1s f>s a$suc"h9tp.~s of R%aaka R a g e e  

S@dhB$fl w . ~  %306k',8 e 
-7 _--__za---d=---- 

mz%y s o c b  iden'e3i,fied aa  s ~ d h e n t a s y ,  exeluding the 

rsson's; a l l u ~ v h w ~ ,  ~ e r s  $owe% sonth sf Xiadirsn Basse This area, 

baaauae of I"r; s c s p b ~ x  a t r u e h a r e ,  m a  n o t  exmilbed h. detaL% 

a ~ d  "kin asetLons ware n o t  mads of' %;he pock -bypeso ID view 

04 9 ; b L ~  coxapk@zitg and cb-apoeite nature % k ~ y  have beean 

d ~ ~ i p ~ t ~ d  uaclLf$e~~ri t i& t ad  a d ~ d b ~ n t ~  



l i z i u s  tox~ss ,  esng9.oi.ibesa %oa, and gnai k%y t u f  faceoue heda all 

rs~rer l . y - .hg ;  a ma8sLvg baaa9. t f l o v e  As a. group, the sediments 

~ r s  muck dafomied by  f a u l t i n g  and dl.ke i n t r u a f o n e  The l i g h t  

Y2ro-m r,oEsP of these rocks  c o n t r a s t s  s h a r p l y  w i t h  the darker  

;m.ha t a k e  Csesk hasa.2. t 0 2 3  bb1zl.s t z n  ted by Figure Z e  

T%al.ehlaaz of the ssdlpixents is es k i m  t o d  t o  be a t l e a s  t 

:L,WQ f e e t r ,  khy~s%ea%abg, ths bmdiffarentiated sedhsmarsts c l o s e l y  

ir.@amk~b1.@ PsLm%an soeka exposad to %lie southeaa t and m y  p-rove 

e q l ~ i v a l ~ ' c ;  t o  %Earnc 

In ?d7%s :I YO %px~eous Rooka - _<aM- 1. t ~ - d + - = m - - ~ , - ~ - n  

!?robably seventy-fiva paPcsn$ s f  f;?~e bsdroek o f  the 

A h  t o  l P-Slam d3.a L ~ i c  @ eonebs Ca of in t r u s  %vu ippaoua rocks 

s f  g h i ~ h  d.%oxj9.%@ and q ~ 3 ~ ~ ~ - i a d 1 1 n x o n ~ ~ t 6  8Fd  the pshcigsEi%. f;m0!3e 
TIzg dhtahl  Cmek p b u b n  +s i ~ ~ 3 ~ l . y  d i a r i t a  w i t h  aubordba t e  

auozaa'ca o f  P;~nalf t e  a QUF tz-igonzonf %e, f s the ianpar tan t r ock  

o f  t h ~  T ~ % B b r s .  C r s s k  p%utono l%e%~,q  C ~ B X I ~ Q B  B P ~  C ~ B O D  wf t h i n  

both major ppbvatows, but only a minor r;xmbe~ 0% such changes 

v a m  mapped an Plate  I. H s ~ e v e r ,  the s a l i e n t  fea tu res  sf the 

tvu pbatons  spa ~ a g p s A  on Plate I* 

Dike8 as@ common to abundant, but  because of' t h e i r  am311 

a h 3  only @ zBoniz?fc%ed W L ~ E I ~ @ P  were ~ I . ~ t % e d e  

Th3 mmes and d e f i n i t i s n e  of the rocks described In the 

foL%oslng pagsa, a a  aa1,9. a s  tb.a mhesa lagfc  var%atis$ are 

A ~ h ~ s a  C O ~ S " ~ ~ ~ C X ~ $ ~ ' I ? & :  b G ~ o u t '  s c l a s s i f i o a t i o n  ($932) 6 



GsaraLLa: Gyanfto La found In a number of areas tbzoughoul  
+---me- 

the d l s t r i c  t, but no$ so widusg~ead as o the r  pock types such 

ars ~ d i o r i t a  op qqraa~kz-monzonhte 

2 i m  g ~ & n $ t a  m y  be subdf-vidsd, &Pthough no t  s o  w p p e d  on 

Plate I, Bnato b i o t f t s  $sraaTts and porphyritfc granitee !The 

Psrmsa 1s darkor ,  and f a  a medium ts coarse equigranubar rock. 

Ths p o ~ p h p i t l c  gz3anS.te h a  a pink tht  with ph~noc rys  ts of 

PigBxt avlorod poJmsahm febdapass. THns Borne (see PPa ts I) is 

e ~ m p s a e d l  @ssela'r;2ally o f  b i s 9 ; f t s  @sni%e saa 1s the agestzicted 

area %is %bs soubh ,and ag%ja~@gk$ to Long bkcse  The o t b r  appears  

more p ~ o ~ k ~ e n t  i.w the r i o ~ t h ~ d r ~ " ~ .  P O F % % Q ~ L  of' the as- betwsen 

1 3 3 s ~  .and A h t a l l  Creska e Both mcke  a re  a l t e red  and *sra 

abin$ra_g o f  t&s weathercsd s m f a ~ e  hs ~ ~ ' m m o n ~  

O ~ t h o e h a e  and, OF, ~ E L Q ~ P O C I ~ ~  axbe tihe dornixaanci; f e l d s p r a ,  

ganma%lg clmi~j ,  a d  ~o~ano~hl ly  hv t3  a p ~ f a ' $ l 2 % % ~ ?  texture* 

&ic,kops%thite is psoWbXy p~;.esen$, a l - % h ~ u g h  ao t dsf h l t e l y  

Ideat i i%ede Car98M.d tpbuahg i~ C-B and well devsbspsd 

in ~ ~ $ D Q F ~ % B  no%; s W o ~ g l ' j ~  a9%8c tad by a l t e r a t i o n  Phgiorslaae, 

g%wn prsaant, bw h a ~ % a % e  o f  almost completer abte~a"sion* 
e; 

@-%.%a 3 , ~  #%lt63~s~t2.al. often. ahna=be; mdznla t o r y  ex t lPlc tion, 

axxggeetbg swain, bta% a ~ ; . u a h b g  oaf fYag$iaemta'&iasn as such -8 

220% 8 b l @ ~ ~ 8 d a  T b  m f i e  m b e ~ o % a  c o ~ ~ w  %a 'k of biotf te  and 



, w9.6h 'ie fn$ker  bgfx.8 s o r e  abun&nte Both ape 

olcai:ly ueersebat@c% u L t h  eb2.orhte a &  well as with smP% @ a h s  

u t ~zag?as$l$s~ B c , a @ s a a ~ y  m.2reesala ars &pa t l t e ,  momzite ,  aphene, 

zi@kot$?r;a, and h ~ m t k $ @ e  F&z d e ~ o n & f y  ahesaha  9nchude 

@s:~2a%%e wad kLaal.hite, both of mklia.,Ha ass wideapr@adD A l l  o f  

ths Z@b@wg@-~a3 h v e  ands~gone som3 ~ C I E ~  of ~ e ~ f  e l t i z a  t ion O P  

k a ~ $ $ ~ l % z a t % ~ n  and $ca:im $0 the e~Ps8nkl that on ly  r o l i c  t o u t l k e s  

now agp&sx3 b%tos~a  tilap appmzls t o  a f i e e  t f f  r e  t tb p l ~ g i o c l a a a  

k x d  $ 1 3 ~ ~  $ h ~  ps iaog irm f'aB&s~eir, a tzir,&b,g along 8 ~ a . h  bounb9.f es 

&nd ~$a&v*a.pp~ APt~mtfc)n 0% the maB$c a$nsru%s %a m h l y  

eb.1 ox*% ti%& ;;%on 

Cmak t ~ - H a n z ~ d . t a  g @a~ t e  momcdnf t o  1s %Im pr inc ipa l  
EWs--"-- - %.--.-- 

l n t ~ u s i ~ s  rock  OB t h ' $  P O F ~ % O X %  o f  Indian 6 r a ~ k  pbuton mapped 

0x3, kFla t e  1, 2Tgd q x ~ x * t ~ - ~ i % o n % ~ n , f  ta as ljiapped, probably ineludes 

a 81s,a1kr3~ of r e l a t s d  f a o l e s ,  but tha rock as a whola i s  b e n t  

L ~ Q B O F ~ ~ B C ~  8 s  v ~ ~ % z - ~ o n ~ o n i t %  ~f th the ~ a s a ~ v a  ti on that I t  

ss~y incbv.de Q ~ A ~ - P  s h % l n r  fypae a Xn maay r ~ a p e o t s  th is  roe% 

fa  833ii3.a~~ 4x1 kbs paaodio~ i ts :e ,p   arb^ d g a s ~ i b e d  by MoPfit and 

Caljpn, J.n o t h a r  par&$ of  the Alaska Range, Menden?a%l (1905, 

39) ab-%tBoup& no% e%$m*Lng kh9-B &k3ea3 bg l l evsd  t b  rscka 

w e m  ahm5,1aa3 $0 those 3-n ths a s  t Perk ~f t h ~  Chh t o ~ h l r m  araa 

and ~ a l % ~ d  t b ~ a ~  a3 B. p o u p ,  "c@ A h t a l l  d i l o ~ i t e s ~  

Ths pPaP& 0% bh@ fndi&tl C F @ @ ~  P I U ~ O ~  W P & ? B ~  Qtl  Pa&%%@ I 3-1.8 

an asasa sf' hkgh, youad@d mnuntains t 8 ~ S ; ;  wow, in e m s  areas, 



&%bc~sak@d &;49 $om paaka and ~ k d g j ~ ~  but gen~m%.%;jl are far 

la30 mlgge& t i h ~  %b m.oimtain F B ~ G  ~ 8 %  0-f Ahte l l  Cre~ke In 

xmny psapsc$u tb xrooks appear older and mose highly altered 

%ban t h ~  h t o ~ f $ ~  to 8 b a e d t 8  f&4 POCIB dark with eofssa 

a x n g b g  i ~ o a  &rk g b k  tk~ough & ~ k  gmen Go daYk reddish- 

b.E?@&D,e 2 i  8k=@ 89.881 % b y  82% ~ % ~ $ k h @ ; f y  W I ? P ~ F ~ ~ ~ C  ~ h i l @  

3x1 o l k ~ x w  %=ah toxtwoe & ~ s  abasneo 

23~~~3aal  d i f f o m n t  bypas of 8 &uetmaa %ere f o m d  with in  

&h@ borders of khis rock an&, wM?be not e4tadled h 88t~f .1 ,  

t3t3~t-4 ~ $ 1 1  be B B ~ $ % O M . O ~ ~  -b some =*ma the tex.t,~ase cfirnngoa and 

bt30g27~~8a P ~ b s  8 ~ d  %h@~4 t b  ~ 0 @ k 8  %@lad. k 3  ht3 E%LSJt3 IT@, s f  %@I2 

4?t*ashmsd, 1-mt no% j ~ i n ' e a b ~  Yhs l e ~ s  $@%S%B packs are not 

ws xz i~oaive  &a_gbd m y  $a BFWB ha88 a slight suggsa t l sn  sf flow 

. % ~ ~ x @ t ~ ~ k ~ s  appasszr-bly $0 %b or%@n@t%on sf m-fie mhasaalas  

In %he3 I s a s  zmasivs ~ o c k a  fraatxx~ing a s  w s l b  as J ~ t ~ t h . g  fa  

3~e : l . l  ds~elagsd~ 80ma sf the J O ~ X A % S  npga~snrltlg ware fibllcsd by 

bfkos, ba% oP-&ex3s a m  barpen and ~ n t  a c , ~ o s s  dlkese  h e  J o h t  

sa6   en&^ no~;.th $0 s l i g h k l y  m a t  a d  tks other nor th  to 

ox%~h%by m a t ,  As no%lsd an Plats I, @ U s  $a also  the genepal 

kPf%ld @f B%B~v 02  tb B-Z%?L~_$ 'kTik4kLW?3? B ~ P Q E B B  e h UUSWR 

ooou%mne@ f a  ths hazk.I.~a@al.y b~eceLa t@d cmabgd %ones t2m E-, 

&la@ ao-ap%et@%y hm?bsd, and a s s o o h t s d  v%kh tibass are xenol i th  

I i B o  ~%m,l.gli;u~@e e '6.haae zones do n a t  appaap to have origidmfed 

aa f auZ$se  W a Q s ~ a  (1941, po 1429) d s a o r k b e ~  a a h i b a r  typa 



o f  B % . ~ P I ~ C % ' I ~ P C ~  l a  the CoI-v%%2~ b a t h a l i t h  L ~ L  Wa@ington and 

b s L i e v @ d  it %.an a a u s ~ d  by tb upwa~d f l o w  of mgm already i n  

m I I . ~ . ~ . ~ c o ~  dtaga of f=~ystaJ l%zat .$sne  The c o l o r  of tho zlock 

generally a&ngee in nush areas, but dosa so gradmbly ,  %b 

~ k ~ . a t g @  zwrngbg ~ ' P O L L I  C & ~ P ~  p h k  to & ~ k  &;PBt%ne 

TIIQ co=rnan O C B U ~ Z ~ ~ E ~ C ~  o f  a s ~ F - . .  fqpe pock pas a f t ~ n  noted  

h s  fle3at  long the ~ o r n ~ 3 3 . a ~  n o r t h  QP Long Lake. The o f i y  

B . m a  tPm z*oe!s ma found h place ma along tb mountain abops 

s o u t h  of L0ug b k ~ ,  ~ppab~@nrCIy at OR near th.e G O ~ % R C ~  sf 

gxv.xa%te and quay . t ;~-uonzsr~i td Tho rock  elseahere could  

n3spsaaan$ XTS ts~q%a% f0rkf10~1 a long  s i m f b a s  c sn tac  t s  

mzab 'c-lng i a  a cs.i~?xnor?, f 2% L ~ 1 ~ s  tbwoughaut "ce  q u s  tz-monzoni t a ,  

but a a s r ~ ~ 3  esmcsntra'ced in s s r b f n  aree.3. k e  such area o f  

apparsn$ actives faux t l n g  u a s  near  and adjacent  to Lolag h k e e  

'Bba rneka  there ax3e o f t e r l  1 n 7 ~ c l ~  abt t s rnd  and decomposed and 

aulpbf d e  zaLneya.bizn %ion haa txakcjsz place. 

Yihoxl a 2;udLgsd xrndeg-3 the m%c;~oseopa,  ssweral i n t e se s  t h g  

@ : h ~ a c t s r f s  t i c s  OP the esmpo~itf an aP t b  quartz-monzonits 

nq?a ~ l o & e d ~  T h a r ~  l a  a auggsated change i.n feldspar o f  the 

f ' l ~ a h  csbox$sd v ~ - s f e e g  t o  t h 3  ~ s e n i s h .  type. In %la fomep, 

ih;> pJ-~gff.o@lasos a r c  in the Pangs o f  s l i g o c l n s e ,  m d  have thin, 

c los@Ly $3p.66d $win larcs lbas  vk;.ch &mns (1953, p, 46) 

B s % % ~ v s a  Indicate t h  mknerab is approaching albite empos i -  

P ; P m D  %css%cfte hfaa s t ~ o m g l y  a t t a c k e d  the plagfoc lase  wMeh 



j-B gsnera lby  wubhsdral. botaarsiurn f s l d a p r  5 s  approxima te3.y 

aq.1.mL $0 pbag%oelaas, gensral-ly anbdra l -  and poikibitic 

Ol.llgseLaso i a  @he pr lnc fpa l  fsldagxar~, i n  tha greenish sock, 

but 19 @uh@&xiL, 'Dle o%fguclaae ganera l ly  In%s b-soader t w h  

l a ~ i s l l o e  and tb.8 ext lns  %ion ang&s * m a  cons is  t s n t l y  higher 

than t.he atlasy, ~ ~ F a i c l n .  auggsa ta  that the m h o r a X  1s approach- 

%ilz an.d@si.n@ oompoa S.Lian x.-+EL%k18~ th9.n a b b i  t s  @ Serici t i z a  eion h s  

a a - t  a f f e c t e d  tho  f s l d e p r a  s o  s t r o n g l y  as In the o l igoc lase  

o f  &ha f l e s h  ec9-arsd rhockp 'The two types  sf plagioelasae a r e  

i l$us%raQed in FLg~aress 3 and 4, P o t a s a l u m  f a l a g a p  occurs,  

but %a auBo:~dLna t e  t o  plagioclascs . Qmr tz is approxirm t e l y  
t b 

ecy~aP LY bath,  and is gensra1b-y an i a t a r ~ ~ t i a l  m h e r a l *  

IBi-n s@ct$okzs af the r~dd.%sh-brorm r o c k  sxposed sou th  of 

'la'49..s Borne h % R ,  tn some cases, a granophvic t e x t m e  of q w r t z  

and Es$dnpps,  aa i l l u s k - a t s d  by FIguse 5 ,  b s e v e r ,  the 

nd.ns~a.1 e:smposf t i o n  is wll '&in the q m r t z - m m e o n i t s  range. 

2Jaz"ic rifn@zqeb%s a l e  nluch Z;he same 111 a l l  tfis q u a r t z -  

m ~ n z o i ~ b t s  spsclrneas sxa~~:rncd. Brown b l o t 1  ts and green horn- 

blend@ a r e  t h e  com-aon m f i c  mLzeraba. 

S@c;mdary p%oduc ka i~j.cPuc%% a1 dospread nsr 1e-b ts and 

l r i i o l i ~ i i t e  n a  ~ s : l $  a a  ckiLoxaite 0~1.0 o f  the p r i n c t g a l  d i f  fereancea 

i n  th8 8ecor~dax.y m i n a r a l f z a t i o n  1s L h t  ragnstits ia more 

co~:monl..y I.n tlaa rocks  s o u t h  of The Dsae than eTsewbre 



P f p . ~ r e  3 

E t ~ b s d i x ~ a P  p:Rapf oc l e se  ( p j  i n  a-.lcrtz-r!c;nzonf t ea  F l ~ t 4 .  ts ( ? )  . 
$ v % r t z  (Q), E o t a ~ . s i l m  feLdsp8r  ( o r ) .  X5Q0 'u':c:,l~ c l - . ~ ) ~ s e d .  







~ a g r r , ~  ti t e e  

B p m e k i t s  i u  gexnoral1.y consldnred t o  be n L a t e  reclctlon 

p?-o&xo% in She consolidation of the r o c k  ( J o h n m s o n  1985, p.  45).  

~ % 9 K ' ; ~ % ( ; ~  %%-a P F ? - Q C ~ P . ~  8FQ& of a 8 ~ i k 8  3.8 B W S ~  0f A A k @ % I  
I --L-._3 

Csaek, and tBlers i t  f o r u s  a f a P ~ E g  wlffarrm plutonic  mass a t  

l m a t  @went$ DAKL~~B 911 leagtctb and aamsly e igh t  m i l e a  in width, 

E0Wl1.7, O U " ~ % . ~ @ F B  0 f  ~ % O F ~ ( ; B  @ ~ f a ; ~ i % d  b 'bh~ bf370nd Ahte%$ 

Creak, b11t viewad on a ragiolral  tQsis, khe ou t l f s s s  are smallo 

Yk86 l tghl ;  c o l o r  sf' %ha F Q Q ~  and w h l l i s k a  talus ~f t he  dio:s%ta 

2 0 ~ ~ ~ 8  8 d t . $ t i n ~ t % v @  xaock acit and ;b$.sr rosd- i ly  dis"c.nguishble 

f ~ o t a  t h ~ ,  c2~rkar q ~ - ~ ~ t e - ~ ~ r n z 0 ~ , 9 . . " p , ~  and r e l a t e d  rocks  ta the 

w e e t o  %%B a @ ~ I a f  y ! m t o g ~ a p h ~  tn mguxlss 7 and 8 f l lus t ra te ,  

the c o i l b ~ a s l  and %;b general togmpaphy of' the d5.oa?%f;%r, g2uton 

atl,ljac8n$ ' I P Q ~ , ~ B  

fa gc;n6_j3.vd2 the d5,ora.te %s a f resh a p p o a ~ b g ,  m a d i m  

toxk=ed p a x m E a ~  sock,  wfGh l i g h t  colutgad feldspar as t b  

prfneipaZ E I % ~ = L B F ~ ~ , ~  b a t  f a  a f~sa plaoao the F O C ~  is p o r p h p i t i c  * 

In, t a s ~ ~ t a . i i 3  axlsaa, pa% $iclelarly alcsrrg upper %es 6 h k k ,  petrnsa X u  

EsS.d~pax3 beoomsa cm~ra,p%eusws, but  a &!.I$ aubardha  te t~ f2m 

plagiocl@.ase In such areas &Im rocks C O U ~ ~  be. t@med g ~ a n o -  

a,ss9 t a  Qus;l.%;z $8 tsa-tla%ly prssmt la a3noa arnow~~"t%, but  

Prac:resxaas in c s ~ t a 3 a  amas ko $ho @x'kont $hat  the rock is a 

k o n a l j . t ~ ~  Ek~e such area I a  an the s~xrm~ft between the f o ~ k s  







o f  A h t o l l  Crsek and the H e s t  F o ~ k e  Th8ro 1;9 also  a 

dee%ds$ b c r e a a e  l a s  qxmrtz a l o n g  tlm higher a l s m t i o n s  of 

the Ahtcsl l C~aesk p%u tone T%B quas tz- r ich  d i o r i  t e ,  o r  t o n a l i t e ,  

18 genera l ly  x~ocoppiza.bl.c h kho f i e l d  by f ts darker  coXos 

and g ~ s s n 9 3 h  . $%r ibg  g ~ a d a t i o n a  of the c o n t a c t s  sf CEflo~ite 

and qx~artz-xa%eh d % ~ ~ l t @ ,  A B  w811 as the lack of Caetafled work, 

dose w s t  jus$ifL'g the  ~ a p p b g ,  except in one area,  o f  a asparate 

Ilthnlogy. 

Faubtfaag, as %ell @.a f ~ a @ t ~ w i n g ~  1s eomQn wi th in  tihe 

d i s ~ % % i e  E ~ Q C ~ ,  and S_Y1 gLac88 t b  P O C ~  is can$pir,uou81$ RTon 

d m  ' 1 W s  w tzih3m.g Ils of%en h a  t o  decomposhg mkes or 

kflfaultsd. ~ o l c n n h c s  op mcsbmorghica.  

D T J . Y ~ ,  s p k l d ~ f ~ a 1  h c l u s i o n s  rsseaebPfxlg xenolith which vary 

i n  aaza f ~ s m  asvaral  i n c h s  t o  over  t w o  f e e t  a e m  noted 3~ 

m n y  a m a a  Bbcroseaple  exaafraa t i u n  revealad that the Ilnclu- 

s 9 ~ n s  ee,na%st  o f  2'.'%ne gzlahsd m~ssss 0% we12 twinned subhdlsal 

o~ys"%lba  o f  b ~ o ~ r n  bjbatlte and green ho.mblende asacacla tad wlth 

s p h s n ~ ,  quartz, end considerable  opaque ma t e r l a l ,  probably 

B ! % & ~ B C C % % F ~ B  

A l k e ~ a t i o n  5-s n o t  so wfdaapread Ln the d i o r i t e  as h t b  

q m ~ " b - r n ~ n ~ o r - ~ I t ~  o r  o t h r  pocks v e s t  o f  BBatel.1 Creak, but  the 

preatmoa of' spfdotaif, a~ wall a s  c h a s ~ i t e  along %ractxare;s, suggests 

s m s  al tera t lan,  m d  micrcsscsp l~  s x m 3 = ~ ~  %%on confirms t h % ~  a 

&as w a u s u ~ l  aecbnqr@nee associa ted  with the aatebrsb tion 13 

%ha grssanse sf a p h k  u a t e ~ i a l . ,  a long m n y  o f  the P ~ a c t u ~ e s ,  

- a m 



kkwl; c l o s e l y  rcaseadles o r y t h f  ts hand specimens, bu-t 

wz.s $ouaCa t o  h8 6i ar~.grros%aa ~ i c h  s p l d o t e ~  

9.'11e p l a g f . 0 ~ 3 , r ~ a ~ ,  v~kmn e x a ~ ~ 1 a e d  with the M ~ C ~ O S C O ~ B ,  @;enw 

@ r a l l y  provad t o  be -high o l i g o c l a s e  o r  andesins and ~ubhedra l  

t o  o u h ~ c b a b ~  Q?sigoclaso mas msrs common in tb quartz-sicla 

raek ,  o r  t o n a l i t @ ,  and a n d e s h e  in  the d - i . ~ % l . t s ~  P o t a s s l i m  

f a l d a p a r s  ~ P B  m b s r ,  brat varl .abla i n  qwn$iP1yQ Vihefi~ mo8% 

t%bm&a,nt $h.gsg fora ra ther  l a r g e  ragged e r g e f ~ l a  Ths mineral 

9s naaxaly a l m y s  cloudy and p o f k i l i t i c  While q u a r t z  is 

psessnt  evargrwb~re, if; 1s m o ~ s  gleni;%f%l in t h ~  q u a r t z - r i c h  

rockg 1g11~3~8 i t  O C C U ~ * E ~  aes Ln ta~ i .3  tPt$a%, a.xahedral cry8 %l.s 

kYhn Jn g-~eatoxa quant i ty ,  the  ~ L I B F ~ Z  f ~ s e j u e n t l y  IBS a mosaic- 

l i k e  8 ~ L I C  ~,P%FB a s  ~ s l l  a a  u.nc3u-latonay ex t h c  t i s n  

Aa a ruLg, twiaan9ag is we%$ developed in the p fng ioc l a se  

o f  ths d i o r i % s ,  but f.8 incompletely d e v ~ l o p e d  o r  absent i n  

"r;t o f  Lhn t o n ~ l i l t s  OX q u f i r t z - r i ~ h  r o c k e  The twin l aadha  

of the andsshne a m  broad,  b u t  evenly spacedY There 1s a130 

ik r tb~s  auggas t i o n  'GI=% wkaan?~ potassimi foldspnxl 18 abundant 

It i w  reag3.nchg plagiocPase and s t i l l  reta.im.bg the Ccar1aBa.d 

t~.ab b ~ m & ~ y ~  at3 % b b v . a t r a t o d  in Ptgure 9,  which w o d d  sugges t  

u l a t e  s t sge  b&;.sduc?,b;ion and replacement o f  $be o a r b i e r  pock 

I s ~ m k i g  rn.9n~~aI.s by t h ~  p o t a a a  fm fe2.dspars. 

The s?s%ative q i m n t f t y  ~f hoxlnblends and p p o x e n e  -vhrarfes 

a ldaby  and thssa  ~ V J O  rnins~als b s a ~  a @omplaman&try re la t ion-  

9Liip t o  aaeh otB~aga, When kmx~n'bb~tade f a  p l e n t i f u l ,  wugi te  fra 





Be%rcae S a ~ s  of $ h ~  k-ro~n?3%@nd~ i a  being r ep laced  c s n t r i p e l a l l g  

by pyynxsna and 9.3 ragged in appearexice. Byper3s thane  i s  

c h ~ ~ ~ , c t s r i s t d c a 1 P y  p 9 e o c b o i c  %n p b a  red and green,  bu t  1s 

no % COirlU2On 3 

D i s t i t o  I s  common, b u t  n o t  abunclant, w i t h  its g r e a t e s t  

B l s v o l ~ ~ m n t  a p p s a r h ~  In t o r ~ a l i t ~ ~  333. all ~ 8 9 % ~  b l o t i t e  

J-a a r t b 2 . 1 y  w l t a s s d  60 e h l o r f t e  and -Ha g a n e s a l l y  ragged* 

Aseoaf~a..tsd ni l laorals  a r e  ganesal%g ouhe&aP sphens, a p a t i t e ,  

f:zqpetB t a ,  ~ n d ,  pare ly ,  Z P P C O ~  S ~ c h i n d a ~ g  1~3jSle~als vary, but 

ixmlilda s s r i e i t e ,  evergghors p re sen t ,  L ~ ~ o % $ n l t e ,  c h l o r i t e ,  

x l a o r  C L I B ~ C ~ ~ B ~  epkdote and rm.gncti be 

bLcmeonl.Las --X---_n_l_B_ \Yf Lb the  s x s s p t i o n  sf p o s s i b l e  local occur%oences 

o f  e m n ~ o n l t e  a a t r t h  of The Dme, the sock appears conf ined  h 

Qh6 s t o c k  nosy and ad jacen t  ts Grubstake C ~ s e k e  These 13 8 

f a c i s e  aka~mge near  &ha con tac t  with the h o m f e l s i c  rock and 

oannAd.apab%s s o a o n c . ~ y  q ~ l w r t z  his heen introduced a long  with 

agp~eciable q ~ r a n t l t i s a  o f  c . b a h c o p p i t e  and p .y r i t a  B 

P.uultia8, $aJ. eeartai~s e s . n 5 , g a  was severs and t b  rock  19  

kfghlg  e r u s ? ~ &  and p a r t i a l l y  decomposed by l a t o r  weathering, 

OF gi~r&~$k.i@rm%l E i ~ t $ f i ~ e  Tke bsdrock of $he Creaks. 3.3 n~opbzs- 

n i t u ,  but i a  now g r i t t y  and. h i g u y  d e ~ m l p o a s d ~  knd@s%te dikes  

aa3e aomtlon and shils son9 IEW hfgh ly  a l t e r e d  others  a r e  n ~ t ,  

sagges t ing, a t  loasti in t b l s  area, t h $  there m a  more than 

cme andeahts rBhka kntrmsJone 



The c o l o ~  of %ha pock var ies  c o n s b d e ~ a b l y  from the  l i g h t  

c s l a r e d  p ink i sh  rocBr: of the  h%gPIEy ailicaous zone t o  a b s k  

s ~ s d d L a h - ' s ~ o i m  in %ha F , P A ~  msas o DShacr%m&lation between quartz-  

mc*saeonita and rtloneonito is P ~ D S $  l ~ p o s s % b 1 ~  %n the hind 

ea psc 9,32I8t3, 0 

E$xtansive a l t a r a t i n n  t o  sexaLcite and k a o l f n i t e  was notad 

i r i  mfc~oseoya ic  e$ur2y, however, tkiase farms of  a l t e r a t j . o a  are 

G m a n  "&~s?ow.gkaou$ th gsnesab ~ % B & F % c  L s  S e c o n d a ~ y  q u a r t z  i a  

v a r y  notZcaab%e fan rn lc~sscopf r :  a tudy  ancb has a mosaic-like 

e@x tur o 

Dda12t2~39: T ~ B  mass%vo c u t e s o p  of database along t k s  ---- 
:raom1ba9n s lop@ ~ z a r t b  o f  Indfan Pass m y  be subdiv ided  ~ L O  

Q:Labaags perphysg, and guns t;z-diabaae depsndLng upon naha ra l  

cait~poa % t t s n  

'I%IO qu@-r$,~=-db-h89e Q U ~ C X - O P S  81.0Tlg th3 ~ o w ~ X '  F3l0pes c f  

thrs msimtiain and appoars  above a homlfelsfe r ack ,  a t r a  t i- 

g~aphical .%g.  Eowe-vaz;., the s o l a t i o n ,  a b t h ~ r  ccncordant o r  
7, -+ 

dis~cssdar l t  sf t h o  r l u a ~ t z - d i ~ i b a s s , ~  hoxanfela con t ac  t %a no% 

gra &I tj.. o m l .  i n  t o  cii.s.ba s s porphyry. 

%6?a@.t;LarLbg and f a u l t i n g  1s common 'to b o t h  igneous rocks ,  

%$@ins aru oftem, f ~ ~ n d e  !X%C F O G ~ S  ad jacen t  to, as  vslb a s  

s i t h l n ,  t h e  epuskad zonoz a r e  o f t e n  bleachedo E p i d o t e ,  and 



~ h 7 - o r 3 . t ~  E ~ ~ B O  cornon r a b a r a l s  found a l o n g  t h e  dlractxres 

a s  vain8 ax? s t a i n s @  

Q i k e a ,  b o t h  a c i d i c  and. b n a l e ,  havo  9ratrad.sd b o t h  types  s f  

di,abaae M S  % e h %  bS f;h@ h 0 ~ ' ~ b f t 3 ~ 8 j . @  T D C ~ S ~  Acidic d 2 k 0 ~  8F4 

md.ch a l t e r e d ,  sonaic2sxbably Iron s t a h a d ,  and have a Mgh 

The d ~ . r k  d ikes  are no% n e a r l y  so a l t a r e d  as t h e  o t h s s e ,  

b u t  .%;hey ape genesally Mghl-gv f r ac tu r ede  

p o s i t i o n  sf tho qu2st;c-r3.cl.s t y p e ,  Such a p o s i t i o n  1.3 c o n b r a r y  

'r.0 t b s  un-aal mods o f  occurr@nco of &.abass ( a ' u r n e ~  1951, 

pp. 1132-S8G) 'Wyical  dbabase i s  genarabkg-  fine g~a f raad  end 

b % s l c  near the baas  LsoomLrag @oars@ & D B E L F ~ S  LGh topB ~ h m 8  %L 

m g  be acidic (Schmilltz 1940, p ,  12.36) The upper p o r t i o n  kbas 

a eoe:i?se ~ o x ~ u . Y @ ~  y e t  the q u a r t z  In tha  Lovmr poletian belies 

g p a v i t a % i r ~ n a ~  dl. tPersnP;ia t i o n  A p ~ d ~ s i b b e  6xpPana t l o n  is 

%ka t i a t r l ~ s i o s ,  of dia'rsaso I.ntu the fmnlraf'ebsic: roels reslrl ted 
LC 

f:l ab l> - f%cn t ion ,  but  c s y s t o . l l i z a t l a n  p reven ted  any a p p r e c h b l e  

df f l a s e n t l a  t%tsnB 

Ths q u a ~ t s ,  dL%baa+ i s  a, dax3k ~ I P F ~ Q ~ ,  Mxdd, dense i e l a i ' c i c  

rcnclc that rmch r ~ s e m b l o s  the  80  cal.lec1 g r e e n a t ~ n e a ~  The 

p o ~ p b - p y  93, 19Ja the kxnd s p e c k e n ,  much l i k e  the other ,  b u t  

m 3 i E y  d i ~ % h @ i ~ k e d  Prom f t  by t h e  presence o f  large,  b i g h t  



colored g b n s c ~ y a  t a  e 

B e  t@whre  of both m y ,  in, peast, be described a e  s p h i t i c  

&a ~ubophlt  %e %he ground miss i n  b o t h  appears t o  cons i s t  of 

s c a g y s h % l h e  maas OF e"e%dapar through which small well tube 

glagl.oe.$ase crystals  ape dia  tribartede Z ~ n b g  was ~ o t e d ,  but 

does nut appear cotman ap well developed. 'Ph9 feldspar grains 

ape subhsckal t o  euhedral and in the range of  AbS0 or s l i g h t l y  

Phfmocryat8 %$Z the p o ~ p h ~ y  ape p lag ioc lase  together wlth 

ppoxssw~, and the l a b t e r  is alte?rrad, in part, to c U e r i t e .  

Qmrtz ma noted in b o t h  rock  %gges, but  is rare Fn the poxphg 

The q'uga~tz f a  anhedral w i t h  undula tory  e x t i n c t i o n .  In the 

quar%a;-diabaoe the q u a r t z  is generally Sn patches w i t h  m h o r  

amoua%a scattepsd Woughou t  the gssmdmss, Olivine is pre- 

sent and of ten  r i m e d  w i t h  a l i g h t  c o ~ o r e d  mineral ,  Augf te 

f . ~  comnan and general ly rhnmsd vlth b i o t i t e  o r  hornblendee 

Bath of %he bat'cep mjnerals  a re  in a stags of ab t e ~ a  t i o n  o f  

which c U . ~ ~ i % e  is one prorfluc t* In many instances the c h l o r i t e  

~LnaeraP 1s pennhae. Aga'clte was noted, but  is rase. 

P~opglitization m y  be cena%dered the p ~ i n c f p a l  type of 

a l t e ~ a t i o n  and probably r e su l t ed  in the rocks  b v b g  a green 

t k t .  K a o % h i z a t i o n ,  a s r i e i t i z a t i o n ,  as  well as cs.rbona t i z a -  

t f o w  a re  a l so  widespreade 

- 25 - 



Kauliaized-wiTic3,fBsd Bas ic  Pack: Mention i s  m a d e  o f  t h i s  ----. *=-w-.<-..c.-- a--- 

pack f a y  the puxEpoa@ o f  podntlng out its location and no t  t o  

c?osc~Lbe it in d e t a i l .  The z%oek secmlpa northwest o f  Long lake, 

a a  mapped on Plate I, 'sb~e baundar-lss are n o t  e l e a r  and the 

pock Appaaras to grade i n t o  the s u ~ r o u n d f  ng qu8rtz-mon26nite 

The IWC$ 1 8  hip$:Ly f r a c t u r e d  and cmahed  and  In sorae area8 

i@ decanpwoed t o  a c l a y  I l k s  hiass, In bawd specimens t he  

m3c:L 2s f f n a  g ~ a i n s d ,  S i g h t  yel%.aer $0 dark  reddish-brown. 

B i ~ r o a e o p i c  :gl;v.dy n?esea2a t h a t t h e  roek consdata sf an 

aggrsgats  o f  m l c x - s - b ~ s e c l a t e d  q u a a t z ,  a e i r i c i t e ,  and k a o 2 l n i t e .  

Bl.$es: Dikea  a r e  w i d e l y  d i s t ~ i b u t e d  t h r o u g h o u t  the 
*sLzr-= 

d i w t ~ d c t  and a re  knoim t o  c u t  eves$ r o c k  t y p e ,  By far t h e  

m a j o r i t y  have s h a r p ,  well d e f i n s d  c o n t a c t s  and appea r  t o  have 

i n t r u d e d  f k & c t u r e a  o r  j o i n t s ,  Ths d i k e  r o c k s  may be sub- 

d i v i d e d  I n t o  t h r e e  t y p e s ,  d a r k  d i k e s ,  andesf te  porphyry, and 

gsa r r l t s i d  d i k e a ,  

Bark c s l o ~ a d  d l k a s  aps  cmmcn t o  sveay p a r t  of t h e  

d l a t r l c t  and  as a gr0u.p p r a b a b l ~  r ep resen t  t h e  predominant  

type .  These d i l i e a  -vary ~ k d a 9 . y  in t e x t u r e  and appearance,  

a l t h o u g h  ePalS.ar I n  mlnlaral compos it :.on, and incbude  l m p r o -  

ph?.y~rn, basa l t ,  t r achybasa l t ,  and d fabas s ,  I n  s m ~ e ,  no 

minerals  can bs recogn9zed w l t h  t h e  hand l e n s ,  but f n  o t h e r s ,  

3 ~ 3 ~ 1 . 1  f l n b e e  of h l . o t i t e  o r  o t h e r  lxaaflc miner*aPs axxe v i s i b l e .  

?%a d u r k  d3.kea,  aw a g r ~ ~ ~ p ~  are not  strongly a f f e c t e d  by 

a1 t s r>a t  ion .  



q T>:.> p f:~$ix71c ~ ~ ~ ~ N s  0 - r ~  ~ P U ~ B T O U B  111 .cjeT;ie:r.a1 areas  aric? a p p e a r  

ioct*.llsea by f21voyabXo st,pucp,txrasb These asons of pi'oc.lse 

d4.k:5 acourniysngg are r@*.pped on ??-at@ 1. 

Il:! +&_TL 9@~%:d.0;7~9  ti1.0 dark cU.koe -8er.e na'koc? .to c0ns ia  l; o f  

onby .rsg mj-rlor%&].n .%ha.% do i a ~ t  d i f P e Y  w i d e l y  i n  aiw@utIt o r  

g ~ ~ t l . ~  al.gl3a :~;r?. xosl ;  dI.kss t h o  gsomackaass c o n s L ~  t n  o f  la thv 

ci:; is:!.dapnx-,, a ~ ~ g i t e ,  r_r;.%g~ot.4~tcc~ and b i o t j . t o e  Clr~II.~rf.ts, ssr i -  

o: ika,  t-:abei.i;a, and %picr?.o.i-<9 nxso a b u z s d ~ n t  b ~ ~ o I - l g a  

Pyrl"cc3 1s comacan t o  ~ tbuncbn t ;  :I,% some dtl.ke8, e s p e c i a l l y  2.n 

i;k11;.;s63 cl,osel.y gasuor;iu.l;ed mlt9->. minsrw: l_  d ~ p o % f . t s c  

A n d o s l t e  por!:)t~y-ry d:'a,kss t2.ye px-obably suhosd i~ -mt s  'Lo the  

day k i d i  1x0 9 :IXA n ~ . ~ i i b ~ ~  Q ' ~ ~ X B ; V  (10 , ?J.OW c V#P, C 0IS-S % .?:h t B B i b  

898@1a53.~g('l of B ~ O G ~ C S ~  and whl2.a they canno-t be c l o s e l y -  

ar.:atc:c9ai;3d .al.tX~ Ezny cns r o c k  type,  t h y  do, nsvsa~tholass ,  

r~eau.x~ 4.n o~c~m:l.ng.;ly grbstitex-B x.n.urahsrr! i a l  t h e  granit2.h: s o c k s  w e s t  

OX' Ahta.l.1 Cx3e3ek k1:@-11_ 3.n ot.t~e:r; r o c k  t$ypsa9 

TAI Envat snss:r, .Lhn a l : l c i a ~ ~ t o  Cij.lres art3 PBRC~.IIJ~. Ci~.3%1.11gx1:13h- 

ab,7,s a"??o~o. o'i;.i-?sz3 typaa b y  tk~ej%:r ~ t ~ r a c - l ; a z a i ~ - I ; i c  1.9.gh.t CC)%OF wad. 

v ? i r ~ 3 p h ~ ~ j . L i ~  .i;~Xh/.F@a ' 2 % ~  C : ~ ~ O P  ~ . Z J  p :a8d~~nk&nt1y  J-Igh'i; I 

msdinm g r o g ,  b u t  $helie ua*s a n ~ e ~ i ~ b e r  of ~:edd i s  h-S%o~m.  cl%.kes, 

o spac  ?~.lly nas t of Ejor~g Laka i$ LIka tho  dark dl.lc5.88, th3 con- 

329~34;n ~ ~ ~ ~ y p ~  

.Al, %@]:a %ion h a s  n txrongly af ' fec  t s d  the 8ikllt.s In soma a.soas. 

670. . .!.rl;3 nndaaf ts dl.baa,  uxal:%ks t h o  niox'a $sol.c ones ,  e r e  co-monlg  

decotapos~5d.~ T11s andasitas may T S ~ X ~ F ; S @ X ~ %  two Y t;9g@3 o f  



i n ' l ; m . a S q  b u t  b o t h  are o l e o r  t h a n  t h e  bas!.c t y p e s .  

? i lc r .oucopi  c a l l y  t h e  d i k e s  consigt o f  a f e l t 7  grcund- 

n)tzas of' feldspars t h r o n p k  wk, ich  eub-iedral l a tk , s  cf pl.ag'o- 

c l a s o  and anhedral  p o t a s s i u m  f ' e l d s p a r  ape d i s t ~ . : S u t ; e d ,  

suhsr!ral p l a . g % o c l a s e s  @-re genera l lg :  phenocrpsts, 

ku.t in t t o  XP@!!tel* c o l o r e d  c?ikas ,  o r t h o e l a a e  rnng be sub- 

- . t . i t ; \ r ted  f c r  p $ a g l o c l n s a ,  Qu .a r t z  i s  ccmmon and 5 s  e i t h e r  

putck-y ss randomly d i s t r % . b u t e d  tk,rougklout t L e  rvocb, Ch191ed 

coa~tas,Ls wre camura,  F i g u r e  2 0  i%luet~atas one sudl  cont  ac.t. 

??la n n l %  rock  I s  scarce1.g. a f f e c t e d  3.n m o s t  cases,  R s I l c t  

zoning sf t2-ie f e l d s p a r s  i s  camon,  O l i v i n e  j s  p r e s e n t ,  b u t  

1s  n o t  a n  a b u n d ~ n t  ro 'nera%,  The principal maf ic  a i n e r a l s  

a r e  b i o t l t t ?  and 's;osr?b'j.en.c?e w i t h  appreciable emounts o f  a u g i t e ,  

!4sgraot l t% l a  com~.on and genera l - ly  a s s o c i a t e d  with t h e  mafie 

rnii.le~-~3.8, Pyro l t e  j.3 n o t  cmr~rcaaz, 

Grtiani.toir"! d i k o a  are f a r  l e s s  common than  e i t h e r  o f  the 

a ' s s v ~  mentioned types ,  As w group  they  Inc lude  a p l i t e ,  

d lo r? l -%e,  msnzonl te ,  wnc'l o the r s  0% g l r n ~ l i t f c  t e x t u r e ,  All a m  

g o n s r a l l ; p  P1gh.t c o l o r e d ,  although. i r o n  a t a l n l . n g  may rasulf; 

In d a ~ k e n i n g  o f  w s n t h ~ ~ e d  s u r f a c o u ,  

7'tze b e t h e r  e x m ~ p l e s  of granl tole l  d i k e s  a r e  along XndSan 

P a f i ~ ,  11% t h a t  a r e a  smce  o.f t h e  d l k e s  a re  much a l t e r e d ,  

s n p a c f a b % y  bg e t~~r&sn$za t lon ,  I n  the same area ,  a p l l t e  d i k e s  

shew l i t t l e ,  I f  any, a j g n  o f  alteration, En t h e  n o r t h e r n  

p a r t  of %he a rea  d l o r i t e  d i k e s  a p p s a r  t o  dornlnate, and n o r t h  





Q E  tihe- Slma River  jxny h v g  btrucbsd 'cb marble* 

The g~~,~,.mait;o~c. Qikos could ,  and p e r t a p s  erhodd, be sub- 

d iv ided  i n t o  gm..ni&old and a p l i t o l d  types, s h c e  the la t t es  

appear3 to $s post-dark dikes  and the former pre-dark  d ikes .  

Eliowevcser, duo $0 the sel .a%;ive ooarci 'Ly o f  a p l i t a s ,  t h e  sub- 

QlivisJ-m-a 1s n o t  r~k%d-a @ 

Fduch u n e e ~ ~ t a % n i ; y  ccskzcsrnir~g t he  age of the  ma?f ous dike  

typas ramal.na, VlLth some except l sn ,  oach type was probab ly  

tn trudaci aa a ~ F Q I I ~  P ~ S P B C  t$v8 'Go L ~ I F S I F  nrli.nera~og%c compos i- 

$Ion, and Inkrus ions  Bere probably  accomplished d w h g  cer- 

ta 2x1 p ~ a f ' l o d a  of the m. joa? ano~xnta.isl b u i l d h g  orogeny~ 

Gran2toS.d dlkss appour t~ bs $he o l d e s t  a n d  m y  r@present  

tiha f i r a t  iatayusivsab,  h d e s i t i e .  d i l s s ~  m y  have in t ruded 

a ~ ~ r 3 ~ 1 g  " e h a  ~f-zxi~aum p e ~ i d  of s t p a s s  @ad the dark dikes &~rLbzg 

%he tz2,oas o r  ~ a m i n g  o t a g e g  

T%e ages and odc~i~nta t i s -n  of &%?has have consfderable  

b a a s h g  on %he ste?ucsJwal M.story of  the d i s t r i c t  and f u r t he r  

a t a d 3  i s  eurt&ia9y waPFB.nf;@de 

h m ~ a j - v ~  E~T.JLI~OUR R Q C ~ S  o 
U----*--r>-- - -- 

B a s a l t ~  a re  wfdesgsend throughout the d l ~  t s f c l ,  but a r e  

thLeksa L f_r, t b  southeas t ,  Z;hfnn%ng progPsssi-vsly towards tho 

a o ~ t h .  B a ~ a l t s ,  poss ib ly  aqu%vglsn t  b those in $h13 d i s t r i c t ,  

.weT@ r e p t ~ r t s d  by &$end-onbll (1905, pe 3 9 )  in the Eaa t F ~ r k  of 

$ 1 ~  C h h  Laclihw aka&, ca9.lsd the  T s  'celna vca%canics 



Ba Plats H 'ehg b a a a l t a  have;- been t e n t a t l  v s l g  sub-divided 

i n t o  tao  t y p ~ a :  (1 The Grubstake Creek basal ts ,  and ( 2 )  

%ha Gong Kaks basa l t a .  'Jhs fc72lsaBng ils %he basfs upon 

&%le'd t h o  swb-diviafon 91-3 mads o 

( % )  H o ~ ~ n f e l ~  tand gxaaenstane underlie the Glwbsl;aks Cree 
baaal  t, beat na"%e'ns !Long Lake basa l t ,  

( 2 )  Ewfdencs oL" l a w  grade m e t ~ a i s r p h d s m  is found in the 
Ombataka Creek QaBalt, but  not i n  the  o t h e r ,  

( 3 )  Fnys2ea9 cbaraeterist9ea d i f f e r ;  such as, c o l o r ,  
t ) ~ e  o f  weathsring and gene ra l  appearance, 

Qpwbwtake Ca.sak Baew3.t: The G ~ u b s t a k ~  Crsek baaalt, 
v---.-<--.--- 

m p p a d  on Plat13 1, &xtsn.da from south of Gmbstake Creek t o  

%b.8 B O P ~ ~ = I  ~6%8:1g the r%dgo  on s i t h g r  s i d e  sf &te%k Creek and 

tkm $oath Fsy-.lz of  tkae S:lana, and a l o n g  the Slana River pmpe 

b ~ 9 w l : L a r  basalt  a l so  awtexwps alsng  Indian Ridge, 

Trio ba~jaP"t s1"e daspk, fPne gra%ned, greenish  rocks .  The 

Lszture and co$or changas not3 csablg In acme areas depsnding 

on the i n d i v f d u a l  f low and degree  of weatb-erlng, Fracturing 

as well as jssfntfag, is w e l l  devslaped,  and a cm..df@ t y p e  of' 

fol%a&ium, p ~ ~ $ f i b % y  &2e to 101 grade rrtstmo~pkal.sr~1, was noted 

%a arae asaas. I % ~ l l e  bha t a l u s  is o f t e n   labb by, a u g g e s t l n g  

P ~ 1 S a t f ~ ~ n ,  blockg t a l u s  l a  n o t  uncommon, A8 a pule  the  

baaax ts ara  n o t  amygdaloidal ,  and wPEfpaoida l  st -mct~ase waw 

BOZ; Been. Arrl.ygdsaloiCc3a.I basales  were no ted  a long "che  south 

bank o f  tibe SZana River and may be q u i t e  ex tens ive ,  



nges f:i.an f S P t y  t o  ur,e-hi:~ndp@d fset;, 'Iko f l o a s  a m  b e s t  

rowy ' :~e  n banal  f3.w was nr - t ad  w s t  .of .bhe Junction 

<ji,' { < 1 + 2 t 3 g e  'Ft3.~ bg.'qg]-,L  jay 01- ~ i ~ y  ij.<),k b~ 3 .~1  i t 3  ~ T T L E ;  p o ~ : ! . t S e ~ j  
I 

: j l nea  t l~yu. fe ] -z  V ~ C  & C ~ U E ~  ~.~~78.t , fgp&$iki~~a1:11y above i . k ,  p ~ s h a k l  
,.. . . 

\ 

ki3.t o p ?  ace , 

R ~ x ~ ~ 1 f e 3 . a  genarally ~,!ncier>l%so tire ?>8,.6$&1:i ti;, 'bu t  1 n 3 0 8 ~ 3  

ctass~ jtaa tjssii. iniaz:S.:,ell  IF:^ Lhz*~zs t ovex3 the ~ ~ a c k ,  

&j,).B~:iita ~ c E I I c I ~ . ~ ~ ~ ,  f:sl~cc,ts.:l.lg south of i $ j :~~bs take  (.;.xek 

t.?9.?f'~s-~sutf ~.i~~i;@~j Plnte  X , ~.x.csp.t 3.n spt3cia:l cases, 

'%.;csa$<-Esaba &___ .  >a .__h_...__ Rzis~~.:tB;:  =_ -+d-L.IsEY 7Fh.s X=qor>+y, Leike ' b a . s a l " c s  ~~n . t ;P?s r  Il!n:.L@ 

In 6m.ton.t, b;xt may ha sub-s.d9v%ded f i r t o  t w o  -i;ypn,ui, 'mi$ f ' l : - s t  

n porbphyrft le  tyaehy'r:la.~3al$ ( '~tprr jep Ic3fi:it, p e  4..62)@ and t h e  

seconrl a rn~oz+~ia:L he?,wa%t;, YTla fu~we- i .  ou t c r aps  al.ouxg the  s o u t h  

vs2.J. sf  >;,?ong .;&aka an.d -t;a t%aa aae'is, aa:!.ong :I.ndiaw Mdge, Ths 

s a c o ~ A  1.3 ~ ? L R  MOT% ~t:b~id C U V O R S  M U Q : ~  r?f ' C ~ C  8 r C 8 M  RC)IJ, 

of' Lcj;ang t a k e .  Tr? g e n e r a l ,  b o t h  t y p e s  have a f resher i  appeary"- 
I 

auto Lh.e.n ths Cix**uha.tnk@ Cn%ck ibasalt,  b u t  ape reo~d~"rae.re r a , s  thf  

N 33. (1, 



Tim : p a r p b y ~ l t i c  t~achybaaal t  haa a coal black grourcnhaas 

t h ~ r s u g h  gnleh p b a n s o n a k a  of p i &  srthscltzse, up to one 

ineb  in Ear$ath, arc d i a t ~ f ' a u t e d ,  Zbs no.nxal b a s a l t  % a  a 

b~3Qd@d, - - --- f ine  g~aZns(1, a m e t i m e a  coal black, dark aock t h a t  
", 

@a$ fm ayaas h a m  a pusple  caa$, I n  both t y p e s  eweathe~ing 

pro&~@ea w bleeky r a the r  than a slabby talus.  

Exo ctsnf;sct sf basalt and aPGe~ad quartz-momzonl$e wae 

notad I n  aevezaad areas along the w e a t  s10pe of  Cabin Creek, 

P s  @aim@ & m a a  a basalt esng lmera te  duo t o  i n c luded  water 

I~~-m;ad aloaag many sf the  glop@ 8, 

2k.a ~ Q X ~ X I P B ,  a3 n o t e d  u n d ~ r .  the  rnic~oseope, ba  genera l ly  

gfkstax.9.tf e; opP~8kf c t a x t u . 3 ~ ~  wes noted But gene~a1Py sub-= 

o~t32nnnt t o  the f8~~63rs P1~247iocl~s8 1s f n  the  g e w s ~ a l  range 

of' fmd usual ly  euhedral t o  subbedxanl, %any gra ins  are 

bmrjk~w a f t h m @ ~  s s l d m  bsntt;, B o l g a ~ 6 % h a $ l r ,  Winning l a  well 

&avaPop@d, and the? *:In 'k&zal%~e a m  g e n e ~ a l l y  w i d e .  Perf- 

c1Sne talnn.Ing,  wh%%e not  common, % a  by ws maas ram. 

Pol b i l  i t  l e 'r;sx"Luro 9e cornxion i g b  B . B E ~ F I L ~  111 the f e l d a p a z * ~ ,  TIM 

iEni;B$afowa a12s t o o  crnaloi. l o r  actual fdlsntff icat%on,  -yet t b e i ~  

high hZz~aX~fngsnce suggests m r l c l t e ,  KLthm@ none 09 tbb 

p lag i sc lase  rsllnsrala ara cowed, "bar@ is a auggeatbsw e m s  

sex-Q, sfncs a s ~ i c i t e  ocaars  s3ong what appears t o  be r e l i c t  



zone beundarlea.  Z o r a h g  is developed Sa? t h ~  a u g i t e  and 

ol f i ,vfneB O h f v h e  is a csmon,  b u t  nct abundant m h o r a l ,  

and i s  g u n o r a l l y  subhedral  and o f t e n  rirrrmod w i t h  Iddingsite- 

A x ~ t i @ , ~ ~ j . t e  %B C Q ~ B O ~  in the micro -  rrac h r e s  e Eiioti  t e  and 

h~snblencbe a r e  gengralbby subhedral and c lose ly  a s s c c  ia t ed  

with c h l c r l t e  and ~ a g n e t i t e .  

Orthoclase was n o t s d  o n l y  t h e  tracY~ybasalt  whor.e I t  

occurs a e  phenocrgs ta .  The n ~ i n e r n l  l a  aniaedral and B I U G ~  

a l t e r e d .  A b e t t e ~  term Por the orthnclasg would ba 

pastPA ter due t o  intargrowth o f  p l a g i s c l a e e e  The mfiesa l  is 

i l l u s  t ~ a  tad Bn Pfguro  l l e  

Aceosnory mlngrsals hcLude  .rpkiene, u p l f  te ,  ,wie;ne t i t e ,  

and p y ~ F t e .  comnon secondary rmjaeaalu a r e  sesici'ce and 

-b-01 fnlI Z;e e 

'lblchess of the Grubstake Cresk b a s a l t  is at l e a s t  

1.,5QQ f ee t  and the baeealf; along upper A h t e l l  Creek is n e a r l y  

1,000 f e e t  t h i ~ k e  The Long Lake basa l t  between Long Lake 

g?nd Fla t  h k a  probably never  exceed8 sevesa l  ~ ~ ~ ~ e d  f e e t  

and i s  gens l -a l ly  l a s s  than one-hundred f e e t  in t h i ~ l U l e ~ ~ e  

Tat3 agaa o f  the two basal ts  appear t o  differ .  The 

' P P L L ~ w ~ ~ ~  Creek basalt  m y  be oyuL'cra%ant to tho Iovvss ~ e m b n o  

Eundsnh?~I 1 d e s c ~  ibed the Te tslna volcanics as pse-Carbon i- 

f'arous (19Q5, p e  3 8 )  Since  the T e t e h a  v o l c a n i c s  and t h e  

G~;ba%a.lro Creak &sal ts  appear t o  resembb one another they 





niqy -. be; ~ ~ c ) ~ ~ ~ T , L ~ ~ ; ~ . Y J Q ~  A i l  ag(3 of I-aC3 P t . t L e o z ~ i c  ' ~ ~ ~ i ) . l d  probab ly  

i js  ifLOIaci nscrl, y csrxac-dc .k for .hi19 Gsubs tank@ Gr@ei.~ b s s a l  Ls e 

ill i .~lo Xiong Lnlro basal l-3 a:cc;? cons ld@rbed u~u,ch yowlgsr  tka11 

i ;h3  E i ~ ~ r n a ~ -  unci b s  b e % a  i4oaoza2.e irr .  ez.gso 

ivj u C..alii.c) 3:- :. h f.  c H o c k a 
-:-. ,.,> .*,nL-zA3n ,- .k ,>~>~,-z~-a..s+ ~ ,:>> 

j , I ~ t r n ~ ~ o ~ * p I ~ ~ f . c :  yoclt,g lan(.3.axil,:Sn a. rs?^.w"c.vsl.y sn~ ic i l9 .  p a r t  of' the 

d:i~tpj i~L,  and t1:163 ~&%:]or1f.ey of t j3oss csopyl.ng (out a . r s  al.ong 

A ~ ~ ~ , e : 1 ~  Czesk, S ~ \ e t h  Poyk c:P 31ana. R l v e r  and & l o n g  %he 

a-lc~;<%th 3 i &  of  i ; h ~  Ylana R i v s r l  Simli1.a:~ types of metanorphle.  

aaoc!<y 12,~v.s b . ~ ~ n  roper t s d  $G tlrs r i ~ l : i t k ;  e.nd ares (; o f  Lbis (.?\ s %ri c t  Y 

is;  Iapc>e byo9.d kypsa of m ~ t ~ + ~ ' ~ i ~ p i ) i - i i ~ :  r a c k s  were ric Led, hfilirxl- 

r p '  
: f ~ . 7 _ . . ~ 1  ; ; . s r i - ? L i f - i s s  o ‘A a,fici ri3l.cal;od x-c:i;s, a.ild ~ L I ~ I " D ~ R .  ' L B I ? ~  

1~2:~:yl2'319 j.3 U Y B ~ .  3.n the  broad sense  f is de f l . ne i l  by I i r o u t ;  

(:1.9;52, p o  3 7 5 ) ,  a n d  l ' o ~  convslaienct; iluznri;zl bas are t n c luded  

nit'r, t i l e ?  n :~gf l_ : l l . ' r ; ic  3 : ~ o c j . c ~ ~  

3 F  LIo.mPo3.:~ J.ni;:l.udas n. gla,80.i;lp o:i' b:I.ghl.y i i i l i e c jous  
-.~-.-.s,-=.>.,L-=.-*-~7' 

r ~ s c i c ~ ~  l:~'dh,J~~1'1 eppaar  to L4.o s t ~ a  t:i.gliapilPcaLl-g. below Lh.s (31*u~- 

3taklr3 C P C I G ~ C  b t ~ $ c ~ : I . t ~ ~  \ IBP?$-S .&~O~B 8.1T(3 n o t  uncomiion, bt1.t 

1.::2,s-c~l>?.y ,'r;t1.:8 ~oc1.m ape l r g h t  co%orsc?., h,axZd, sugary  g x w i ~ e d  

I 3  - ' I  isl..s9.tas, seLi10:~1 81:s t h s  :r~ocka viu:i,bly schhs toss ,  b u t  %lnoa . -a  

t ion .  m.3  0:F't;e.r~ aot8~3.  i r ) .  .tPlkn sec;'c'ionuo 'l.']no osigipaal- r o o k s  

u:i,pt>:-s;-im'c.ly vx6or@ hot:; -~olc,an.i .c  and b'lfie gra ined  sedimsn t s  ,, 

I !:he I t<i:e~?=.tus'l; dzva:i,capz.iiant; o f '  1:zusnfel.s in tha c i i s t ~ i c t  is 

rlsar GaQ1,s take C:~@ak 11.4-1.3 ~11.ong t h u  n ~ ~ r t h  s i d e  06 :Cr~.d%~an Pass, 



Rlnlier~~92.1, (1905, pe  3'i'j so post;^ sh1lla.r ~ o c l s s  a long  the  

J3.s t Fork o f  the ChistochLna I-liver and in o t n e r  areas w s ~ t  

c f' t l 3 J . s  d i s  t r i c  % The loca tion krowxl and r epo r  tad, o f  the 

l~ornafe ls ,  or a i m i i a r  r o c k s  is sugg:.f;sstive of a periphera?.  

o c a m r e n c s  about  the Indiwn C r s s k  p lu ton .  

In many arse.3 a &r*k greenish ,  d e r i ~ e  r32k l m d e r l l e ~  the 

h ~ r ' n f ~ l s  ano. 1s typIca1  ~f ths "greenstones" coxxcrun to 

I n t e r i o r  ALaskxae 

The ho-mfels 1s p r o b a b l y  t h i c k e s t  alorak Indian P u s s  =id 

Ease Creek ,  bu t  the basal. msrnbors Lhave n o t  beer? n o t e d b  

Tim r.mtt;or of ago, h-i par t ,  cioptmds 011 t h t  ?!I'LLrmtelg 

a 8 s i g ~ a d  to  the ~ v e r l y i r a ,  ; i k s a ~  ts, If' Lie Grubstame :reek 

basa1.t 1s  the basal  ~ e m b e s  ~f t h e  Perxian a y s t e a  then t h e  

5ornf ~ 1 . s  and gsseras t.o:;e n a y  be pre-f  ermlan. Idendsnlmll 

(h904, p e  3 8 )  sugge3tod t;he me'ca..morph.ic rocks  t o  the was t of 

tbLe arlaa were plloba b l y  pre-??emj.al? H~waves ,  Xoff ' l t ,  as 

wel l  a s  hI.~ermclen~x~~.l sugges ted the n ~ ~ r n o r p h i c s  in t h e  Ind ian  

Crtssk wrsa a r e  squ-iva2et.rt t o  the Ymnkomen f o r m a t i o n  and 

Parmian Sn EinGse The groons  t ones  are pxobauPy s q u i v a l e n  t t;o 

%ha b r n f ~ $ s  kia sgao 

A-lites a ~ l c l  Re la t ed  Rocks: Argillitau, s l a t e s  and - I--s_~_P-~yli.16s------- 

q u , a r f ; z i t o s  were n o t e d  In 38v9ru.E apeas,  b u t  do n o t  appear 

a%=iespreade S70saibl.y the socks  souail be placed. w i th in  the 



hal.lcllels group, but  t h e i r  physical  appearance as wel l  as 

t h c l r  agpnn'cnt rnets~norphic h i s t o r y  d i f f e r s  f ro= tha t  of 

fhZa group, I l b h  t h o  e : l s c g p t i o ~  o!: ths q u a r t z i t e s ,  the rocjrs 

s r a  dalaLc, o f t a n  bsddat l ,  and g e n e r a l l y  soft. 711e q u a r t z 1  t e  

93 %h%tia'n,  but  o f t e n  s l i g h t l y  %ran s t a i n a d ,  Ejeddiag was 

n o t  obaopv-@d, 

St~~..tBgrr?,p11ica~Ib1.y %ha rock8 appear  t c  over1 i s  the  horn- 

f e l a i e ,  rccks;  hosaver ,  a c l e a r  s t m t f g r n p h i c  s e c t f o n  W8.S n o t  

o b a s ~ v e d ,  WfthSn the group, q u a r t z % t s  appsars  as the b o w e r  

ms~xbaa* and f s  ovar l .a ln  by a l a t e  a . ~ d  a ~ g 3 _ 3 l i l e .  

Oms o f  ths b e t t e r  e x p o s u m s  o f  nrgllll te i s  mapped on 

Fl.af;o I, ~ o u t h ~ m g t  of Lonft Lake,  b u t  tbt?z-~,  the  r ~ c k  c o y  haye 

bosn f a u l t e d  i n t o  pasf  t i o n ,  A daxqk s l a t s  is e m s n  belaw 

khs voleanlcs 2n p l a c o a  along Indian Rldge, and a $Ira?-lar 

.rock was a $ ~ o  nc ted  near  t l a t s  ma~ble,  noplth o f  the Slana Hve17, 

Quaptzfte Bas noted In sevs ra l  l o c a l i z s d  are83 through- 

stl.4; the Q ~ B ~ P T I c . ~ ;  and 18off'l t (1839, p. 2 0 )  has reported 

1ued. occur18ences I n  t h o  I n d i a n  C m a k  area, 

T-frlfch~eas sf the r s e k s  f a  g6ne~al?,.y l o s s  than f i f t y  f e e t *  

Ro%ev@p?, f ~ ~ ~ l t . ! n g  is e v l d e n t  2nd dfagl.asamont o r  o f . f s e t s  must 

ho agwumed, %sffit  (1938, p ,  2 0 )  bel ieved  the q u a r t z i t e  I n  

t h ~  LnclBcan G'peek .r:.sea w a 3  Psmian Pn age and possib1.g the 

athe1-2 a r e  o q u i v a l a n t ,  

Maxabla: ---a ---.. A Pomle '~  massive bad  sf lLraestone n c ~ t h  of the 



Slar:~. MLvsr y . m a  h t m d e d  and w s b n l o r p b a s d  t o  a light blue 

$9 buff '  bad o f  marble. R~gEaemlent sf the I b a s t o n e  was 

typica9,l.p e r ~ a t 5 . c  and fbcmp3=t%t8 as irregular b l ~ e k s  and 

l s n a s a  of p a r t l y  replaced marble a r e  cumone 

hi -k~(a dense .*on stains8 ~ h r n  zone i a  present a long  

tha uppat- 81 de of tibe DH 3n r n ~ ~ b l e  beds C a l c i t ~ )  BY sell a8 

brecefa  ted hocmtt t ic  ve ins  w ~ r e  noted t o  c u t  bo th  tb a h r n  

L%na.L&l and m ~ b l  b e  

A second mrr.'ta%e expoewe is l o c a t e d  w i t h i n  the Sbana 

Val%ay pruper and ecaeps o u t  enlong the South  &rk of the 

S lam W I V A Z ~ ~  e x p o s u e  %s p~dstLallg eancaaled by over- 

bwdea~ ,  but that p o r t i m  sxpsaex3 c l ~ a e l y  reserrablea tihs 

~ & ~ b l e  j u s t  d a s c ~ i b e d ,  and the two aako I l k e % y  relatedo 

?.'hs 09.9ghaia% 'r;kxLcknass $3 h p o s b i b Z e  t o  d e t e m h e ,  but 

that  exposed along %he slopes is at l e a s t  one-hmcbed f e e t  

$hx%ek 0 

! 6 h  mrb9-o i s  bel ieved &a represent  a sagpent ~f the 

I lmoe  tone, QP rscFyakallJ-n%e I h e s t o n e ,  as shorn on Maff f t g s  

p a p  (1954, p e  3.7) @x%@ndLag t o ~ a r d a  this & m a  frm both %he 

a o ~ t k w o a b  and ~iou*bh@asts & o f f i t  has described t lae  l a t t e r  

k*osLa as u d i f  $ e r e n t h  tod Devonian or Besns%&n 1 b ~ e s  tomlo 0 

Rock Altera t3 . s rxe  ----- - 
1c;m~l.y all sf t b  rocks  ownmined b. thin s e e t i o n  were, 

Lri psrt, a l t e red  and some s o  much so that i i%en$ifieatiom of 



t he  m c k  fanning minera ls  was not  pass ibbe.  U t e r a t T o n  l a  

not  always e v i d e n t  in hand specimen, b u t  i n  many cases even 

c a s u a l  o x m l n a t i o n  m v e a l s  the w i d e s p s e a d ,  thorough a f f e c t s  

of the changes 

'E4he d i o r i t e  and r e l a t e d  rocks east of  Ahtel l  Creek a re  

p r o b a b l y  the least af fec ted ,  b u t  a l t e r a t i o n ,  main ly  I n  the 

fom o f  epidote and c h l o r i t e  1s n o t i c e a b l e  and s e r i c i t f z a -  

the rocks of the I n d i a n  C r e e k  p l u t o n  is f a r  more advanced 

i n  many cases,  

Two psormaflnslot t ypes  o f  regional a l t e ~ a t i o n  were found ,  

~ r e r f e i t f  a a t i o n  and, o r ,  k a o l f n i z u t i o n ,  an..j cMor:L t 3  e a t i o n .  

Both t yped  a m  u s u a l l y  found t o g e t h e r  and a re  a s s o c i a t e d  
Y 

w i t h  Peaser  t y p e s  such as  silicification, p ~ s p l f  tization and 
#4 

~ & ~ * b ~ ~ £ i % f 2 8 t i ~ l l ~  &3r$c%t;izatfola and, o r ,  kaolfnizatLon am 

g e m ~ a S % y  closely aaaoc ' iwted w f t h  the  g r a n i t i c ,  ~ t n d  cklo~itiza- 

t 'nn a i Y h  t h e  mope basic rocks ,  

'I!e wldsspmad h a b i t  of a l t e r n t 5 o n  in thls district, the  

ay;:!araat s s l a e t l v f  tg  for ce~tcniaa rnbrassd-a and ~ s c k  types, and 

t ? &  c s n c e n ' c ~ a t l n g  o r  i t n t e n s i f ~ l n g  e f f e c t s  Tn c e r t a i n  zones, 

S I ~ R P ~ ~ Z ;  alteu?atflon may have been caixeed by e waatkering cycle  

m t . : - . e ~  $harp b y  hydro thermal a c t i o n ,  9211s w f  d s a p ~ e a d  a1 tera- 

" c o x  f a  no t  to be confused with  the h y d r o t h e m a l l y  a l t e m d  



la the l l t ~ ~ ~ t ~ . ~ e  c c n c e m ~ h g  adjacent; aseas cons iderab le  

mer. t i o n  is made of r o c k  a]. t e m t i o n ,  and t h e  rriore i n t ense  

al  :,eration p r e v a l e n t  in the ol .dsr  gran.it,.l.cs, o r  tr i ;se 

possib%y s q t z f v ~ ~ l ~ ~ m t  ki aza t o  t;k@ Indian Crssk pl .u tons  

3aylairl.d (1940,  p ,  bQO),  i n  h is  pe t rog raph i c  s:,udp 0s" r o c k s  

fYozq t h o  Ii11 t z o t l n  h70untains so-iltheast; of' t k f s  d . i s  t r i c  t, a l s r  

%'ov.nd an. t e r a t i o ~ ?  tc be  ?B%daspread* From h i s  study' he co::c'l.udec? 

tbs a l t e r a t i o n  %as h y d ~ o t h ~ r % ~ - l  in o r i g b  an6 r e g i o n a l  in 

h - b % t e  

hl thou.gh e b l  tera &l.sn $ 8  w,.ides;aroaii i n  the Ahteik-Slana 

d:.s trS.c L, i t  4.9 not in tense ,  however l o c ~ l .  2 t a-my be,  and. 

p h y s i c a h  c b i r ~ g e s  such  as blerz.c:-;ir,i.; o r  softei?!.r,g, o f  :he ~ o c k s  

am r ~ o t  read- i . lg  appfirent e 

LocaP ly ,  on8iorne't;timcrphf am m y  have been expected t o  cause 

sc.rf.ila cbfir~gas, b u t  l.t does n o t  a p p s a p  an h p o r J # n t ,  a g e n t  :In 

t h e  observed .type of r ock  a l t e r a t i o n *  

Csncle~.sti. sns  , fYem $k.e p r e sen t  Y tudy , r ega rd ing  . i ih tc l l -Slam 

~?c.r, k al tex3e. t i o n ,  ~ 5 t h  t k ~  e x i : ~ p t i o n  o f  auhpklddo zones a l r e a d y  

no?,@d., a s s t  (1) f i m  main s o c k  a l t e r a t i o n  fs a r o s : ~ l t  of 

la:  r-tm.3- aset t l ier lng,  and ( 2 )  The Indian Creek phuton  ha@ been 

exk $. sad much Lsmzgo~~ than t h e  o t k e %  fpecus  areas  w,,d 05~1.s n o t  

a o t C e ~ ~ X y =  a f f e c t e d  by glaciation 

irA 1 x*:. 3 1 ~ 7 ~  ReLa t l o n 8 h f ~ ~  
-rn --L*- -----.=--, 

ladsqilnte inter2sa-b t ier ,  cf  t he  Fn t rus fve  r e l a b i o n s n i p s  

t o  o'char rocks  in ttLe d i s t r l . c t  must a m l t  additional and 



more d o t a k l e d  work t o  ca r e fu l l y  o u t l i n e  the bourackrJes of 

h l : r u s i v o s ,  a s  well ns a d d i t i o n a l  c r i t e r i a ,  o f  the c o n t a c t  

p o i a  t l -onoh ip  betwoem t,he Indian Cra-k p l u t o n  and the Aj-itall 

Creek p l u t o n .  Bowever, daW now a v a i l a b l e  brc>aght t o  

l i g h t  o ~ ~ t a l n  cond i t  loris p e r t a i n i n g  t o  the in t r u s l v a  r e l a  t i o n -  

ships 0 

Both  p l u t o n s  a r e  p r o b a b l y  composi te  igneous masses that 

neae h t ; ~ u d s d  dur Lng d i f  f @rent; t ime Intervals 'l'he Indian 

Croolr p l i ~ t o n  was l i k e l y  the f i r s t  t o  b~ in t ruded ,  bu t  prroblslbly 

s o l i d l f  Led a t  eons i d e r a b l e  depth causing l i t t l e  more t h l  

!318ght doming of %he o v ~ a r 1 y f n g  sed%PI%%nts9 

Greens tones a r e  t;k";e lovies i; s t r a  t f g r a p h f  c  nit and th2l.r 

aedk;~er%"i.~sy uguf valsn  t s  were p robab ly  c o n t a c t  mi th the 

intrucl-in8 ma,gma. % u f c  niata.sonn-i;ism may &ye, by the accession 

of. b a s i c  ions ,  convor t sd  the o r i g b a X  rock  t o  a rn.etarnor~hkc 

r i c h  322 %:?on and a9agna~bu.m. C v e r l y h g  mtssial was psobably  

zor7xve~t;sd to a Gaomfe1sJ.c r o c k e  

The composite na'curo o f  th.e Ind i an  Creek p lu ton  suggests 

d l  t'fesen.t 3,s thora or pass ib3.y n!~zhtlgle i n j e c t i o n  

3499 p r s s sn t  e x ~ a l o n  s u r f a c e  o f  the Indian Crask p l u t o n  

'P;%I;? ~ e p a a s e n ? ;  tho approxj-r-mte r o o f  o f  the  o r i g i n a l  k ~ t r u s i v e .  

Se-ttsra% fsaturses s u g g e s t  the pb-dton kras n o t  been long exposed 

o r  Q@@ply '.Lsdecteds The s r s s io ia  rarmaasata sf i n t r u d e d  

~a$;ar:IwE f o u n d  t h ~ o u g b u t  the highep poPt1.ons of the 2Luton 

sugges t  renaors:;i:l.. by @%losfon i s  n o t  ge t  completeB E'urthermore, 



1.c p ~ o  ject iar i  ~ f .  S G J & ~ ~ C  alor ig t i le  &!er ir;,,i;e~jr 1s r: .i.;? 

&. , .A. <e:: txr.;-. :-:s tkle p3_\l.t~::, the :k:e cf ~.,~;.:,Jec:is.c cl.a;;ely ! ; o ' - ~ " "  

:1- I .  . the p r e r s u u t  e l . o ~ i ~ : i  ~ ~ ~ r i ' a c 3 ~  

:::-a d-joyFt3 .tu t h e  t of .'.htall Cree>- & s  >.l:er. :_",sscr!  had 

Lli.< t' Uia 5:: a n  o ~ t l i e r  of ti,@ Ahtell :peal< ~ i l ~ t o n  ., Yihi + '-*-, 

'.,E; t rae,  tl!.srs i s ,  a l s o ,  th? p o s i b i l l t y  z k z t  ti..e S i b ! - i t e  

r.e;jrosents a borcier j'acies i.f' t he  Irldias; C'reck ppltcn:, 

''lsvgrwl fea t a r e s  s ! i r ~ , e w i d i ; i . :  L1;e A1itcl.l. Crccx p:.u;hn s lgl!;en t 

1:. ;my havs  i?-;t;rudefi at a. b a t o r  t h e  t imn "she ~ ! t i ? t ? r ~  The 

-;.r::lLrial r o o f  p o r t i o r ~ ,  s l m F b a r  t c  t;k< ~ j l l l r o n  to tile nG?c t,,  my 

ypg,:, be :,l::k-lned 111 c~sFt;a'..:l r 1 1 ~ ~ 5 p  ' 1  : .itl'l'e:.'ence 

' z e t s e 3 .  $3.6 ' [>~ , sa l  ( ?  j ' i~:~,3.i;. i; ' L x -  I -  ~ ~ ~ 5 -  -r:, ' . L % f i  i , !  1:s~ ~I. ;J 

I;!xi.r s. a l on$; the In1 ghe- por t 53:;s 9 C  t h e  d f . o ~ i " l c  rmss i s  

u pi;; . t ,xlo~a t e l $  5, 030 1'32 t, a :ilae 2: -2-1. 2 reel; plutcin :nay tho11 

11.. r9ggo.s t o 4  t o  b . v s  I:btrluded a p p - . o x i r r ~ t ~ ? l g  1,00C l rss t n e , i r e s  

t..-..- s a r f ace  thn the o t h e s  

- .  
,L t h e  r?.i%p-+ Liad. unj.eri;sr:e y c m e  ; i i l~ 'c ren t ia t . iun ,  the c3:;al.t;: 

c c  .. LA, ccnceivabLy, l%%ve been concen.tra ted ir, tile l ~ i ) g $ r  :;or t l n n s ,  

vx =, :i tin:; in yu.ar tz  r i c h  dior3. t ,oa 

i o r a i  (19.58) i n  hi3 wl.;pk. w i t h  fei:ls-pars ijaJic8 Led t h a t  

I : .  - r rbned,  01- p o o ~ l y  t r ahnsd ,  p.iagii;clase is of ' terl  i' : : n f i ~ e d  

t -  he  r o ~ f  por t ; l ons  of :!;agmt3c b o d i e u P  Thin ~ e c t l ~ r ~  gt;?!dy 

sug,,ast;s tw%nning t h e  p l e g i o c l s s e  01' tfie toraal!te 1 s  el t i le r  

r - 7 .  a5se-sn t, o r  pcorEy d a v e l ~ ; ~ e c ? ,  ,.ne a bsel?ce of tw?rme2. f e l d s p a r s  



1 r 1  the t o ; ? a l i t e  m y  be conoidared  add i t f  ona l  evidence for 

1' k 7  prsbab18 r o o f  p o a i  t i o n .  

S ~ T U C  t ~ a l  6 s ~ I o ~ e  ------ 
S t m c b . i s n l  adj:.~?tment; a p p a r e n t l y  :has beer1 a conti:buous 

process in t he  d i s t s i c  t sines e a r l y  g e s l o g i c  i;:lrn.e, aad may 

have lesssned o n l y  in the recent geologic p & s t m  The Ssezerva-  

t i o n  and skarpness of nlang c~f  tine f a u l t  l i n e  . . scary;:: t e s t i i ' i e s  

. to  the RB.ZBE:, origin of starnee ; j o t  only are the fault l i n e  

s c a r p s  d i s t i n c t i v e ,  bu t  i,n sorne a r e a s  the R s c e n t  a l b u v i m  

- - 
shows ev idence  of faubtln.gp r,oaeve? well  the fa ; i l t  line 

, 

tidearp~ are e x g ~ s e d  t h e r e  is w l  nk::er:c~ of v z b l a l  f a u l t  --.-. . scarps 

and those t h a t  a r e  visible genesnl-by have  poorly preservsr l  

surlzaeas, consequen t ly  the rncvornsnt a l o n g  many of the f a u l t s  

n l ~ s f :  b e  Inferred from otkAer crl i tsria,  

i'he more c c b b i e  s t awc tu ra l  f'aatuxlas of' t h e  d i s t r i c t  a a e  

t r l  txso and  possibly t b s e  txvends of f a u l  Ling. T h e  t rends  

are, s o  l o c a t e d  8.3 t o  s t r o n g b y  suggoa t  ~ e ~ l o n a l  o r i e n c d t i o n  

ar! appsap r s l a e e d  in some way to the urn  OR B e n a h i  fault 

t!- m y  well t r ave rse  ths %hole o f  A laska .  

';la f o l l o s i n g  i a  p r f m a s i l y  a d e s c s f p t i o n  o f  PauLe;l.ng, 

al,, ,Lerne~i$ed at t h e  end b y  a discussion o f  origfn. The f a u l  t s  

a m  descr ibed  by trends,  b u t  gsgcgeded by a brief  d i s c u s s i o n  

o :  t h e  s t r u c b ~ a l  fsatuapes or' the bedded sockso 



9:-o tam&-= Q I E P ~ O . C  Bod=ock$l Bedded rocks  in 

$LBB d i a k i o t  have, aa al ready m~nt%sneci, undergone v a r y h a ;  

d e p s e s  of' mstaaosphia~ and grobablg eaveml. e h g e s  o f  s t m c -  

'%.r~~all. d o i s a z m t l m  T b  .f+oZZ~wt.ng desc ' ibe~  t h o  bsoader 

B tzuotxz%l ~elat%snshLps wl. t& the m r i ~ u s  rock u n i t s .  

Bsa l t a  along the west a i d e  of upper Ahtell. Creek and 

Soukh A%rk b.ve  a trend sf N e  4130 P1o 60° W e  and dip 400 3.10 

"ROB@ a l m g  fb ~s3.s-k have a p g ~ o x k m  t e ly  the same Wend, bu t  

d i p  bOo $0 200 VJ,, Msaltrs a long  Ihdfan RY.dg(3 west  of 

Long h k a  Wend naza fhe s  t and d i p  gen t ly  e a s t e  

.bsa l t s ,  aaygB93_oB&l, in part, were found wbthLn tb 

Slana V a l l e y  and appaar t~ dig g e n t l y  sou th ,  I I o v a v ~ r ,  out-  

G P O ~ S  a r e  poo r ly  exposed an$ P B V B P S P ~ B  o f  the sf;Fucture could 

ocein2 wlthszat t he i r  being noted .  

T'm ha areas auggseting b a m l  f l o w 3  k v e  already been 

B w i i ~ r i b e d ~  Ira. b o t h  cases  @he basalt showed saxe evidence of 

~ h @ & r h g  and cw,shinge Such a s tmchrs suggests h o r i z o n t a l  

~eovi.enesn'e and m y  i a d l e a t e  bedding plane ablgpaga  o r  a type 

of $o le  t'hPue'i;inge 

F ~ ~ . f 6 1 1 ,  mere no t0d, appear t o  L l e  a t r a t i p a g h l c a l b y  below 

tF,a Isasabta and t h e i r  g e n a ~ a l  a t t l t u d s  c'oxlforsns to the aver- 

I'~%.mg rocks;  but,  f a u l t i n g  has, in  areas, c ~ u s s d  thsbl~ at ' t i txde 

ti\ change. Although none rere noted t o  be v i s i b l y  schistose,  

%hay m y  ~ B V B  bean ~uhjeeted t o  pmlonged d e f ~ m t l o n *  



x7 3- 1~ild%ff@~a.?~nt.iatdd sedZmen%i9 n88r and south of Ixzd2an 

Pas$ ovae'lfts a b a e o l t ,  a a  prsvfouely mentioned. Ths attitude 

sf .tk~eae; rocka m r % s ~ ,  bu.$ g @ s e r a l l y  tread N o  30Q - 35" E. 

a n d  d.lpe 2 5 O  - 30' SED 

X"h@ riaxgbls xaas$,h o f  th Sbanra Rivsr a t r i k s s  a p p ~ * o x ~ t e l y  

H e  6%' @ e  ~critd dip8 70" Se to vsae%;icale 

'Be ~ 3 ~ 8 % ~  via~t>J-a noted %a along t b  South Pmlk of the 

Slma Rivsror an& s t ; r i k ~ a  N e  6Q0 W e  and d f p a  $0" - 5QQ S . e  

X o ~ t h  Eaa  t Faults  : Zaay of the nosthens t t rending f au l t s  -------- 
appear to  be~ hegh angbe t b u a  t f n u l  ts T o t a l  displacement, 

sl.ther ves%Pca% 0% ho%izsra",al, Por ~ m s t  sf t r e s e  f a u l t s  is 

~knknomx, bu t  genera l ly  the disp3.ncemen.i; appears  t o  h o e  been 

' t tms o r  ke~hdri~ch o f  f e e t  r a the r  t-baa in thousar~d3 

Grulse take  Creek f a u l t  i f s  one of t h e  s t ronger  h o r n  P ; ~ I s  t 

f s n L $ a  and bo t r a c e d  f rm Raihaabow Creek t o  Indian Pase 

Lake, a dis3ane;s of a $  l e a s t  Pour a i l e ~ s *  !F~Q occurrence o f  

~ a i . ~  abigaed f a u l t  l l n a  scarps c l e a r l y  d e l h a a t s s  the fault, 

59 f a u l t  a t r%kea  M M" - 500 E B  and dLps s t e ep lg  nssthwes to 

S:-x:creef. anda o r J  ~ ~ u s $ e C j ,  m c k  as :ve12 as un-yloni'cic zones welag 

n ~ . ; ~ a d  a long  %;ha fau2.4; tracee w%dth of the fault t ~ a a c a  ?la 

ge~ . .~*ra lEy  l e a s  than tsentp fsst, b~a-@, i n  placea,  down slope 

 ation ion oar" Iron staining tends $0 exaggerate t h i s  %idthe 

Th3 ssidath, o r  f o o t  m-11, appears $0 h v g ,  mowed bo rn  r s l a t f v e  

$0 t h e  o ther ,  and movement o f  t h l %  n a t m e  could  explain the 



:-ar;-nfeLs-basaftt e0nMc.t; along upper G ~ . u b s  take Grrseke Severa l  

a t t a r  faults ptaral%al$ng the above r n s n t l ~ n e d  f a u l t  a r e  note:! 

or? P l a t @  I* 'Yne a c p e n t  between tbns ma jo r  f a u l t  and the nex t  

f g t ~ . ~ ; . t  t o  %he r io r th  m y  be a. hopst ,  and such Pe  sugges tea by 

tha  % ~ p p r ~ r ~ ~ n . %  ver"e c a d  displacenent o f  anonzonite on tile l e f t  

l.%~i"cof RaS~absw Creak, Another fau1.t m y  occupy bcwerp 

Gruhstabra Crssk .  %!hi8 f a u l t  is n o t  shorn on the map, but 

c ~ s t a h  f i . c$ora  sugges t  I t t a  presence.  If tk ie  l o w e r  coursa  

sf tho a t r s a m  abclvt3 %he bend 18 p r o j o c t s d  t o  tha sauthwest, 

%he 1%n@ o f  projection ?~su%d c l o s e l y  c o b c i d e  wi th  the, 

na tura:i depsesslon t h ~ ~ ~ h  the mowblx.in n o r t h  c i f  P h t  Creek, 

which 19 ~BBXLIS j~1  1 l a e  w i t h ,  ti-,& LC:. H!; ~ ' E I ' . L ~  ?, sel;th o f  

I?L@ b Iake  B 

739.a Jrnspep. Creek f a u l t  is locatecl n o r t h  o f  Grubstake Creek. 

? : ! r >  f a u i t  s t ~ L k o t 8  M e  6 5 O  h 750 Eo and dfpa a t o e p % y  sou th@ I f  

p.?;-ojse tad towards the ras r th~as  t, the f a u l t  would i n t ~ r s e c  t t~k 

~ ; ~ , - . u ' s ~ W k e  Creek f a u l t  jua"couth o f  Indian Pass Lake, The 

c ~ j th ,  OZ" h m g h g  wa..bl, appears  ix have m v s d  up  r e l a t i v e  to  

t3 - # a  .iQ$h@r caus ing  Q. contac t  between m d i f f a r s n t i a  t ed  sedlmeaats 

%ha@ n o r t h  m a  %he mawaive GmbwLaka Creek basa l t  on tha 

. If this is csa rec t  then the block betweew. this f a u l t  

hxszi the Gmbekke  Creok .Tau1 t may bs considered a h s s  t. If 

t i d e  basa l t  between the f a u l t s  is ae  b a l l y =  the loweps mambos of 

.iik?;s undf f ' fo rsn t  ia ted  ssd1~nen ts, r e l a $ i v @  verl;%.cal movement 

sa~l.j.d hxive had .LO have been in .thousand8 of f e a t ,  



E e e t  o f  Lmg Lake $here are %Woe separate, well preserved, 

fau.Lt l i n e  scarps $hat p a y  'Be t raced t o  %he m e t  beyond the 

m e a  m.gpede ?%ao r ~ s t  southhesly mea a r e  ib%uat-r.ated, and 

thallr eao$ard sxtmsians  a re  h f ~ x ~ r a d e  f i o j @ @ t i o n  of t h e i r  

h o r n  a s t ~ i k e a  with  a slight band would  continua the b e n d  In 

ths f a u l t s  t ~ a v s r a h ~ g  'cb.8 Long h k e  %roughe 

A vvho%%y Inafer~ed fau1.t; %a bdiea 'ced  on Plate I, s t r i k h g  

~ P ~ F O X ~ Y Z B ~ ~ ~ J  N e 80' $ a  $ ~ Q w - $ . @ ; B ~  the ~ F Q U ~ I $  0f k k 0 e  

Yada .f&~i%$ 1s f ~ a f e r ~ s d  fa t h i s  area ake t~ overburden. It 

i 5  L~I~OIJL%, t 7 u @ ~ @ 8 8 ~ ~  t~ e ~ n t i n u e  t o  the w e s t  and there i t  is 

t ~ a e e a b b a  $7 l@%l %)~.es@x~ved f a u l t  l ine  scarps The trough 

8$ Long %&ke 7~99~ vr@a% b v 8  bsm t2.e raazz1.t o f  thia f a u l t e  

Tb ~ x p h f n  osig3a o f  the trough by th pre~(en-%t l a k e  or 

a k m a m a  9,s ~ z ~ k s a a o n a b l ~ ~  O T i g h  vould appear more 1Lkel.y to 

Be the 1-wau3.t; o f  f a d %  esntsllolled subsequw~t  d i s a s c  t f  on. '19hs 

p o u e i l b i l l t g  o f  %h@ infernad f a ~ l a ; ~ a  axsatene;l%ng to~mrda  A h t e l l  

C m a k  ii l I . i k ~ l y e  'I%@ p s e i t l s w  o f  t h i e  f a u l t  with referenee 

to gha lmom fault  s r o s s b - ~ g  ths cltv$de betweean Weat  Fork 

AbtoIl Gpse% a e m 8  mar@ %@%a a c~inafdesllcea 

amsad,  but px*tly ibxaiemed, f a u l t  is noted  along the 

BOUE$ mil 02' Long .Lake and f i o a  t h s e  m y  Be p ~ ~ ~ j e c t e d  

f ; e w ~ 8 i g  $ja@ ~ e ~ t e  Qa t~3p o f  tkie momatalnl, fmediate3-y s o u t h  

o f  Long Lake, tAe fault m y  seev.9 juat n o r t h  0% the m~1ybdenm 

depos i to  QQ 'IPm h ~ 8  %bb'n?e i a  no dikeset ~ v i d s n c e  ~ f ' a  faul t  





Ll'lajt 1- a o s t h s a s t  1;rsndlng f o u l t s  in the South Fork area  

s r o  n ~ ~ t  63s COE?LYOXI a3 2.2 ths BT'QELS d ~ ~ ~ 1 " i ' 3 e d e  

I :~ r4 -11  @f the SEana Rbvsr ,  and on the cPi v i d e  8outYh o f  

Gold C ~ e a k ,  fau9  thg has been rxiirsly no r theas  t ,  resu l - t lng  :.n 

tkie s f f s e t t l n g  af ';he I h a n t o n e  8n6 a b s s a l t i c  rock .  

'I 
iq~r!,?: '? lest i%.ul ts :  gang of t h e  no:*.tkwest t s e n d f n ~  f'aalts ----.-..---.-=-* -- 

m.3 bo  d e ~ c r ! - b o d  n s  n o r ~ x i b  f a u l t s ,  b u t  o t h e r s ,  and %here a r e  

a s lgi l  '!ficiin"ciluber ,sf tho:ii, cannot be so conveniently 

g:*o-lpe..ll. Fgr t k f s  season +;he n o r m 1  or t snsion f'au1t.s w i l l  

k o  descrl.bcd f l r e t s  

P s s k a p s  one of t h o  b e t t e r  oxamplos o f  n o r m a l  f a u l t i n g  

f ~ . ~ z n d  i n  tke area is a l s n g  t h o  w u s t  slope o f  The Dome o p p o s i t e  

tine rnolybdsni.mi d s p ~ s i t  A t  k h i s  LocatZon f o u r  w e l l  exposed 

f'au:!t sca-sops s t r l k e  a p p ~ c . x i m a t e l y  N a t  41° W e  and d i p  s t e e p l y  

w s t ,  A Z Z  a r c  approxLi i~s te ly  1,000 f e e t  In l e n g t h  and a l l  

e 7 p s a r  t o  terml.nats at a crimlon line which suggests offset 

by an e a s t - ~ e s  t t rending f a u l t .  Although the gene ra l  s t r i k e  

i s  N o  4Kl(J Vie the  f ~ a l t s  bsnd, and, where last exposed,  s t r i k e  

ahlaat &jjs r,os'eh, 

Xave:nezl; appears t o  k v e  been v o r t i e a l ,  1~1th n o  apparent  

k-,oyf zon t231 dd,splacement The v e r t i c a l  d%splscemen.t may be 

e.st1mateCi t o  be *om 300 t~ 400 feeto 'Tho r e fe rence  tvas a 

thin b a s a l t i c  r o c k  , t b t  k s  been diapletced on  the l o w e r  f a u l t s e  

a-n the o p p o s i t e  s i d e  o f  The Dome, as a l r e a d y  msn t l snod ,  sirmnilstns 



e- ,~-iililt;:! o ~ : s ~ T ~  and t h o s e  ray be the o f f s a t  s a p a n t o  o P i ~ r o  13 

19 n V ~ F - ~ V J  (2 f' 1 3 ~ ~ 1 0  and. fal.xl t s c a r p s  a 

h 3j:~7211&71 E P O Q * ~  0i' fau1ti:ag O C C I D ~  a long  t h o  f i r s t  ~ r e o k  

n..jr%th of :;~-,I'ss trike Creek., k Z; tba. t bocn $!.on, t h o r s  8 b 

: @ P , s ~  -~?FoT. I -~  FLO~Y,ISL ~ B U I ' C S ~  i:;b s t r l k ~ t  a2proxinm.tel.y ? \ I 8  5 9  W e  

8.bld d - i ~  B L Q ~ ~ ~ Y  B O U S ~ I ~ X ~ ~ ~ ~  ~ ~ t ; a i  disp3ar:smelat is a p p r o x b r m t e l y  

200 fso-t; and a p p e a s s  t o  desreass towards tlie n o s t h e  

?TI-L- ,.!rors arr: wo;lth t r s n d h g  fa.i l l  "t t I t n  t a p p e a r  t o  have tha 

sn.rzs g e n e ~ f i l  c h a s a e t e r % s t % c s  a s  the a.bove t y p o s  and ~ 4 . 1 1  n o t  

be fl lr ther descr71i:ed, 

A second  proup of' f a a l t s ,  a x l e  havfng much the  same Wend, 

e m n o  t be s o  co;.bxyc4~3ien tly c l a s s  if l e d  as the  above a ?i?ovomsnt 

aiot?g ::~a.rl.gl~ of t l r 3 9 r 3  fa._al-ls h i s  bean v e r t i c a l ,  y e t  t h e r e  is 

2.1.s~ c l s a ~  evidence o f  st-sika mov@m.sn'c a s  v ~ ; ; . e l l ~  Sevem1. o f  

the  BlirSFe ~~ i lp0~tX~n ' ' t ;  0 ~ ? 8 5  w I P l  be dosc s lbado  

rflj.. ;.a F a s t  F i ) ~ k  Creek ffi-?.i.t and  o t h e r s  t r ~ i ~ i i F r * g  p a r a l l e l  t;o 

it a r s  l.ncl.udad 9sa t h i s  tpps of f l a . u l t h g e  A>.% ape w l  t i l fn  or 

adQn:.:snt t o  sppor  Ah"caSP C ~ a s k ,  

?, . . 
!-;W m,8 t  I i ~ k  C F Q B ~  2.'@,111.i; u k ~ i k 3 8  N a 45' V J e p  dl138 3 0 ~ t h ~ @ 9 t ~  

anfl. nag b~ tsacsd along the skrrlkls b y  a ser-lss of wsll aligned 

faup t I-lne scarps The f a u l t  h s  caused  a con tnc  t b@%w%@n 

tile . t - f .a~~% t a  on thc c:?8 t and b a s a l t  on t h e  weste 1 t would 

appanr. %he f o o t  ~~8.91 m o v ~ d  du;ni% y a l a t i v e  to tho other ,  '$lzs 

k n . 0 ~ ~  1 !srLgth is 8.26 leas P; 'c;h.pes clbles  anad pps j ec  t i o n  t;o tb 

TLOR"C !~~vi3163 t Y Y O I R ~ ~  3.n ~ B P S ~ C  t the A h & e l l  Cxleob f a u l t e  s ege r a l  



g 2  : ,5t1,3iw ,a on  P l a t s  I, wore n o t e d  a long  u;kL@ e a s t e r n  

 rid r50tbi-n ends of ZndLan passe  A l l  the  f a u l t s  have u p p r o x h a -  

t o l y  k413 YZZ!O  id ~~.,yz,.C. W X ~ Q  p ~ . ~ d i b i y  r e l a t e d  t o  @acfl o t h e r  

c> 4.:d!=lnr tr' t;he t r n v . ~ ; h  cf '  .L,ong ~ a ! . r ~ ,  Ind ian  Pass  tr:).dgh Z L % ~  

h ~ ~ 8 ,  p . 1 8 ~ : ~  i;'~781"a ' & B C ~ O ~ ~ C  111 0 h n i g l ~ r 1 . a  

Ahtai l*  (IrceLr f n u l t  1s sr.e of the ~ r t p o r s g e z t  f a u l t s  b1 t h e  

.- 1-.e173 t3 ' m ,  C .'l ts lea~.g.ti: is 1~321 O V S ~  SIX  m i l e 2  and, if extended 

& .- 
LL' a .rr:Imj.ls s fault ass % of S;hs Sou th  E'opk of  ths Slulza Fr f ' v~ r l ,  

f'..s length ~ o ~ l t l  be  w o k l  o v e r  t~w.l!t_pg! 1 r ~ i L t 3 9 ~  2 % ~  s t p i k e  o f  

6- 1. 9 
b . r ; : ~ 3  f2.ul-t ~ 1 0 ~ ~  U . ~ P C Z P  Gas t P s ~ k  Groek I s  W 65" t o  7s0 W B  

end Qa vsx%fc:al. It i a  e n a l l y  t ; ra~eCi a long  the sw%ke  by 

xineacn a$ a ~Lc!a cl%.ush@ci zone thoroughly  s t a i n e d  by ir013. 

m 2 ~ ~ ~ n 3 . a .  The i79.kq.k.h ~f the  usha had Z Q T ~ C S  vci'i7ias, bu t  is, 

9-a ;pl.aeos, ct t bean t 290 f e e  & n l d a ,  and shero  i t  ex-osaea tho 

r-fdsct3 j ~ o t v m e n  E;.a$ ESrk and A h t o l l  Greeks, i s  nearly 500 f e e t  

r= ". ., 4 --J@ , 

811~ o f  tho  erons  g7horo movemsnr; znoy overatua1l.y bo de teraainerl 

93 on ths h%gh YriQljB$ain srboea 'cha s:mll l a k e  at the !lead oQ 

bhtsR1 Cx-~ak ,  lit thl.3 l o c a t 9 ~ i z  zevisral. ' m s i c  s i 3 . h ~  on t11~3 

+' ,n r ~ g ~ l l  ~-*vB th9i .r  Y R S ~  s a ~ a n . t ;  f a u l t e d e  Iiowever, tb 

t ~ : :  :F; such t1u.t c a ~ ~ f u 1  ~x~~mihl?a . t lon  vYa9 not ~ t ~ a d s  %a 

do'corm%-ne if t h o  faulted seganesnts were on tho  opposlta mille 

S o u t h  of b%st Pork Cpeek a.rzd. a l o n g  tho  x.idse there 1s some 

e; .rr , .' ;.7.s?nce t P a t  tb.e a e s t  i m l l  h ~ s  m o v ~ d  u m s t  as well a s  d o m e  





~4 123 jrg-aetd:;d, "nlm~g IC~$,J,R.LI P C L ~ B   ad La t km msz-e d 2 a t a n t  axaw 

L-Z BJP~#;F E~,P,EX~ R , % ~ % l i ~ e  A fault  is h ~ s e  snggasttsd 

t ; d  &.WB ; - ~ S Q A ~  tb~.~;~ag%a $h@ d % d * b ~  % f i a ~  &la@ uppep 83. 

RITFI a x a  nscl c ~ a  tknuad a f  ong w h t  3s waE uppep 803th Fork 

of f;b 3 l n n a  l l i s ~ ~ r  B R ~  I,zpgep Ahta3.b G ~ s s k  though % a d i & m  Pa88 

end s ~ %  Q P  $?I% a ~ a a ,  a@ ~ ~ Q W B .  013. P X Q $ ~ B  SI: aml 1x0 A bmnoh 

a2 ayLay sb' %his P%rel$ &;F@ ? O Z Z ~ ~  l e ~ e z ?  Ahtel l  Cm@Bg,  

F,b5b~~z% $b%s av2dencL3 fozu th$s faw2.t %a w $ % r e l y  $na$era"sd, 

%k~ pzjwmea $n %& c m a s  ~ . s n % i ~ a e d  ~ o u l d  s~ osuld h e  uasd 

t a  %2~p9.84~ ~ ; ~ D ~ ~ % % O M B  tim$ ~319rld a%et ( a $ h r v ~ ~ d  be axplah@dc 

- LA r 
i;fL&9 oan$,a@$ $aCmcgn F n , ~ z l ~ n  and h v s n h n  a @ d b o n t e  &dong $b 

rappa2 Bbaaa . R l V ~ ~  auggas &;B a faal  k eGntze t o  '6b g c a e ~ a %  t ~ m d .  

02  %ha ~ x g p e x ~  2:1&9% R%vma s o u f h  of tlw 00n@0t bs n @ a ~ l y  tb$ 

of tks ~ 2 3 k ~ u a l  boa~nda~y ba*sea %h Ui;@ll Greek p % a $ ~ n  cm 

$ 2 1 ~  w e %  aod $be I n d L s ~  C ~ s s k  pZ~%$m cm t o  the aes & a  B e y a d  

Znb%%n 8ms b ths asu$E;-a&@k %he aepnMet of P e m b a  bedded 

~pn.,k% sad, c19oP%%;8 m a y  PO@ g.araab% cozatae t oa7 $h@ go@i$$oa of 

a T & k ~ $ t  ~ P % O P  %e3 L ~ & I ~ s $ o w ~  Tkm f a d $  p08~Lbby ewtihkaue~ $0 

t k 4  @~txth~zi@~$ &ad f b ~ ~  en ~ X % % B B % O Q  of' $ 3 ~  ~ J Q P  f a u l t  tilbwa 

oa E c f ' f i t f a  s z ~ p  LYI k h ~  rTot8~hn&z Cr'.eek @%owe 



Qr1&&21 02 I?&uh$,!i? 
d>?i%----&->---- L"~~--S~~S,:--Z.~=:G---~ 

8s-me o f  %ha fatsl'c,a appar~nt l lp  ~ g p ~  .%,~~efhk%y T o g ~ n ~ d  by 

fa$rur;ioa and I . a$e~  vs1zaie ah~inlmg@, sa suggested 9 Wkw 

(194f3, pt3 I @ )  anel E&-ny aGh.exq~, H O % @ V ~ P ~  fault %ng f o r n o d  Urlde~ 

s ~ e h  omG%tiar~,s  &.a as f t s  prLnc%paP stz?@ae emaponent, ver$%oE~lLg 

d&>aoted fss;pcos, nnd asldem 3-3 there any agprao%as,'wbs l a t e r a l  

**-. ~tsssm@nt, @.rid such I s  no t  $he g@naral E~b1-b of the 1 a ~ g e r  f&%aIcka 

1s $hts d l ,@te~29e ta  m8 p~kw3.pal  Pau1ta %za $hiw d B s t ~ 9 , c t  appear 



?A tk?-[;7o exper Lanced both v@2.'6rL~~ill and ~ L ~ P ~ z Q ~ ~ ~  P ~ O V B E @ ~ L ~  e 

q3:a E I I J O Y  f 8 ~ i i t ~  a reB thsrefsre,  thought t o  be the r e s u l t  

sf soglonal t~a r~gen t i a l  ~ ' O P C ~ S  e%~bYLng npoa a s  &Is%rfa t e  

When seegjlonedL f s r c ~ : :  are consf desed, the s true turn1 Fen turos 

"a ~ : B j n s a n t  arena rrmts"c; in ~ 3 r - k ~  ~.g?"ee w i t h  t b  l s c a b  ratruc- 

t ~ ~ r a l  esnd? t f l a ~ l a  and m 8  t bd taken f n t o  considera  ff on when 

e~mlm' i2ag  l o c a l  a t r l a ~ t l x ~ ~ s .  b s  of  the largest fadter  of 

ths gas ~ ~ X T A  Alaska Rang@ is tEa~ Benali  f a u l %  ( S t e  Amncl, 

1957, p s  1951). Th%a f ~ l a l t  1s h f a r ~ e d  tmough m o h  of'  f ts 

CO-LLQB, but t hem is Boms snr%dsnae tba% the f a u l t  travsirses 

tb@ whale of Alas:% f rom eaabwm-3 bayond the Canacilm border 

t o  the B r h g  %@ae The v c ~ t i e , a $  nsvemat OF thhs fault *ms  

a:>t%?~ated by kl@dd@nabba (13058 p e  83) t6 h v 6  heen 8 %  i sas$  

10,c300 Paeke  St* A-ia (1957, p e  1356) ~ u g g a s t ~  a p ~ ~ s : l b l e  

la t , ~ , ~ s i l  mevsment of  15.3 mi les  toyards  t h e  we% t f o r  the aoukh 

b7_ p o k  Q 

Xn tb AhtaLX-Slaca d l o e % c t  tha f a u l t  is inferred and 

glo*,ted O ~ L  Pla t e  % bn Ghe v2,e,$raity of $he Sbma W i ~ d r r  

a Lke 43% the faale 18 d p p ~ o ~ i r 2  t@1$ N e 6SQ W B  I &pp$ng southv 

:f%8 t ~ o a d  of  t ha  Dw-ali f a u l t  i s  a p p s x i ~ a t e l y  ~ z * a l I . e l  

$C tk@ norIhw%%8@ tzandirig .fau%ta as mpped on Blate T e  'These 

fip- ta, al though of maxek a m 3 l k e ~  mgnituds, ape a l s o  thus t 
- - -- 

faul ts  d-th rr tr iko s l i p  mcvemant and may be cozplementary 

. %%a a%os%hpvaat and n ia r th~aa t  faul%a b%arssct one ' 



22;-?t,ht3i3 at a ~ g l a d  b@L~ada 5 0 ~  t o  ' i Q 0 a  Tho n o r t h b a s t  trending 

f~v . l i ; a  a r s  n l a o  tbssuat iaultao 

ltd3:lk (1.951, 130 82) Ira d%serp.os$-ng %la@ m j o ) ; ~  s trens dllreetionl 

9% k b a a b ~  L ~ @ L c n % o o  (Bilpre 1 of h i s  t e x t )  tht; t b  prbcD,BpP 

~ t k ~ ' . ~ ~ e t Z ~ n  05 $>b-~t 2-n FB~Io~~ of A l a s b  m d  f im tb@ 

c9st~tbssa.e: oxa ~appsoxigs,tely 14 2 0 ~  'Lo &Cl0 B ,  (a8 i l lus $m%ed 

3 Y c.;n r..t>s $ L ~ U ~ B ]  a A 8  P Q ~ @ & ~  %his dissetbon iw espprsxbmt@b.gr 

gc~?;?oncXfuu%a~ $;o t b ~  s t ~ i l r a  of $ha I241~18 ibd,$, and in a 

&:x3aeLlen Gs cause possibbo LB-xma t iag .  R o w ~ v s ~ ,  there are 

s ~ a @ ~ a l  ~ b v % o u e  L ~ ~ e a ~ a l s $ s a c l e a  $ o ~  such a d i r e c t i o n  aP 

g~'inePp~Lk a t r o s s  ~~92en a p p l i e d  t o  &La areae b s  o b j e c t i o n  

A 3  ~ & I Q  Q~~?138&k@ C l b @ @ k  rEYu ~CJubd. no$ bt3 E l  B ~ @ P B B  f&LL%$, 

iihl~?> 2% L a a  b u t  aou ld  'ba Li the konsion disaetbon.  h o t b 5 ~  

~ 3 3 ~ c t i 0 3 1  i s  Zhs &%Q of the Donalfl f a u l t  1s ~40u$b. and not 

W 3 Y  k b o  

ba,o%lhus p~soibls di .saokl~n a $ grllwo%p% gi tsgiaae f s saeggss ted 

aet 1 kzrt~ed ~ t a  a iptod%ff@d ve~afaa% 02 E;ioody and 64911~ (lOS6, p e  1207) 

lI,.-:c,:> t1?:323%3 of vrei%ek? fa~r$$a  Thg reasoabng %or  %BIB f~X1owLng 

o:.,-::gs~Led &Lrea$%oa of p~ i .ne$p . l  s t ~ e s n  is t (1) 'b aaorth~aa $ 

e6::1 t;zsF%b,-os% f ~ ~ l " 6 g  E L ~ ~ O E ~ F B  O P E I B S ~  e ~ n t ~ m p ~ r m a s s u e  la a a  

r a ~  > 2 3  9 8  OCOB%QEI h-;~8 aff go t ad  %ha fault % h e  scappa approxi-  

g3,- 23by t k ~  a a ~ a  e ~ m ~ e s ,  (8) 14%jer fisiiultg %xi both t ~ e n c b  ~ r @  

f ?  ( 3 )  !Fh8 l?g~no.L$ f&u%t 2.8 px+aPS,@$ wL$h th 

a~zkhwsa$ $r~?ad and con~ ' lds red  a s @ l a t i v e l y  bat@ f a u l t  and 



( 1 ! < )  akbbel- f ~ e - t o y s  f;ha.t y ~ i l E  50 &iscu~sedo 

I?, by uging 11 lnodil ied v e r 8 l . o ~ ~  o f  Bloody and E%l*s  

kqpokhea i s  tl:.~ d l r o c  t i o n  of  pr incj .pal  3 tl.oSS ~ 0 Y d d  € I s ~ ~ l @ d  

ho  fro:% t h o  w e s t ,  approxLrfifitsly N Q  700 'Bdo, a a.rsc t f o n  

i r . l ~ t  a o ~ 3 . d  yosul .L 2.n .$he rrlajor shears ra@-kfng an angle ~f 

330 40" t o  the pr l ,nc i ,p l  eta*eas db?esctBane T h  northwest  

trend, %nc%u-ding the D~na2.3, fan9.t vioi.-d.d be tb ps9.ma4y r i g h t  

la t e m l  bshoas faux $8 wnd the ner thaast  t ~ e n d  the ssnmplemen tasy 

% e f t  l l a  tors .% sk~eax. fal-1-1 t s  

!?kg ~ E B Q ~ I Q ~  o f  d1!688 a180 %)@Eir& On %he geasafaa ~ ' k ~ L l ~ t i l ~ 8 e  

As p ~ o v $ o u a l y  movrtiovaad t h e s e  a r e  t s o  5;rsnda sf d.ike:s, on@ 

naapPy n ~ ~ l . i ; k . - ~ ~ ~ t b  and. tha ca thsr eaa t -@@a t e  Tha Intkus tisa o f  

%he sag t -w; r sg t  dikes into %ension f r a c t u r e s  would h v s  l i k e l y  

t;~Lcon p l ace  durin.g tz~~;aw$1.f iu s t ~ e s s ,  and pa t rogsaphlca l lg -  t b  

an8as:L"Ls and g ~ a n i k o i d  d 4 . k ~ s  appear ths O % ~ Q P ~  h ~ l n g  thd 

p o r i o d  o f  ~a:Laxatl.orz, t e n ~ % . o n  f ~ a s t u ~ s e ~  aou%d have oganod 

porpsndl cul.ns t o  the GLsse "f;.oxl o f  principal, s tzaess srld the 

r.?a.~k d i k s s  could. i n t r u d e d  such f23,.ac&wsse 

3Tli.th ths posafble axcep t ion  o f  ths Dona12 f a u l t ,  the f@.uhts 

Yi23;gP F € 3 ~ k 0 8 0 T l ~  O F ~ B I I ~ ~ ~ ~ . @ ~  d ~ f ' b l g  th& % a % ~  OP @%Pen %h6 l a s t  

s t a g s %  sf the Alaska Rangs o r s g s n y ~  

Tlbs cEua$ of s ~ ~ o h  an orlenkatllo-n of y r k ~ c % _ p l  s f x s a e ,  a s  

e3.,eu~sd above, $a rr,ot km~ra~  Tl-~e a r t l ~ u l . b % ~  S % ~ U C ~ U F ~  of the 

Alaakta Range FBB~J, Sna Borne gay, be a causee 



~ ~ s d i f i e a t f o n  '57 qsasllous fo rces  of sp.'osion. The agei i t s  most 

a c t l ~ o  :In m o d t f ' y h g  t h o  area a s r e  water ,  I c e ,  and P"rost  a c t i o n *  

Alt5;ilougBa the durn %$.on o f  s c  t i e m  m s d l f  i c a t f  an by i c e  and 

I t s  r o l a  t sd  a;sn%s 1.3 s k o r t  e i h m  cornpa.red t o  the long  sus t a lned  

a c  tSqn o f  r!.ozr,n% a r o c i v ~ ,  f o r c e s  1% b s ,  hovtevsr, had a p r o -  

fou_nd a i i e e t ;  era the geomorphhc e y ~ 3 . e ~  Mod%PlcatSons of the 

land si~rx.fb,ca d~,as.*ng P l e f s  tocene "cme ape s t f  2.1 p l a i n l y  

oba@%.sahl.s and seeorzatrue,tiorz off pra-PPeLstocene au w e i l  as  

poa t-FS.aBs t c ~ c a n e  c o n d i t i o n s  asa bos % x ~ d a - s a t o o d  by  ref s r m ~ c e  

F ~ e s a a t  G b n c i s ~ x a  : C o n t b s n t a l  gbac la  t l o n  $3 g e ~ e r a l l y  
---dm *-Ga-- - 7 C c - d -  

~ q n  , ,&tbued 1 9  no& t o  h v s  G C P / ~ : L P ~ @ ~  in Ab88kTle A%Bo, t h e r e  l a  n o  

prczcP tl?at t h e  p s ~ i o d  o f ' g .%ae%n%lan  b n  the T e r r i t o r y  kas 

sc t m l % g  ceasedQ 

! 
i 1Z.t p a - ~ s s n t ,  %hepa aas two ex tens ive  a c t i v e  g l a c i a l  axeas 
I 
! r1oa.P the  dh$s9.%-S3.ans, iI1.s t ~ i e  t e The l a rge r  % s bsoa  t sd  b 'ky 
i 
I 

j t o  seven%$ miles so:~.th, f.11 the @range21 lJou.nta.Ena, &:ad cowers  

a a v e r a l  thousarzd s q ~ m ~ e  nt%lea ?me o t h e r  is i n  the  Ksmt 

Xlm'i;a..ll rag iuz~ ,  apjproxtms t s l y  th%r t y  m%les  t o  the nor  thwas t 

and contj6s.uas %roan t b r e  a l o n g  the krighs~ e l e m t i o n  o f  th.e 
!i a Al.ae%a Rang3 ko Eount  IfcKb$eyg !j 
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t Q T:h@ ro le  o f  glacl la t lcn i n  the 
e-. _-_.-__ __ c:-zn. 

A i i  t;cl.l-Slone r~6~ l .m  w i s  0110 of C O ~ B  i d 8 ~ a b l 8  b n f  I . U G ~ C : O  on t h e  

1.u.n.d ~ ~ ? . ~ g ' n e o ~  1 . b ~  k*oF~rs, novopi;h.el.sas, ~ a o  one o f  ~ ~ , o r l f i ' Z ~ a t i i 0 1 1  

:i:!3 th*~* .t;k..n a ~ ~ r o l r ~ l ; f , o ~ ~ t ~ , ~ ~ g  c~ai lgr j ,  

riF a i l 0  g:3r1c$~nl ~;eaZ.%of ;)P~.uF t ; ~  i;Jm BEe3.s t o c ~ n o  WELB p ~ o b ~ b l y  

l . L %  i ; P s  clmngcc;? f~:.lola tIm t ort t06-1>.;-, S h c o  PI-e ls  tocerie t h e ,  

t.!.~:j i3,;~.3b"bn~.g4 p:ii;tsm of the rm.joY s'areana h z a  pa.obab1.g sai~&j.nsd 

R pp::)sx j.sra $s 1 T r  , t . 3-0 s ~ . ~ n s ~  3m-o.~ et7mngos I-~k%ck o.rs 3%-$..deat rimy 

h&'d@ SOU??% %ad $:$?OM L% C I ) M ~ ~ J  0 0.f' GaU993 8t1~h 8 2  g l a  cia:! 

nc t.t.sn, r-~asrl;!al 43.e 3 7 , ~ ~  tior!. 3n.d ~ u b ~ a q ~ ~ r l t ,  a d j - a ~ t ~ ~ @ n P ;  o 

1Ic~:3fi,P9c~~t1.~~:~, of  idhe Land form was i 'u~ lnd .  t o  va ry  h 

dir..i'Po~~t?.L as'odo wnd becsuso of t3r~'~l.; t h i s  po~lion o f  t h a  

A YL L~ a F ~ ~ f i  g a 13y 3 . - ~ . < , ~ u  7 n *- * kg.8 'heen ~ ~ ~ l b ~ ~ j . ~ L d ~ d e  Tho G a S f ; ~ r r l  pax-t 

L 1 2s c t< lJ .~c l  L O G  GIbn~%[x% s ~ ~ . b - p ~ o ~ ~ L ~ r : e  a.nd the wsstexii~a %he k'epf;.f,=- 

gl%l:it-iL a ~ u b - p : ~ . . o v 3 r a  blhte1-l C13~e.lk 1.8 the  t s n t a t f . ~ ~  bou.nd,ar=yQ 



"PI .; : ,T C? t' , C- J L ~ < : I Q B ~ . O ~ ~ ~  ,3 lLof'fi t1 3 'bpoad Ir=no.vileQe of '  Alaskan 

c;.l %?2,c,cs oxj.s'c91rz; va] .Zey3 %as& ,:,,P hh.%el.% Croslr ,  i t  was fo lu~d  

tr,, t .Te>v k13,cI t .km gt3nox:z.l chax%.c ' c a~ i s t : i c~  common t o  a fall3iil.y 

~;'-.!xcii.n t sd  a-sQs YJ'ifith t h o  axaeg.i;lon ;j.f Ind i an  rk~osk ,  a b f  

! 1- @ vc.? , .  ;-i.a @~,.-np@xi.~ t't;c~ l?.3.,~cs k:%d kb~9j-r g snssa l  cirab.ca.gt3 1jD.ttorn 

c-?:!, ;.cijb%.l:~;~~.c1 p ~ l o a *  t;a the E'leJ.ztcscsna Epoche TIIQ : e ys  a r e  

, ?  ,* f .<.. .3el t; ,, $s3 ,y na:TxTcyy, hkttob:l Cysok being nn owcsp t ion ,  ar,d the 

Sc.Zc.in.m2 sccQi.?y F ~ J J . c ~ ~  o f  the 1~&1]!@J' f % ~ 0 r a  yfi@ b?$b~.kb.ry &&911'la 

age iIz c'iejn.d.il.itlc 8n.d v n l l s y  spurs o.re ov@rlappod  ra!;koF than 



g .  t j t r~ r r a rn  f i l opas  a r e  yj.o't; ~ t o e p  and. m~.xay E ~ X W  

gi::2.dede No-t,~i:lo:pe 5s  "&;@re cEeap oviderace o f  c t o a ~ a f n a ~  Tater ' l a l ,  

a .<~d val3.ey-e aye  a'sgerl t %%I@ ve %:key 2110utkb8 accord-. 

21; t ,  arid P I ~ I Z Q R  &$=?~09 Q.B S Z L C ~ J  2:80k k n a ~ ~ o  

r : : J ~ . Q  .? s s ~ x f i ~ i a d  an& f9.a t tappsd eb~r,x~.c t a r  o f  the  ?x~o.unt;a %xis 

.,.; t o f  ~ I h t s k 2 ,  Caask r,ont~g>-r.at sLmrp1y a!"Ph th8 hLg1ae.r and k-704 ::, 

I:2 , p, ... :- a zw.g~at3  motxr~t%dng ,to %$o ens t, aw I.l l tas k.aa '$ad Ln 

f '1 , 3 %M p ~ ~ f l g I a c P ~ a 1  8pQEt ~ ' ~ 1 , f t ~  apt3 

-. noc: i.%y ~ ~ ~ c o ~ ~ 8 s n . b  -!-ri gen~~aTr .  they  are x ~ ~ u n d g d  oxa gsn t l y  

D : ~ G ~ $ . J I G  ~ I ~ . : ! P ~ G C ( ~ E I ~  ( S e 0  3 ' i . g ~ : ~ ~  14). hrete3z8 pinnaele,.s, a ~ d  

t ~ ~ e ~ i . ~ . o ~ s i ; o c ~  3 ~ ~ 2 3  rareg Rakkhsr i;h4n OX~B:G,BIV@ i c e  311~btE1 

L1 t ; i2 .O.%~ A F C ~ ,  1% % R  here szlggs8 t~C1 t;kat, glacdatS,cjn w a s  Local 

nrld : t u y ? s ~ r . k ~ ~ m s ~  L:.pc;n n Lats  fia-1s;iiz7cd phjsisgraph-y L P B ~  was 

CG11 t ~ 1 ~ ~ 1 < > ~ 0 6 7 . * 3 ~ ~ 1 ? y b d ~ ~  ~ ~ M L $ B ~ ~ ~ o ? . x L ~  O ~ F U & C ' ~ ? X ~ E ~ ~  r ~ a d j u ~ b ~ a ~ n t ~  

E?.~.~AhfS.e:at'iom b y  g3..ulo3,a'tisn saa oonfi-nsd t o  tho hhfgher s leva-  

t l a n . ~ ,  {icrsno:~e~3,1.,;~ rnlm~g $;ha no r th  o r  Y ~ O L * G I ~ I ~  t  slope^ 

dop:~ .a~nj .ona  pk*so%sualy foY:dlsd by noram$ s ~ * o s i e t n ~  Y ~ B  p ~ ~ g e i ~ ~ e  

u l  hlghhI-ar?,d cS~qjae8 A,nAboa S;aa $lm.t gI,se,f @%a a a r o  a~ t % v s  In  

f:02n418 :P~oJ,.B, b0 ~ s ~ ~ k - 9 . ~ ~ ~ t x ~ ~ t ~ i ~  by I . ? ~ ~ I L x ~ c ~  $5# and t b e . % ~  Scu l o b s 3  

-a2g.7 J ~ ~ ~ ~ ~ ' ~ ~ ~  I.%YW ~c$s;c:hed pBi2kl~ theft adjaaea $ valheye Howsves, 

t9 ~ I B  g l ne  iea.s;.a ssx30 p ~ ~ l ~ . b l y  02 3. $mI ted BX t8~1.t~ 8~2d XI iWa. 2;9on, 

ri3. th@ka tPjE$Z'l % ~ < 3  p,2i3l2Q:j=g #%Id l7I.72ekITlg9 FF&y b@ eh0~3,b'k 0 f 

mox2c3 & L ? t i ~ 6 3  m~S:ia,c5, of ~ i~3e i .$ i%~nt i an  in  %h%k3 ar@as qiho %Mn, 

wpp3?0xi~;fn'cC3!-y $WO 32311 '1eOSJt3F 0f ~m.t81* WWOZ3..ih grEi~b3. 0I l  the S W ~ % ~ B  





Figure 14. V i e w  i l l ~ s  t r a t f a g  f l a t  top2ed molmtain in 
P e r i g l a c i a l  sub-province. 
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I. , 

*Figure 15. Poorly deveio?ed cirque In P e r i g l a s i a l  
sub-province. 





ar,{3, g,~y.!y;tg~,~.l 1.~,2;::32 j; z3u juvena t%u':1, ofEsc .ts appG9.s t o  kf i1~8  

G G G ~ ~ ~ z Q Q  3 . n  l aea  Phsibtscsnw or g&p%y l;/gc.unt k i m s  e *T?L~ 

sv,9.d:~-?..e~ foia thl:: du found %ia the  all pr sao raad  fau1.t 3cElI"pSe 

-- 
I ,  ' I .  It q50.t;13-9.t9. nosriL kBoiw 5.3 c v n ~ ~ b 8 ~ r a b l o  @ ~ . $ . c l a n ~ @  Q %  

i'I!-oiu t ~ ~ g ? j > s  aii acsl,l n3 I i i . ; i ~ ~ i l $  upEf.f.'l; Yi'y~6abof @b ( F.052, p 531) , 
j a g ~ l % f $  @-SSong ~ a z % $ ; ~ b  as@&& 0.f caaa't; t c j  h%ve k@@n. 

fkoa p, fo-3 f'g7@2 i;r> EQO $ L ~ : Q $ ; ~  ~ j g . ~ ~ ~ I - ~ f $ ~  ( % Q 5 d A B  p O  :\53c7) 

s s  kes ii3iti3 c: bo {:a1 dj- ~1*1l:i,c emdg;p. t r,.azs Rane,na m s b,QC>O f'es t 

F,~%$at:.k ( 1 9 5 2 ,  9) ~i.~gg';g.$9: g~aorfi hfs S ~ ~ L I ~ ~ G Z  %fi ths 

Ti-. * Ykr:k:;ak l,!c.i"\,lc~y, J, u j ~ ~ : , a  1Z3prBtcjyyg k5?C1t Recan t a1hbuvj.w h 2 ~  bsan 

CL 1 ?;I 1:. 1 .b +> 4 3 

F 8. - i 3 3 n x ,  t o ,  C k n g o ~  i r a  a tseam c ours @a ,, =;,,: ;r-.,,--, ,%L>,,: .,-, , ,,,-,s. .7TLI-.%il,L w- --.-. 
't7BXoB -- v~,~~!,v.t;%ik ~- .- ir?'h(;~xk b y  8- C Q . ~  o r  $actors,  %nclud%ng m i l d  

zlp:r:aasp, ~;l-aoba!_ a o  ';ion, sunel pl.s;.a.c y Scersx-,s%% oxnmplsti o f  

~lmthga L i l  B~;::?~EM C O I L F S ~  P T ~ I ~  bg r i ~ t o t l .  l r ?  thc3 xaggfsnb 

lbae n .f' tho  klon t axazap?. e a o s' c~apl_cvc s sC:r d a m  cap txrti C) %a Urn. t 

or":,b~ Pout21 P'Pai~k COT .i%23 Sl@.r& ~ Y ~ v o Y ~  Ira. ~ o P e ~ c 3 n c a  ko P l a t @  X I ,  

+up,3 , A , b . .  r j . a 3 6 1 q 6 y ;  d..-t sonx2s.& oP khe Sosnfh FGP'BI: $8 ~.pproxfra . teI-y  due 

no?i.!i t?~~,-,-i; nfi2g.kca a pl@t angbs bani?., a .nd t b n c e  f l o s u  e a s t  bo 

* .  
f:'L;@ ;s.l.ana W f ~ o r - ~  Eisom 'r;h-8 m p  b t  mag al.ao ba n ~ I ; s d  %lmt  a 

~y:t&:.:. irn%l.sy o ~ n t ; l ~ n u a u  nopthi? ~ X * O G I  .k$.%a 'k3e3nd -20 t11.t3 S ~ R I ~ Q  W ~ P B F ~  

& @ ,., a - h YrTq, r-~~,i-ys$ru~p;ap&i-ee B C ~ Z ~ , I . L % ~ ~ ~ E J  nppee'jsa bt4 j u8 t ;a l3  th@ ~ i ~ ~ ~ u a p t % i ~ n  

t.l:gLt(. 2.. o%p~s: :n  ows9 2lorysb 4i;l~t~ou.gb &ha a1.9.m -i~tal.bey n u p t h  0% "elm 

$z;ani'i $:h>nc~ L a t o  kho dla~u;a E",j.-s~s TPte ~ h % n g s  F F I ~  p 3 ~ b a $ l y  







d%r*aot%<~~. i ,  of Plow,  but fg <;%-LG J20!q,ap OF 1030 goxatl on ths  



c*uou.$,.~ $1~ vtk~icb. ?.aniSs%8dees l a v e  plays$ a ma jos T G ~ @ S I  Tb,@ 

ehax>actt*x3la kfea comaon t o  sac11 08" the  Sakoa arss 

( a , )  fb3 1 o c c ~ ~ y y  de3prounions 3.r~ raEa tLv01y mb2i30v - - 
g % u @ p -  aa ld  ~ r ~ 3 . l s y e  

] f$>.ar.',sl.ii.los I'ol:~n.c! at ;  t;he out la 'ca  npFoa.zg .to be tlm 
1.1 . p~~J~ze : lg~~~R de~is:?.g agoat,  ~ g % i ; h  ranly one mcepthorn, . . 4 

~ ! . n  d3.an Pa ij  9 La. k~ , 
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c.:,.. J ~ L . ~ Y < I Z ; F ; ~ L - ~ . J  A .+LJ lPa. C ~ e a k o  ' f i e :  %%I1~25?al-~ e j s : ~ o ~ S ~ t e d ,  w i t h  c h a h ~ o p ~ % t @ ,  

5.a B$dwaor-j~3.a$;a& &?a-ot%&-f a d5bnba~eo  

C k ~ l c s p ~ ~ L B B n x  CbaPc:a~~g-rita was n o b o d  in neap?!y a l l  
-*,- ;*& XraL2.> 

ra;1.E:nssal d~g$::oel. t n ,  b u t  occurs  ~ . a f n % g  as  sparse ly  dis tr!.huf;od 

, 3 '.Fho rrxl1.y a r m  w 1 , ~ o ~ e  th3 ~sidazes-al. occ i~x-s  In 

3 . 3 .  2:k:~&pt 2'01' p37-r4-'cas ga:l,,tsxx~ :?,a thw rrios"eabw&nt 
CYI.--.C- NI 

.?.;~,l.;>_)aad~ E %  ~i-aZ.1. sf 'kho L ~ O Y J T I  Lead-s%$*v/-ss d s p o o i t s  the  

Wtl <-3,,P r: '.,T r.* 9 $ .!,,P~B 1-6 LLI w a  '3, 1 : ~  D two :; Q ~ L  C~SB 1 f'o ~ ~ 7 3  0 ( 3 Netas. a 3 i vs  

and ocm,x3ce graf.natb, and ( 2 )  f t ~ z u  (jxqw?.ned 0% gs%o@lyte ' T ~ B  

cortx7aa ;WXO,YI.VG ,~al,c~r:a 1s ccrmilon a t  Tmng o f  t'rzs p ~ o s p s c t s  arad 

$.a 1aauaFt1-y .f'o~rrj\d o s  aasplacairlsnt -val.na t k v 7 . t  may OF m~.y  n o t  b s  

o!z,aot;.ialad rgi.k'il C ~ I . ~ . P & % ~  T"%'h:i8 t y g ~  0% ga1s:o.a occur+@ a t  tih8 

\ : ~ n l . ~ t  k%~r-?r: g:rospsr;t;j, as 2j:m t o  oj.gh,t % n ~ h  w i d e  v @ ~ E E $ ' J . ~  F2.n~ 

~ r u i r ~ o d ~  o:p ? a  I;s&ly9 ga$can La rdasoc ia t s d  w i t h  %he rmawive 

IT ,c,s, I.'. 7i;ll.at 9.8, aI.ao, cornwon as %ndlvi.%@uaL 3.@naul@3 OR bu%ekl@b~ 

c-, 
1 1 ~ 3  %3*~~33,y-:Pa11,a 1~4.8 A c l x n . ~ % ~ & ~ ~ : j . a l i o a l l y  d fs$ox* t sd  oxa 

5~2i,;15: g::btrza7t~~.,s;e arzd d ' P ~ ~ g ~ i 3 - n  (3,941, 2 6 7 )  LQBs:~n  tl13-a t o  mean 
I 

> .  1 < ~ . > f : " o % ; . ! j > % t j ~ ~ ~ ~  aftoar- d a y o s i % i s n e  
j 

j 
1 (%~:Ld.:j G.:s3,c1 %.n sgjnmon t h ~ ~ g ~ l ; g $ f m t  th8 d . L s % ; r i ~ f ;  s.zai1 fsay b8 

-LC-*. ,.-m 

i <i;g~eg$;@d, u s ~ ~ ~ l l j  $2~ alr1.ti.1, amsan-ka, w h t 3 ~ 4 v t 3 ~  W U I ~ P J . L ~ @ ~  BP8 

5 f~ i ~ m i g ,  c, $a c;o~?ae eaaeer ti-13 m 9 a s m l  La nuaoc"l,atad. ~ ~ i . $ h  g lmgn~t l ' kd  

4 
7 rind ktszi~ $;.I '6; 3 U> g 

I a +$ 



.:. :< :. . . - -. ,.. - ; , : ..., ,, . . .. 

fi .1: :.;13.g Ahi;el,l Creak p r o s p o ~ t  gold  %a 8.aaac!!~ted v i t h  .>" 

wphnLs~L$o nnd m9-y bt3 fom,d. within %ha% ~Ln8~53.1 as 8 ~ 1 d 1  

:I- L-A -., a g - a ' l c  b?uaeho~ o.a nasz30a k ~ : ~ % r - L f k . s  ~ s h s  (See 1 3 g u r u  3.6) B 

Ir:sogvJ.ar - a B w e a  ;%ps t21.s K~OKBQ coi~m~oli %om, and appoaa* t o  129~43 

r4.l.ffussc-3. i n t o  '$k2,3 ~ g b i ~ % @ ~ % t a ~  TI2630 may h . 3 ~ 0  ~~d all 

@ X S G ~ Q ~ $ . G ~  o~'Ig?bli~ e 112 S S V @ % ' ~ ~  0 t h ~ ~  i ? ~ % f ~ h 8 d  5 8 @  ~ ; T o L ~ s ,  g o l d  

Lg~9s ncste~d wPt l r ,  gr-r;lanae N % % 1  ($935, p e  69)  ~ o p o s t a  $ubcJ. 

n a ~ s e  ia  t sd  w 1 " c h  jarncsson 9-ka 9n the E%,%rbadrs df s tz3aaict, but 

&pp~.j:cntly n o t  w 2 U  g 0 ~ % e : ~ 2 ~ ~  

T ~ E  y?=aeop gold  noJcsd on G>:c2ubataE~o Cyeek was c a a r a s ,  but 

1 t g h t  o 02.0~?.1~49t, B ' ~ : ; { ~ G E  t f ~ g  a %ifl&.~ sl$ssaP ra t l o  e 

M?4o?.-foS.anfr,'r,~: Kca:l.ybdcmibte Lda,n,tif%sd o n l y  a t  tkm 
e.-;-2-,? :.r=r's3eL--*rm< s m  

d s ~ ~ o a l t  raam Long &aks ail& uccu:rn 'r;hws .h two "r1nzls : (1) 

Z$~:xi2.% i?laas3i1gi1n.bor;9 gy2a'an.s in CGha ~ ~ ' . ~ n t t ? ~ j .  F Q C ~ ~  and (2) Qu~zptz-  

~ ro lgbden%ta  vc35~1s; (See  F l ~ u r s  1,'1), 

ip9+ ,!r, -. b%sseml;lrzatad .bypa is lav=rid 2,n the ~ ~ 1 1  ~ o c k ~  b u t  is 

s s ~ ~ x *  ir~ 3..*'np~~t:$.i--,% qu:m%:;:3.$$4:~ 11!ht3918 ~ ~ 3 2 ~ s  n o t  p ~ s s e n t ~  

Ba a XYJ.:,LF~, @he d , % s ~ @ f i ~ a . i ; 6 t c a  gz5,&I9428 4328 inv%d%bl@ in %ha &and 

f~pock~zan,  1.mt axJ@ pLa%~~bPy cU.seex:aa.ble 2n naicrsaeogie atu&ya 

tm2.e c:~xrp..'k~y S I ~ C I T  (3f Lhg ~ i l f . 0 ~ 3 0 t . k ~  ~ n c i  c l a y  zones ~f ten FAG a 

b?..u@ oao $ G ~ ~ o u ~ . ~ L ' F ;  &Q l r ~ d i e a  "ci3 a r aXa .i;i$vsRg. h%g)a d%wso~aLrm'sfls%a 

0% mal~ybdea1$o Ei.;an3=~~n$J,on o f  yo l l ahed  ssc. t i cma sf' t h # a  ~ o e k  

i~ug~'a:~ksd, k~ EJCFBr% 6~ k ~ K i % ~  'bh8 R ~ Q W  S U ~ ~ @ S  %,%02t rr H Q W Q V ~ P )  t b  

b3.u~ eaak aoa ld  not s v s : ~ y  h,nrta.noe bc a s c : ~ i b o d  Lo ~~io$yIsdmf%@~ 

Th.@ ~ d @ ~ b ! ~  'b6d rfl'pl.sl~bden $.ta may ~ e p ~ 8 8 m ' t  a aspaFPa $0, p.r;.sbably 
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eex>i.l.g, aria w ~ a k  a t;~.gs of '  i-clrrar2:l, izcx 1;S-alia 

l r r ~ ; o J : ;  m l . n s ~ c i k i z a e I o ! ~  oi t;he second : laa ,:oi . - g ; x  I s  

,i-.:.,rs ~,?-i:il~acf,oyj.s"(;i,c cj: i$a6 i3e; ios i . t  t b r i  %hs f s r m ~ ? .  S u c h  

v a ' ~ a s  Cag.lbinon %hyo:,!+zjm~:t; %be ex;3os*lsos, 'but; iip: e u r  :t?~?Ts 

rl:9~asso1<.s l i l  t h a  .".ii.T-r:sc?us a*ad cl.ag z o n e  ?:;an I;, t r i l :  m.r@:::~3l 

i p ,  ' t i ) n o  l&oZyb&un$ to, rlf.ic+x+e ?.b doos g c ; . . : ~ ~ ,  is gcnsri<i 1, iy fata~i;  

ai l 2r: g tjac+ T;IP. 11-3 O: the  ~ ' X A P  t z  TC j.:-~ 3 as x e l  l :insx:r~j;.:i ta hula 1% 

,.Lt;h-k,ly C:-;~L'S;~ JI? -:,6;1t c.p.y3txij.su ti7c-n~ :,.f c;ljlst;p*?js a:-c ~ 1 "  

FiTl$A 2 . : .  c i ~ j . i n  rn [L.-:J~Y be dixo to a l ' i j h s r  nost-sni!:~sso.l tho~'-r"or@rmc:l.on Or 

5 , i ~ r j o ~ l , i ~ , : ~ o n  ~\.,l_ong t ? ~  TYF:'~JJ-LS e,s .3_!adlwld~aal p l a t e 3  a:iil c lus? . .orso  

Fi.>$. ~.:.:3 s J .zs  r? P t1ie c3.y s ka j . 3  va:cy, b u t  ~ Y ' B  c i o s ~ l .  $3 C i l 6  wilS3.;;.,o r;er 

2 1 -  ilaniIo:~r~i%t, (1,955,  p-, 45) dosc-s$.bos sfmS-lnr  v o h n s  

n, t; .!-. I C~,:LX.LI.~ n~:y.bi!,un: t;o de2o:; l.i; in 3oLosadrs * 

,?. ~ . R . ~ c , . L '  ~ - t . a g a  31' ~~aubybcjor,i t;a rnirtsra.2 i z a t i o r .  y i n , ~  ! . i - l f ~ ~ k b d  

ra.,crrl the ac(;iLr:17srlee cf mol.yhihoni ts arid soc;~rldar>:~ ol;t;iru>claas 

iil.b4k:I%3i ti10 : ia%:l-~~o~*tion 02' sa;,it. c ~ f  tke qi .1 ; r r tz -a :3~.y~:~Uo?i to  

,-,:.. . * ; T i '  ,t;ja.'Ls l g . : ; t  oi:ei,~.yrcnile r7sl3rosei?ts a so?asa.rs 

rfi, ll;$,2esnii;.?; ~ j t n g o ,  tbsz@ woul3  t':13ri have been .t,:-rt:a :j@rkft~?ateii 

;)ezz :Lo& of molybdsurrjn ~ r l l n . c ~ n l  ize .  "cox1 

&hX-~~hr ' J .~ . ; ;~ j ;  MoJ<g'b!J:~ts i : 3  no-t ~ r ~ r r n o ~ . ~ ~  ' b ~ . t  does . c c ~ a r  as :%n ' .  . -- s~ ...*.& 1.. :-.7.-,.">E= 

al.i,ay-a tie:! gx-otll~c: $ sf fib.@ molg'bclsni .t;3 a l o n g  the tl-eyed 

sus~frico of the d.~.;;)osl.t~ 



:?.a X I . ~ ; ? " ~ , A O ~ L $ F ~ ~ ~ . .  @,xi e ~ ~ a b y ,  Bn vf82,:L a3 Q 11.EJ.t~ 8i~agE30 Y ' h 8  

j,?.rr-l j ' . '  t a  2.t .%b.~ ~ m o ~ , y ? 3 ~ ~ ~ , ~ ;  rIops;.sit sppa:csntlp' sntsi-*ocl t w ~  

.3k;t,ga3F3s p*.-9&13 ,Y A. a2  .&h.s K1:~s t  &tag3  nmh2l.y gbns ,.;sak~ed mad 

d . 1 ~  a a:$~ f:~,.fi z@cii t , ~ ~ i > ~ ~ h ~ ~  t; ~;IIQ covn t2.y ~-,.sc kr. 3,n -kkm na rgina 1 z ,.)rat3 a 

rrrb, .A_% t j ~ c ~ n d  O~ 1.2 t o  sta.g@ p j ~ l ' r , ~  i lCCU. rs  a s  pp'L%@ OX' 

F ~ T X ?  5- "s;e v~ lna  ty:r;4lhn.g: h -i;r--a~xa ac t $ha L!IJB.?? i ; z - ~ o  Syb~1er1 i t e  PO lna  o 

T& d.j.3ssii13ne.tr3d pyrj- ts 13 o f i ; s ~  E L ~ S S ~ V C ~  and a3.y Or !my n o t  

lol.'Loa ITAC.I;VPC~:$ a 

TX7.3 *sa:?c p;rnj.l'i;s 98 2.a Qsp t h a t a  o i  the22 tho jne:ly'bd@fi l t o  OF 

. i ; l , r~  d.$9d$8il%nl2,,&6~% p;fi?f,i;bI b32&:!.r:r (1.933, g o  2 8 8 )  d a n e r i b e e  the 

ri";.r;uC?rnk:~,w tc3d pyx3i%o the CkS_iunx r i i o J y $ ~ d ~ ~ n % t ~  d ~ p 0 8 % t  R B  ear%$ 

$>hi+ 809.1f. py?.LF;:+ ?'lgtOO 'Jfnks ~ ? ; ( 3 8 0 % $  C O ~ C R C I ~ B  w i t h  th.g - a .  

f"L" -- J *- ._LZ.s~~.gv:;'izou2.~ at th3.a d.epc1w1-i;~ 

Silver =.--a&-= MTt2.c-:xz33~s: *~--- *,= .=.sx.s h ~ p n . G % t ; o  w ~ d  nai;ivs s%lvaar ar3e the only 

~ L l o o y  f:i5.-n~:r*c~J.u Sdentf."i'i.ad PPOZ l;bs rif3.strLcty Tha lea-titer pis 

mo.i;i>d u %  :i plae.:3? ~ ~ $ n s r a ? .  fYcx.  Gp.~nbs.i-abe 1!I~;i1%$f'iea$%sn 



G 1 .  b - ~ r j ; ; - l ~ ~ j > a p j ; ~ ~ ~ J 3  i h:i.fi.0=p:a<;Xpz~z -..a &d.tk @ ~ i ~ @ p ~ ~ ~ > : ~ ; 3  
:-!?&;'h~ ;,::-1<17-, ., ..:,, ., ._::,, , A,,,,7;.- ,, the vzaXX 

~ o 3 $  a 4; ~ : ~ , 9 : ; 1 1  of  4A.s ah.orw.l r1epaaif;a La altez2:?sd La, woma 

~~::ii:tent. Cort~y?l?~f,.:ms~~ri of S;ba gi:l.tsr:lw.t%an PZ*OGO:~B 8t 80veim,%, 

C.sx .~ ja l&g  -j?zia x~an~i:rl~%stl i n  sblj.kepat.Lrsn o f  a b b  t~ae:$i; of 

r f"s3d~?? 1 ~ 0 6 ~ 1 9 7  ~3; i~~ba'~t2. .8*  Fb.@ e " , ~ X j ~ ~ : ~ i a @ . f ;  ~$319. 7:3Qt:!i al$@%Fi- 

t4i.on i s ; p p ! % a ~ ~ ~ ! ~  $21 ~ii:m% ln~;" t ;~n6@s,  t o  have ~ T ~ C B C I G P ,  the l.n.b~*o- 

fPptr e .,t 2 au o f mo t:~; 'j % gr 12% er~w 1. F; 

q33pa,3 ... j jr~a 61 t ;yp~ g sf hyl~j3a.t~j~~y-fiipx~ & 1 $ a p ~  .$Lon Y;QP@ 

(If Z113,cWicai;lol~, ( 2 )  S.n~a~3,~:!-t$xa-g;2~-,n anel, OF, k%ald4Lnfza- 

t:2o)%a., en9  ( 3 )  py3?gut:!.zati@no h ~ 1 ~ 6 ~ ? c a ' l ; ~ x ~ ~ % 1 ~ 4 ~  ~ ~ % g l r i  may b@ 

:~~;zg.j,&:;x~*afi fc>p t:jlsj,g n.5 t;hl,:j f.a~Iyb&@r~=j;b~ B.eposLtg ~ ~ I A z c " ~  3.t  LB 

~. : ; j ,~ i~t~~>.+;a~.y  & a g ~ e % & ' t ; g r J  yrj.$;j i  $;kk@ 8111.'$hL?%d%~, (80hg&p0,g, $955, 

3?,0) a?;k-~ax* dc>pssL$a, wl.ss, - 1 ; k s  c l a y  %?I of.$sxx c l o s a l y  

:?,wasi=%a god aj7th e'ta2,yhid~s vein@ 



S.a~c+.t*?J. fl~tt.kons r a ~ ~ t  bs c o n s ' i d s ~ s d  when eval.~atx'e'~~l; 

n l  ",~:atlon a s  R, p a n ~ f b l . ~  gul.cia m a o  1&11y o f  t r i t  ctspoaJ.t;g 

ci.A7a e?  aso9 g a a s ~ o c l  a tad  v4 th m e ,  O P ,  ail of t h e  t7:paa of' 

r l ~  ts??a t r ' . ~ l r  P I o ~ @ = m a ~ ,  tepa kion doe3 no$ appmk, r t d ~ b ,  t6 

3 6 1  en J ~ i f ' a % l f $ l e  gubda t o  W K S ~ ~  CIany oI' the  l a r g e r  in%on . r s ly  

a l t o c ~ o d  zcmog con'cahl o n l y  p p i t e  and no o t h a r  ~ .ncog .n i%ab io  

B 1 4 1  p p d f  de 

:;t~z:a@$~t-r~s,l Re:!.atj:.ons ---- -F2-. --...=A *-:-> x . ~ ~ - . - e ~ ~ , ~ < ~ > , ~ x ~ . - ~ ~ ~ ~ " ~  

T 2 % ~  ~ ~ 2 k 1 . e 3 2 3 s l  dapsslta ape 3.sca t ad  ?a srpp along  F~eac t .ursd 

9 , 0 ~ ~ 3 7  BBRF CSTIB I o . ~ g @  f2il;iir-b r fiul t 4  ax2ftp h o w 0 ~ 8 r ~  plan. tifill 

$31 Lkjo OintpLef;, and t h s  nIajorjC;y 8138 PI.& 8 3 % 0 e S ~ t e d  w i t h  

a n y  kaeotzL? w l n a ~ a l  dapoa i t 8  T%o i ~ i ~ l y  a t ~ u c ;  t u 2 a l  troizd 30 

1i.r r d c o f g ~ $ z ~ i i  t k ~ x &  l n c l  udsa m s s s  t f a n  on3 d o p e s i t  i.3 %ha 

m a  b a o o  i ti>'lond Sormd R Z ;  t h o  SLl.vep Creek, Mo%gbc?.@~ua, and 

Is;dLafi RicZggj 6 ~ p ~ r l l t ~  a In Q ~ C ~ I  0 0 9  i;?.~saa the m9naraiilza tfom, 

lqo ennr ;Pu~%one  %mve: y;st b ~ a n  seac3.Xlsd r ~ g ~ s d l n g  tne dikes 

L'rztuilld fx$ k33.e ~ ~ ~ ; u B L $ B  r In  m o a t  instance8 $ha dik(i33 appear t o  

b8 pad %-~t~- t i*a~: t*aZ,  ~6 t B Q F ~  a r e  e l o a r l y  pa*@-m5 n t s ~ & %  'Ph@ m08 t 

g x ~ e ~ l  Ti"% c pPl od o f  d%ks  h~ t~ausf on a t a s  moly-bdsnl te dapaa f % 



E0.9;-3_aon-h,9. Z~z.a-aPp:&~ 
-=n~>:. L- >.-- 

'iik2.:3 as%:l;ingeizc::nL- of . k l m  %msr iou~  m%nspal daposj.ts v i  thln t h ~  

cIls,k!:..lt?.," i-s, Ln .i;h* Y ~ ~ : L ~ ~ P ; c F ~ ~  G C ~ I ~ X L ~ H ~ ~  t",uggss$l:se of &33p9%nnm..l 

I T.h? I.oei?.   SO TI;^ of the % ~ P ~ % o I ~ B  ~&inosaZ, dapoa b tt; h . v o  been 

- - 
p d  c C%d oa Lyle. t e  1 a .I_ t w i l l .  bo not iad  P:lm t tP1.3 h:Lgl; .bof3iper~.t;u.p~ 

s Y I . ~ ; @ P : L ~  d . ~ ~ o f ~ . L k a ,  ::no:Lybrjsn%$a and %ourraalj~lc~s, aj ,?~ 2~ pdrt enc j.pcled 

by 1 t:e?:aa -..,-... ' t ; l i1 ;3 ,3@~>~t~?~@ ~ @ B B - R ~ ~ , ! - V E ~ Z ~  d ~ p i 3 8 f . t ~ ~  1B1.8 LZocatFora o r  t21e 

cappa t*  d3pot3Lts on c'l-mlbe t aka  Csmawk: px8ecl..udss "i;;.afr b e i n 8  L a c e d  

5-12 L l i l  :J r r~c;uo~~i . , " r  -2 1 ~ 3 ~  t , b 0 ~ : ~ ~ - 2  n H Q W B ~ ~ ~ F ~  k t  ~ . b o ~ . % d  be  ma^ ti sraad t 

3,sad.-o  l l , v s?  dugos i  'cs aa1.o n o t  nst;ed ba.$a@sn ti.aLs area ta.nd t ho  

a;olybdsnl.%i> t?,spao%tQ 

E r s ~ l  t;b.c.ot?gh t h a  a k l o g s d ,  zoning ciosa RQZ; hvs arx i i:>ea b concen- 

. = ~ - . '  ix..Io jp,$%os.n, it duusg p s a s ~ . ~ ~ l = a  9 0 . e ~  '-fl-iar9 a r e B  ~ 1 1 9 0 ~  ~ ; J B P B F R %  

- ,  a a ~ s h ; ~ ,  Q c ~ l J , : ~ ~ i ~ ~ . i 3 @ 6  $h.at c,npaax3 t o  a3evaa*ss 4;b?3 ' ed @,ndard.8 
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C1.a-p Zona, 

~ 2 . a - y  xoreos ';!hi: princ.j.pab t ypo  r3f aulter;.. ' .!~n in t i l i .3  - ---4 

zn:),:? j.3 b a i  za t;ao~1. 'i%@ X ~ O C ~  . f ~  ~ 3 0 ~ 1 ~  CIXFi.?(iJ 1 * Q u . ~ Z ' ~ Z -  

rn~r~,L:~~br?.oniko 5 ~ a k c s  rtra i:GErn;oil anfi t,he tenor  m y  y r ~ : v e  LO be 

ba t  ?.ax* here: B ~ Y ~ V T ~ * ~ : ~ T ~  j.11 t ho  dej ,cs~l . t ;~  Pgr~.:. t e a ,  H:-~o,  is 

conr,?;srn, but is  "L ni.ssse% arno?m.ls ' ck~an ~ J I  t h o  Li ?,er:-2ed'at;e Zcne. 

Aa :G g~.:oa?p, @ h ~  c~u.~r ' cz- - rn~~lybd~l idLto  v e i n s  havs a p r c ~ i e r ~ s e d  

c;..S$::! b.tle.~,:~~ and txsnd 'fB 600 to 7'0" W e  o r  a.pproxi;m teby  

PG; : ~ - t > n d l c u l ~ .  'co the s'CTI~B 02 the df-kss,  Tron~jis  of Fndltvi- 

b ..::.:,, - ' ~ 6 : i n ~ ~  \ ~ & p y  and c ~ ) ~ - I ~ s c @ ~ , c F ~  3.9 COVLxC3Ile 

v+t k;,:18 a . ~ t ~  T I Z . Z ~ X ~ O W ~  1 2 ~ 3 ~ ~ ~ 1  lay 1886 t l s n  o n e - f o u ~  th ( :  f' an i n c h  

.:.a, but  a f t a n  l e a s  tbBn t ;p~ h ~ 1 1 0 3  a p a r t *  H0~.~13d0~214;~ 

z--j,a~:al?.y occ!.mn a i cng  sa tbar  thn in the veins  

a*, ,,as PL?~~,~LI:PLJI~,  S.3 t~h-!cka tha  y ~ L ? z j  a r e  f o l ~ a d ,  is sugges t ive  

!' ba ~ y f ~ i s  sk!ear eufie o Msvevsr, n ~ $ c ~ o a c o p i e  s b ~ d y  su:3fjssts t b  

mi., nny be x$eplaeemon 'c rat he^ %hn %iI.llng. Twezl,!:iolel 

i14.61 p ,  15) ha3 dsacyibed a s l . l nb la s  Q ~ o  o f  rnolyo; ienkte  

; J ~ ~ s b i ;  :Ln aouthca,rs t e rn  A,lba:aka and suggeu ts tkxi t ,  t i i a re ,  the 

:+r tz-m.a.4hybdaxxl.t~ v a t r ~ s  as@ f i l l i n g s  in j o l n t s  . 
'r'n.a oxtsnQ oof ths  molybdeixu rnl-aberalfzation asids r ' rom thf; 

Ga*uha *take Csr.gak: Lib~er:-aliza"siora was n o  t sd  In %l-. , + s  sspara %e 
. = m v s - - - - - z  

crea t i e n a  Q + L  t,?3in the dl~tbk~age of Qruba take Creaks , . C ~ ~ C Q -  

, ;j~frts d%ss@mhra.tod k a  01% aze8.x. t h o  monzonita in t r t a s i v e ,  ( 2 )  



G k ~ z i . i e o p p i t e  and bramite d%swsmbak;@d in a aIab~l3~3, ( 3 )  

C h - A ; o p y ~ % t e  dI8sard~a$sd  throszgbout 'pist sf an ytk.cjlits 

d i k ~ a  C Q ~ D B P  E?~~e~ ta2 , f za t i en  m~s also noted in -t:&aper 

f l m $  msas tk+ head af ths  C ~ @ o k ,  bq~t  t b  a o w e s  W B  n o t  

,r9p~~>d. 0 

'ibi aepgs,so ~ ~ a e ~ x a a 1 l z s G i . m  %3..$;h tba bepM8sp f i e f a a  ( T )  of 

the ~ ~ o a z o n i L @  i s  i n  t h ~  farm of wldeky d$seemlna%@d c h b a o -  

:= -? Pdabztfj~ .%B not mpped on P la te  1, f %  su$croga adjaemt  

- .  %B faul.ted by tha Grubs i t ak~  Cresk f a l L l t a  

(R ae~;lara.l six ta eLg$$ a00 t zKL6e a p l i t a  dibkes crop  o u t  in 

s Grubsbake Cmok  apm, hut only one held any asgpsr 

*:!1jn<ab8 Ch:Leglp~~% te ~ B B O G ~ L B ~  ~ i t h  p p 3 . t ~  3.8 d i a a ~ m 3 m t e d  
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Creak cfi!?11 t l ~ ~  I3Joa.i; Pork a f  Ahtell Cpisesk (Ses P i p s o  13)  

D s w e ~ u p m ~ r i t  $ I P Q X Q ~  ~ o n ~ l s i ; ~  oBF s e v e w l  shallop i * t l @ ~ ~  and 

tar, ak-*; . i ;  a c i i t a ,  ~ 1 1  o f  whfeh a r e  now f i l l e d  o r  @a%-%de 

&-- ~ 2 - e  csormtay sack ' t s  q~~i~~s;z-mon~3n9.k~ g ~ n e m Z l y  er;~.,'e%bed 

by & th%esk g%oa;tth 09 brush, t m ~ ~ p  OF mak@ge 

C ~ l c m ,  often B%LV@P $sax-fng, is tkz.4 p ~ i n a i p l  ope 

m:?naz*u3 notsf1 wl thfn  a nzu11~au of iskdioidwl,  and p o o r l y  expoaed, 

o u t o ~ e p ~ , ~  T~L% w%clth o f  tbs mkr~eralfz@d ares. $8 approxImte3.y 

450 f ' u ~ t t e  

ca lma,  gu~2sa~al ly  ~ 4 t h  ~m%l,  smsunts 0% c h l e o p y x - i  t s ,  

soc;twia nazaroa w i n s  vf thin OR abss4g s i g h t  t o  %en f o o t  s i d a  

ah%,a~~s f i  zonos &awd-lag N B  %Oo to 409 go. ' P a a ~  minera2.leaGienn 

a f x ~ o  l? t s  oS @%sg%$y  sp.iie~d, g a l a n a  v s b a  a a n o ~ n t m  tgd along 

t P L O  kxaglag wzll and p . m l l e l  w i t h  %ha shear zone, 

TPLB mhssa3.3lsed g. ia%c~~.sp~ a r e  fro~ri  f i f t y  h o ~ ~ e - ~ ~ h m d r s d  

f e a t  a p , ~ $ ,  and at  the same @lsva&bone 'I- fnte~~veni%lg bed- 

r o c k  La c u ~ ~ ; ~ l s % e % y  coacealod by oaeFbm3d@ne E t  %B po8sLble 
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