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FIfONTTSPIECE. Oblique view of Romanzof Mountains along ~kpildc. River valley,-  
looking w e s t ,  In a spectacular scenic'blrea, k u n t a i n e  composed 
'of Rdmanzof granite rise to alt i tudes  of 9000 feet,, Features 

, of ~ l e i s t o c e n e  and Recent g lac ia t ion  abound. to by U. S .  Navy. .A * 
I .  . ' 



. . 
Rocks of, sedimentary oridin ihc$uda:' - . ,  , .%; - .  

\eruohpuk Formation. (Middlb atid ,upper: b&onisn, ( ? )';. ,iore ' ' 

than 4000 . f e e t  t h i c k ,  consist;$ng !of low-grade m'etamorphi'c equlv,,a- , 
le-nts of graywacke, .peXf tic-,. land catb0nat.e r o , c k ~ .  ..:- . . 

- 2. Kekiktuk Conglomerate *Wd' Kayak(? ) ' Shale.:EUpper pevpnian( ? ): 1, 
and kississip~jan), as much:as 400. feet thick.. An''ari&ulay unconi 
fornli ty at  t h e  base may re f l ec t  -either a 'pse.;Kayak(.?) . . or pre-.  ' . . ,  Kekilctuk hiatus' or both-. . . - . 

3.- L i i b u ~ l t e  Group, - p r e d o m i n ~ n t l y  'cai;e'onate r o c k s , . % ~ ~ . ' t o  0 0  = 

-' (Upper bfllississippian) . includes. dark 
upper .part: '. The lower contact, is , 

[~ennsylvanian( ?)  -and Pernltan) - - -  

is characterized by .crinoidal lWest,gne. . . u - 
- 4.. ~ a d l e r o c h i p  Formation,. consistang ~f three units: fekru .inous " 
sancistona.mentber . (Lower(? . )  ~ e i m i . ~ ) ,  about ZOO feet t h i c k ,  wh, s ch 
unconfomably o v e ~ l i e s  the- .Lisbime Grbup;. shale member averaging 
400 c ~ ; 4 ~ ~ 4 Y ~  feet t h i c k ;  y ~ d  quartzite niember (Lower-Triassic) ,- $00 fvt .- 

asal c l a s t i c  co~p~onent s  were probably 'shed from 'a  , 

northern sourc_e_ a'rea-.. . . 
5 .  Shubl ik  Pohoation (kiiddle':'iiiii. ~.eber  Triassic) , 600 j$0 700 . 

f t th,i$k.:: The saqdstone mBl;~ber, ts' overlain by dark. p h ~ 3 ~ h a t i c  '? li i,kstone and s h a l e .  . . . , - .  

- 4 .  

6 .  ~ i n g a k    on it ion -.( ~uraisie).; more than -1000 f k e t  ti1j.c.k. - The . 
relat-ively.  thin . s i f t s tone  m e m b e r  2s.. ove r l a in  by blac!c s h a h .  . A 
disconformihy a t  the base of t h e  formation is, su&psted-,.- 

7. Ignek ('7)' F o r ~ a t i o i  (Cre.taceous)- . .  ,' conta in ing  l i c h i c  graywaclce, . - .  . . 
s h a l e ,  and, coaxy s h a l e .  

8. GIacial ap.d g ~ a c i o $ l u v i ~ ~  materials which indicat 'e  , f i v e - - .  . - 
advances . (Eleist ,oc ,pne,  , .: and Recgnli). . . -- . . . . . .. . , 

. ,  . . . . '  
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a sections' thasLi& rtrvbe +*a 

cabp& for 
, i, . . . - 

.moat belt' eaat of thk ~ d ' o ,  I - .  :&ever,-: _ I :co+*re ~ s ~ 9 ~ r a a ,  . . . .  . . . . ' ..* .- . . . , .  - I '  . 
. .  - I , w - . . - . , - ~  . 

, , 

and - a e i a l  thi!:icknisa' . . ,  oatiaati~n~: Ln. ~ l i s  beit .  j 

. ~ i s b u r n e  Group probably hc&.@.dd~i2000 . f .it.'.' 0b-: &e_X?&aku 
I . .  - ) , ' , . .  . I . , , .  . 

River, 50 rniZe8 to &e east-?o&h&is$, th=~&&$ah . . 
. I :  , : . . I .  . ' : ,  . . .  ..: . .  . - . . .. . _ .- --  * - - 1  !&. 

ia more than1580 ,feet and . - .  the ioverl$ihg.'~&& mora than .. - 

. . .  . - .  ......,..- . . . . . "  
' lea. t 600..-.f@~$;-$hidr . . .,. , ,$. .;- . . . . .  . 

, , ., .. ' . ' . !  
vast ~ i d c  ,..t;f'- $hij 
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Okpilak Lake ,  s h s l y  sant$etond of the ~ a i a k  ( 7 )  g$adae i n to  
i 

massive sandy linegtone o f  the A l a p e  within';a -f . . .  ~ w . .  strati- I . ; -  . . , - 1 

graphic feet . . s e v ~ r a l -  be& !-above th.6;. yo,@gact of sandy . - .. , .  : . . . . . . .  1 - ' . ' .  ' 

* . -  

liiestone are ir(terb-kd a. i;;;i&.h- massive f i&ii~-cry&~l1iie to 
. k{ ; : h. . , '  + :-, i. . . . 

. . 
. . - - 

. s i l t y  limes tone.. Bandi upward ik.:fhe section. 
-- -- - . - . . 

- . - - .  , - ,- . . . .  il ' ,  . . . .  . . . .  *--.-.,...4 

. . NO s ign i f i can t  str  ; w e x i  r & ~ g n i i i d  . 
. . .  .,. - 

4 . .  

1 '  w i t h i n  the . . . .  o m 8  i r rhg i b r  
. . I. . ,L- 

- bedding. contacts and .- 
. . . . .  

, - . . .  are present ; but . 
. - .  . . . . . . . . . .  . . 

, , 1 
, . . - :,: . 

. . 



" I .  
f 

The darker generally finer-grained and eparaely Possil~iferous 
, , 

dolomitic rocke in the: upper-&lapah -may ind ica te  i' deeper 
. . 

and more restfioted envi*okrnent. - 

A 2  - and Corr@&Cion ' - 

Marine invertebrates' in the Alapah LLme~tone of the 
1 

Romanzof ~ounta ir i s  are; \ldcaliy' abundant but diatotted,  .. 
. . 

, . 

fracturbd, and eo comp$etel'y . ,  gepplaced by qbaxte . . or c d o i t e  

that for the most part:not even genera can be identiEied. , : ' 

crinoid colmna,l -. -. . . . , '@6guent8 are M e  moa't . - abufiant forms. 

Brachiopods ., including i spi r i  f &*id and product28 types, are . - - .  

preserved, as-are , .  questionable pelecypod she l l s .  
, , - ' 

Corals, inqluding colo$ial ti .. thostrotionoid, . 'syringoporoid, 
, ,_- ._ . , 

! ' 4  

an8 solitary types are j better preserved, :being crudely . 
. . . - 

s i  l ic i f  i.edj although .m&ch--:distorted. - ~ b s s i  1- collections from . - 
. - 

. - - - . . - .  . 

t h a  area have been ideritiffed . . by J. Ti Dutra, 3r. and Helen 
. . ., . , . .\H ., 

Duncan of the U. 5 .  ~eologica&~~?,gpk~. .  Those i h  strata 
. , . I - .-- - .-, 

referred here --:.the ~ l a ~ a h  Lini=s ton= aze sh- ' in table 3 : . , - ,  

most. . if not a l l  of the collections cgpo f rom'.the sandy 
. " .  ; ' 

. limeatone unit.  , . 
- ,  . .  . , 

con&rning. t h e  co f k m  the- l lapah Limeston6 of thie 
, . 

area, ~ u n q a e .  states! i 
, . 

, - 
- , .  

the 

-. = - .. , 

. :. A- A. . . . 
, , 



T a b l e  3. Faunal $d~ntificatione from the  Alapah 
Limes tone, Ronianzof Mountain8 , Alask-a .. 

I 

General 
Location UBdS No. 

O l d  Man 5jl0 fe. above 
brim 

! 

Jago River 

Old Man . .  
Creek - 

i i ~ o ~ t & t i & o i d  coral, 
' genus indet . ,  ' 

'in --Lower Alapah (OSNM 
loc. - 3p 07) i n '  central 

a Brooks.@ngd 

O l d '  Man. 
Creek 

- - .  

10-26' ft. 
above. base -. 

I ~ ~ ~ C - P C  approx. ' S O  it. 
- . above base . . ' 

i . A 

~iphonodendronl; sp. , . 

in&-t. I' 
(preservation very poor) 

~ r i b u t a ~  
of Hula- 
hula River 

, . 

' 

19571-PC 
. . 

> ,  
, - I 

-, . 
- - 7 .  :. , . .  . . . . . 

1 
I - :' . - - P a '  8 .  - . - , 

,- , 1 , ,. . . 
. .  I - .  

,, , 
.- 

-. ,! :' L :  - .  , . t 
-1 , , ; i - ;  :..?:';' -,-. , , . 1 . , 

. , 

O M -   an -- 

~ r e e k  .. 

 jag^,^+^^- 

. . 

: ~2t;~b-~tary , 

:'of. Sula- :. 
hula Rivex 

, , . 

~ i v e r . .  

, . 

J&ef. 50, ft.(?) 
i -, . .  - 
, . ,  

- j 
I . . . -  

. -  , ,  - ' 

i g s 7 2 ' ~ ~  
. ,  

. . . .  

' 

-19573-PC 

Fabeto h llum?, sp .  i n d e t .  Fzdd&. . 
brachiopod f.ragment, indet , 

- -  
' 

, 

w i t h i n  100 tt-. 
of! 'base, ' , 

\ , v 

G i b i n 1 0 0 f f .  
oftbake- . . . . . - i :  I" .  ' 

I 

j 7 -  , . 

-c&halopod? , indet . 
U ' .  

~ 3 n t 6 p s o d u c t u s ,  sp. 
-frde t .- 

bel~&&hontacean 
- gastropod,, indet .  

. .  - 

~ a b e & i i ~ i ~ m ? ,  ap i 
. , 

. ' - . A  - - 

- & 9 . 5 7 4 - ~ ~  kiphonodepdron, sp. indet . 
. , 

- ,  ' 1 .  -. 
, m I . 

. . 

. . 



0.. 

'The few other f~ .esf ls  in theae aolleotio.na also euggeet 
correlation w i t h  the %ewer Alapah. Gigantogrodu'atue oaaure 
with ~ith6etroCionoid taorals in many ,plaoes. ifi .we lower part 

. of the. Alapah .~Yme~torie &e^ral.it has been. examined in the 
eastern ~rw,l&C-Range. .,_ . . . 

a , -  .. . --. . . . . 
s- 

During f i e ld  s t u d i e ~ ,  the author tantatiGely ident i f i ed  
\ 

I) '. 

b - 
-~ i&oetr i t id io i~  c o ~ q l ~ .  I \  which. were not collaatab~e tr& 

I ' 

several other places withfn .. 100 I feet -of t h i -  ,base of ' the .Alapah.. 
. . , -.. 

, . 
~itho~ttotionoid -rags repoited . .within . 5 0  feet of the top of 

the, l i ~ b u r n e  (sable ; L959, -pi 47) , now 'considered t o  be f i s  

the wahoo,(?) ,Format ion of post-~'8 s i s s i i > ~ i a n :  age, are appdrently 
. A  . . . " .- 

a new genus of unknow6 age *h*f ini t ies  .(p. 5.7). . ~ & t r t i w  fi.16 - , 

. . 
> .  

identificatjone of- ~i~antoproductue'~at sefteril lacalitfea, but . 
, . 

, - 

st u*-h ktratigrap+io '&it ibAi . , were: a im !.de. 
. - 

Pram the above .ei idedce,  ~1ap;h Limbotori= &n #e - '  --. ! -  . - .  
- . ,...%,-. , 

bmariioi . d b ~ t * i n s  . . i s  &ondidciaad tq be, e n M t e ~   ate ~issia s- 
. . . ,  - . . 

-L . 
ippian' in age; The da& Carbonatei, dblohitic ,beds ,,' &d aark 

. bheit in 'the up&=- park . . ,  .Qf t h e  AI&~ appear simi ar to . - 
f .*. -.--, , 

- .  ". 

f 
those .in dpctione of Mapah liiestonea deecribed -:by Brtoage 

I '  :j . , 

.and. otherh elsewhere - in. the eastern Brooks Range .. The sandy 
. .! 

to quare~.-~ran~le cha&oter o f  &e.. lineskon& n , lower 
1 - 

I. ' 
1 .  . .  \ ' 

part of the daqu&cc, bowevar # does not phLr i o  have 
. ,  . - 

....- identicji" . - , I. l i th ie  &nt$rpartb . . _ .  in' '~octions . . . . . ._ . &own by Broage and .. - .  
-* ,,. 

. A .- 
. . ... 

' bthsrs; a%thoigh nanguk -(3+;3, p. .  15) -repor+b arbnaodous 
. - .  

' ! . - 
i i n e ~ e ~ f i e  hnd bla* i h i i e  i.5 the  lawet 500: feet sf the 

: 
. . I . . . ?  

. _I 

~is6urie.-oi Jod the * ~ l a s k a - ~ u l r ~  bobndary . S m d y  
. . - , 

m a t e + i i l - .  may:: f =on- a no;+h.m !source -ire& or 
. . 

- . r ... 
from -th&-~6henaof . , area 

- .  - . . .-- 

. - , .. , . , 

itself.' . . .  
I . . 

- .  , . . .  - - 
. .  . ' . 1; . _ _  

a .  . - '. - 
< .  . I - 

. . I ;  . .. ' .  
. .. . - . . . 



Wahoo(?) Limestone 

Name and ~ e f i n i t i o n  -- ..- - 

' .  

Bros(re' and others (i962; p. 2190-2192)- have. nee !  the 
' :'\, 

U ~ ~ ~ ~ I U O S J  t p*rt dt. the ~ i i b u r n l ;  . ~ r o u ~  in ~=::=aatern Brooks . . 
I . - .  

Range, the Wahoo ~lmcato$e. -.&be Waho6 ooou+i at aA&st a l l  
.. . , . 

e - t h  8tooke Rmga l ~ * ~ l l t l e q ,  &d ie diri~ed;.into.' two 
' 

A. , . - .  

, members by Brosge. T h e .  l w e r  .. .I .m&Iber,, . . present* in a l l '  sections 

I . examined; is characteriz& by .medim-' .to ilght-gray, coarse- 
. . . . I 

grained . . ,  to lithogfaphic iimqto&, and diit&i=i'fram th. 
underlying  lapa ah ~ime8t~ne mainly in t h a t  it does n o t .  

. . - . :  . - 

aontain . dark . carboists &ks. .- . ~ h e - ~ u ~ ~ e ;  ~ ~ r ' ~ o n s i 8 t s .  

&at ly-  of coarse-gtained 'orinoiddl . . iim6;toh~:;wi'fir inter-  . - 
bedded shale and sh.19 lijrn~<o~nc, and' . . is disting&h&d . . . . : b i  a 

. . -  . I . . . . 
zone of - ,  blaak nodulai ch&t. , ,  .at i i d  .,base in &st seation.; - 1  

Siksikpuk ~d-at ion  ( ~ a k l ~  - . -  (?) ,.- -Permian) farther .west. s be. . :  : I 

f .  Wahoo .is coneiae=ed., to 'be; &bably Pensylvanian and ~ 'ermian i .  - C - ., , : r 
. . 

i 0 .  

and the  lower p A r t  -may rebreserit most of ~'~ennsy ivan ian  ti me. - . ..- . - 

8 .  

-  he part 'o? thb iisburnh ~ r o u p  ae -used by., sable 
I '  . .  . . . . . 

(19 59) hnd Bunnell (19S9) 1 1a hare. tdrinbd Wahoo (7)  ~iae; tone  . 
! . . 

on the  basi&.of l itholcjgi~-biiPiiarit  ..(  , and pos-itlon re'lrtlve . - .. - . . . - . i - ,  . 

to the und6?ting dark ~li~ah. limaatones and. everlying 
, . .  , , 

. .  . I . 2 

S'ac¶&e=~alilt &-mation. k . ' faunal. &ha=&pter, 'in dollec tion5 . 
.,. . , . , .  

, c : .  
, , . K ' :  ' 

. made f iok :thesen rocks': tndt $gagnosti&, althbugh 
-. -. . 

ccwi rab~e id -~L~e<t i~ns  , . . .  1 . $G- e. t a ~ i ~ h e i :  . . ~ a h o o  
, d . P . . .  

- - Limestone .. . , . . . I  , : , .. - .  . . - 



~ $ 8  trfbution and - Out orop 
The Wahoo(?) Limeatone is beet' developed in the  northern 

part of the areatran 0k~i;ouiak C ~ t . e k  " s a t k d .  It was no t  - 
. , 

recognized in the-  east-nrj*he&< trending be&+ .rhioh adjoins 

the noithern margin df the sraktic rdoke or in a few pl*oe~ 

farther. horth. ~ha'.uppe& of the -~ i sburnc  G ~ o u p  wao . . . . . 
. . .  

. not examined farther south axong ,the'3ago 'River. . 
I 

c r l n o ~ d a ~  limestones: in ' the .Wahoo(?). are dFstinctive ' , . 
. . . - 

in thejr  lightlreatheging colors relative-'to the .uppermest 

photographs. They co&nofly weather to c L i f f s  and massive = ' - - 
. - . . -  , l_edges, but are'. 1oeal;ly fr l4 le  i.' .. 

. . 
- ' ~ h c  lover part of thg wahoo ( 7 )  Limestone i s  - &inantly 

' . 
..  . 

.'.*..hi. .. . .. . .- , . . -.. ..-. - 

-.. & .  medim- to very f ino-graiped gray' lifae;tine, weather. -blocky .i . 
. . 

to maaeik, and -0o.ntains perhapa 10 krcen't lensad and beds 

of coarse-gr=ined crinoidal >limestone which. increase in /. -. - - 
. . 

adundance uprard~ . - ' ~ o q u i h o i d  beds consipting aoatly of  - . . 
I - .* .i 

< .  . ; 

b.-zoan and- . . biachiopod, f kag6ents ' w e r e  &en in a few exposures . 
. . -  - .-. 

i 
near the base,. ' Chert h d i  dolomite . ,  Bra . ,, aonepicbous ly abeent 

! 
or vary rninory:$n . . occurrence. .,. - 

3 .- J . /.+ . , ' 
-a  , . 

. T h i ~ k . . & l ~ s i v e  . , - .  b$db o f  bioclaetic crinoidal l&etone 
. . . - .. ; . .. - 

are . .  dieti<ctive units w h i h  . cmpfisi. '&about 90. p&cent d t  the - .  . . .. ' _ 
upp= part . .  of , I the are ' l i g h t -  to medium-gral, 

. . .  -,?, .. . 
weath-er whitish- , _ .  _ - : _  to &ightlgray, are w e l l  coneo?ldated to 

, . . - . T  . . . . ' : 

. .  . . . .  

. . to 3$ry' i h = l i - & $ e l a i l i d A  , -. -... -% .- . , . , ,. . platy tc flag& . ~imesfme  . ' imd 
, - . ' _  I .  



very minor amounts of dolomite are also present in  the 

uppennoe t part of the  seiuenae j scattered.. chert nodulee and 

.   en see ore not camon. A t  'least one zone of sebtarian mi- 
. , cretione and eedimentary chert,; breccid is locally 'aseociated 

-' . 
- .. 

with crinoldal limestone. . . 

Measured thicknesaei . of,,the . ~ahod(?)  ~intekitone rahge . 
. . 

from 40  to 'more than 200 if,&. T h e  ckinoidai l&mestone 
! 

, . I .  

occurs ih eets -of  beds fsom 40 to130 feet t h i c k .  Some of - 
. - 

\ 

. . t h e  thickness variation df . .  lo crinoidal linestone may be 

the result of intertongugng w i d  th,e lower part of t h e  
, . . . 

formation which eljpea:? 40 range' f rc* 35 ti lO&feet thick,. . . 
-. 

but most of 'it is p=obab& the t e u l t A o f  &~=lon.~rior  to., 
d.- 

Sadlezochit 'Potmation . , da&sitidn. The Wahob(?) ia abment,in 
, . , , 

some l o c a l ~ t i e e ,  p r t i c u i a r l y . i h  the belt' =djo.$ning the north 
'. 

-. . . . .  -- - =[-:-aide . . o f v  the ' mace ! -:In-fhia;belt, .-+- - ,.: .: i - .s.uuh.. as - .  locelitles 
A- '- ! 

- .  . - . . ,. - 1 : .  

of basal Sadlerochit Foqation 'guart.ites- overlie dark lime-. 
1 :  
8 ! '  

atopes and- do1,ornites i a t d ~ r e t e d  to be tipper ~ I ~ ~ a h ' . . '  , , 

i '  
I .  

.  be -Wahoo (?)  appeard to be c,onformi&le wi& the under- 
. :  ! . - 

. lying Ziltipab Lineetone,  Although rock* on either. side of the 
-. . -  . I 
contact ire . . considerably . ,  The uppermost beds of. 

- - 
-- 

the ~ l a ~ a h . - : a d .  .. i hostly . . ', ordnge+te!athering . , dblomites while thpse . .  
. ,  , 

of t h e .  basal "a&& ( 2 )  iose i l i f  er.hu?: l i m e - .  
\ .  

- ,  . ... . . . - - .  , 
. . 

1 '  

. .  - \.;' " 
# .  

~hrtie:i&;rtebr&te: . .. . . :  k be con- 
- -  . .  . L .  . ' . - .  . , . . 

f idently l ~b= ,&Ld , C&  ah 
, , . . 

- ,  

, , i. . 
I 

. - 
, , . I  . 

. I .. 
. , .  , ;.. . .  . 

. . , ; , ; 

\ 
, 

I 



These w e r e  i d e n t i d e d  by J. T. Dutro, Jr. .and Helen Duncan 
' 

of the U. S . ~ e q l o g b a l  5Urvey. * .  

, 
-, 

Table-' 4 .  8a&al ide;tifi=atione imm t h e  Wahoo(?) 
, L-hestone,  ~amati2of. ~ouritainK; . - Alaska. 

1 '  

. 
fi 

- .  

. 

. 

. 

.., 

. . 

. O -  

-.rdent'ification-. 
! ' 

ienes+~lla;.~ spp..., inset. 
%enestraten bryozoan, . indet.  - 

(apparexitly .4:.genus with 
. a coarse. supetstructu-re -. 

cf. Ii3otry-p 
. . 

Genera 1 
Location 

okpilak 
River 

.. - oaoidaon'kna? ap , 

J 

-Old Man . .  

USGS-NO. 

195.77-PC 

strat i -  
g x a h i c .  P ~ o s  don . .  . 
~ e i ~  +an 

,100 f t  . - 
below : top 

! . t  ' . - 
$c. * -L- -" . 

In addit i sm,  Dupeah +~&rks: . . .  . . . .  - .  
. 

! :5 - "Few corals ware obt/ined fioi the ripper part .bf . the - I - .  

Lieburne sec,U.on (author's note- W'ahoo(?)'' of this report). i-' 

.  hose t h d t  *':occur .ark ttpes found' in tho late* part of. 
the Lawar ,~arl5onf.f&rous. " 1 .  iauthor ' e note- the 'coral in . 

19175-PC is':..~~fl".cdnsid,eted. to be the ' 4nly one caklected from , 

the .WahooC~)i.~~.~.Anothermco~lectio.n,~.19574-PC containing- . . '  

Siphonodenflronb"ap. --&nget! (tabl'e-3) ,  whieh'wae referred t-o 
Duncan. -as being, . q u e s t i o n q l y  .in the upper. part . , .of t h e  
'~aquenqe, is a-s t cei tajnly  Alapah J . - 

. . . . .  . . . . !  
. . Dutro- adds; . . -  . . . . . -  

. . .... -. . . . 

. . ."- . . . . 
. . ..... .... 

, .  . I . .  : . . 
- .. , . 

i - . .  

Creek . 

016 Man 
Creek 
, 

. , 

.- 

.19176=PC . ~ r + & l ~  

19175-PC 
- 

. . . . . .  

. , 

-- . 
.L.- : ..- :-f- 

new 'genus 
- M ~ Z  

- .madtus 11 . :G 
- 

. . - 
' .  

I , 

' . 

. . . 

. . .  

. .. , 

i 
26 ft. 

.below l top - -  

! ' . 

, echirtod6~mal debris, indet , 
kolonial  cbral, cexLoid- . 
. dibun.ophy&lid,. probable 



Rocks of the Wahoo (3 )  Limestone in,. tlk Romanzof area - 
- in general resemble thdse described in the Wahoo by Brotrge 

# .  . . !.. . - 
and others (1962, p. 2191') ; part iculakly  the ooarse-grained 

, . 
crinoldal lheetckes - .  oi the& upper manbqy. .Rocks like' 

those in BroscJegs l v e q  m&h Were -ndt eerbgnized with . - ' 
l , .  -- 

certainty in the  oma and of t . =%a. ~t iak.  Iake Peterp , - 15 m i ' l e s  
- - L ,  . . . . 

. west of this area, the i lme~ *embe= ia ' 4 4 7  f&et. thick and is 
. ' !  . 

overlain by the Sadlerachit Formation. In the ,Romanzof area,, . 
, . 

it is . . uncertain whethei the -lower member is "*sent, present . 

only in the lower 55 'td 100 feet.; or.-ie.- represented by a 

dominantly - crinoidal f icies . : ~ q r t h e k :  work betwen lake - . 

equivalenay.of the  rocG thita'; ' , . 
- .  

-. , ) I. . . - 5 

, . Like the Alapah L ~ M P  tone ,: wahoo (?,j ~ i m e i t o n e  i s  thinner . : 
-, . 1 ,  

- .*i-%r -in the  ~ a n e n z ~ f  area t i q n  i n - ~ k h o b  se~~drfone measured: i d t h i n - -  .-. _ -. _ A .  
-.- 

I . d 
. , . - 

4 ' .  - 
75 m i l e s  southeas-t and kouthwest and appeais to l i e  along the 

, , . . 4 - 

northern margin of an 'e.aaterly trending depositional basin 
- 

- .  'I . _.. . 
f -  -w 

\ 'b (Srosge  and -. others, I96i2, :fig.. 5d. p. 2 1 8 7 ) 1  t h e  Y*on 
: r . , 

Territory . M i t t i n  - ,  $ obskrvadoh .. (. 19 59:; p. 2425-2426, and 
, r - -- 
I .  

' fig. 7, ' 2 4 2 3 ,  . .  and f i b .  ' 20, .  p.. 2448) indicakd nor= than 
. ,  I 

I 30.00 . .  .feet' 69 . . Parno-Pennpylianian &kkck.. These Lnclude 
- .  - - 

. . .  . ! .  

..-. .. - ~ = ~ s ~ l & n i &  litwstpneb perhips.' as- much as .28?0- - .- faet thick -. 
i . -  

a d  ' ~ e n n ~ ~ l v a n l a ~ - ~ e r m i a .  narrns a l a ~ t i g e  and: ninor &~a- .. 
. .  . - I -  . . 

, - - .  . - 
. . - .  -- - . .  

. - ' and clastj.de . . -  . - .  is n,ot. k'noln, bit &e th ick  carboiatea occur 

along- .a. pkojected . .  krend 
. - . . - ,  

, . . : ,  - , , , 

of the .  easterly-trendLng Wahoo 



carbonate degoeitional basin shown by Brbsge and othere. 

~ h q  ,carbonate and clast4a depositAona1 I- . basin shown by Martin 
- .  

trends northeasterly. -X -Xaxge-scale kegional picture 
i - 

indicates an el-~figaat; miildly :negative area during Middle - . .- , 

. , 
, . .. . - 

, Penneylvanfan to Lower permian qme which strikes northeastward 
! ' 

'toward t h e  ~ahadian ~ t o ~ c  1slande ( ~ d r t i n ,  -1961, p. ~ 8 ) ~ .  
- . .  I .  C 

1; the ~Aeniof . ,  lightee''-co~ors, : .  - bioclasti? nitire, 'and ' 

- - . . .  
more rndsaive charactero'f t h e  lower part of 'kha ~ahoo(7) con- 

trasts w i t h  underlying dark nlapah rockn, probably indicat ing,  
. I .  , . 

open-llea ahaltor-shelf  condit ion@.  omi in ant 'crinoidal debrf s ' 

upward in the  sequence G interpreted to be- biostromal in , . 

- nature and refleets i n c r e a ~ e d  current- activity,of unknown 
. '  . . 

direction.'  L i t t l e  or  n6 elastic material .appears to b& . 

preaent; foreland areaa bay have Pain to: the  north o r  wese., 
J .  - 

, . ,4>%~', ,. 



Permian and ~ r i a s s i c  Byeterns - 
I 

~adlerakhit  Formation. 
- . . I  

Name and Def in i t ion  
* -- 
... 

$he  adlo lo so chit sandstone $as f irs t  n-d by ~ e f  f i n y e l l  
, . 

(1919, p. 113-115) after tha 8,adlerochit'-~ountai ru, -15 mile. 

noxthweet of the Romanzof ~ountaina. . .  . ~eftlh~wcll defined ' 
. . 

. the fornation to overlie lhburn. . . ~irneetkhe arid.un&=lie t h a  
, . 

Upper Triaaissic Shub1i.k- -For@ation, k d  t o  b e  ,aomposed of. 
- .. 

. - 
f e r r u g i ~ u s  sandstone qr quartzite w i t h . :  a few copgloqeratlc 

--__.__.... - . -. . ... "-.=-. 

layers. , . 

~ a b l i  (1959) and . ~ u m i i l  (1959) map&d a l i  rocks bqtwe,en 

t h e  ~ i sburne  Group .and t h i : ~ h u b l i k . . ~ b m a t i o n  in me ~ k a n z o f  
. , ,  

.I ' 

Mountains ae .&a4larochi+ ~orm.ati& and ' div ided  it intb' the 
* 

' .  ... - 

f erruginous sandstone, shaie., : and quart dte" mhmbers ;. f h i s  . . 
- I 

--. 

'~'&?tninology . . i s  used in the / present repart.' -. 
- - .  . 

. ., 2.- :. ' -, 
, Kellel', Morris. and ~&t&nnan - (19'161. p. 177) , in. the . . -- - - - 

. . 
. *z+ .. ?. - a - ..- :. ' . . . * - 

. - 
..a- 

'gh6~io.rik-sa~bvanirktok - Rihent . . area 9 0  &led wes t of the - 
. . ,. /. ; - 

~ominzaf~, have divided U i  .! . sidierochit' .&;to thc Echooka 
- !  

.-.- 
~'ember. pf pemis&age 'and $he 1vishak ~ d e r  of &rlY Triassic 

- .  . .  
age. ~ecord inb  'to .~rosgc 4nd others (1962. p .  2 1 9 4 )  .. . the  tom 

.. , 

. , ; -  I , '  

. ~riass ic  rock& &thin the Breaks Range east of ..the Ivishak 
. ,  : . 

1 
, 

Rijer, .and.'bGeelkesthe ~iebu-rhe.Group & ~ t h  unoonfoeity it 
1 - ' :, 

h . . . r  . . . .- , , . 
rnog,t 'places. 1 t s  t h i  ~iksik~uk' . .I ~ormgtion 

, .  . 
; i 

( ~ a x l y  (?) . ~hnid) .. 41) , eiposed weat. of the 
3 : .  . . 

. . 

- 1vlshak ~ iet&,  are: n o t  k n o k .  : .  . -. - ,  



'DFs tribution and - Outcrop . 

extensive along &e north j f =orit of the ~omankofs 'in an eaBt- . . 
; . :  

trending b e l t  which narroJ~ easeirerd.. T h e  .hale . , and quartz! te 

unit. are e x p o ~ i d  throughcjut md;t oi - .  the out&&: . - out- . I 
crops of t h e  f erruginous sandstone ,member occupy'. a amallse ' 

1 .  , .  ' .  . . A  

area. . . wing'  .to the presefics of .poorly r'esiatane shbly rocks. . - 
c ., , 

. . 

and be'cause many of the  hg11s cgciljrised of ~Glerochit . , '  
. _ .  . 

, . 

~onnat iot i  hive not been recently glaci8ted'; .- - Ulei.exgq~yres , . I 
are mostly covered by rescdual rubble and ,talus: Good . . ,  

'r'"'u -: e-xpoouree of. the - f erruiJikoys :sand.e t o~ 'kmb8r  lie.:on the - 
mountaindidas -4 oiniog thB 0kpi~6~rak . .~rektk , ,  e&t- side. of. 

. . . , I 

t h e  Okpilak River, and along o l d '  ,Man .creek -'and its tr ibutar ies .  ' - ' " - : - I 

. . 

Xn 09tcr_op, t h i s  cliff?-fo+ini3-.'unit has a pmnounced.irpn- 
- t I I - . . ,  

..,,s,tai-ned aspect..- - The quartzite rnembek weathere to. grayish 
. . 

-d- ' 
hues, and e tab i l i  zed rubbl= is lhrge-ly, covered. by ;b~&'$' -- 8 .  . ,OF.- w r  

1. 
' "two-tonedn appearance due i t o  .the lichen covering ,and the .1 

1 . -  
amount of light-appeaeing Shale in ,&e =&bled 

. . .  

'A1 ;~ad];&oj;ochif rooks . . .  i in thts area, arc. cladtic:.typeli 
. . I 

considered .k.. be dtiposifed-j in marine en~ ir~m&t .  and no b .- - - I  

, L ' .  . . . .I ,  

carbodate rbcki '&: - are lincluited, in the fom;ltion. &though. . - I  
- 7 .  . . - .  i L .  . - 

I _ some sand8tonbit are caicdr oue. ; ~ear l~ ' : :&l&of  them h&e been. I 
. - 1. . . 

. . - .  c-  - 

I 
. - -  

- , ruble&: _ .  . to k~niraic and. iw .grade.'netambrphia~~~r(cl~bing 
I - ' .  . . - 

siliciticati6n . .. ..:  he pxese t 'rock8 are therapore .@stly 
' .  . 

, - I 
. ? :' . - 1  ' 

, . . . , . . - 
. ,  . I .i. A ,  

, . .  . * .  . .  
- -  i . . - 
- '  i , .  - 

I . .  . - ,. . i . ,  
' .  . . - s 

. ... , ;. :. : ,$.. "'. I 
.-.. , . : ! '? -  -...>, . ..-- '.' - !. . I . 



quarteite'e and s l a t e s  .which, however, are not 00 severely 
L I 

altered t h a t  the sedimentary features have been lost. . 
- ,  ' ' I ,  .. 

~er tbg inous  sollxlstdne member.  - Along the  Okpilak River 
I . - i . '  t! .- . - 

quartzite, quartzitic and l int$ sandstone - and silts 
. , 4 .  

'minor thin conglomeratic bed8 -occur inn. two f a i r l y  
> , ,  -7': 

massive cliff-forming uni t s  idparated by ,a unit  cdmposed. 

, dominantly of medium-dark qrdy h a l e  ,_ an8 B~a$k. .;-The ooarser . . . . 
elastic units are arsi~laceoub And re,rrusinoris- h -  due . t o  numeroue 

1 
' limonite grains and ox'idieed pyriti-, aregenerally medium 

derk-gray, f,ine-gxained to s i l t y ,  and occur in even beds 6 

inches to g feet t h i c k .  . pebble . conglom&atee oonsist of 
, 2 ,  

about 70 percent hell-raqnded gray ohe* 
, . - I :. 

=otanded allicebus neduled, , .  Ad c lay  
. . , . 

co~spicuo"~ i n  the lower ' fqi- @+t. shtily beds - less than 
.a  ..t&.-7. ' - . - 

1 foot thick are plressnt. ~bundabt hut poorly-proserved , . , . 
. , . 

I I 

. , - u  . - : fossil molds and casts. r:nge throughbut most of theflower unit 
- ,  4 ,. 

and are &st abundant in !th&ba.al -part.. Fosbils a ~ e  fare to 
1, ' ,  , ' . .  - . .  

absent in the uppermost u n i t  which contakns a va-riable-clay 
' '- 

, . . - 

, . size content and- iq not e ~ e r p h e r e ' w & l l  I . . exprsssgd. Pyri t ic  
I .  . - 6 - .  

con~retions occur in' all khtea- uniba . 
! - 

. ~xa&&koi of' thin beetions .shows that ' sandatgnes f rorn 

t h i s  membef-*:&eist of!' clbieiy pack&, yell- sortedsubafi*lar . , 

' ' 

. - 
' I 

-, - ,  . - 
-. -' ., " 5 '.. . 

,. . 
quartz, . . Lr+n oxides, ..  he^ ate  

. , - 
. . - ,  . . 

cl-aeai.fied' as , .. . .  
4 / 

, ,  . 
06 t h e  ierruginaus sand- 

:. . .  - -. 
. -  . I .  

along the 0 i ~ i - 1 ~  River - 
, . . . - 

, - .  - - .  
. . . - .  

' # - ,  , I '  I .  . .  



and Okpirourak Creek. Exposures along the Jago valley arc 

too poor to recognize th1;s subdivision.  AlongrOld Man. creek 

A a  Rulahula ~ v e r .  &rain&eL hany eections indio i t=  that the 

toming quattai't lc rocks compdae -the entire msmber'in some - 

I '  . . 
thmughobt i t s  middle and; ulipor   part^,, 60 that thee three- 

! '. 

fold unit subbivksion ie n o t  vaxid throughout. the area.' The 
. ,  . 

Vl ickne~s  of eha iernuJiaou8 sandstone is 1;5 t o  '240 . , 

feet and averages about 200 feet. 

, . 
shale hembsr ,- Mediui , d a r k - g k i  . to. black i 1 1 . t ~  md clay - 

- .  . .- 

.hale with about LO to ZO! pe=ae&-' t h i n  iht&b=dded quartzite - 
I "  - ,  . '  I: 

comprise the sha.18 member!' of. th* Sadlord it- ~ortqhgion. The 
i .  I I '  

shale is. uniform, laminated 'ahd .bpded, wf kh beds a fraction . 
- 

!L,&.%-. - . . . - -..T :7 - 
to 1 1/2 ini?heit.*thiok, an$ .st* oi bekti?ai- mi& aa  30 feet 

t h i c k .  ir f e w  1- te 2-in& be& o.f ,gddilar clay ironstone arq 
! ,  

' interbadded with: the  ahalbta, and- .d imsdnated  pytke e r y ~ t a l s  
- .- - ' :  

are tdtati+kily- kcamon, -paktic;idrly in bl&k sooty shales. 
- I : ? ,. . 

i aui&zita arC . .  medib-grap, I n  laminated, e v e l y  bedded; 
. - .. i - 

. . . . . . 

maatly- less-- .- t h k  1 . C o o t  q i a k  and weather pale yellowish- 
. 

. . - : . . ' I  . . 
quaxtsites, resemble & ,  those in the---overlying 

. r h i  &&a; , , -&tinuttea f the- =hsia' unit are . i ~ p k ~ m r t e .  

. def omidtion nia$n& by flt?age; . . .as a result ,:. apparent thiak- 
i '  -. +. , I  ) . . . ,  - 

nesse~ 0% ;&e-:&atibri- . . vary .cdniiderably. . , Tn -- addidon the- 
. -- .... . - - . -  . - 

shale. -- . g&q& tha 4uartzite. ne&u ro thbt ./:. , -  . . I 
. . 

. . . - 



the  contact. between the two in one part oP the'area has 

probably not been drawntat the same depoeitSona1 horizon 
j - 

elsewhere. The average~tHioknesm of &a ahalk member betwe'en 
! 

the Jago and Hq&,ahula ~ i v e r c i s .  believed . ,  to  be &out be0+ 
8 1 . .  - 

feetr but apparent thickneaee8 range from 200 to. 650 feet. 
. . - .  

Farther ~ o u t h ,  .in the .qrrther&st expbsur~s. a t  the ?.ad mot 
. . 

old nan .Creek, M e  appairs i o  be - scv=ral .hGarati f i s t  -. 

' i . i 

thicker. (Bunnell,, 1959, ip. .42). . The apparent southward ' 
. . 

Increa~o in thi0kne.e My be in part. due to southward - decrease 

in s iz*  of the upGer part of *. fer&fnous Sandatom 
. . . . 

member, or to structurai . duplication . of. riectfo~r~ -  he latter - '  

po@.ibilCty vaa =ongidej?ed .'likrly during field-e;udles, but 

I9 no vidence for ~t~uct~~l,disloca&ion~ms.rdcoqnLzad >.  . . . . ,  in this 4 

v l c i n i  ty . - Rooks of the member arew monotonou~~~ ' ~ imi lar ,  and . - 
i ' . , -  i 

t.he unit  .,contain, no- knahn' key bed*. . ,  . . 
* ' .  , 

- .  

- - .  
- Quartzlta member. - .  Quarkzit., $?a~er amounts sf e h a l q  - 

I .  . 8 . . 

and limy sandstone, and-&or amouhts of granule-to pebble- 
! -' . ,  , 

aanglomerats i grannle- to: Febble-b+eccia, ..- . and :clay - ix~nstone 
. .st 

const&te the ypperko~d me&& of ~1;- &acdrochit Forration. 
I .  , 

- cory&ktiag lhggely . . of. re' b t a y t  bode. wh4ah uphold high ridge= 
- .  r % .  \ and hillr.,:.aGartiiti ratg~@li up qboit 00 peraeir of-the member. , 

- -  i .  . . i .  - - .. . . - -  . . c - -  

The q~artZi-t.ei: . 1s i t ed ib-  i to ,medi@. a*-@ray, Link-. to' very . '. . I . .... . . . . . . 

' finc-giaip&b,n d ~ s e , -  appbrOntly, .well s o r t e d  ~d clean, and 
. . - .  . .-: , I 

weatbers . tc , p grayish , . hue; . .:qe& ire . q ~ ~ n i ~  
. . . . - 'r.. - -  , ,  

bedded, - ,  average '-abolit' .', 2 $&it and atp  as. much- aa10 teat  in 

- .  .- . I  , I  
~esistant : . ,  ?sets- : - .  df k d s  i r e  gs much Be '50 -de&t' thiak .. . Baxtu+e 

I - .  . . ( '- 



i o  unifarn to laminated, and :beds1 loaallp aontain  epmetr i~a l  

-- but irregular ripple ntaltks @f *all amplitude and sdattered 

palecypd molds on their aul?iaaea. Id thb section the -- 
I 

end very fin; grained a6=k : a -  iobk - fr&gtoe&t. . &cally,  h e a e .  
. . ! .  . . . . 

msiatates icornprf se aB njuch 'as : 5 'percent o f  the rock, ind  
8 ) .  

. ,  - 
inalude . euhedral to wel$ rounded xlrcon, . epidotti; aphene ( ? I  , 
tourmaline ( P I  , r u t i l g ,  and garnet. Quartz o*drgrmtha on a 

*- 

quart2 gxajne are. locall$ corsmon. Cement (5-i0%) ie m e t l y  .- 
I .  . . 

microctyiyllina  quartz,^ chlorite ,  and'seriaite. 

Gray to blaoh shale' and. s,late, similar (to'- that' 'id the 
! . . 

. ........ . . : ,  . . , . b i z  . 
- 

4 --- ..-a d-' ' . . 
shale mambs_r,. are- interbiaddea with .,qibrtrite. and occur, in 

. I . . 1 

t h i n  set. .of beds aomrno~ly 'lens thad 1 foot thick.  -Pale . , . -  

beds. The -- upper i00(?). Zeet o'f! the.unit'-iaflaggy, ripple- 
v - . . . :, :,.>' * . . " .\.<...\. . , Y . . .  , . 

marked, .and contains - a 'fbw 'plecypod. molds ; quart-zitic con- - . , . .  , . 
d- 

glcubratci oocurk .as .bddei snd '1anl.s- L=SB than 1 foot thick, 

- .  

fbir ly  we-$1: bbrted; packed, wnqin t df . gray -and- - . , I . . . . . . . I  

black chert, :,ni+lky...qGrt and *&ar m i  ligeoy,, ,ro-Sc ,;Qagments, , 
. . - ,  . . !  

and m&*r clay - ironetonel n a u l e e , .  ~ a ~ k  redd5.h-brown , ' 

weathering clay kronston as scattered- nodules ,or in - .  i ' 
. . .:- 

' -. . . 
2 

thin nodular. , . : ..- . bide. ~phekoidal  py.ri te (?:),' aon;cretions, now 
, . . _ L .  

. , - I '  : . . .  
mostly . weaeerkd to $ronbxidas,  , ,,. are of acatterid oocurrencs . ' 



 he tota!. thickness of t h e  quartzite member is eatimatted 

to  be about 700 feet. No cornglete uncmpllcsted sedt ion of 
- I 

thi. naabes was found egst df the ~kpi la ir  ~ i v e t .  West of 
I .- . - 

th,a river, Bunfit511 4195j .  p. (43) -rekrta a. minipurn 'thickness 
- , i .  

o f  500 feet and a pa~.~e.-rn&hum-of 800 feet. - - . . , 

I 

(I The Sadlerochi t ~o&at%on bver lies wahoo (?,i aid  "h1spab 
. . . - 

. . 
Llmaatonea of the Lisbu*a Group w i t h  d i e c a n f a k t i  '.>, to,& 

. . -  
- ,L 

least slight angular u n < o n f o d y  in the &md;nzof ~ o i t a i n s  ' 
. , a 2 

and i a  in turn overlain b y  the :shublik F o r n i a t h  w i t h  
. . . , . . - 

. < 

within t h e  sadlerochit *matipn .in th i s  area. 
. . .- , . 

The b a ~ e  of the Sailer&ik. ad 'exposed in 9 few cliffs 
, on the east valley wall bf :we Okpilak Rlvor, . 2  miloa south 

' 

, ., ...?h,)C*I .- . . , 
. , ,,,' - - - .  - 

of Okpilak Lake; '-. The . contact . .  is' -abrupt. '-4asal Sadleroahit . . - ' 

L . - -- - ' ' -  --- , _ T I  - . 
. beds are l o p i l l y  &nilm@ratic, . & i ~ a i n  ~(re'rt pos'sfbly . 

- :, . - . . '  
, .- - - .  

derived f r o m  the binburnk, ~roup,  and overlie no#; than one 
-. ,, I -' 

horizan ' i n  . . the W&&O (7)  &nestan*. I . .  1 !Fhel+sadletdchit b o a  
. 1 i 

ovsrli* ~ l e ~ t s ~ & n e  , . vit app&ent coni0nai t -~-6q G i t h a l i g h t  
b \ ,--. .... \ - - -. - . , 

discord+ce.: not e c e s d i n  5.. although - apparent disoor&nus 
- B . . -  - - .  

of  as much..'ds . . 20. wah aabn I _ -  :in .. ope i n a c c e s s i b l e  exposuie of ' 

. - ..! 
- .  

the o*ntack in thi-s vicihiti.  - ' ' 

. - I . . . . 
. .  , . 

If .the: . . base of is.interpreted to repre- 
. -. . . .  

. . 
. I  - . 

, . . . .  - 

sent a h i  :of the - local absenoe - 
1 , - -  . . , . 

T , .. 
: dL . 

I 
' - . .  af ~ l i ~ ~ d & a l l y . . u n d e t i ~ + n g  . - 1  Wahd~(?).timastone~~dlcatea . 

, per-~adler6aft'~ro~$on'd . . . -  . relief df mare -thin 260. feet in ~ l e  
.,.. - . ' _.  .. , 

,- 1 . , .  . - - 

mmahzof ri .:; . g o  , .'preeence , of a Late ~ i s s i i ~ i ~ ~ i a x k ~ e n n a ~  lvaniian I , --- ; 
I 

. . - . -  , - 

' .  I 
. , ! .  ' 

. '- ! 
I ' .  .:, . \ : .  

, . '  . 
- I .  - 

' $ - . .  : - ,  



- - ;'- r . - . -- 
1 '  : .  ', . 

regional unconfazmity in much of the  Brooks ~ i n ~ e  ha*' been . . , 

' verified by Bro8ga and others (1962, p. 2195). In the' 
: .  . 

Romanmof area, the hiatus  +a8 not  -accom&nied by severe , . 
. - 

dla=t.rophi.em, althbugh same war$ng probably..occurred. . . 

Contacts be tween members. oi; the s adlarbchi t Pornation 
' I 

are poorly y p d s e d  due to +.&. s k b l y  character of t h e  contack-. 
>.*. .. . . .  , 

, rocks. ~ e l a i i o n i h i ~ s  between' the, fsrNginoir aandist&? and. ' 
. . 

shale meJabiSra appear8 t o  bC cjradakional, .. and the contact- i q  
, . , - , .  . . ,  . . 

<placed between '.=tmimtafit and &rly rdtsi~tant .r&ks. , 

. - -  . . .  
.hale hnd qtiartzi*- mmbers are certa$nly grddati&n&l - 

. -  - . L. _ . - , - 

or intertonguihg, vl& thin nqFr&ite badi:-.appea+mg. in the . . -. 

. - 

upper 100 te*t, or ,so of t i 4  shale mentbsr; and chni3nating - i n  -. . 

th ick  massive quartziti beds; , , 

. . 
T h e  contdct between bddn ,+pb.ed.. i,sd saherochit Pormat i~  - . 

i , , 

. . , n .%p. 
maktz i t e , 'qer .  and . shublik . -Pombtion i s .  , poorly . axposed high 

. : - . ,+ , 
9 

on the Okp4ak vel ley w a l l .  ;three-$d&thb q . of a mile gast of 
. . 

' L 

.. Okpllak ~ b k e . ,   he highest badlergchlt ' beds ara 8 lace* , in 
!. - .  - .. 

.-9 

pa& i- ironstaiiadi- ' ~ h o s a  'a& avarlsin with 'apparent conformity 
L ; i  . . 

i - by. basal phosph(rt.-psbbla . s,mdsto&-f . of ehe? sbtlblik,,  hut  the - , 

crack =*tact .telitionehipoj are rd&)red b y  rubble .' ' 

-4 

. - 
a I :: . - 

- . .  . ?he ~adikr@chit:~~mhatb& . ...... ..: . $n the ~omahaaf ~buntains is' = 

., . I - .  
a=li=+*;to..be..&tirely .a p=oduat 'Of -sition in-atrina . . : : - - 
environment .'- -  he ferru&inob landatone. m*mbe$ is .  interbrhted . 

.. . . . 

- to:.r&r&ssrit: deposition .! in h sha$lm-&ih61f%ty~o . .  !%I . . , 
lnvirb-nt . 

1 - : .  
durins . I  4 . .   tiv ti^.&^ 1 . '&ld b t fludt@ating 'mirins &anagradrlo~. 

, . I . 
. ,.  

. , 

Sadrce a=& far tbi fbrmation !appear to heve . . i a i &  to  the 
, 4 .# . 



the fonnatioll t o  less than 600 feet and &.e more coarsely 
, . 

claet-&c nature w i t h  coa~$e aonglomerates in the Sadlerochit  

Mountains (Lef f ingwell, 9 i 9 i  p. 1131 Whitkington sod Sable ,  
.- - 

1948, p. 8~ 1960.,. p.  341, arid:,the--shaly > , .  character -.and .,.-, ' ,  - 

preaence of limestone in;. the la*+ -pa,* of the ~ a d l e i o c h i t  - 
. . i 

sobtheam t and southwest *f t h e  ,. ~omanzol!s :(srcsge and others, 
I . '  .,. 

1962, p. 2193-2194). ~ t i . s i ~ ~ i a n . a n d  qlder metdsedfrnentary 

rocks probably 4ntributed to' the aediimts. . me 

member w a s  depoeited be& wave base,: .and: lobal ly  abundant 
' . -  - 1 .  . " . -  . . - 7 -. 

pyrite may represent ckpoeidon.  Ln a ,  ewinic environment. 

The quartzite .!ember was:depoeited under ~hallow-:shelf 
. . 

'cmnditions, at last in part.-aboveb wave base, tthd rbpreaents 

a progressivbly shauorier +re ' m a r g i n h l - ~ e n v i r ~ ~ ~  
. :  . . 

upward in the  section. 
:. . - . . 

. - 
. . . ,, 3C-h* . - . . , 

A 2  and correlation Mi-. . - - . .. . . , 
7 ' * , ,  . - 

. . 

- Invertebrate faunas i found 'iri.'the ~ ~ a ~ i e o c h i t ;  ~ o k a t i o n  

include abundant but poo~$y: ... pre&rvia &rif ?mid-, productid, 
. - 

and, orthotetid brachi* B in me lower part of ',the G . 

- .  4 :  . -  . ., -. 

fe~ruginous  . sandstone , m e n b e r ,  d n i  possible pelecypod impres- 
I .( . 

=ion in slate,:of . . t h e  sh& ambet, and , .  scattered pelecypod 
I 

aoida add- '&he p h i a i  &nit= case in qusitPi tes and limy 
, . . ! . . I  

sands tone=--,di:' the qUait zdks mabee. 
-- 

. . 
~ o a g L l s  from yginous &nd&t&e'xw@er of the 



Table 5. Faunal identifications from the Ferxugipous 
sandstone member of the, Sadlerochit Fewt ion ,  
Rmanzof Mountpine, . = Alaska. 

1 --" 

Anidanthus? a ~ . - .  
Spiriferella? sp, 

Okpilak 
Rives 

50 f sp. 
- r 

of Old -. 

General 
Location 

okpirourak 
Creek 

* A  

Ff e l d  NO. 

57ASall.9 
- 

Stratigraphic 
eosition 

2 'to 10 ft. - . 
above base 

58AS624 

fdbnti%ication . ' 

Spiriferella? ep. 

Man Creek - 1  . 

I .  
I .  

34  t o  44 f t .  
Above- base 

Tributary 
of Old 
Man Creek 

+he above: f o i s i l s  4rt5 sihilar to those :reported .by . . 
h . .  

echf nodehal.  debrik, 
indet . 

orthotetid brachiopod, * 
indet . 

I I I .<. . 
, . . 1 

Between 
Okpilak & 
Hulahula 
Rivers 

L e f  finwell (1919, _ p-. 114) and othex workers in northeastern 

A l e ~ k a .  E''os;ile fkni *e lower part of -*a formation had . 
. . 

i 
I b -- 

previously been Girty (Leffingwell, 1919, 

p, 114-115) who to the'~ennsy1vanian (Gschelian). 
--1 

Later, according (1939, p. 321, ". . .Girty is 
1 now convinced, that it (?he lower Sadl,ero+it iauna) is more 

.. - - .  

58ea159 

. . I 
7. . 

properly . . <*o:: . .  be . . : regarded as belonging 'to t h e  Permian. ~utro 
. . j 

Dutro states: - 

, 
"The Col lect ions . .  .contain elements of the Permian 

brachiopod fauna found i n  many places in northeastern Alaska. 
The age is late Early Parmian or early L a t e  Permian." 

58ASa596 

unknown 
, -  

Anidanthus? ep. 
L ~aagenoaoncha? sp. 

Spi~ifewel la  sp. 

unknown spiriferel'la sp. 



. . 
( 1 9 S 6 #  oral copmanication), after examLnation of many 

Sadlerochit Formation colleotions , indicates  that the  lower . . 

SadlerochiC.foosil8 are iefi&,tely ~erdi@n. : - -  
. . I - - 2  

A n  ammonite-(field numbek 58ASa160, U,S:,G.fi. Mes. loc. 
' 

. . I 

and Hulahula River deaik.ges &but 500 ' f ~ t  above Gs baa= : t. , . ,  

ot the gusrtiiti member 'ha tdantified , ,by N.. J. ~ i ~ o . = ~ i n $  
- .  

of! the U; S. ~eologibdl survey 4.. 7 Ophlcera~' (LytophAcerae) 

* ~ ~ . e ;  -0a;ly 'Tri&ai&., i f  itha choice is between t h i s  and 
an older ,age. Becaube tdis ,ege&en i8 .repiadented- bnly by : 

the bod ohamber, - the ident i f icat ion an& age.. ase~gnnenb must X be qua1 f i s d  . L f -the raps-lffoh: which .. i f  was collec.ted are 
no youngbr th in  ae.-early ~iia8s&c, the .iden$ification i 8  . s 

probably correct because ; th-%a. apec4ea has prekXou8 ly bean 
reported from the Lower Pri'a'seic part af, paaie ,x~chit  . 

, , 
Pornation. . A ~e,r@ian ag4 is ,'*l*d-- out., - Pqe*eq this body - .  
c h e e r  18, lirililar to those::;of .;:q,me youhge,k: lower Txiassic - .- - -md Mddle Triaasic anhonites,, and'ayowiger ~rias~ic-age 

p'+''k'irannot be precluded, 
. . 

~ilberling, in a la$= .writfen donu&20ati~n a (1965)  - ' o;seeer , ' 
- .  . - . - 

n. - . . th&-~ni te  frdgmnt (lueotionhk?ly referred.ti . 

0 hieeras. . . rni'ght squal.&q wirll '  be -ref i r ~ e d  to the g'hue 
&*:which -is: a ~ a r a ~ ~ r ~ s t i c  h a e r  of . ..mid tmer 

n--- . . .  
, = - -- Triassic fauna' in Arctic ~ahada. , . : I  . . • i 

1 
,  hi ,i&n;(iinwt4 . .  ... . . . .  . l idher ie tentatively sorrelited- 

- - - - -  --- 
w i t h  ths ~chdok? . . Mqrris and..~etfam~. (1961. 

- I '  
- I- . .  

their IviBh,~+ Member. " T+ - 1 ~ t h a l o g i e ~ ~ .  and ~ tra t lgra~hi s '  - .  
. - - . -- 

4. 

. . . . - .  

padition. .. . in L t h ,  areG c&ara'.+eibon*~y wd~~;-and nothing ? ' I  .. ... . . , , .  . . - , 

. in - t h e  f s & ~ l  element& . . contradicts I mi'. , ,&rfaiitfon. .. _ I  . 
- .  The 

,. , . ,  - , 
. . . .  

I, , . . - I : '  .. thicknesriYs. :bf. the 'Echoo+a and. 1viah&t Members i n  .their type 



\ 

Speaific lithologio correlations with the skaleroohik 

Formation rocks exposed ,in the eastern -8adlerochi t Mountains 

25 m i l e s  northeast of the h a n e o f s  (whit t ingcin and Sable, 

19 4 8, 1960) are..,mre d i f  f icugt to -m&e bkaause a --higher 
? " .. .. - 

proportion of mandy and congl&m*tatic cl.aati& occur. there. 
, - '  

The basal 120 feet of ;th:eir section 6 '(1960, p. 79-81] appear8 
j ' 

to be a coarser litholo$c equivalent of the fertuginbun " 

- ,  

. - 
. : .  -. . . , .  . 

.eands tone member, . and ro:cke in . Ithe . upper ' 455 fae.t generally . 
< ,  

re~emble t h e  a late  and &artz.ite members.. , 
, . 

. ,  . - 
In the Riahardson Mountains , and porcupine River area, 

. .  . 
. - 

Yukon Territory, ~ a e i n  $1959, p.  1425-2426 and_ fig.' 7,  

p. 242311refers a c l a s t i c  itat least 2500"feet thick to ..--..- -- -- - -- , -  . ) .  - .  

~ s c h e l i a n  (uppemm8t pennay ivanianj . . and Lower Parmian. The -. 
. . ! 

G ~ c h e l i a n  ag. deeigiiatiob may have been, t -n i luan i i e~  by the . ' r 'A. 

, - .I 
...,..% .~adlero,chit Fonqation agb given in ~effiigwell (1919, p. 115) 

- - 

whahioh i s  now considered. t o  be Permian. St therefore seqns 
' . 

l i k e l y '  that1 Hartinas unlk i~ a ~adleroahit ~ o r i & t i b h  . . age -. ' i * 

'eqtiivalent t hie  litholoqiad' inelube + baaal c~n~glonerate, 

'2 . , . . -. 
.and one. - . A d  . a+dy -. shake,, and ~ t e n l & b ; J ~  i d  iilty lime- 

etonee. in t h e  upper part j of the section, and aeem to -wmpare 
.. . . I .., . - 

. raPoT~iy:+ith.~-thase.  . .  o f  the  i idle roo nit ~omition:in north- - .= 



~ a m e  and ~ e ' e i n i t i o n  I -- : I 

~ e f i n e d  by ~ e f t i n g r & i  (.I919 ,. p. 116-li8) aa the ,sequencre 
. . 

whish qverliaa the 3adlekochi$ ~Armetion anh -*a.rii.~ the . . . .  

L a t i  Fr iaasfo)  is a diktinetiv. u n i t  i s i  ndrtheaatbrn Alaska .  
1 ,  , - - .  
!. . . - 

Ets equivalents in north"eete& ~ l a a k a ,  - although- in part .-". 
... ! . 

lithologically different ; $la$lky .). b &nil& fauna   dm and 
. - 

, Mert ie ,  1930, g,. 185-19'4l Payne, 1951). - - * ! &  

- Diatributfori and Outcrop- - . - 
Exposures of thd ~ h h b i l k  . , ~or&tion, although , , of . ., small ' 

. j-- ' . ^  , . , -  

areal extent-, are widoappad. along the notthhxn front of 
-' 

. -  . . .  , . - 
the ~=&ki Range ' (Cry=, i n  and othcra, , ,  l95$, sheet 31 . , .  

- . - .  . . . - x n  the maanxot ~ o w t a i n i  the--. f o e t i o n  - crbp but i m  9 . 5 

. +NY. ., . ,  - ..- -. 

relatively nall'ai beit. +rth of ~.dlerochit  orn nation - 
..i> 

, - . -  
. . I  

expsurea, occur. in- a. fdw pii&ii as.smsion& rimnlurt., or 
. h . I  . . 

i 
18 sharply infolded w i t h  ;Sa$kefochit. rock=; : 5 

I- r i  
1 .  

, . Gma outcrbps ai th' ~ h u b l i k  ~6:nat.ion are',iicarce 7, - . 
,- .. . ,  . . . 

becatma. o; i ts , '  poorly reiistant n:at&'e : . -  On&;,gwd expasure - 

'I . . . . . , 

if part of--$ &nation lies -in a =ut ban);, of a mall etmayl 
, -  . 

. I A . 
.TO&-the .aast wa.11 0-i . I .  t ~ a  o k p i i e  v#II.~, ~ ; ~ i l e  abrtheast- - - -  - 

-, - . . 
(. . . . . . . . .  .- 

. of 'Okpi?ak ~ a k b .  ~ l s ~ w h  're, . euaept for a : few ~mali. = t i t  
. . . . .  ... .... 4 , , ..- . 

, bank8 .a& ?teep hille6de4, . the I .  . fenhation . . .  c&ri -be traced' 06 - 

Wea:thered - butcri;ps '4f napst Shublik' ' Parmatian '.ra~k-g have . . . . .  , .. . . . , I 

. - I 1 1. ' , .  a chaedcfe&f*c i l " i s h 4 h i t e  phosph~t$c,efflogbcence on. 
. .  .:, - -  . - I  . . *.. 

, . cthew~jiie -.black :so&&-epdeaFifib .xk~ute;-~ - bhsal sand- . 
-. . . . , . 

I 



. '  

.tone, however, commbnly weathers gale-br& and $ slightly 
ironstained, efmllar t o  pert8 -of the sadlerochit Fomiatidn. a . 

b 

On aerial photographa, the formation is mot dist inat ive  in 
7 .  - 

appearance, butm-O&~upies gelts', low reliek-; '' a . 

b 

, - .. 

m o l o g i c  character ' and - ,  ihiukntisd . ' 
I 

-The shublik ~onnatibd: ii dominantly .derk-grai to-,black.., - .  
limeatone and limy shale ,  :in large part !phosphatic and , 

. . . , 

iossiliferous . A dark s+stone : and &stone i-a 'a gersidtant . . . . 
marker -zone at me Base og the  fornation. 'On this ba8h .. . .... . 

Leffingwelr Uvided the- fc\nnation . . . . into,an upper l.&mestone 
< 

member and a l a e r  sandstine membey in the ~ a n n i 6 g  RLver . - 
/ 

region. 
. .- - .  

L 

The bask sandstone q&er, .bo& 40  - tb.70 C fee< thick. .. 

is medim t o  dark gray, weather.. p.ale-- to '  moderate yellowitah . . .. . 
*PuF', - - -- 

brown, f ine  .to Geaim -graibea, - a d  rases frAm caaaareou. 
. - 

#' . I 

and well indurated t ~ . ~ u a l ; t z i t s i c . -  B e d s a r e  1 to. 2.;feat' 
1 . - 

thick.  evenly bedded. and -to ierigulat b l o ~ k y  fz.9- 

?\ ' 

the  .member. - thin- Bectlon of pho&atic .iii*;one ' in the 
* .  . - 

i, b k a l  m & , s i  ok. the ~huali Potmation indicatas 'abo&t 30 30 , . - 
. . - ,  . . . , . , 

_. . . "k percent -:pr&abl* coll6ph n& k amorphoUe grains, aald t h b  , - and .- 
t . -  , 

. . I !.  
' .qua~tz-giain coatings i n - p ~ o s p b a t i c - ~ ~ i l t y  rnatrlu; Scattered 
I- - -  . I .: I 

. .- , , - 8 

'., 

' argi.~laceous: , tA" . , -  black, Booty, 
, - , , 

I -  

calcareous ah& , .  : and f i s a i i e  black l imiatones .  Sandy ,,&imce+one 
, -- . .  

. -  I . .  . . ! 
, . 

. . .  . . . , . 1 .  1. 



. beds are.bl_ocky to pla ty ,  av&age less than 1 .foot-.in ' thiuk-  I 
neas but as mch a6 4 feet thiok, and gats  of beds ate ae I 
muoh a m  20 feet thick. :shale  and fissile limestone occur * * I  . - 

/ - - I in .st. of bed.-as much ' as 3 ~ -  f=:eet,. thick.  Bl@&ky and platy I 
*! -. -. - I  

I limeetone ie dominant1 i n  the imer ha l f  of tho b i n s ~ t y e  1 
I 

I -  . member.  hal la ' and f leei le  limeatope k r e a s e  in abuqdanee- ' 

I - .  . - -  
i I . - I 

upward and constitute +but--70, permit -of the uppet half i t  
. !  

, , 

the himbee. Scattered &onit&: sphcribal 'and ovoid hodulem, , . ' 
. . . . . -  . . 

. . 
- * ,  

after pyrite, ind  c i a y .  h o ~ t o n e  nodules are 
. . 

relatively rare. much of the 1imeBtqne and ahale  i a  phos- 
, . 

I. I - .  
phati& ae,.evidenceb by i lu lsh  'Ad whita bfflbrescence on . 

. . .  
, . 

weathered surfaces, and by dh'htiioa-l analyses. A '  dark yellowish- ] 
, . -......,..,.. 2'4..lr--.. .-a. - 

orangs rroathgking laminated .+iity likmtone' ie pri*ent 'in 
I .  . .  , 

C _  

rubble at or hear the  top of the Shublik'in: some exposwee. . 
(. 

! .:. 

I - . ,n*~:i~he' s h b l i k  may be a pot!ent$al :source of - rock. ihoaphatb (6 .  210) ; 
, , - .  . . .  

The t o t 4 1  thicknea* of the 6 h d k  ~~xgatioh ...? ay' be 2h 
' .. . I  , - . .. 

I . :  . -. - - - ,  ' .  . .  
I a much as 700. f e e t  on the Bast side . of , the ~kpilak River in the - 

. I 
. . ~ - .  

' . 

, t h i s  ssotion'ia . . iacrib.aj t o  the i h~as to i j a  membei; '8unnell ,, 

. . !; . -  
(1959, p. b6 aha- 48) - igdfcateer about: 70 feet fb; 'thksan& a 

'CI 
I .  _ 

atone member(+nd-.aboot o feed-fof-the-- l2mei to I l i  member  .- . 
... . .  

3 1/2 mil,& .t of. the:  , .. 'above . , .  aeo t io~ .  .. .. . . . . , ,  - 
--. . - 1 

.. . . -  
~trat igra~l& . . . . '~elat icin#hi . ts  'and &Gditional ~ h a t a c t e r  . , .  , . . .  - i -  

' . 
. .  , 

- ~ e i v l e e  . .  .- . the" kf- .&a . 8huai~k  b-atioin 

their apparact .sthlFtu.ural. 
. , . 1 ,  ' . -- 



c o n f o ~ l t y  , . implies a-.corzesponding ahange in sedimentary 
fi 

conditions. The q ~ t i r t ~ l t b  beds of the overlying ~ i r a s e i c  ,. 
! 

~ i n ~ a k  Formation a160 reirekeht an abrupt change' back fo 
-. 

d d n a n t i y  c1hsti.o-type dapa~&ici~.  .. . bhe Shubl;&+ -. F c k t i o n  

i s  widecrpread in norther4 f4laska snd teflects re la t ive ly  
. - 

constant conditidna o f  a&bentation;-but dt prsssnt  . . L .  - 
, too l i t t l e  is. k n o h  about! its- bkoader relationehip to  place - 

, .  . . > 

this area in a regional dep~siti~ial framework';-  he .roak. ., 
. . 

in t h e  Romwzof Mount aim;  ire , ~ i t h o l o ~ i o . l ~ ~ .  . at-gt . identical 
L. . r 

to t h o ~ e  .. - reported by 0the.r workers in .northinittern: ~ i a a k a .  ._ 
the bataal aandetbne is not present in .all-areas; 

Farther sabt, uppe; ~ r i a s a i c  rocks, . . .  riM-lar to tho;= in the 

- R o m a n + o f e ,  oZ-s in the ekitboh. Mcjmtain6, (~addren.  1912. t 

p. 18-19) . Ta the west, the, ~ h u l r l i k  - 7 .  iorm+tibn . . canqibts ' ., 
. . .  1.:- . 

"'*ititly of shdle; l i g h t .  sub-l~thegr*~hi~l . imatone . cherty - 
. . .- . -. - / . - 

'. 
I . ~ I w s ~ o ~ ~ ,  and bedded ~ h & t .  AU .sA~ts&'~"e which be-, - 
., .. I . '  . . -* .. . 
... . . - - I  .' 

I _ . . _  * .: 
conf  dent!^. hscrlbed , .  to the. , ,. shubilk. Forraation . . do not exceed 

r . . -  
a' few h ~ d & d  feet  in ehiicknese . 

- . L  . - - - ! .  

A L  and -. ~orra~ation 

1 . , 

. appear - t o - l b .  8birndht neak the middle .and -at t h e  top of the 
: I .  . . 

, .lirnem tone. me&& -and .' e'-aktered .throughout- the upper . hal f ,  . 
. , .  - I -  - 

but none. f m d  in thk lwer pa& o f  .:the,' &r&tian; 

. , I 
mant., ih . k a s t ; o ~ ~ .  . . ,  , Shell. material. abbeurn t+ be e i t h e r  

. I  , . 



which Monotie of. M. I subcircularis Gabb and- lalobia..cf. H. 
. -- - 

cordillerana Smith -bere ibentif  ied . . by t h e  author, i denti fi- 

cations of three rollectibnd &y N. J. sllbesl*, U. S: 
' 

I . A 

--. Geological .S&vegg.are ahbwn ib table 6 .  ... . . '  t' 

- 
Table 6 .  Faunal idg+tif loit idns-  f=pni the shublik 

Formatfon,:Rmanzof Mountains, A l a s k a . .  
1 . . 

General - 
'Lo'cal i t y  

2 IC/2 miles- 5 8 ~ 6 a 8 3  s 
Mountain 
f rant ,:- 
Okpirourak 
River 

Okpil& Lake . .  I .. 

. 

Field No. 

57Mal3 

. 

. , 
I >  . . . . . 

&lberl ing'  indicate. Late Triassic! a'ge for2*th,e ;first 
, I !  

strati-,, - - .  
graphic!:'. - 
@ositiob 

East ya&Jey 
wall, 0kj$i- 
lak -&vex1 . 

- for the dther two.  ~eexam~nattoh o f  c~llections by ~ i l b e r l i n g  
, 

, . .. , . ,. . 
- . (wr i t ten  c~mUr\ icat ion,  19'65) in .~northeast&n ~ l & k a ,  including .. 8 - 
- o n e  cd-l.ee%-&&n a& ~ d m & ~  I age . f =-in #a:. ~ a M n d - -  ~ , ~ u n - t a i n ~ ' ,  

. , . -- - - . . . -4. - - - - -  - 
. . . - . - 

- &dicat& . . ':&-'him .. . that .the , hnblik . ih i&mitten! AlalrkC - - 
- 

-- 

, ' 
. .  

 denti if icatidn . . 

, .. 1 . .  
. - . . 

1 in age. . j I 

, , 

m ,  , , .. * 

' 50~8a126 
- ,  

I 

$n upper - 

-cjne-third .... . . 
* .  - -  . 

I . .  
i :  

~,alobia sp, , indet . .' 

Ox toma 3p. . -' + Mono s?--.immature 
Z E i X t e  

- .. - .  - .  



~ur+ssic. System - - - .  

Xingak Shale . . 

Name and Definition -- 

. . 
C l i f f  at the sou-theast end of the  Sadlerochit  Mountains, t h e  - 

~ i r i ~ a h  Shale  was. about 4000 &st oi b l a c k  

concretion-bearing shale  in its type  area.  ,'. ~ccordin~-.to- 
" 

i ,  . ' .  ; 

~ t i f i h g w e ' l i ,  the Kingak shale ovbrliea thd Shublik  gati ion 
. . 

. w i t h  apparent confonni ty and. probably directlis bpaeriies the 
- 

. Ignek ~ormatioq, s.ubsequent to L e f  fingwell ' svork,  the 
' 1 -  

outcrop be l t s  of Kingak heve 'been axtended both east a d -  . 

--, e 

. -  vest o f t h e  type..aree (G&C 'and .~qngu.; 1947;~ ~ a n g u ~ ,  1953; 
1 

XellerJ.,Morri8,;.end ~ette+nan, 1961).. 'Manysof the e.xpoeuree 

reported. by . ~ e f  f inwell have been re-ebarnined and megafossil . 
d 

. n 4 r , h W .  

;*.. - .,, aKd i ikiofossi l  informatiin ftoni the  fornation have been 
, ' -..* - , , 

.~ . h 

published ( I & ~ ,  1955 3 ~appl in ,  : .1955)-. 

o i s  tribut ton and Outcrofi, ; ' , . _  I . .  . . 
-. -. . -s - .- . 

7 ,.. 
The ~ i n g a k  shale i s  poorly exposed,,:ahd ci&s-:out - 

- .  
i ' 

, -  . 
spo~ad&cai ly  along. the  n&th front  of the  Romanzof: Mountains .- 

. . . -. 1 . . 
: Between the OkpiTak and qago .Rivers a 'linear b e l t  of exposures * 

s trikeb east  northcis t . ~ ~ t w e e ~  the 0kp1 f ak and - ~ u l a h u l a  .- - - .  . . .. 1 

I 
. ona erosional . . remnant of ;the ~ i n g a k  iies sou'*. of Qese - I 

. , 
, , 

.Qkgilak Lake- j : -  . . 
: ,  - .  .. - 

Baa-al q u 3 r t z i t . i ~  a 1  its tones .andsandbtqne= a L  the . , - .  

. -  I . . 
. I  - . . \ : . - .  . 

formation, 'form: ridges , . .. as :,much as 306 feet. i n  'relief. N o r t h  

I " 

, i -. , r 

. . 
, I 



2: of these riwes the poorly resistant shale beds .of the 

I - 
Ki-ngak crop .out in a feb stream outbank= en8 low h- ik l s ,  bpt  

arc othemiee covered by. G d r a  or. glacibl  deposits. . I 
. 4. . . L .. . .h. 

Lithologic Character and ~hi=knbse  , - . A 

Kingak roaks in th$s area. are divf&ied'fnto a thinLMsal 
_ _  ....- , . 

I"' . . 
siltstone member and .a tihi-+ .overlying black  shale member: 

as earl.ier reported by sable' (i959, 7 0 )  and ~ ~ n e l l  (1959 ,  
. - - I  . - . 

pa SO) ; I 

: .  - 

 he siltstone meder consistrt of q ~ a e t ~ i t i ~  windy silt- , -. 

... a tone to fine-grained ehdstone, limy .sands tone, and 1es.e~ 
Y. 

amour& of dark-?.ray shkle.. ' ~~~~~~~~ne and hndstone are. 
. . -  . - . . - ! . 

medim- to.msdiua . . dark-bray. a h d o l i v e  -gray; .*eather licjht 
. , . . +At.. .- ,  

brown, are ayenly beddeb, , - &aa&@, and . . ks i~ t -mt ,  --- w i t h  . beds . 
! . . I _ '  

. . .  . 
averaging M . u t  4 feet in thickness.  , Limy sandstone, which .pi.+- * :'. . ' \ 

. . 

occurs mostly in .  the' -u&ee p r t '  of the memb+r,  i~ medim- . - 
. .  > 

I - . . .  
dark g,iay., . f ina:gxa2ned and ve;ther! dibtinctiGe pale 

yellowish brown and l&t 'b2drnr.i : Scatf C ~ e d  subround t o  . 
. 

L- 
-9 . . 

i=reiirlir aa+k-s=& phokphstic nodu1.a 
- + -  4 ,  'Z 

much a. 2 1/2 . . i n c h e ~  i n  i.d+@eti&, and irgillaceous pellet. : - . . .. . 
I . . 

are scatte+d along bedding pla*s,. . 'A few alcareoua shell . . .. 1 - . . 

. . . ,.- . 
fragm&q, .. . ., (peleayp~da?) i are preeent in the limy '.sandstone. 

. .<: , "  
e 

, ~ i ~ l o i i h  &e &ba$le I W J C ~ . ~ . ~  th$ckn& i f  ' t h e  s i a a t o n i  
" member ie about- 7 5  .fe%ki al& :'the 0kpilak W v e i ,  incdmp~ete . 

, , ,..i . : - 1  . , ,  " i . .  

- expoan.r& :bf thf g 10114 nL~kpirourak-~rbek drainages and 
. - , . 

. - . . 
' west: 03 0kpi1ak'- are at jleast- 150- .feet th ick'  and Some i I .  

, ., I 
. . 

individual' =...' - ,  cju&tyitic 8 ,  l t s t o n e  beds Zeaah. - a thicknees of 
. 



The ~ i n g a k  aonai8ts moa,tly of dark-gray to black ahale-  

of t h e  b lack shale member; inferred from scatteked rubble -. 
and frost heavings far: t o  the  north of baaal Kingak beds, . 

. > 

although. l i k t l *  of t h i s  rock type is exposed-, near the .. 

Romanzof Mountains. A; few autbank exposures of the blauk 
. - 

shale  member were ' e ~ a r i $ ~ e d  along tributaries  of the 
. . 

Okpirour-ak River. ~ e r b  the-.rocke bon~ l i s t  of -about 8 5  percent 

dark-gray t o  'grayish-bisokt f iaeile , . -sf  l t y  sha l e  w i t h  intet- 
- .  

b g e d  dark-gray , platy  to blocky ailtstonei beds leee' than 

2 .  inchee thick. The shale i s  in part pyriti'c, a& both- 

shale and elltatone we&her -dark - yel lavhh o=axge &id 

, . , I 

n feu clay -ironstone l&ei and nodules which weather dark - .. -. - 
. . 

, . , 6 

reddish brown were eaeh in 'rubble of t h i n  member.. The thick- . - 
. . 

. P > * ~  

"nabs of the black shale member in  t h e  Romanzof Mountaine i&-" 
- - 

' unkndirn, but i s  probably r n o r & - . t & . ' ~ b ~ ~  feet. - , 
- ' _  

4 - 4 - . 
1 

m e '  xi;* ~ h i l s .  i s  too p o d y  B F J O O . ~  . . in. the R O ~ ~ ~ Z O I  
I 

area to 
, . 

a% i ntertpretation of it%' inter- <o:r intra- 
- 1 :  - .. . 

- I 
- - r.elation@hips. , , -.*he. ladk of i d e n t i  f;lable foss i l  remaina 

. . r 

. . 
. . prealudes atattenex& . .  rdsirdins the age of the Kingak , beds 

. . - ,  

i n  the area. The &ru$t. change from thq phosphatic organic 
. . . , .  , - - -  

shale a&i-'iimentone-' oi / the ih*iik PomAion +o the variab~e.  
-- I . -  , - 

'k-L - - , --.. 
of , c la i t ic  rocks::in t h e  baqil par$' of t h i  *i(ingak - 

: < 
- .  I , . 

. - 

A phosphati i  *pebblesn in/ parts o f  - h e  ai l t s tone  member of the 
- . - - .  , - I 

c, - < I - d .  .. ' 
-. . . . , 

I - - .  



Ring* suggests t h a t  thew pray be pebbles derived from older 

Shublik beds. In genera&, baeal Ring& deposition wah 
, , 

probably make rapid than -,that -'during ~hiblik. the, . .  Bb ahown 
: I  . . 

. -by the large; pr~*ortion of cb&rsa; clasti.c..m.aterid1- and , . . 
. absenoe -or scarcity of p$rnary .phosphatic material. Deposi- 

7 
- 

'7 , ,- . 

t i o n  was also probably bebar w a v e  bs~er bedding. featqrss ' . ,. . 

- indicative of wave or curllent .ac;t.-ivity were. not s he .' 
. -- 

widespread distribution of-the . h a l e ~  and.presenn, of r n d r i ~  . -' 
. . 

fossil. elsewhere in northehatern Alaska . points- t o  ' a marine . 
. . 

origin, perhap8 in a deep: restricted basin,. or. in a . . .inking 

basin adjacent. to a slodli' -ri~in(r's&rce' area of- p l a t i v e l y  
. . I . I  

l aw  relief. source - .  areas: . . for. the& rocks &a. unltiovn: farther 
- ,  

west, aoutce iock~ for ~ u t a e i i c  , . - I  ' ~ i ~ l u k ~ u k  . , .Fombatigir (Patton, 
. L  

1956, pr 213-,218')d. graywa&e-type .pediments are -interpreted .. .. 
, . t . , 8 , , 

-,,?..- A .. 
to have la in td * .  th.6 south, and 'an'.interpr=katlon by ~ e l l e r ,  

. , , I _ .  

Morris 4p;d %tteman (1961,. p. 19,~)' . . i~ that  the- upper part 

of the ~ ~ n ~ a ) ; . S h a l e  repre&ents a more northBrly offshore 
1 .  , . ' . , . , , 

equikl.oht. .o'f the gxay&dce~. ' They ~ l t a t e  khat 'me - Kihgak 

. I _ .  
, .-;. .*- s . 

7 p b b i e ~  i< t h ~ . . ~ i i t s t b n e  rp~lbat oi thd. ~dmanmf area- re&=- . - 
. . ' I  . I 

- seht tevo~ked Shublik Pompation rock*, f t . . wri ld  . - : seein t h a t  
. . . - 

. . thid, plu.us'.thq - .  in. 8 a d i n g h ~ t i d n  . v.?: a may ptovida 
. . - , ?:: , 

.~h"e=s~l&tone memtier of r . -  , . . - .  - .  

the l in i~a) i  mi&ht . . .  . . be inter. rated to tepte6ent i n i t i a l  cla~ttc 
. :  . . . .- , A. 

..>. - a - .  
i n f i ~ x  fib. . ,.. . .a,  . . . . ~ ' X Q W ~ ~ .  9 - eastern. or .,sou&krk source 

. .  , . . . , 
.. . 

. . 



c. 

' 81 

followed by downwarping, marine transgression, and depos&tion . . 
* - 

of the t h i c k  black shaie member. Contamporan&oua. thick-  

graywackes accumulated ; i n  a% eaet-trending b e l t  sbuthwest 
. I . . 

' . *  

of the pressnt~*~omenzofs ,  but +ha' eaaterq ont inuat ion,  of 
- 1 .  , , 

this belt south of the[&omaniofa.has not beeri proved: Thick . . , - .  
- Juraagic shale. and sajd.&i&& iii theV~ichardson Mountains - -. 

- ,  

of t h e  Yukon Territory fare .reported ,by Martin (1959, p. 
a . ; . . 2428). 

F i r ~ t  c lamif ied'  d i  ~ & e r  Jurassic by . . Leffingwell . . (1919, 

p. 119-120), the ~ i n g &  ahale and probable e'cjpivalents . , were 
, . . . .  . -  

I 

- later placed ine the Middle . and . prov2sionally .. . Lower -~ulassic 

I - 

. . 
by P. 8 .  s m i t h  . - (1939, i.. 46) . , ~ o s s i l h .  .the king& Shale ' 

elsewhe& in noftheadteA -~ laska ,  -have been mars recently 
-. . . 

reported by Inlay (1955i) to reprelent parts -of the Pliens- 
. - 

bachian and ~ & r c i a n  s$l&& , - .of the ~ & a a s i c ,  the '- ;, 
. - P _ 

-""" .Bajocian and ~ a ~ i o v i a n  \of the Middle .Jurassic, tie 

Oxfoedian and ~ i m e r i d g i a n  of the. .Upper Jurassi 

I breakd . I duzlng ~fddl&'ar$l U p p e r  Jurassic 'time are suggeeted 

I . . 
' The few ahell f ra+ents. found i r i .  :the si,lts tone  member , - . 

, . . - 

1 of the Kipgak- Shale aiel 'too ' fragmentni to y i e i d  "!age-inform- 
:, - ,-. "-- 

- 1  - - . i .  - don .  ~ a s a l  . , :King& beds rapbrted- by Whit t ington-  and Sable 
. : . , 

4 . . (1940, - - p.. 11-12) - oh thej '~,adla$ochit Rivet, .with wqich tne. , 

i 
.- . . 

siltetone 'ntesnber is' corre,l+ked, oont-ein pelsc$p&ds, . . : .  . 

iioruairis . . ~rypheia- c t  . GI. ~ ~ r ~ b i \ ~ n  L & ~ C ? ,  '#if: probably early 
1 

::. . - - ; 7 .  
~ u r a e ' i i c  . -(&l~ansbnchian?) - .  age  day,- ~ 9 5 5 ,  . p. 7 5 )  .. . 

! - 





s t a i n  and ironstain- It is very fine- to medium-grained, \ 

weathers platy t o  fl.aggyr and contains scattered carbonized 

wood fragments. Small ripple. marks and. scout markings were 

observed on ~ome~~sandstane  sudfaces. Clay and s i l t y  shale '.. 
is dark gray to black, hackly Lo i iseile,  and contains - 

.. . 
scattexed c lay  ironstone' ;nodules. 

1 .  

Examination of one t h i n  Jsaction from a sandstone in the 

Okpirourak Creek exposures indidatas- the rock to be a l i t h i c  

graywacke. Poorly sorted as t o  type and si~e,~~.sub-angular t o  

subround grains.constitute 75 of the section and 

include strained quartz, argill%%e or slate, ahd chert w i t h  
Ct 

lesser amaunts of fresh plagioclase (oligoclase(?)),'calcite, 

and quartzose sandstone. The matrix is dominantly a mixture 
. . 

of clay and carbonaceous material with quaxtz, l imonite,  and . 
I 

,q,rhemati te. - 
- 

Carbonaceous sandstone, thin coal beds, and black carbon- 

aceous shale crop out on ; ridge w e s t  o f  the  iago kiv&, 9 
--, 

f miles north o i  Jago Lake, according to John I. Cantlon, who -* 

procured specimen= oi thebe rocks. ~hes= . exposuires l ie  .along . 

the' same genejral s t r i k e  as t h e  Okpirourak Creek exposures, 
I 

a n d  &re. considered to be roughly equivalent to the  latter. 

L e f f i n g w e , l l  (1919, p. 120) estimated-abo-ut 2500 feet of 
. I .  . -a 

strata to comprimg the ~ ~ h e k  Formation in .its type a=&. 
. I - -.- 

Keller and others (1961, @. 203-207), have subdivide3 the - 
. , . . . - .. > -  

Ignok lnto ' . i ,n  upper ~ @ e l  in hart. qf- ~ a t $  ,Creta6eous age,. 
I 

l and a loper member of late  Early cretaceous age,. and imply 
I 

an unconfonriity:between the t w o  members. Incomplete sections 
. , I 

. . 1 . - 



of their lawe? member are as much as 2590 feet thick;  the 
9 

&er member may be several .tAibusan4 fact ih thi~$?~t$~~ . I . ,  Id - . . 

~~spi(collactions : b f  ~ ( f  f i n g w e l l  and later workers 
.). - .  

by 1rnZdP ((1961 ,! p. $0iO) contain spebiee =haracteristlc 
I 

L of late ~ a ' r l ~  ~retaceouii ( ~ l h i a n )  age. Thick graywackee and' 

shales  of. early Early C~eqaceoua- age, whim are: well deveioped 

. - 

Alaska, a r e  not pre8ent :in northeast& . ~ l a s k a  .where Ignak. 

., Formation overlies Uppei Jurassic (oxfordianl, .kocks (I mlay , 
~, 

rdcks are reported in We ~iqhdrdkon ' Monnwihk; northern 

~ u k o n  Territory . .  :, (~artf .. n,i 1959.. . p.. 2430) . M a r t i n  emphasizes - 

the d i f  Pic,ulty of distinguishing Lower ~ r ~ t a c e t t u * . . ~ n d  .Jurassic .. 
. -+J.&r 

beha on lftho~og'ic. groudds. - The . boundae- between -the Kingak 
. ,, . . . i- 

. > 
Shale and ignek a ~ o x b a ~ o n  in northeastern Alaska pay also be 

of simflar .&tug=. An &confo*tv below ea;ly Cretaceous 
14 . !  . . 

ra&s is ntrAdly indbit'ted ,. . ,in northwestern Al&ka, , however 



Pleistocene and ~ e o o h t  glaoi-ation has resulted .in- 
' I  

s tr ik ing  depositional andieranional features in and noxth of 
: :,< 

5-: -, 
t h e  Romanzof ~ o u n t h 1 8  ei&ilar : t o  Choa-in t h e  cahtral ~ r o o k s  

I '  1 

Range. The mountain= .have been strongly .shllptusbdi m a t l y  

by norfh-flowing glaciers j vh?ch :originated in- and south df ' .  

. the happed area. and vhi=$ rep+ejent nea;ly a l l  of the present 

glaciers in nor-ern AlasKa. ~ o i t  oi the brasent larger , 

, . 
L . . 

glaciers. remnants df earl'ier extensivk glaciation; are j to  

5 . 5  miles in length and cbpound.,-- but several. are relatively 
. .  - 

bimpie, and suited to gla~iological -studies. such ah that 
. - * .  . . . 

carried out -duri i .~ .  the 19$7-68 International ~eoihysicral 
: 4 . .  

, . .  

Prom well-developed ~ - ~ h a + e d  :&d ,h&lng. vi&eis, recant13 
.,i,F*k ., 1 '  . , - . - 

and ptesently o&iPied eikqlls., arstas, 'kimple--td comgiiex 
. . ". . 

. . !. , -  

he-fracture patterns, and f aoeted . spurs and tkim.l ines ,  ice- 
, . ' 

contact aria glacibfluuial idepoeits.:extend along most of the, 
i .: . - 

. . 

.+ributory str&ns, the tkyer valley8, and f n inter- " 
. :.' . . -. 

s t r o h  areas. b e y i d  l i m i t a  of &e mapped araa. , 

1 :  ' . ,  
1 .  1 ,. -G* . . evidence .fqr older. piedmont-typ.e g.laciers, 

I .: 

and &cce@e~veSl~ younger Shrinking valley glaciation l a  . . . , 

evidenced- . -&ii:i&i..; . from pbsitlon. '.d=g.rse of kodi f i c i t i on  (by . 
. . . I  . . . . 

erolribn,, f roe% act ion,  an4 ve,*therihg),, aid -de&o'.'6f . ' ' 
. - . . 

- .  , , . . 
' vage;at'ion: . encroachme& .. o i  m6raincs and '&;iwbsh .:+ ; A f Lr 

I . .. . . . . 

features ard yal~o . . presenk.! where tr-ibutaG strearnb enter major 
, . I : ' -  . . . .  . . - 

. valleys; dt%r-$h&tl .the &lacia1 features. Recent ~matcrisls . :: '.. , , - I 



coneiat of present stream.depoaita which are largely reworked 
, . 

glacial material, large i i luv ia l  fans and Cqlus cones,: dong - _ _ 
- L 

the major river valleys, . mixed colluviurit along eteep slopes', 

thin layers of wind-blo& , ii ll' on rlver , flag?. .arid. small ' . . . . 

ephemeral aofeia fields, 'ice-ioaes, and i&-wedge6t-in a few 
-.. , 

Localities. Permafrost 4f ;unkfiowi depthis probably p r e ~ e b t  . 1 
: -  

. throughout the' area. 
:j - -  - .  

Pertinent  rooks Range ~ l a c i a i  Inve'atiqations-, 1907-1960 
. . 

. observations of Pleistocdne hnd Recent glbciaUo9. . , .  along the 
. . ,  

' 0lcpilak and Hulahula Rivera i On the bzpis' of truncated -spurs- 
. , ! .  . :  

' along the Okgilak valley; he.,concluded thqt  ,the ice thicknee* 
. . 

w a s  nearly 3100 f e e t  at d h e . . m a j p r o r k ~  d f  the 0kpilalc River, 
. ..,AFh-, -. - - . . 

L 

but thqt the adlradce extended only 10'  t o  1 2 . m i l e s  north of 
. . I 

7 
. . 

the mountain, f rant . ~ l a < + e r i  extending-.mu& .f atth'er nCrrth td 
, , 
I .  

J ' the northwest of .this arda,; A : :liawG*er, - .  w e r e  ~sugge8ted by- Leffing- - . 
. . .  . .  - . . 

w e l l  (191'9-, p. 137, 140) j .although.he aaw-no. "evidence for pied- ' 

I - < .  , P - 1 
.. . 

- Font glaciation and hp1+ed that one ~ l e ~ ~ t o c e n e  -ice. advance 
. . I 

probably t & ~  . place. . He r e c ~ ~ d z o d  a. ~ ~ e i s t o o e n e  t i l l - i i k e  - I * .  

deposit crl&~ . . the Afctic - .  lCo&t . . dorth "of .thi'Romanzof ~ountains . - 1  . . . i 

. -. - -(1919. p..-;i42-149)- but - w q e  unaortain of b t s  otigin.  
. - . : 

, . <  

- ~etta,rman. . . .  . e ~ t a b l i ~ h ~ d  ' the(-! irst gl ic i  a1 
I 

.. . .A. . . . .  . . . I  

- n ~ n c l a t q r e  . . . , ,  . . in ~t6ol.s'  88ngi. He. recoqnixed . 
.. - 1 I - ) . I  - .  , , I .  6 ,  

. four gla&:ial . . adyan~e.-.'ln :Itha ~ a ~ a v a h i r k t a k - h a k  tivuk region 
. , .-. , . .  . . . . . . .  

appf . .  6ximhge&$ 12 0 m i  $as.-v/eat:-south~es t ' the . k*.bf . 
, .. - - U , , '  , 5 6 .  ' .... - 

~oun&i- i i i~ , ,~ irhi& hean-], Lr? &st t o  younga$t, the 



'. 

Anaktuvuk , Sagavani rktok , I t k i l l i k  , and Bahooka g lac~ht ions .  
A 

The older two were defintid in sdparaCe areas. ~ e t k e n k & ,  ' 
I .  

Boweher, and Dutro 119581, axtended 'these- n h e e  farther weet 
a .  . . . . 

and named &o you?ger - q~dciat$~na : ~ l & a h  -~~untdin' and Pan 

~ o u n t a i n  glaciations. ~ l l  w e r e  considered to be of '~1eistocen.e 
, - 

age. excebt the la t ter ,  irqb@iy of.; Rbcent .ag=. In addition 
, < 

. they a ta te  (1958,  -p . ,  5 1  j that  Anaktuvuk . gnd ' ~ a ~ a v a ~ i r k t o k  '. ' .  
2 

glacihtiond may repreeenti a eihgle advance. - - 
I - 

Kunlt1.e (1958) mapped the geology df a portion o f  - - 

the Jago vallhy no+ of the mduntain front, and made. 
-1 scattered observations f*+$her south along- t h e  Jago ant3 its - 

. . 
triburades bnd iri t h e  0kp1lhk 'Rlver valley; ' ~ e  -recognized 

.. 5 .. ., 

n i x  iae.advhoes which he correlated with t h e  sequence of 
. . . 1 ,-,-- -. 

. - 
I _ . I  

1 .  

Detteman, Bowsher, and- Putro. 
! . . 

. ..+>,.-. .. 
Keelcr . (19 59) reporis on. .bbsenations' along M c C a l l  

- .  . . - 

i 

- for five glhclh advancid ia a t c d  by hh., and hhe suggest. 
I - -  , A  

correlatfbn~ with the -cedtral Brooks ~a&s sequence. 
; - 

. , 

Sdbls (1961,) , by, codpatison of ~ e f f  ingwell la :  .kg07 ,pdoto- . 

I . . 
graphs of. the. Okp$lak 4,lqcier wi th .  liter &&rial e n 8  field - 
ptiotographs, .recognided = re* reCant stag6 qi glacial . - 

: I . . - . _ I _  

- -  retreat resulting in two-/set. of end o x  -reaesdonal, moraines, - 
.- - 

. - 

botfi of uhtcb- he Fgn ~quntg in  . ..-. g l d i a t i o n .  ' 
.... . . 

I' - . . 
~e also ana'-ratc gr retreat .. . . 
and -thinning o f  0kpi1ak dlaeber  . ~ i n c e  1907. . -  

, 
. I .  . I 

:-1 , I . .. - .  
.: . . 



.8 8 I' 

I 

1 

In the Mount Chamberlin area, 1 5  to 25  miles  west of 

Okpilak River, ~oimes and; Lewie (1961) recognize 5 glaciations, 
- 4 

, . 
for which they prop'ose a oew. teminology; Their tentative 

correlation with ~it tarmah .ini!iothaA (19 58) .. i s  -.as iol lows : 
> ! 

Holmes and ~ B w i s  ' . .  - ~ekteman ,-.,&wsher,. . . - 
(1961) 1 - &,-Dut'ro (,1958) . - 

- I 

Recent Cirque ~ordihe ' 11 
Cirque Moraine I . - . 

. : ,.I . 
--. .. - - -. 

peters . Alqpah muntairi 
Schrader - Eohooka. - 
Chmberl in  . Ztki1Li.k b 

ilolrna~ and.  leri9 s t a t e  thqt  &r,Pelatian *ikh . . '&n .Moantsi,n 

and Alapah ~ o u n t a i n  are fairly, . . certain,  and i m p i y  i fair 
' I .  . . 

- ,  

. degree of odtrelaticjn confid.n~e bekweeh Echookh and ~e fer s  . 
, . 

I . -  . . , , , . 

,bi **.:,the basis {f physical - .  $xprhsbion and.-prebance of large 

. . 8 .  -.. 
&out I t k i l l i k  and' ~hanbeilin equivalence because ~dhanberlin 

6 .  . - :  

moraine appears more.highl$ k d i t i e d  than the type ~ t k i l i i k  . .  - .  

drift farther we&. Theii correlationi '&$kh t h e  eari~est . . , .  , - . 

- .  - I . -- . , . 
T h e  ~u@te~rnarjr geolo y shown on p,late 1 and d i s c ~ s e e b  4 . I . . 

. here result?. . , from nrimeiou$ but - Gittered ibie'rvations made - 
. . - 

, . ,. - , . ! 
by th* w r i t b r ,  .itunkle, . an? Bunnell, a&tented'-b% examination . ' 

of .&.A qnd:" raphs: by the ':(rriker. K u n k l e  s ' 
. I 

. . , . ,  . , . -:. -. 

, ' map uni t ~ : - a ~ d ' .  . , : .  ha& . been- .fndbrd&at&d h .  iq modified . . 
. . . ? .  , , 

fob by + authoy, w h o  d(segeas  ti th . some di xunkle ., s . - .  . 
. a 1 1 '  1 .* 

'I 
i~ter~retatihns,   he -w.rF er. lee ls  that  'the new ~errainolagy- - . 

, ? . .  . I .. . - .  
of HoLmes :;;la ~ h b u b e r l i n  'area is preferable 

. . - - 
6 A . I - . - . . ! 

I 

, . 
' i  :. . . . _ . --_. 

.. . .- . i . ... . - , . 



1 -. . .  . 
to ~unkle's use of western n--6s. Despite the  s i m i l a r i t y  in 

climate, d i f f e r e n c e e  between the  dominant bedrock. tipea In 
' 

. central  and eastern ~ r o o k e  dange source areas might be , . 

reflected by rnorphologic .idiff erenoes in their .. . giaci,+l - ,  products. 
, . ,  

Morainal material along the O k ~ i l n k  and  ago valley-s A. 'mostly 

. composed of graqitic constituents, whi le '  thoee in-.other 
, . 

northern Alaskan area8 ar='reborted to contain l i t t l e  or '.'j . ' 

none; The moraines as much .as 6' miles north of the mountain 
. . 

fronth along them &lleys, although modified to--diffe;ent . 
. . . - -- 

degrees, are very well, defined: - ' . . 
. A . . .  

The writer recognizeb 5 major wits* of . glacial  . depaai- 

tional and erosional ieature= - in -*the area, whjch, in $~mor'~holog~, I 
. . - - 

position, and degree of vegetation encro+chrnent . . appear to be 

d i ~ t h c t  angygh to' ,=slat=. them to . separate. . jlscia.1 adv&c=s. , , . 
! . . 

.."They reflect ~ ~ c m ~ s i 6 e l ~  &&king glaciers, as previously 
. , 

recognized by other. investigato=s in .the Brooks . ~ a n ~ e ' .  - 
r :  

uncertaintiesv ex i s t ,  harebe+, - .  in the-precise dl l i ibat ion:  and 
. . 

corxelatlon--ofunits .fromiplace to place. Along,the'iajor 
. . . >  I : . river : ah$ in intef s treap-.8=&~s - n6rth , . ,  , of the mountain 

. ) . . . . 
Front, set. of recessions$ moraines are present which in i 

- 9  . . I ,  -. 

' the i e  degree ,of moditicat+on appear to grade northward i h a  . . .  . 
. , . . , - . . 

I I 

older rece8*i&nal .. . .moraine$, . , and bso~s-cut t , ing  'relationships, 
I 

- 8  . , . . 
- - i f  pqeent, are..obscure. /within t h e  mountiina s o b  dross- * 

I 

cutting ' reiadionahips .. . . , are 

glaciers ' hiiie . , ,. 06rridhe.n: 
- .  

. d e t a i l e d  ~ ~ l a t i d n a h i p s  . . of 
- 

valley g-l.ac%era., are skill . .  . . . . . . . . .  

present in 

~lder .  trunk 

where, tribtitary 
- .  . , . , , , ' .  ..., , 

..giad$kr moreinas, but 
- .  

tributary bia~rel's to-. the maid 
: .. 

unknown, . . 



The correlations of Kunkle and Keeler as related to t h e  

ts&ikolog> of Holmes and. ~ e w i e  end -of ~etterrnan aria tithers 

farther west are nqt wholly consietent, although a l l  workers 
%- 

use similar cri te'iia in d i  tferentiating . 
.(, - 

glaciations or glacial - - 

advances. ~unkle.(1958, b. 3 0 ;  r e f e r s - t o  an and moraine in 
-;L . J. . . . ...- : , 

McCall Creek ae Alapah  ~ounfain, whiah X e ~ l e r  (1959, p. 9 2 ) '  
) - .  . L .  - ,  

. correlates as an. Echooka teceesional mqr,aine. ' ~ o r a i ~ e s .  
. : ,  : 

referred to t h e  X t k i l l i k  glaciat6on by- kunkle { 1958,  .p. 21)- A 

. . 

appeal: .to be s imilar to the Schrader moraines oE,-the Mount 
- . -  

t 

Chmberlitl . --.___ area which a& tentatively correlated with Echoaka 
., , . C 

, . - - - - -  _ ._  .. . . 

glaaiatlon. Because of th& apparent diecrepancies,', m d  
. . . - 

because the brehent write;. i s  .uncertain o f  poasi-ble equivalents, 
I 

he i s  relucxh+ to inaca&e correlations w i t h  the ' previom. , 
- ,  

. . .. ' .  

teninologf  es , except for ; the oldest and mpat recent depoaits : 
, . .  . 

, ..,,,+4?! .: 
He does feel ,  hkever,  # A t -  major. ,4iacial' advsnoes in 'the 

. - 

eastern Brooks Radge - 
, , 

the cqntral Bkooki &mge,,j but- . that  . 
8 .  

bedrock ma9 produc~.'mbrphblogih f oms of dif ferent  ages but 
! .  . - , . 

- - , i spoi  , i ta b f t h d .  f iye  j advances are d i f e r e , i + i i t e d  on 
I 

plate.  1-5 f~rm-l , inea . . *  a i m  jidicate the approximate outer 

- ~ ~ a ~ < i e ~ : ;  - ~ i ~ o s + - t s  hioh occur a t  6 ~ 6  northern- limits - -. . 
, , . .  J a . ., 

; -  ' , \ I .. , 1 '  

of the' area'. and at. l e a s t  one m i i - l e  farther: north,. are attributed 1 ... - . . ' .  . 

to the old&$ k n q  advan&, and are t.&tatively correlated 
. T 

, . 
. I - . -. 

w i t h .  t h e  , wefi&- dlaciatioq of Holrnes qnd zswis ;  They inslude & .  

, i 



scattered ekratice in tundra-aovsred lowland areas without 
, . .  

observable morainal traces. - ~ a k e & ~ - a n d .  ponda aye rare and - r. 

have been most ly  f i l l e d f l a i n a g e  fs well integ~ated, and 
I - \F' . , 

numerous well-draghed areae w i t h  bedrock tra$es.and outcrops 

- indicate  - .  that the  deposit? are probably thin, In Borne inter- 
. L 

~trearn areas-, 2 1/2 dies i ~guthwk* of Jag0 Lake, highly 
. b . . 

weathered ' rotten" granite errqttcs a r e  attributed t o  this " '  

, \ '  

advance, ae well as quartiite,'sbhist, chert, and phyilite. 
. . 

,The nort'hwsrd extent of this g lac ia t ion  is unknhn and its 
. L 

of the mountains are obscured by 
m .  

d r i f t  and dutwash of the S e c o ~ d  . . advance.' 

Within the mwntains:aldng t h e  ~kgilak valley, a l t i t u d e s  * -  . . 
L 

of the 'approximate ' upper iirni,t of glac iat ion  as i n f e r r e d  by 
2- 

t h e  highest granite' erratika in'- areas of .bedrbck are 3500 
! - - .,,pu\. 

feet wegt of, 3700 . .  feet -one Mila .southeast o f ,  and- 3800  feet 
. . . . 

-3 ' 1/2 miles ,southwest of ekp i lak  Lake ,, r e ~ ~ e c t i y e l y .  . South- . . 
. . ,- 4 - 

- 4 

. ward, erosional featuras in tg=+nfte terrain include truncated 
,I' . ; i . . I . - I  

spurs, the tops of which lie-at.5000 to 5200  feet between : I  
I , , . . 

L e f f i n g w e l l  -and Dark creaks, about 530b &et 4 @;es south . ! i ' .  . I  1 

- o f . h f f i n g w e l 1  Creek,  and161b0 feet 2 m i l e s  southwest of t h e  ' . .  , I . L 

t . - . . . . . - rna,iB 0kpi1ak ~ i v G r  forko. : - 
- ,  

. . - .  . . 
J- - ~ i o i t j , .  the  ago River.. laciai erratic8 occur up to about - -  , 

i . . 

- 3 2 0 ~  feat  eltitude a t  tha / rnpunt,ain front, aithdugh ice f =om 
. - I , . -  I 

t h e  k c a l l  Glacier rebbhe!i about. 3''50 f e e c a t  !he pass .between 
I - - - ;;< - 

. . . . - 
, . - McCa11 -~ ' la&er  - and 6 (xunk.ie; - 1958:; p. .  18; ~ e e l e r ,  I 

1950  , p .  91) . *:iong the Jouth sidk of ~ c d &  Criiek, ' a  'high 1 
. , a , - '  b e d r b c ~  be$m 'siloping.dow str6a.m from--about 4000 t o  3400 feet 

- .. . , - -, , I . -- -. . ,  



. . . - . .  
a l t i tude ,  is thinly veneered by boulders an4 tundra .veget-a' . . .  

tion, The-writer easehtiaiay. agreei.-tvith Xeeler, rjho first- I 

cortespondi ng. in - a1 t i t i d e  w f h  the . pass.. . and w i t h  tho higheat 

morainal mater'ial- aion6 the hago .River, ' marks - the .  approximate 
A 

upper. l i m i t  glaciation . I in ..this viainit;. Southward siong 
. \ .. 

the  Jago River va l l ey ,  jerratics , I \ ticcur up to - .  about ,3400+ £*it 
- 

1/2 mile south -of ~ c ~ a S l  ~reeg and 3560 -feet one msle farther. '. 

south. Tops bf modified faceted spurs 7 and.10 mile. south 
t ' -  

, . 

of Macall Creek are at i4000 and 4800 feet respectively. . . . I . . 

me. ~ i i s t  advance baa, obviously, of .piedmokt- type. Soutk 
, . 

of t h e  mor~lta in  front i.k wa~..esrcintlally . .  restricted to  t h e -  

main valoley- along the Okp$,.lak; ~iv=r , . .but  on tho Jago ~ i v e r  , , 
1 i 

it overrode the p=bs north,. of ..anti :.the *l& area eist  of ~ c c a i l  
2 ' .  

' . .  . .  , - 1 
I 

 creek, ao that the two brndll rio+taih.masaes flanking tho 

 ago valley stood as 'nuhstaks. above, the ice. - 
' ,  1 

. [ 

corr+inet~oq.- , . ~ u n k $ e  . . .cotgelatea thi.6 gla.ciation with the 
. . 

Anaktuvuk glaciation of/ Dafeerman . .  and bthexs. . - . .In the M c C a l l  - - 
. . . :: I 

valley, _~ae&e+.,.cor~eldted.it w i t h  . aith& _.. the AnMtuvuk or 
; . I . . .  --. - . 

sasavani&& s l a c S a t i d ~ .  
. I 

- .- - i 
Second .ddvanue, , . , - 

. . - .  I .  / .  
Featuxi5s.- The Sec i s  iepresaited by r6coqniz- 

. - . *  

- hbje but- end *qrhip& .. . (vld outwash ' aprons . 
. . >. . . 

. .<- .-:.. . 
. 1 0  df the inountaina. &iong t k  

. - 
, . - . .  - .   ago and 0k6ibk Rivers \respoctLbely. &~taLnsl' ridges are 

.. - d - .  

, .  . 
generally . sm&fh-aurfac . 8 ,  with  scattered granite-.and 
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subordinate quartzite-boulders' and boulder patches,. 'surface 

material han- been consider;lbly reworked by froet action, 
; i -  

constituents are ailnilat . ta , those  In deposits of the-First 
;L . - 

advanae, but grani'& eerratjos a=k m o r e  nltmeroua . ' Moraines. 
. . 

and outwash are encroached; on by tundravegetation axbe-pt 

along the i t  areet. where vgqetstion is p a t ~ h y ,  and w e l l  
' . ,. 

. , 
developed patterned ,ground j features are common. - 

~ever'al  mdraines , intbrp-tei . A to be. rbcessional,.: . . are , 

. . 

presank on both . the'. 0 k p i  l q k  and: Jego  ~ i v e  re ( 1 , and . , 

. . .  

eeveral kettle lakes are present near the ~ a g ~  River. ~oraines . 
, . 

1 .  

are partly cut through by the headwaters 'of the iniegtated-- 
& 

dr@naga- found farther . , north, ., although' so& arcuate .. 
, , 

atrewn patterns still parallei',tbe morainal traaes; 
- 1 '  

, .- I - .  
Within t h e  mbuntalne (he ..up& l,f mit . , 6f t h i s  advance is 

. kh*'? - - 
difficult to . cgncentraf ion* & lichen-covered . .- 

.. ' . . -. .. 
. . 

bouldery till . representing ; nodif i g d  lateral moraines. oc-r . - 

. . 

as high as 3300 feet west dnd,'southwest of Okpi&ak L a k e .  ' . 

-! . . .- 
I '  .- 

( f i g .  5) and 4 O O O C  feat 6 Flea lar#er 8~~1th. G o n g .  t h e  L ' -* 

.:I - 
0 - 

i 
I ! 

Jaga u i e r ,  rough upper liyiti -of gimilhr'b.ou~der. concentra- - 
. .. , .- 

. 
t ions occur eloh* . . McCaSl C&ek at about 3606 ta 3300 feet 

. . I - 
a l t i t u d e  (x6e,leri 19'59, p. 191). end about 3000 to 3500 '  feet 

. .. 
along ~ l e  J L ~ O  d y e +  l ' t o  4 m i l e s  south .of H C C ~ ~ ~  Creiik. 

' . 
. -, -. 

, t - - L  

Although major tongus$ o f  th ia  a%*ce probably coaltiaced . 
. , . 1 - ' 

- .  

to cGe extant, in .inteA=gtrdam areia 5 t& 6 @iea n&th of dts 
.. .-.., - :.: . - 

., d ----: 

. - . - 

mountain froit,, - it is abh f u l  that a 'continuois pledmont. 
. ' - ' I  . . . . . - 

1 .  

: cover was priednt,. Outwash fr& the trunk glacf er; 'probably , . 

4 
. . .  

. , . , ,  

did  coalesae':qnd.ldetexdne ..., - .  . the  cuurae of Okpirour-ak Creek 
- I - .  . . 

. - 
: -  .I - ,  , 1- ' 

. . 
. , 

! . 
! 

: . .. , - 





. . 
north of the raouktains . . Iae, i f  i t  did' flow through - t h e  

1 

pass north of =dl1  lacic icier (Kunkle, 1958,  p. 20-21)' was- 
i . .  

thin. Likewise, the. lati area aaat"'of M-cCaf l creek, where . . 

patchy bouldery 'drift od'cura :kt 2900 t d  300.0 feet, was 

probabLy only s l i g h t l y  overx~dden. - . a . 

I I 

~ o r r ~ l + t i - o n .  - ~ i h ~ ~ l b ;  con~id.red' d e p o s i t s  . . .  t h ~ s  adv+ae 

6 t o  9 rniles north of 1Jzt4o ~ a k e  to bb correlative v ibh  the 
. . 

8agevani.rktok atfo&. Hi. northern' l i m i t @  ,. . agree 
. - 

with those  of -the s'scona advance' but the l i tter 

a l a o  include. deposits which Kunkle . placed in tk yovnger - 

. . .  . . 
I t k i l l i k  glaciation along .the ~ a &  River. Al,ong the. Okpilak . - 

- -  

River, the Second advance' agree.s apProximately with ku!llrlei~ ' 
- ,  . . 
I ' ' .  

Sagavedrktbk. gladiationi.  he w f i t e r  rec~gniaen only eubtle- ': - 
.' I , 

ai-fferenced' between the borthern exporuras of' Kunkls b , . . .,J*L.'l .. . - .  . - . .  

- _ _  
Sagavanirktqk dep&eits  t t h e  , . abwha.tice of ereati:iis 'i&rshses 

. , 

' and mbrainal.. . . ridges - are , k g =  . d i s t i n c t  -and poqess  higher 
. . . , 

- relief inward. bdt do not, appear t o  contrast , .  sharply w i t h  

. - those farther north, 
. . ] - 

j . . . . . . . - 
I 

j - Third didvance . . . 
, - 

. . -. I 
the . . major river v i l leys  bbd ~ n ~ ~ n b a i n  trid"tar5-est . a h k  

- .  

gla@iers norul:*f the noMtein- 
5 : : .  . - 

f ~ t  the r+peceive~y. promi- 
. .  . 

I 
n e n m t l e r j $ l  :mdralnes and kame. te-rracea ,. kett 1-e' ' lakes w i t h  

I - 1 -  . . . . . . . 
bbuldery bot*oma, . . -knobby topography-, 'and coarsengsB of till 

. . . .  . . .  I .- - 

. . . > .  I . - .  . A . - .  
* !... . . 

: _  . _  I I 

m ,  
I. . , , , 

- - . . < .  , , , . . .  . . .  , 



a& charaateristic along the Jago ~iver ( ~ u n k l e ,  1958, p. 26- 

29). F r o s t  pattern feat4rea appear t o  be leas qlature'than . ,*, 
' I  

. . 

thoae on deposit8 of  the !seaoh advance. Thin tundra vegeta- 
-. 

t i b a  occurs in 1cWlahd areae gut knobs and rimes are re1,atively 
: 'W 

bare. Along the Okpilak $tivCTjr : 8imilar topdgraph~ f s present 
I .  . . 

4 to 7 m i l e s  north of 0kpi1,ak Lake, where several- korainee ' ! .  . - 

. converge on the rivest tde n o r t h e r k t  ..corresponds-,to 'a. . 
' .  

~trong bench along .the w e k t  vhliey wall, ainilar to - one 'on ' ' . 
. . . . 

the east vdlley wall of' tha  ago Rive.  'kcuat& drainage 
. ., - 

around end dnd recesqion,@:l 1 i n l j . t ~  .1# In 
. . 

t h i s  respeot, te&taphial. k a a k - ~ e e .  of a i r ,  bdvanoeand the 

< - ' . - .  

, - ' glaciation of the  kt ~bamberfin. .. . - .  arqa and leks, , , 

1961, p. 857G859 and f i g . / l b ? ' .  
.)#CL.\.\ - . 

Evidence tor limits &P thfa glaciatiofi wi+hin tha . 

. , 
I_ ' 

rnountaina has been largelb masked by m a s s  -waaeing ,qesulting. , 
I I . .  - -  - .  .d - 

in mixed mr&nal- materi.a&, and because'l&teral -moraines f r& ' 

i 

. - 

I ! I  . . 

higher than &trunk glaeiar. . . Lateral &.rainas at the . - 
I 

mountain it&< along _. _ 'the Fkpilak R i , V e r  are' at -abo\it 2700 -1 eet 

L , _ - .  
al t i tude .  Trim 1-inha at . I .  o O ~ ,  3300, and 400.0 f..t 4 ,  7, and 

, , I 

. - II' milea r&#p&ti~ely ' ~ o i b  bf 0kpi1ak J,&, app~roximateiy I . .  , -  . , 

~ o e r e s ' ~ n +  fa thr apscee. - , +! . the higheet-allurial and ta1.e. 
, . . ' I  .*. 

f and' . in , .  tfioie .vic~nit$es. . .  . the J a q o , . , R i ~ ~ - ,  . ,.,. 'tops of , ' 

-. 
- ! ' .  - - ' -  . . , I  ' ! '  ' -  

. -. . . .  L 

lateral kcjkaines . . a. : f r- the e-nd moraine are - 
. . , -  . . . - . ,  

a t  about 220b fee-t t h e  mountsin froid and perhape.. 
. - . I . - .  

ad .3oo o fe=t . :,,. l - ~ ; . . m i  & i . a , i n  %he . & k t a i n s -  
.. " . , . 
. . ... .: 

I I - * ,  

, - . , 
, . . .. . 



- 
' '1 ' 97 . - .  

- .  
L 

! - 
c&ia t mainly of  granite bouider~ ,  are 'heavily xmarusted -by 

. L 

roak lichans and have a hhin, .patchy. tundra . poverj ... f ines  
' I. 

hav* been largely washed : f & their su=qace~. , - ' ' , . . - 
. , 

. , 8 , .  

l ALL 
-i. - -  
?: , 

~~rrelatioa :- Tho F i r d  advance along 'he"   ago Rive+ 
- .  . . - - .  

correspond. with ~ u n k l e . ' i  Eaho@~o glaolauonl 0x1 the OkpilaL- 
1 

RLver, h e  northorn i i r h i ( -  - horriaepnd* heprbx~iatalf w i t h  thb  
. . >  ,-- 

northern limit. o f  deposits' s4c=ibed td the ~ t l r i l l i k  gia~istion . . ? .  . - . . 
by ~ m k i a  (1958, mip oi 6.  38, i o t  80 noted' by, him in. fext, , - . . . . %  I = 

. . - .  

p, 24; in which he includes older deposits placed by the . . - . . -  
pseaent vri&r' in th; ~==odd - a & & ~ ~ ) .  ~ ~ & s i t ! ~  a ~ ~ i - b e d  to , 

. - - .  
-? 

Eehooka glaciation :by Ku6kle' ooaupy the a'- p&ition relative 
? . 

to a s  mouttt,ain f r a t  on-90th rivera, but - ~ e - o u t e r  limits 
I '  . - - .  

bn the Okpiiak River "era n M  a l e e -  becaupe l o  end moraine 
\ I '  

was r&ognized, by him (165%;. p. 2 9 - 3 0 ) .  
hi+. ., ! 

The' aifferenc.. in pis i t ion  .bstGeen the l i m i  t t i  bi the . . . . 

~ h i ~ d '  adv&e . A aq the okp$~ak -,and aagi R S ~ . ~ B  i a  b ~ s o d  p r t i y  
! . - 

on th&~e:&ption. that tI(=-&lader r&gir&n d-ng t h i s  and 
. . , . 

I . 

s u ~ c e a d i i ~  iaviicms; was-diniii v . .  ar although,; larger fn -scale t o  
I >- . 

the prcaent pi inen.  pretmnt ,'. the. ick volix~~e of glet5isrs ' 

' I  . . 

. drainad by: th8 :0kp%lak ~ L e r  la gr&tar. than t h e  irclumi -bi 
. . - .. . . .- 1 , -  . - ,  

. those draid$d. . . . I .  by .. the Bago!, although thg .Jago. has. the larger 
.,, . . . 4 -  . 

-dinage:+a. mrtheboke, many of t h e  J& glaciers ' 
, ' . _  

L - 

are sduth . . of ' this report . . area, and it is mdaubt&l , ,  . &at  they 
. . I . -  . J : 

rea-d-. t$e ;northern +art( o f  t h e  Jago ' . v o ~ e ~ .  :. The .Okpilak 
. - . , . . - .. . , .  , , .  1 . -  - -  . <  

vailey is: of s ~ i a r :  to as. ?ago* wiil&ey fir. this 
. . 

map area:-.A t: f &liows . the+,. that the 'okpild: a l l ey  had -a 
- L. 

. - . . . -.. . I .  ; - -  

larger *l.k'..&f.: . . ice, whf fh re,aultod in more ndrthetly 



=90 
. . . - 

positions of qqufvalent:advancee and zecessions &an In the 

Jago valley. Thir in tekpra - , t a t  ion,  aombined wik: the1 'grotad 

- norphologic similarity 41 t i &  deposi te ; i a  believed. to  
i . - , . 

indicate &irequivaienay. :! .. 
r . . 

Fourth Advanae 
- . - -  .-a -- -, - 

, - 

Peature~ .  - ,~epoeita  :df the ~ o ~ t h  . ,  .advance in&te th$t 
, .. 

a t h i n  trunk glacier extended go beyond ~kpilak' Lake i h  the - ' 
1 . -  

Okpilak valley; end' a slhdlar , . &e in the. jago valley ''which , 
. - 

d i d  not reaoh the mountikn front.  ~ v i d e n c b  fbr  the 'ext&t  . . 

af ' thie  iJlaoir t ibn along! the Okpilak valley includes a . 
1 j . . 

a , , .  , . 

s ingle-cre~ted well-deveaophd . . . . lateral . . 'mo=atn& .200 to 300 fe.t 

above the river 8 tb . I3  hilei , , ;oh . oe 0kpl1sk  ~ a k i i  ( fig'. '6 ,A) . 
. , . - .. - -  - .  

. i 
Tributary- moraines attributed to this  advance extend ' f r o m  

. .; .- , . 7 '  
' , .- 

~ i i k  . ~ l a a i &  *ti ~ e f f ~ n ~ k ~ i i  ' Oiaoier. into the v a l ~ e y  ' at I 

6 .a,. h v . .  - . I - :  . . 
slightly higher alt i tude@ md $&ailel the main lateral 

.moraines;' ?iase , . c& be traced I - intkkittently aldn(l th. west 
.I 

I' valley .wall as far northi a* 1- .-1/2 mils. . n6rth of Okpilak -~ake , 

I . - -- & 

. app&r ith moraines .-.. wGich.oldae :, ..- . --,-the . 
- ! - 

uong: the Jego. Riieb, gia&l d?poe&ts slbirg ' 8ou-lder 
- . .  . - .  . . 

-. . I .  . . 
cr&k are. k&s to undersfanding - the Forirth advance; An end 

' .  - . . - .  .I d . .  . . , . b 
-. 

kralne  -&=~ibeQ .. . t& ~&urth  , advan& extaid.8 over older g&aciul' 
. . , . 

. I  , . - 
deposit. - ,  . . :at -:.the 1 1) '. . ~ o ~ = b ~ i t i i , n ~ f  7 

. f  - - .  . 1 . .  . 
L .' . 

1 1/2 .w'l*e .upstteam- from 
- ,  . , ..,'., 

of &=holdgy - and p&ition - 
. . .. .. . , ' I 

glaci8t~. , , . N.O 
. ,  . 

, '. 
i r i  the J&O 

- 
I - -  . ' - . - i . , 





L 

Valley. north of Bowlder creek.' Three to 9 miles eouth, 

however, lateral moraine@: about 256 febk abovo,'the river are 
,: - 

well preserved end Probably , . 'ektend even ' f artksr south beyond - . I.. 

' 5 . <. observed lid ta . ,I h., . . . 
I 

Morainal mdterial within the mountains is ' poorly sorted, 
; . , -. .. - - .- 

.how~ littls evidence'.of ~aseathetrih~ ,' and auppoxta li thin -: 

part ia l  oover 'uf rook llc$ens Ad tundra plant.. ~lobbs , .. 
. I 

toward the v~lleks, are .thep, and; metable and. tho& toward 
, - 

. . . - 
the vallpy s i d e s  are ohaii-. ' ' I, Crests ire boilder strewn- and I 

. hummocky dnd the =idg*. .encroaohed on by a l l u v i a l  f a n s .  
f .  

and talus cone.. Farther north; . mokaina'l and . g $ a ~ i a i l u v h l  
. . . . 

material ap+ar to b6:rnote cbmpletely covered by -tundra and 
, . - . . 

A t  leaet one terminat and upstream lateral,-moraine along. . . 
. . 

1 ..brW&ch of the =-*eke which &rain :~=ffingWell, Dark, McCall and 
- .  .' 1 

Bubley Glaciers occur above 1; 1' 1/2, -3 i / 2 ,  and 2 1/2 m i l ~ s  . . .  
-. ; - .  , -  * . 

'keapectively ' uphtrsw fmrh their- mouths .. . A tributary moraine. 
' '  

- .. . I  .;. 
cutting te+nai moraine. i o)l the.  Fourth. ,advance pleo oaours 

J. [- , . 
about 2 iniles ab& the . (Creek .  . . These . ire - 

, . . . \ interpreted -fb be m6rainea ,of t h e  ~ d u r t h  advance- , 

. [or' to repreipnk. . . a readvan+@; /T~*SB horaines axe- ;intkm!ediate 
. .- 

be&taen those  ,of .' 

clojely relatkd . 
-&dvance end 

-. . 
, . 

- mo=aines. : -. , . 

. . - .  :. . . 
the cbnve'+jii&. . .  &Ara$nes . 3 to 4 miles north lei 0kpi1,ak L ~ J L ~  

, . I .  



(here, t h e  approximate li$ts' of Second advmae) as I t k i l l i k  

recessional m+diie~, , . altqobgh - he states (1958, p. 25) .  tha t  

he had previou~ly ~onsiaeljed the-moraine. ,3,  m i l e "  north of the  
. . . . i .i _ . 

lake as a ybun&a.qs~oh~~k~:end'moraine. n&:..therefors .I con- . . .  
. . 

. eider& Echooka glaciat io  ' t o  hive readhed only as far ndrth 1 .. . -+-. . .. . .,-- ,,., - .  

a. okpi I& ~ a ~ c .  - However ,I only :on& piit-kd .be&si t i o n l l  ter.=aca 
. . I  

, . 
. - 

I - 
, was noted above the presejt floodplain . . terrace in the bkgilak 

. I 
. , 

I . . 
> ,  - 

Lake viainity,  whereas- t w o  d i s t i n c t  t=rraoee are present 
- .  

- '  . .. - 

within Kunkle s Echooka gl&iatlin limits be the Jago R ~ V ~ X .  
I .  . - 

~h writer interprets t h i s ; '  to. indicate. &at, despite the 
- I :  . . .  . 

o ~ t ~ a r a  . . simtlari t y  of the lakes- along fheee: river . 
- .  , r 

valleys,  thoee .along thi ~ k p f l a k ,  , , . ~iver. . l i e  within .limits of 
I 

a glacial adSmoe yovnger . itlathan . .  c h i t ,  . 'on the $agd. , 

. , . :  

Kpnkle corral&ee. end moka'airreaof' . , :  t h f h  bdvance along 
I. - 1  . - . 

.W6Call and-~ouldar Draeks. kith'. AlaQah Mduntain glaciation. 
P . .  

- ,, . . . . . - -  i , - 
Keeler (1959. p . 9 i )  Xndicktee . that the , . i c ~ d l l  -~rdgk -moraine 

4 .  - .  ' 
is an' 8cha&kd rcc&*easional: b&a-ine, but tk orritir rsoognizss 

.recent, iind ,,pk&ably d f  shbrt' duration, 'is correlated w i t h  
.'. .s. -. 8 - , . . . 

. - . 
, , , a .  - , I '  _ . .  , 

. -  - 
- -. 

2500 .keet-~~t&skream - .. mrn:L.t if t i c .  ld&ari.glaciets . .  and: ia 

- . . . 
. : . - % : .  ' 

water .d_epoi$f:~~~,iib ... . &ifeis.-l path t k r i n c a  a& ires% and .: ? 



uncrtable, and those of arque I locally eupport 'a few 
. - 

alpine plants .  .uPglaai&, lateral -moraines of Cirqu'e f h d  

11 are probably ind i s  ti&uisi\ahle-l {fig. 6 ,B) . A t  higher. 
' C  .: , - 

' \ ,  
altitude., t r i m z ' f  inem co=respbndtng w i t h  .+opa af cirque, l . . . , , 

I . . - ,  

lateral moraines .are. aaegly. -dbtinguirhad above moqt . '  
- -  ! . . 

. . I 

glacier. by the&= barred ' f reah" appeara&.. 
t " I *  . 

. . 
Deterninationcl on the' and of thinning .and 

. Sable, (1961) indiodte that Clrqua ' 1 &d. t1 q~deiat ion  probably ' 
. . 

occurred in recent historic the'. All glacier.8'-observed in ' -  ' 

' 

, . . .  . 
the . mmantof Mountains .how. similar fsbtpriim, ..and- soail 

1 

evacuated cirquei'.also & n t ~ & < f  re.h depo.f . ., t e  of this ' 

glaciation. This advancb: , d ~ d  .-- -,not- . . reach t h i  major rivet 
.. . -. , . 

'valleys except in their beadratere. I . .. Y 

. . 
included' be.;~ads. - .  . '~olmea nd w i b  attempted proviaiona1 i . . 

. .  - , . I , _  

.. 'correiatidii .. . .  wit$, &at region and beo~ume:xunk~e i1.o u u d  
. . . ,. . 

- .-- . ! 
. ~ 

central - ..* ~rooki i  . :. ..- , mipge te&jgO~ogy. . , , , .. ' -~unkie s .usage-, . however, 
, , ..- . - 

i e  shown : &&ative- onlk t b   at oi - .  th? pr(rBont.-&el.-- 
, . 

the riomtaine,: . . .  I . ia - simila i n  r e p i c t  to , m i = = ,  :pornition, and 
- 1 -I- 

, . : - . , . , .  . . - . . , .  - . . 
. . ' .  

degree of k a f i c @ t i a n  . . ., . t b  Petere glac~ation:.. , .  Third . advance 
._ . -  .: - , . - .  . , .  

- I . _ .  . .  . . 
w i t h  it. . :.,&d&f .-'_ . ~d knob a, d ket t la  topijraphy -no;th of the 

I 
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mountain8 ia probably eq&.valekt to Sohrader glaciatibn, 

but tho. equivalency of l t e  nozthern limit LB. unoeitain.. 
' I  

Seaond adrancb, in 'it* &iptiologic forms' ELM drainage . 
'. > -. 

pattern s p p s a q 3 0  resedble $oth &*oader- a id .  Chamberlin . 

I .. . . - . . ,  

glaciohioni. ~ 1 r . t  adv& . - i; correlated- w i t h  Weller 
-B 

- .  . . . . 
glaciation on . the . b b i .  jof -morphology and usath.rinq oharscter. - ..-----. -, f n - ,  

The most pronounce4' d1f fe;cenoes in present €OM and : - 
. . 

; . &  . I . .  . 
weathering o f .  the depossta apGar . . to be .betwm t h e  Pi rs$ , 

I. . . . ,. 

I . - and Second adyanoasi.- --~i suitaijle material for age dati& 

wan seen, althoigh .one e d a t  occu& in ~irst' ins ge-d 
I - 

- - advunoe areas. ' ~videncd  for oornpirison witk, t b i  .chmnologicar ' 
- -- . 

beqknce in central ~or&-~me~ico.Lm not a&&lab&e , . frm this- - ' I ..- . . - , .I- 
area, .although. Holaes =? l*i&(.l9.61, p. 86.2-8.63) tentat'iv.Ly ' 

- - ;  .,,-'. 
, . . ..- 

consider Weller1,g2aciat . . 

Adjicent A.&W and ~sol.aled :Deposit? . . , P .  Y '- 

 st' . ot . . &e  tig go ~ ive r  , - . epos  i t s  beyond .: the mount s i n  
-.  ; . . . . ' I . .  . -.c . , 

front lnblLde_htkng mor&nal trices afnilar to, tlioae of t h e  
\ . . .  

. second ad~=hca , . to is inuah as 7 mils. no* of #e .mountains - 
. ,  . . - 1  . . 

' _ _ _ - - - _ _  - 
*long in. &&-a river, b2 . . mile; eas&n&t.bkt of Jag0 .Lake. 

, .. .. . , 

. .. . . advance. ' , . .. . . -  
, , . . .! - - . . . . . . 

-! . . - in #e - Giduratera ..of . Okpiroura3q . 
_-- 

. I  . .  . . . ,  , 

1 . . 

- .  

- .  

- .. .:. .. ! , a  .. . . - . . . . I I  

. '- , * .  ,- . 
, . . . ,  , . . i _ .  . . - ---,- - 



. .  
, . 

aonsidered end moraines of Third and Fourth advanme., Pepoeita 

beyond these ridges and karther downstream 3. rnile&'eta~t of  
- - 

Okpilak hakd are aonaidereb. to  be. Second advance deposits. 
, '  

week 0 s  the.,0kPiiaki ~ i v b i ;  . . -there;&e . scattered .. .. - . granite 

- errarioa along Old  an creek, but no- concre~tration,~ were ' , 

- observed. Gravel terrrcl ~amn&te.  ab&t. '400 feat above the. 

. - creek near .the mountain front irobably represtint g1,icio- ; - .  _ 

fluvial deposits. . : - 

. . .  . . 
Glacial deposits along the' tlamula River- were not 
. . - .  -- 

studied in the field.  ino ocular exmbinatibn and' aerial ' 

. - 

photograph studiea; howe+&r, Indfi.ate udl -def ined kra in i l  . 

- traces to am hZeh as 2506 feet .altitude ,and :1300 feet above 
. . .- 

the river,  ~*ending northkard ;beyond the F e e  and c i y w e r g i m g  
i _.; 

about m i ~ e ~ n e r t h  of we moGtain ~rit. - ~ h e ' i r  surface , , 
I . " 

U 

..+)<%.expression is similar to 1 either: or- both Second and,'Third 
: , ... 

i . .  . . 
advances. Tho writer in£ers that they  are correlative with 

9fl ..? 
t 

-. - r. 
Second advadce or chamberlin glaoiati6n. : 

. . - I s  

Con~ider-able glacial  material oacura in Hulahula River 
I . - -  

drainages. "cut. and northyest of Mount ~ikhelson: - ~ k e t u k  

Crkek . -valley . . -contains . FI th idvane6 aepdaite adjoining -the 
, . , .  i , . - _  -, - - ,  

. . i * ' .  . *  
above . thd , .  - G a ~ l e ~ ,  vhich jay  rep~srent ~ o e h  d"ance.  Less 

generally . --reisemble- . ;and more highly - .  . . . . 
. . -  , , . ,: 

miiii.a * p i % ~ i r .  9V.z 

" k d  
I . . . - . : ,  

beet, of ~ i r ~ t  advance 



Alluvial and Talus Bane . . . * . - 

Fans up t o  700 feetiabove stream level 
t 

along the s teeprallod- srivdr -valley; within 
. . -  I . -- 

are well . d a v e ~ o ~ d  . 
: -I 

the mountains. 
I 

ApLaea of. many Emfa corrdapaid; . . alosely @ithi. , i&xprstea . and , I 
pro jaatad upper l i m i t s  of the second and ~ h i r d  apv&be. and . , 

1 

~an@i?&entl~ cover maeaii@m of ithi F&h . advanae. 
I 

. - . - 
several fano examin$h- in the ipp& . . .  par< of the  0kpila);' 

, . . . .  . . 
I .- I ! 1 - '  . . 

valley .how featute-13 indioatlig three a tagas : of activity 
f 

. . .I - 
( f ig .  6,X) . The oldesi  dnd uqually &rgiirsl. . b .pol.tiohlof - t & ~  , 

, , . . .  

r .  
-1 

ia nearly.  bovered by lichen6 and- phtchy"t%&a. *getation.- 
'. . . , 

In some fans-, the oldest. ;portion: . .  rests. o n  lmgaine tops of the. . I 

. .**Rkdtaepoatits a t e .  dark' gray td; black) Fan. ~ t e r i a l  of. intemiedadiste I 

. partial - cove1= of rock l&&ens. T h i s  debris ' has oprgad in 
r b  

-. - . ,  

I : . anastamasikg pattor- . , . . 6ve.r t&e plder.:.porklans. -' X h  photographs 
\ 

- \ -  , .  . ,  I - t b i a  ms&kiaf has a .medip &dy h=e. ~o$eZ'h tal i8  and:, 

of encroackr@iit , . .~n'.eim+ia=:-td that o f  the .-intekyigiate - .  stage; - 
. . . 1 .  

.it forms t h e  apices of adpiv i iani  . qnd oocurs barn. to: piLent  

i -. 
rive). level .  - ,  . . . . .  , . . . . . . - .  . -. 

, - -  . - . - 
.I. - - .  

. . Deboiica.. in. a fin. .12 1 j 2  -hilee- ;or# bf . ' the  0k~i1.k fiver 
;! - -  . - .  

miti firk.1 uiere . . -  @ ~ a d d e d  .i , !-&?it. 2 0  f&t high; . ~ * ~ t i t u e n t s  
. . . . .  . - 
I .  . -  

. . I . : m . a . -  at - .  theftin. :,: mat~ei-ai , : . .  -- - are 'B a n p l a t  to i~brouia, A d  include 



30 percenf granite boulder8 as much 9s .3 1/2 feet, and 
I . . 

averaging 2 feet in 'diameber ( 20 percent &bb?elr (gtanite, and 
. 1 :  

minor limestone) t 20 per+ i8bbles (86% granitem, 201 quarts 

- and limeetone) 1 rihd 30 percent ! : isad '(90% quartz-, i0% feldspar . . - . . _.^__c - - 

and dark minerab) . NO- ifrati-i!=ation, soil  iaye,rs, or . , ' _  

oeher evidence for scpara&2.ng . . the fresh mated.1 r i a  &eked,. 

although diaaection cuts in to  ~~$i-mode.m b n  deposit.. - 



GRAN~TIC ROCKS 
. . 

. . 

~ m e a  - abd ~stminologjj -. 1 
-1' <. 

The name 'Okpilak* gneiisoid granite ha. beran uaed. 
,'. 

infomaliy ( ~ h i t t i l ~ t o n  anb ~ a b i o ,  ! 1948) to  deskgnats- the . 
main granite-mass between bhhe . . J& acd Hulahula .RA*ers' . 

. , ... - 
1 .  1 .  In t h i s  paper a bore i&clusLve name. .~o~anzot 

grani te ,  i s  here proposed ko, i-nciude a1l:;branitic' xoukis i n  
. ,- 

the ~omMzof .Mountains. ~ h e  d okpilak b a ~ i o i i t h  and r' 
. . . . 

Jago etock, here used for the tMo  larger ho'die@:of granite 
. . 

7 

in Chs area ( p l .  1) resw&ively -designate t h e  main e x p o ~ e d  
I .  

mass of the plutan - and the! smaller bodi a.iong the >i&~lvex.  
i . .  . .  . .  

The names refer to 'rslativk are+$ ;iaa of erpo~oad braikio- 

. - 
genetic connotations, and kt $8 kt ."inierred, that t Y  eae are . . * ' 

,. . -  .*,&?? , .- , 

di.crete .bodice, in.the:*mbur~iae.' - .  , , . ~ h .  tel;a pluton. ii used - 
. - 

in a i3en.a t o  incl?de t h e s o  bodie. and !the&= ,B* 
! . I - -  A - 

a .  I '  - -  surf acewcont.i.nuation. 
i The compositional clasnification .for ,the grdnitic- and -. 

- .  --.. - --.-,a- I , .  , . .I, , - I.! 
mafic rods is, &odal- modif+hd fr6i:~ohuursen (1931, . 

. . I  , 

-,. . -- vol .  i) i me: , tenis . or &nitic mc)t nken not . . qred . - in . 
. . . . 

. s specif& , . . . are usid interdiangeably -. .and. 
, . , . ,  - .., . i . . 

. include the. f &ily. 
, . 

to . .  granodioritic , . , . 
. - 

.grani+e--.snei&, . , .  

'. , , . , . 
other gra&t6id;ibcks. . i . .  . . . . .  , tims :fir: branifold textur.. 

. . . .  - 
-. . . . - *':: . ,.' 

to a wholly ,:f luid:: . . or Dixed crystalline and f l b i d  ma& i n  which - 
, -  I 



plastic aryeta l l ine  f l o w  i e  goasfile. Metaeomatism irnpliee 

i , .  ' - ' +  
wholly eol id ir ied ma8a; ; distances .of transport are not implied. 

P r i m a r y  i s  used-to denot= te&uras i d  titzuct&e. ina.rpreted 
, - .-a '. . , .  

to  have formed during aibta& of plaefic oryrtalllne .flow 
1 . . 

be to repra~en'e feature= . .a . i f  &aniti.ed rocks which are older 
1 

.:a . 

than their present crystallihe. fabric. - Secondary raf&s, t o  
i . i. # .  

textures and s t r u ~ t u r e f ~  !lnterpketed t o  have been .~upsrirhpoaed 
' , ? 

: > 

on the pluton after empiacemet.. . 

Granite id-the ~ahahnzof ~O&tai;ls- wal l  . , ,  t i r s h  &ported by 
. \ 

b f f i  ngwe11 -(1;9.19, p, ~$6-1-28)> . .. who- brie f ly  dlesoribdl . the . , 
. , 

. general #aat,urss of &e hei along t h e  Okpilalc River and 
. - 

. ., ,,.,, tentative-ly concluded d a t  it was poet-Mississippian in age. 
k .  . -  . . 

The 194 0 U. 8. ' deological survey. party &bnined emdl -areas 
.. 

,. It  was suggedted -that t ca pluton may have been <e@glaoed prior !j .; : .  . . 
to ~ i a ~ i i . i ~ p i a r i  time,' dnd eanples 4f ih=granife  w = m '  shown 

. . . I . . I - -  - ..: 
t+ be .makk'$dly , .- ' ridiobdt4ve. , . (White ,. 1952) . ' 

I .  

~~e _ .  ' /&~ssa . . I .  tiel; investig4tioni rsporte$. oni~bre  ~e ' 
_. . 

. I  I .  . ,  . I . '  . . 
consider&& to:. be of s d - r o & n n ~ i i . h c e  nature' ih t h d  large 

! 
interareas between ~ i n e  not :dr&ned, aithough 

, . -  . , 
. . I  

. I . .  : 

:' . ' 

lid ted  a,r&ab . ~ h s & e t  conc4ntrat.d 
,. . - .  . . 

- , ,  
, , '., 

o b s e ~ a i i o g i  were ,~ive=+'and i t s  . . . 
; - . -,, . . 

, .  . 

tributa;ieh,; . . ,  . iiiss.t*i in the. s ib  Hulahula 
. . .  , . ,  .,- ! - - 1  ' 

drainlie$; ' , .:.'~t , ' :  - thd during, f iald work, , 
.. ' . - . .. c; - 

. . . , . . -.. ' I .. 



175 emplee ranging from 1 t o  6 spewintens each, were taken 

and a l l  recognizable plbnar . and linear rock -" featureb were 
1 L :  

recorded. Fi f ty  standaid thin sectio$a ware &dined ,  and 
I ' . . 

cr-hed. f ragrnents . ~ d e h t  i f  iiiation Q f plagiob~ase, feldspars 
! 

w a ~  made on tho basis o r  sxti3ation anile.  and .refraatlv. . 
i .  

by 8. L. Reed, U. S. ~eological Suzvey. .Analytical dqta 
I . . 

-inclvdea 21 modal analyses ma* by the .author . u i n q  the , 

. - 
method d e ~ o e i b e d  by chisyea (19491, +d 6 ahemical analyses 

. . - 
by the U. S . Geological ; ~ u k v e ~ .  Age detsrmina~i6~s on t w o  

, . , . . -  
samp~ea of irmitie roo);r, Are,, Ada by the U. 5 .  Geological I -  

. :  _ 
survey. . . , . ,:, ; .-, . -. . ! . -  

Y 

 ha ~orna~aog gran~de is'aicpatita. i n  ' t w c  main area* which 
, !-- - - 

. . - .  _.. . .5 
-7 -. --. .. - - .  occupy about 200. equare . ,  hilee.' 1)  . The Okpiiak batholith ' . 

. .  - I' - - is elongate, lie6t:betvi4n ihe Jago and ~ u l a h u l b  &i.vsr~, and . -. 

-occupTes b o u t  180 squa& m i l e s t  the i tock ,  along the . 
I - .  * .; 

. . . . 
I - 

~ a ~ &  MW=Z-S~. :to 10 mii+ eouth bf ~ a ~ o :  Lake-, i. about 16 -. . - I - - 
square rng:i&,, in acea. T,hree s m a i i  ateas are exposed-north of 

I 
the 0 k p 1 ~ &  bathalith 'in/ the 'hedwatera of 6k-pirourak; ~rq .ek .  . . .  , 

, .  . _  . \I. - . , C 
A ~maller' .&sure . . of &anite , .  about 1.0~6 ~plidre Feet i n  

. I , . 
area, ,. . i s  g r e M  ) .  . .  in the l a l ~ u v i i i .  fin aFbiia. mouth of M ~ C ~ I I  . . .! ' . -  . .  - . . 

, ,  , .I . . _ . , - 

Crdek,. , .  . . . .  This , is, :interpreted to represene.' an - lF,&lated bedrock 
.-  , t - .  1 .  . _ .  . .  . c  . ' .  

 out,^=^^, ; bit hay be-.>an uhu~ua . i&~  farga ;glacial ;erratic. Other 
I f 

, . -. , . 

prebent i/4 m i l e  hast 
. , . .  . - .  

of hn- oYe'tth&t plate. 
. . , :, ' , .  : ? .  . :.:. -: .. - 

. . .. . . - . < 

. . 
. . . . - - . . _  

- .  
I . . .  

- , . .  , ! 
. ; ;:, c.5 :,: : . : - . .- . . . ,, 1s.. . :. , 1 .  . . 1 



The Romanzof granite forne t h e  h i g h e s t  and M e t  rugged ..... 
-r--- ' 

part of the ~ananzof ~our( t&.  Bedrook expoeprgs are 
1 , -  

' e a t h a t e d  to comprise abaut $0 of the granitic areas; . ,  . :. 

glaciers and t h d t  depoaition&;produ&, . . qnovhields, t a l u s ,  
. i 

and alluvium cover the  r&ain~,er. .  T L ( ~  &st exposures . - occur - .  

on mountain elopes and rqdgee, I n  cirque . w a l l s ,  end along 

. small tributary streams . and , dry :wkh&.. 'of €he major rivers, 
1 1 

only the, upper part of - 0 k p i l s k  Aver. is. ,in&ed in granite. 
- ,. . , ,.-- 

- Below altitudes o f  about k000 'feet, b e & ~ &  ia'largely covered 
. - .  . . - by rock lichen. and here f e e s h - k i t c u t s  or unstable-!slopes 

. . 

provide the beet wposurea. . ~ b k v e  this ' a l t i t u d e ,  . .  . exposures 
. . 

are clean but., many are. in$cceasible. . 
. - -1 - , 

- .  , - 
L - I .  

, . 

~ i t h o l o ~ y  and - ,  cornPomi t i o n  
, -  , ! 

m b ~ ~ f l v .  -. The Romanxof granite; , ii . rn&asmpicilly . . a dominantly . 
.-- : :  . . .  . -  - .  , . T.. - 

t '  

light- to medium' tight-gray, medium- fq coarse-grained . 
-- . , . .- . 

. .  . - C 
'granltoid. rock containing\ eeaential potash feldepir, quartz, 

- , 
. . 

.- . plagio.ciaee f ;la-epar, f Zeih . ,  to - .  &hloritized b i d t l t e  . - in . ---_ 
I 

decraasing order; of abuidpnc6,. ~ e r i a t e  texturesh . , in.clude. 
- I . ,  . - .  . . 

porphyritid types with larg= pota8h feldspar megacrysts 1 
. I  - , - . . 

I .  
' -  

gneissbid; gneissic, autoblastic (?I: &dcataclas ti. textures - 
. - 

- I .  
, are c.oFon,".'bnd bchistoaei grani te  ie iiocaliy abundant. Equi- 

. , . . ' , ,. -&. - - .. 
. , - - 

d 

. . ! 
. ' grbu l i e  b&turee occur ;rtly . . -in the interior- portioiig ... - .. . pf . . ' 

- -  .. 

!. 

the. pluton b u t  , , appear t o  .pe eubordihat~, ' to, other textural 
- .  Id. .... . '  

, , 

~ i r ~ i i i e s .  : 'very- .fine- textures are 
m ,  . - I - .  

. . 

- banding. . i biotite,  resulting -in compbsitionel 



banding, are not a& aommon a6 bhe text.u~al.varSat2ons. 

Inolueions and schlieren -?re locally aommon but not ahu'ndant . 
! . '  . . 

~piite d i k e s  are relatively &undan& in some areas1 pegnat~te~ , 
. . -. . 

o f  Dormal ghf ti8 compoaitlon.i~ete. - 1 at .only a few ' . 
- 1  . 

locali tias. Black-Wuma ine is. loaally aommon in- severq.1 i 
typen or oscurrence . ~ i a i m & a  e~ pyri te ,  is.  locally abundant, 

. recognizable magnetite, niilybdgnite, mugcovite, sericite, ,and ' 
I - 

fluorite are l e s ~  common. : r~ink++nd-gre+h!~' . 
, 

grenits, in which 
, . 

potash . fele~par ind plag~4alase  I -  are Tekp~ct ively  . . these .color;;' ' 
. , . ,  - .  :. 

, . 
c o n p r i ~ i s  a Gery minor fraction -of t h e  plutori and is not 

. 1 . . . 
considered a separate *+&ti Facies'birt'ir kb . 

# .  . -  , 

result of deutezia alteration o r  later. mineraiising ~ffeots,. . . 
, - 

Dark dikea include ' quartz*nion$te and rn&fih r&&s. . Some , 

6 

2 

schirtdsa racks in the gra&ite @=&ably r&oeent 'altered 
L. 1 

I - ..,&.%P, .. . ..- - - .-- metasadiments .- .. 
. --...-.. . .. . --a - - . . . . 

'- . 
h - '  T ~ C  ph0t0mi~XOg~tRph8 ( f i g .  7 )  1-1liiat~rate e m ,  of t h e  

-+- -. : . . 
tixtu-ram andndne=a l  aesqd,;iatibh<.in-the g ~ w i t i c  rbck., 

' 

. . ! 
- .  , i . , 

1 - - 
Mi~eralogy . . ., ,, . .- 

. - . . 
I Esamtial-.miherald in the Mmmzof gtsnitC- .i&per~th&fc 

' . :,I 1 ' . t . , - - I .  - der&linc ,; uartz,  , , niagioFla~6 kd titinifta=6us 171 : biot i te .  
. , I ~omnblends.. .is .rare. ooespory  minerals inolude zircon, * - - 

I ,  , 1 - 4  - - 
, , 

apatite, t&&iiline, siheh/e, garnet, ma&netite,. ilheniie (.?I , 
- 1  

1 calcit;, monazite(?) ,and, &%&ite(?) . fiteration p~oducts are . 
. . I , -. , . - .  . , - _  . ' . . , . 

. -  sericikb, E h l o ~ i t ~  , ccj lc l t~ ,  , . ePidot& ' ,pyr~rte, ir6n oxides, .. - 
I - - -  .I 

j I , ,  b . .. 

line j f luq=i te i .. . ..epi&o$e, . ..A 
s rf $5 te , and 'ore mineraie . oacupy . , -.. 

- ,  , . , . . . . I  - >  . 
:: : veins. : - -  i .  . . -i - 

. --- - I  r. . -  ,,-- - - . ...-Ad- : 

, .  . . I  ; .  . " 2 
, . . . -. . ,-is-::: - '  . . 

- }  ' , . . . . :  I '  





Microolina. . ~ i c r o @ i n e  bcours as large. ovoid tb euhedral 

magacrysts. characteristi@ of' the porphyritic textural focies 
! I 

(p. 128) , and aa an+edra$ toL euhedrel grounbma~ts gkains .  

percent a lb i te ,  and i s  ih,small:part! granophyric. - Zonally . 
. . 

arranged i7iclusions- of q\la+.tz -cur irithin many...cryatiil ' - 
! :  1 '  . .  . . . - 

margins. . Hi3roeline is -~o&onip p ~ i k f  ~ i t i o ,  'contd'ning . . 6 . .  
. . - 7  

albite-aligaalase patches and inc?u&Yijns' which are-.optioslly 
, , 

- ,  . , , - 

- ,  continu6us both .- h t u a l l y ~  , a n d ~ i t h  adjoining . , of similar ., 
I .  

.- plagioclae'e. In d i f  ferefit p i n  sections, a l l  .stages frbm 

dcrocline with .fen plag$oclaee patches were< aakn. h b i t e  -- - - .  . - 
' - ;  . .  . ?. . 

twinning i n  the patchea $s. .c~&only  to m e  direction 
. 

. . 1 , . 
< - 

of microc~i*a t*iirnins b-it . - i q a i ~ i d l i a i  . . twine of s&arate . 
1 - . , . '  . -.)-%W -. pliigioc'lasa . ~ a t e h c ~  . age +6t. coi+buou+. . "A ' ~ e w ,  small biotitg - - 

. -  ' .  , . , - - 
, . and muscovite'inclusions,are~.albd present. Micrqoline i s  

i commonly . cibudy, altered tq :kaolinice, B ~ O W S  &ivy -.xtinction, . ' 

-;--- - 
and combn . ~ a r l a b g d  ' .gridiron, twianning 1anQe8 

, . 
- .  

from orb11 developed &rtc veinlet. cut. - - 
. mtcrocline. fn some . . - . - - . . . , .- - - - 

'r6uiaed . . edge. , A d  f corner. OF rnicrcicline megacryits 
. . -.___. -- . i 

i n  thin aqqtion are..cmi+n~y hAund;d . . b j  squigranular micro- 
. - - . I  

. . 
&verely :(l&%irme8; i t a n i t '  '=epresant mortar, atqctura.  Ln aome - 7 :  



4 ..- 

t o  be the result of movem&nta .in the late 'stages of, or after, 
. . 

kheLr crystallization. 

Partial altoratLon &f ;ohash feldkp.ar to k a q l i n i t e  ie . 
common. In saae;~bheated 2ones!, the rnegacryst~ -show degrees 

' ; 1 - '  . -.. , 
of minerahglcal e l te iat ibn i&m fresh miero~like .. to , flattened 

greenish or whiklmh kghouf sn .coinpoaiaentirely 6f ohlorite' . 
I ' C 

' . and/or rericite and quart: (fig. . . 0) . ~ic'rocli ie ,  . c , . a i s b  ooours 

' more ra&y in veinlets ibtergr&n . c v i t h  ' calcite,' and ' 

- . .  , .  m 

, epidote; no perthirikia in+Gr&ths were seen In t h i ~  variety. 
. . 

~lagioclassr In the/ Romanzof grekite', pl.aeioclaee le 
. - 

generally subhedral, . acc&s +oatly'.-in' the -grobdmacs,, hut 
. - 

a1.0 a6 larger nearly euh!e&al single oor int@rlockinb . ,, crystal.. 

I ~ S  cmpni t ion  i s -  nnstlyj a h i t e  ,and i i i i o c ~ a s i  . . ( ~ n ~ ~ + ~ ~  . 
- - 

, . 
noatly Ang) . ' i,n. mn@l& ' g r o u n ~ b s  gra-ins appears . . . .  . 

I .  . ..!* \ kj 'be more . . .odic than .thxt oi- l+cgis--&ystids:- t h e  - s m a l l  
4 

. ; ' I  r - 

grains are a1.b qora cg+nly . anhedeal.. A kcw crystal. arc - 
* 

I nox%ally aoriqd, kheae,.aq w e l l  a6  unroned cry.tal8,  comi~only 
/' 

: 6 
I , . . .  . . 

cohf ain hikh'ly %ericitiz& inner sores, of p ~ b a Q l y  calcic . ' . ,  . . 

. . 

.ram irreGlqr. e ~ a y r n s n t d  ~ 5 t h  mi~rbdLine and very raiely, . 

, . i 

quartz. - ~ n . ; i d m e  'sectionr;, however., -ndarly euhodral crystals 
- .  .- - . ._-i 

i 

of p l s s i o c l - ~ s ~ ~  exhibit zoningor albit; rims, ~ l a g i o c i a s e  
- - _  . ,. . - , -  . . 

ia . * s&bl i  & t m e k i t i ~  , , .  . . d , it cbntaine a 
- ,  . .. - - 

f=w b z t i  common, Carlsbad 
. - 

twin; 1.h. :so; :ma .peric ine! . t w i n i  are riize. - ~ G ~ i o c l a i e  is. . . 1 ' . ' .  . . . . 
I - 

" altered in'.. ,,. va&.&ng . ,..-: : . d i g  red ta' sericite , - dxt-ires of sericite 
. . . I . . -. - 

. - 

i - .  .i . 



I _ 

- F i g  . . 

. -  : . . 
. . / . . . . :. . , .  . '- .I '. 

--. f . '  . . .  . .  



- .  
and calcite, and in- "phk; .and green? granite is partially 

oaussudtised w i t h  resulting serioite, chlorite, and epidote . 
1 

~ u a r t l .  Quartz oocutb hs' large anhedral &ains, in inter- 
I 
I 

s t i t i a l  microcryatalline aggregates, as subhedral t o  quhedral . .. . * 

megacrysts -a8 much as one.. inchZjin diameter, and i n  -eevaral , 
+ -. - ,. - -L  -. ..- ... . . .. . 8 .  

types of. veins arid veinlets s ingly or aisoi ie ted,  with tournr  
I .. 
i ' 

l i n e .  chlorite, calcite, tericite, epidote, fluorite, and ore 
I 

minerals. Wavy extinction occurs in a l l  quartz' grains which 

are large enough to obsexve this feature. Randomly distributed 
* ! 

microlit=. including =utile'  are cornon in larger in 
I .  

quartz which shows pronounced strain effects (fracturing, 
! 

irregular wavy extinction, ahd anomalous 2V) trains df micro- 

lites are present, At- le6st  two or more generations of quartz a. 

! ' 

are probably present in the granLtia rocks;- large anhedral , 
i 

* 
. . 

I - .- 

'flmqhartz grains qnd quartz +egaaryets . . are- interpreted- . to be . ' A 

-- . 
early J quartz>inlet~ in / f haspara and aggregates of &all . --* 

! I . . 
grains which'together give high percentages of quartz in some 

I' I 

- modal analyses are later.; In some thin sections,, quartz, 
t 

quartz-sericiter and a-oalcite-chlorite veinlets aim 

cut grains ofz a l l  e srent i i~  minerals. 
I' . .  

Micaa. -under the mi=roacope, unaltered biotite f s l i g h t  
-, . 1 

brown ~ri ,=l1657-L.662) 1t also embits  pale green to l i g h t  
. ' 

I 
olive hues' (n,=1.636-1.654) , probably the result of alteration. 

G+a$n:n. are mostly bent to shredded, and 
- 

. conuwnly enclose abunilant of sGhene. euhedral to 
. . 

subround z imon  grains wi fresh biotite, euhedt.1 - 
apatite.  and rieedle-like Partial or complete 



m .  

alteration of biotite to chlorite or to  muecovite and sericite 

is cckon.   he muscovit 9 contains relict incltisione .of 
' I 

abundant whi kiah opaque ka iek ia l ,  probably Jeueoxene af tee .. 
. 1- 

. ,  . _ 
granulated ' sphene-, aa scktinge. or a,lc& oleivage p l a n a ~ ,  

r: .. . . , . . 

' Nsgnctite is commonly ae&ci.a&d with. alCer?d .biot-ite. 
1 . . - ~ u s c w i t e  also. occ& in .small arias oi. 'prmi te gre idsn  . 

- .,- -. 1 . :  
olang with tourmaline, qqartz', fluorstet, mainetite ;, and -Wr i te .  . > 

. . 

No Lnclimions ware seen i n  'thia ]mica vafieti., 
. - 

. . 
, . 1 .  

Sequence :of ~ & e t a l l ~ z a t l o ~ .  '. ' 

, . 
The sequence of -mi-neral- hevelopment in the grhnitic rock. 

! . - .. - 
. . 

of t h i n  area is unaertairi. .~extures and. kinqral:.-,gra$xf rela- - - 
. - , . 

1 '  

t ionships ' contain haturps that : d g h t  b e  vdribu~ly' intemteted 
- . .  . . , , 

a. d*e either. , - to 'melt c d s  tsili~ation -or to ' metasombt&im. 
. - 

The writer believee that. &st of. the granite was derived 
I, b ~,J*\Y , -  - 

from c j s t a l l i z a t i o n  of 4 mobile body, al.though . some - granitic . 
- .  

-'% [of tb. piuton represbht qr.kit i .ed - rocks along. qo~& ma , - 
r- , -. ., -. . 8 . , 

9, -country rock.. ! ... 
/' . . . ,  . 

, Most of the f€ldEfPbi relatibnehifis ?ugges t 'kh& potaah 

i 'i 
fe:ldspar was late, and i S ,  'iil .part. a replaceaept o f  plagio- , 

. ' \  , .  . ; - 1' . 
embaymen,t*-:.bet~e& ~-abarj: . ,  aqd p.lagioclase . . in which. - plagiocliee . . -  - -  

,. . . . , , i .- . I - : . ' .  . - . .I 
f 3).: ~ h o r c s ~ ~  o( aer cit i isd -plac&clese =*tirely or . 

, '  . I . : . .  ' 1  f -.:; - .  a. ' '. - . . . 

. .  . , . . :  . . 

' . b  - .  
. . . 8 

cline, .  &di:%ply: . . ..( ., . a reacts I n -- other thai :,simple l a t e  stage 

.. h e a ~ l y ~ - s n & s a d .  by K-&par 

, rims on.pi84idcrlase- . . w h i c ~  

megeojrr t~  , . ( f t h .  i ,c) , 4) -.albite ++ - 4 

;nearzy ill ca& adjoin ndcro- 



. . . - -  I - .  - -; . .  
. . ,. . 

I , . .  

, - . . 

. . 
. , a : 

. - - 
. - 

,. - -  . - -  .. _ _ 
. . 

- .  , . '  

, . 
! - .  . 

- -  - :A. . ,. . . 
, i - ,  

. . 



unnrixiag, and 5 )  aieve struature in K-spar megacrysta, w i t h  
.C- - 

f ine-grained groundmaas grpinegara l l e l  t o  crystal. bouhdaries 
8 .  - 

, ! .  . . 
(fig. 10 ,A,B) . There are some:exception= -to. these relation- . .  
ehips: 1) in aoi@el;sectionza j feibapars occur pi diets 

'i- grains intergrown with other .. . essential*minerale and mbhow no 

evidence of raactioh or. 

number of plagioclase 
. . !. . '  

boundariee with-quartz as well aaj ~-&ar,  &d 3) .some-plagio- 
! . .. 

claee appears t o  h3ve ;repl iced $-sear - (.fig . 9.,B)-.  The ~ a t t e r  
. - . .. . 

, . 

- -4. - 

following 'a,rystallization . bf . microcline. - . ..' , . 
- .  . --  

. From the evidence c f t b d  'above, the writes. coaaludes 
. . . , . . 

that t h e  seiuince of fe'lde' ar de%lopnl.nt, sac-ribed to %elt- P - . . -  I ... 
cryatalUzat$on, was as fail&:. .: the:.partidlly . .  . crystal l ized . . 

which, by melt -reaction, wbs partly cgnverted to K-.par w i t h  
I 

a 

I 

&iden- not  pracluh:  the p a q a . i . ~ i i t y  that- two-feldspar 
. . .  , . 

, . 

nay he& ;esul&d . . f eodl an ear1iies/!ona-feldap& =tag= 
. . 

l ~ ~ t t l e  and B&en, 

. - .  

- .  i 



A*) )  



. - 
b 

For the Romanzof granite, the' sequenae of cryatal l iza-  

ridn i B  believed to have been'as follows: 
! '  

0lde.t I. Euhedral zircgn, , &atit=, end magnetite 
! .. .2 

. 2. . Plagt6alase megacrkats, i n c l u d i  ~g cores.of zqped ,, 

, . .  . . 
., + 

crystels, .a$d i b y h k i t e .  Biotite  ;. .; 
I . . . , 

3 .' Potash feldep++, i h  ipert replacing plagioclaao; 

I . of bimodal grain s i z e .  . . 

I : 6 .. Continued cty4;alli+dtf&. oi- potash feldspar I ' 

I : anhearai quartz g d n s  MCJ quart. vainlets 

, - 

inteoducti&, -perhap. in part not, rglat-ed to 
1 

I . 
' granite empiec$meht. Togmaline,; chlorite, . , 

- muscovite; &ticit*, and ma'gnatite. after biotite; 
4 

skricite and &dote after ~blagioclass: veih- 
I ' 

- .  
Youngest . . and-mo- . . ggdunhasaquartzt flourit*; sulfides. I 

I 
i . ' .  

I - .  , 
~ l t h o i ~ h  the above se;que.nce..,implies melt crystallization, a .  

- . L 
, . . -. . . .I - . . .  -_. - 

p o t ~ h  nit?tabomatien . . ma= k~dve..b,een an i m p o r & i t  brodesi. . 
- <:. . . . ?  

,,. ' , ' .  
. - marginal r .  to. the main pluto I . 'Tho . g k e ~ t h .  . , df, .ther .. . .  .abhdant' : 

. . I - '  
' . 

- - ' able, .if ' t ~ i  , . :=f i t a r i a .  'proposed kar :$eature-e. :df . that orvbin :..-- 
. .  -- -* - 1. 
. . , .. - 

- -- :, I _ I . . -. 
ate  va l id  1959, p. '24.7-248). 

- . ,  
. I  .-A . . ,  . - .  . c a:. - . - _  . 

and accompanying . . - . ,, , .  
, . - .  

- ,  , - 1 .  , , . -  - 



shredded b io t i t e  and seriate textures ire comqn. Micr~cline 

, , megecrysts are preeent in . 'iincluaion* I , I ) , - .  . . within the granit'e'and 

in Neruokpuk Formation qua;rtzites short d i  stanaee from the .  
. , '  ' - 

granite contact. "The pree$nge '&f-granitired.. .on88 .with deiks  . . m 

de aheval in some rnarginafl of the body i t 3  a d i e t i n c t  , 

! . 
. . ~ a ~ i b i l i t y  -,--1,,... . . I .  r z 
I .  . . - 8  :9' 

Results of modal analvibs of: 21 gr&ftia rack samples-, ' 

. . 
from ule okpi lak  batholith:.a&.sho&,in , table'8and . figure ii. , 8  

.. . , 
The average mode of the 21' &alytzeo ia 36% perthitic . . - - . . micro- . 

- 

, . 
c l i n e ,  291 plagioclase, - .  an$ 35% qua=tz.' . ~ d e ~  indicate 

, . . 
mostly . m n z o n i t s  anb , , s feFU.cjraiite , , cbmpoeitlons. 3 i x  -: 

. . 7 I - .  

. sanples show mi crocline and plkgi.gel . . ase p&,een tag=* w i t h i n  
, . . , 

.. , .,.L.h\ 2 :  percent .. . . o t  on& another.  NO. dihtirict ad&ositional,  trends 

wi th in  t h e  plutoa &re evi&nt , . f +oh the sslaples ek-am$bed. 
I 

Although the podas exalude !minor accessories &id vein - -  
' 

- 8  . , . . 
i material, a l l  oth& quarfziv&'inoludAa. some >of the 

. . - 1  . .  

i n t e r i t i t i a i  mfdroaggcegat : material, domipantly quartz. may 
, . - 9 + . .-- 

hebe baen introduced after iconeo&$dati(m. . . .  The dcroc l ine  
I 

megacrysts ,also:may -be latejr porphyroblast~, or' repiacenients 

f a ~ t o r s  not118 pluton may have . .  - i n i t i a l l y  
, . , . . . 

. .. 7. . . 

- . . .  
' - . - .  ,. .< 

L - . L -  . r . . .  

Many. of: r h i  modal cornpqilition are 
- .  
. . .  .-I-.- _I . . . . . - .  ., .. -- . . 

gene=ally . lnacc&d - .  . , . with &ugh in the  . 



Table  8, .Modal analyses bf granit ic  r o c k s  fxm Okpilak 
batholith., Ramanzof Mountains, Alaska. '+ , 

" .  . . 

Micro- 
Quartz 
( includ- 
ed in 
Quark z ). 

Classification 1 g ranite 
extural I 

* 1ncl;des a1 teratiqn prqducts and .inclusions. 



si02 
Quartz 

Plagioalaee 
Feldspar 

.. .. . . . 
Figure, . 11. . com~.&sf t ian d i ~ t r i b u t i o n  d l  a&& o f  ieucoorbtio : 

f . - !  . c o"tif yehts n -21 - nodal ana1y.e~ of grshltic 
. rock8 from Ok i lak batholith. ( P o i t i t i  indicate 

, i.o$&l' analyse ; x indioases Meir .average. , . 

~ b l i d .  .line. i , lower' half ' of die s m  enolose . 

:field. at - A ,  tonaiitei B, rrx,&b~ oriter C, quartz . ~ 

. . 
S 

. mm!zbnite: cD, 1 granite3 high ly ,  fel . lc &o&s not 
included. Da$hed line .,enclosek  e en' B . low-, . 
'wperature .trough of sy.8tem f l ' a A l ~ i 0 ~  - R A ~ s , ~ o ; - s ~ ~ , )  

1 . - 



Verhoogen, 1951,  p. 1 4 8 )  indlaat ing crystalllization from 

a melt  (Pig. 11). Others, indicate  a higher quartz content, 
: ,  , , 

a 

end a Pew show excessive:potash feldepar. The latter may. -- 
be the result of"loca1ly abnobkl concentratjan o f  micro- . .- 

$ 

cl ine in a-mplad localities. . - . .  - -  w 

I .-. - I . . 
/ theraiial. ~b$p&i t i o n  . . 

I , . 
S i x  tapid rock chimica1 anklyses tshrrpiro ' end Brannack , 

. - 

1956)- are given . - in table i9,  ~ l i  . . of the sample6 excrept .' 
. . 

- sample 58Ma61 were relal$ivaly unalt&ed granitic rocks 

selectea after examinati& . ~i . - thin ~ ~ F ~ A O ~ . .  . ,. . .-5:eASa61. is a 

bleached and pyrit iz&d g+anita selected for comparkspn with  
' 

, 
the i d j o i n i n g  unaltereu diMp1e . . .  . .  58~sa60 , '  and is dlhcuse.ed on I 

page 206; T N e  average of' c~nstituents df-a,&l aahples except. . ' 

' I - ! 

4 FeO, C ~ O ,  Nazo: d d  XzO, +d T ~ o ; , ]  explained respectively by 
. - , .. 4 .  

variations'* . . - amount .-, . and &obablecompo8i'tion of biotite; 
I -; 

/' variations Ln-' mount. of +-ia&f e, sphena , . .  , .,and. &nor I apldote; 
I 

= relativk amounts :61j pottjsp- - .  I . -  f eldepar And plagioclbre; - ,. -and 
I relative &&d.&ce of -aphen0 -aid pos~ib& titaniuni"in b io t i t e .  - - . . 

- .  . . . 
. . w 

- .. . . - I- 

. - 

' i . . .  

. tion . . i i - : t h e . ~ & e ~ f .  ggaa,.te, the - .  o~puak b?tholi* and the 

i . 
. textural . f acies; , . .  . shok o.n 1 pf ate 1, , .include a - IO&LI~ developed 

. , . .. '  . . - .  I 
margShhl; pokpPiykitic . . . .. granite facie; .c~$facter i&&,  by abundant I 



1 

I 

I I 

" * 

S 
. , .Table 9. ~ a p i d  rock ,ch&al uralyseg of granitic rocks . - 

, - from ,Okpf 1% batholith , -zof Mountains, Alma. 
1 . I 

.... . ., , 
,., , 
" . . .-a . ';. 

r", - . . . , :. . . . . . - 
," . . 

.. .;,.. .. . . , . - 
. . .  , , .  . 

.I' , . . .. . -. . 
. .. 
. ,,, . . 
,,, , 

. ',, 

:. 
% .  .., 
, , I '  ' 

. 

. , 

i , 
, 4- - 

= 

;+ 
4 N 

, - 
. . . . . .  .. . . . . , lhalyses (weight percent) 1 

Amrage 
(excluding 
58ASa6lJ- . 

a .  

w 

,*]5.. 2, , , , , . 
, ~2.6 - 

, 8 - -  ,. 
:.- ,, ,...' . 8'8 

-31 
.85 

' 2.'7 
5.0 

.75 ' 

-18 
.05 , 

,04 
-08  

I 

. - - . ~ i . i a  . , ~ d .  . .. . . . . . _ ._ . 
- -Lab', do . 

- .. 
Textural ' .  
-radies -, 

. .- 
, , 

.---&a7 
~ 1 2 q 3 :  . 

. ~bj03 
FeQ ,, , ,., 

M ~ O '  ' 

CaO a , 

N a s  * . I - 4 2 0  , 

, -  v2Q. . 
, T ~ O Z '  . . ;- . . . :.- 
,P2O5- 

, 

.cog , ,  . , "Fe 2". , 
. *  

.Total , 

Spec,ific 
Gravity 

* $&tl sulfur calculated to FeS2 Analysts: P, L. -D. Jiln0i.e 
* Altered  .granite , S. -D.- B o t t s '  

. . f ,' 'R, Barlow 
, 

. :  . 8 G. Chloe 

,, . . ,  . .  
58A9d6a -: : .. .. . - . . -. ... 

15.646a . . 

CoaxsC 

7 L L  
13.5, . 

. . 8 ,  
1.1 

' -5.4 
, ,  .'53 , 

2.7 
. 5 - 9  ' 

-86 
.24 . 
-07. ' - 94 
-13 
008 

. 
,100. 

, 

2.59 

: ~ ~ A s L s ~ ~ L ~ *  . . . 
. . 

..156462. . 

I .  

Coarse-' 

---. 74.;-3 .---..--: 
11 -2  

- 2  ' - ,  

- 0 5 '  
. 2 7 -  ' 

.26 
5.4 

-70 
. 5 ?  

., ..~i 33 i 

-02 .' 
.O2 

. - 0 3  
2 ..O - 

. 
99 .  

. 2 .,67 

5 7 ~ a 6 5  ' . .  

156462- ' 

V a r i q l e  

.-r. 7&.5 . : . - . -  
12 :1 

-6  : 

, .7,6 . 
. - 2 3 .  

. 9 l  
' 2.5 
. 5 - 0  

.'76 

.,16 
, ' -03 

.03 
- 0 5  

m0. 

2.64 

5 7 ~ ~ ~ 1 4 2  

156463 . 

Porphy- 
ritic(?) . 

. . . . . - - - J : ~ # - - . - ~ - - - . . . - - . ~ . .  

12 Ie 
1-0 

' , 73 . + 

--... ' .-35. 
1,3 
2 - 6  
4.8  ' 

' : - 7 2 .  
8 ,  

-21 
a , .06 

a O 4 
. . '  *05  

99, 

2.69 

. 5 7 e ~ ' a 7 0  ! 
- L 

. I  
156463 

I 
Vqridble . 

C 

7&+.  IS:^ 
s :9 . 

- 2 2 ,  
. - 
. ..40 . 

' 3 .3"  
'4;6 

-72 
.04 

' .01 
.O 4 
.13: 

. .  I 

1'06. 
. .  

. 2 . 6 4  

5 8 ~ a 1 8 2  ' 

i.156464 

Coarse 

-- . ---?5.. .5.  
11: a 

, , .6 , , 

1:.6' , ! . 31. , '.. . 
1.1'' .' 
2 4 
4.9 
' 73' 

, .  , -24 ! 

,.07 . 
-06 
- 0 5  - 

. . 
99 , 

2 - 6 8  



large microclhe megacrysts; . . a middle t o  marginal variable 

facies of f l n e -  to coarse-grained granite exhibitingv alterna- 
! , . -  . . - 4  : .- 

t i o n s  in  gkaln e i z e :  and , . - .  inner to,'msrsin'i'i- raaiee of 
' 

dominantly medtum- to b r y  "boarsq-grained &uigranul& to 
I : 

porphyritic, granite. contacts between the faaiee are 
! 
i " 

approximate, and Choeei b,eCween tho ' variable &d- 'coarse ' f acies , ! I . . .  :. 
1 

are largely infdrred. i . . . .. 
. - . ' .  1 

a The porphyritic fkoies- i k  , mostly - m e d i m -  . to , ,  ciarse- 
. . 

grained granite chsxqofedzed- b y  cohapicuoug, large micro- 
. , 

. . - cline megacrysts. This . facfes oaoupies the outer 300 t o  6000 
- ,  

. , . - 

feet (plan view) , of th6 I Okpilak _ ,  -hathalithi but: ia locally ' 

. .. 
absent-on the east and !west ..Planks of the body', and was not - 

, - . . 

raoogni zed along the ~411th &skin we&.  of the O k p i  lak River .' 
, - . - :. . , . . -- A 

Thege rock@ also occur : i n . t h e : & d a t a ~  . . poitfon-.ofthe Jago . 
. -  - - .  . . - 

1 . .  . ,st-*y\ -- . 
s tqck. ~ p l i , t e  dikes  &d - i~cluaions, of qount'ry rock are- 

, . ' -'. A. - 

relati v e ~ i  common in tdis ' f &ies. - . The iicrocline megacrys to, 
- ,.= 

- I - - - ,--- '' as much as 3 inches in .d'imnn.io$ . oanskitute A. 
- .  ! I 

estimated 10 to 30% o f  /the re.&. ' Th& are -. euhedral-tabular 7. 

, ., 
tb sub-&h&dfdai; . . mos4 of them are tdbular bith well rounded 

. . 
I 

- -: , 
, . ,. . 

to the production 
> . . '  - .  

- .  . - 
. . 

, . 
' I  - .. . , 



I .  

The Lariable facie8 of the Romanzof gtanite  probably 

constitutes ' t h e  largest a&aa of exposure, and .is oha~acteriaod 
' , a  

. - 
. ,  . s .  L: 

b* medium- to i ine-graineb granite qnd iesarr dount,s of 
- ,  . ;.1 

coarse-grained gr'irhi te. ~hese i,lntdrgrade imperaept lbl'? or : ' 
- .  . 

locally alternata in a b*ded - .  &xtural pattern.., ~ ~ l i t e . . d i k d s  
. 

appe- to be r=lstlvely dindont  in th4 'fade., aa are 
' ' 

- .  -. . 
banded concantrationi of. , $iotite,a% . touaaline,  w=11 asL' 

. .  . . . 

deuteric or later mineral$. H o w e y a r ,  whether these featutes- .. 7 

. - . . , are in r e a l ~ t ~  more limitbd - , to-:& rariabi? . . fecias, or wire 
. .. 

simply obs,erved nor? ofteh .beqauee theme rock. ar=-*mora 

acoessibla t o  study t h d  h e  :-&k.< tdaiea 5;. un'Eiiita$n, .- - 
. , ! - ..I_ 

The variable facie8 drades outward.. . and pkobably upwaxd 
'. -. 

I .  , . . . 
1 > . . ."_.... 

into the rnatgi na l  p6rphyr$f ic - fdaiek.  ~ ~ c r o c ~ i n e  megaatystg , ' - 
, .  , .- . . .. - - -  . . . 

$ -.. . 
altho~bh locally cormDan i? ths  variable f acies , a,Fe.:les. , 

I - , .  . - 
d,#.*<.) ,- 

abundant and ~maiier than'!thoae.',of the- &rphytitic' iacies; 
I . 8 

they rarely I- inch :in . . dirnahsibns , apd -a== cgmonly . . % 

-. 

eqhedral. T h e  author fee$. mat interpretation of primary . . 
,I 

! - i .  . 

b y  granite structures -in the ,varlabie f aaiea . . i s  .on 'Firmer ground 
than in &he& , f aciss , , altdough . .  d is~ocat idhs .  ,and secdndary 

- I 
I I ,  . 

f o l - h t i o n  co@ionly . . interrvpt,  or 'obeours the primary features.' . 
.. . I 

. bor&re .of. fhs"0kpilak . . ba$holith., notably the -eastern and. 
. . -- . , .- , 

western margins- where the 'ro&s, clearly ah& . . - 

ir; t l :~bive . effects . ~. 

-' . axeas i n  the - .  

interior .,.. * .  ... . . ....A bf . . &&.,Okpilak ' bqbo21th as d l 1  a; t h e  '.central I. 
. . . . - .  

. portion oi .&F,e;;ia~o stock .I -=he graniiI is .d&inM+ly ' 



coarse- t o  very coarse-grained. Xn some parts of- the area, 

aa M C C ~  ll ~laaie ,r ' ,  i ti 1 acka .-dlbcernible lindaT or ' planar 
: ,- , 

dlrectlonal elenientsi j. in-&$hers i t  i s  gnoira&id, . . gneiabic, ' . 
. . 

' i t  ,. . .  
. .. 

and. cat&laat5"c. ? h i i  *red& < .  in the 'Okpi lak  bethol i th which 
, .. . . 

7 -  

appear to aonsiet of thie -dacieb, ~ h & h  on piate I,  include 
-- - - - . . . . - -- . . . . 

A .  -- . .- .- . . - 
the area northeast of!~c~al$~~2scierc; hhe norkhqm. p e t  of - . -  

I .  I - .  

ar+a may l i e  in the  wbst&k part a t  the baikol i th,  ad ., 
. . 

inf;eyad from abundan6 coar.o-gfiined grdnite in glacial  
. A L .  . * 

- ,  

debris from t h i s  eourhe. 

. dafinitive mappadre coAacts .betweedthe coarse and - - ,  
. . 

. ,  .- .  . 
variable - f 'of thd , . were ndt,, seen, . and -. the f a o i e ~  

. . L .  

.may be . . gradationai a ,  or !interfingering. . .  1 . 1 n  some parts bt tkie 
.. . . - 

. .,:L&*& -. 
mapped -. area, - fi?rever ; :ae Mt&=n ~ c ~ a l l  '~facier hid  Dark 

. . - - . 
. Creek, ,sharp irregu-l& aontacts between fine'? pnd coarse- 

- .  , - . e 

granite bbserved; These may rep&esnt 
- .  . . 

croas-=&ting ' the facie= boundary. Field 

i . . . , 
. ' photagr-aphs :of the te +a1 viriatiodb in tha three facie* 

. . . . 
. !  

are. ah- in 
A 7 -  - - -  - - . ..,- 

A - with quart8 and:_ &&line 
, , ' .  . .  ' 

f acids, and may 

.+ . 
i . .  . . .. . . 

. - 
: .  - - -. 1 



, . . . 1 .  : . , .  . 

. . wgura-  i 2 .  ~ k ~ t i u a i  , fecieo: in R O ~ ~ ~ O ~ : ,  g ~ & t c .  - .  . .. - 

: A ;  ~ o r p h y r i ~ t i c ~ f  spied : g r p i t e ,  ehowing 
. ' 

I . -  l~neat~on~-'of..ml~$o~,line '-'megacry8 ts . 
. s i . ~ C i t p  . folratibn '(hpt : ,vi-aible) .dip= . ' 

t;bward,s -obset3eyr.. ~ e g f  i n w e l l  C r e e k .  
- .  . i.~. ~ a f i a b g e  f aaiea ,gr;u?ifie, ehodng 

. - r . ; . . &era ogical. banding. . East s i d e  - .  

. i . . . .  . Okpil River. 
I,... . , . , 
. , . _  , . .  . .  .. , ' (cone= ued on next :page) 

. , 
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, facie8 are interpreted to represent flaw s tnature ,  but may 
6 be segregation banding or zekict structusea of grahikized roakn. 

I I 
1 

a The author intarpre't~ the porphyritlg f acies to.. tepze- 
I - ,  . . :! . 

sent an iar ly ,  i h ~ e  - i i u i k  p h ~ e  of m e l t  influx' w i t h  resulting 
I - 1 .  . - 
I - t large phenocrysts, suc,cwded l5y the variable f a ~ i b e ,  a 
i . .  ' ,  . .-.. 

oongeal~ng s h e l l  in yhicb ithere . t -  bas coiieiderable var~ation 
. . 

. o i  ~ o l a t r  les and sttgea~teine=,rature co*$itikns. ~n - alterndte 
i I 

\ 

interpretation i.s tha6 #e .po+phyritic. . - .fscls*' . . in -part repre- 
1 ~ e n t s  a gsdn&tlzed paragneiss, grading i&o ' th variable 

faaies, a zone.oi? mixed r o c k s  in which meltinq.and crystalline - 
i 

f l p w  wa8 'dominant. T h i  boarse f aciee. ,in .aithef*af the abov= 
- 

1 . .: 

- .  . 
6 .  

retained by =s&nti'hlly &ol=d but& shells. . 

- 1  . 
on a large bcale, mirginal: contacts  aid gen&al +rend -.- i. . .-  - 

1 . .  - . '  

/' of the ~omanzof igrandt(r gre:;.con&rd&t , -., w i t h  the regional 
- .  

struiztural :trend of' the  &a ( i i b .  13). .' The cast. +nd north- 
. .  . . [ '  . . ief 

eadt -.trend of, .the. lp- rough& , . psralf el -60 the . . 

s tr lkea  af i4r3e -: , , .  and locally,  bedding 
0 ' . , 

iir t h e  ad$o$+ing ssdirhan a j  arid .met-amdrphic gocke.  he 

. , - \ "nits * . -, of the: g% lthi . ~ a 9 6  'River 
- .  , 8 1 1  

. . 
. . - .  , I  

, ( p l  . 1 :  f,isL1 , . _ at. lea& 'l.ocally 
' - ? , , '  

.I ' . . . 

. . . - ,  . . 
granite 

. . . . .. 8 . .  ..-, . I- . ) 

. occur* kl0nG .. . , . contacts . ~ o l i a t i o n '  dnd .l'heation o f  . 
.... - . . . . .  . -- .. . . . ! 







- 
, ---A 

granite aonstituente along contaats with Neruokpuk Formation 

are generally para1 lel or subparallel t o  the contact' trends .. 
. - . .- ! 4 

Near contact. with potat-~eruokpuk u n i t i ,  features w h k h  are 

J-7 interpreted to  b& prif&y 1 exhibit  a rough p a r a l i e ~ ~ m -  t o  the 
, - i . , . - 

'.> ' 

contaots in eome vicinities8 in ofhais .they are a+ wide 
, I , ; 

- .. - .  . -. 
divergence to the contack ,tren&e, . , 

1 .  L .  . . . .  ; ,  
In d e t a i l ,  -two markgdly:-different types of contacts . . 

. ; -- . . . 
characterize the inargin bf -the -&anit= : aharb. ~oricocdant .;o 

. . I I * . . 
cross-cutting contacts w i t h  or witho3t cohtqtit'~metamorphic 

, . . - 

aureoles, and c~radetional contact zones in'whfch porphyrLtie - 
. - 

, . 

facies granite grades i n t o  schistbee cduntpj rook. The, f i r s t  . 
. _ !  . - 

type of c0ntact.i~ restricted ti, areas in whkch the granite 
. .  . . . - .  . 

adjoin6 rocks .OF the ~ e r / r o k ~ ~ k  . . L ~ o h a t i o n ;  - the sacend type - ' - .  . " 

I .  . - ... . 
. . , :- . - 

t o  breas of theadjo in in& . . , . ~ i k & . k t ~ k  I , , '~ongloperah . - . .  and poa~ibly- - Z 

, . . .,r.->'j, . 
eruokpuk ~ o ~ ~ t i o n  . . c~as&ic...'r~&s &ng -the noreheastern 

. , 

margin of the bathol5th. ; , . 
, . - ' .  . - . . . .. - -  . - 

i - - .  - - 
Abrupt' contact; w i t h  the heru<kPuk ~ormatibn ihcludo: - -: 

I 1 

. . 
aq 4 . .  aa -=evd;&l:tiA oi tee+i!thi~k w h i c h  projegt 

. - 1 .  , . 

i , .  
a s  much, as '100 f e e t  into quartzitit, . arii~~aeebuk, or carbonate 

. 2. '. x rddGuiaf granite jpophyitee. S n  vh$ah . angdlbr broken &d , .. - . - , ,  ... . . -  . . : I . .  . . . , 
.I- . . . . . 

. . 

aiiPlacih: i h= ib ioneor  4uartz i t i c  cowit.='; robk ari imbedded. . . a - . .  - 
, , 

: ' On .-*- . . oubcrojj ecale qf 5 ' f = c t , i - . ~ b , ~ n t $  rock fragments .. 
-. I 

. . 
' I '  ..: - .  

., -',!' - 
- , r  

hkva . . . .  bee$; I.. :'displa+d . , .  . . 'and kotated dhl'y shokf --diotencas, and can 
1 . .  . . ... 

be t i g u r a t i - ~ d ~  I <  . r&tored ae i f  . the' , exist i i i j  wallrock 
. . 

I .  . . 
. , .  :,a . 

( f i g .  . , l s : , ~ ) ' ; ; ; :  .. . .r .. : ' - ' - 1 '  . . 



..... . . -. . ,- . . - I  , ,, . , , . . 
. * .  . '  ~ i ~ + e .  is.. mtra.ive : b ~ ~ t b c t  reiati~nbh.fp8 ;ef. ~ ~ m M i o f  -. . . 

- grariite with: ' ~ e . r ' u $ k p  ~ $ a a t i o n ! -  rocks. 
. . - , A'.;- c~ncoraht.. . a:i c o ~ d ~ r i t i ~ ~ n . t a b t .  . , ,- . . 

- .  . . . . -. ~ e s t ' w d r i  of ';~aetuk Glakier,. : . . 

.. : . B. - ~ r a ~ ~ n t a t P o ~ i  :.of q-uartiite:'by, In f I I t fa -  
- tioi of 1 g r b n i t e  . .: ~ o U l d e r  j Datk Creek. -- - . . 
, - (-coht-i: ueq on, next :bag&)...:: 

, .  . - 7  !. . . .. . , 



. . . . . .  . , - I , .  . . 
. '  

-. - .  . . 

P 

,- 
,. 
. . . . 

c. 

- .  . . 

. - -  .... 

. . 
, . .  

. . 
... . . C 

... 
.a,,%.! , , .  . . . . .  , * : -  

. , . - - _-. 
1 

. (.-'- . 
- I. . . - L 

- .  b . . 
/ ' . , . ,  

1 
I I - .  . ' , ,  , . . ,  ... :< . 

!! 

Fipure 1 9 .  (conk. 1 . ~ d r t i e i v e  oon&aat .rei'&lonahipd of 
. . . .  ~ornanhof. granite w i t f i  ~eruokpuk 

, ~atmatiori 'roclia . -. - ,, 

C. ~ n f  i l'kraf ton o f  ' granite .along 
. . 

. - . *a+tutes i n  qiartGi te. ~ o u l d e r ,  
. . . .. , .Dark 'creek .' . . - . .  

1 



- - 3 .  s&ller scale i n f i l t r a t i o n  of granite itlong fractures 

in quartzites 'with lit!?= displaoernent of .country rock 

( f i g .  15,C). i I !  ' 
L ' 

4 .  Conoordant.planarto gently curving .. contacts which can 
be traced for at least several hundred feet . .  Sheared rocks 

r, 
+ - 

A commonlf -.- aaoin'thxe, and I .  they - may represent zones of move- 
1 %  . . . . 

rnant during or .her emp~laoeme~it of the. carginhi granite.  
- ,  

. . . . 

Features of contact' types I1 to 3 clearly indicate in t rus ive  
\- 

relationships. The mecbhnisms of assimilation and ~ t o p i n g ,  at 

least on outcrop scale, suggested by the sharp contacGs-of_ 

re lat ive ly  undisturbed spats on e i ther  side of granite 

apophyses and .roimded inclusions in granite. small-scale 
b - 

forceful injection is indicated also by the local displacement 
I 

and deformation of country rock at aome contacts, .and penetxa- k 

d+s-*&lon of granite --. into:mineta- f ract~res,. structural elements 
. , . .  . 

relationships are interpreted to .xapresent forceful inject ion  
! 

/' a .  

as the dominant emplacem$nt mechanism. 
1 .  

Contact action of. the Romanzaf granite on rocks of Che 
I 

Neruokpuk Formation has Totally resulted in tactites from .- 

t d 
impure limeitone, and ho if eis from peSitic rocks, . The-changes 

- i n  graniteFquertzite ?ondact rocks are leis s t r ik ing .  
-_ 

Calc-silicate rocks ,and hornfels are locally well d*velopod 

. Jag; Rive,= .drainage, and ialong the south s i d e  of ~satuk 

d ' U  - 

along . .  theweat  . .., . . and &t ides df the O k p i l a k  batholith; ee;erat 

. . . !  : I - 
Glacier i h - t h e  )lulahula ~ i v &  $rainage. . .  In 'outorop r t h e y  are - . - . . - . ,  . . .  

.. . I . . .  . . . . . : ,,' 
, .  - , I  

, , .  . 
, ,: , . . . - ! - . . . . - . . 

- - .  . I .  
, . 

. . . J  
. .  . - ' , .  I ' . . .  . - 

. - . . .  

hundred f =& ovailiejthe 
. . 

-... . . . 
along ~dulder creek in tM 

- . ,  . . 
I 



mostly aphanitio, dense, dark, weather greenish'gray, and ate 

highly iironstained, with.  so& m&neralogical banding. Along 
, 1 . A 

the  Jago River, rodks in,klu& e p i d o t e - ~ $ h i b o l l t e ~  -in whi=h 

minerals with l e ~ ~ e r  amounts 'df .iccessoq- quartz, Vesdvianite, 
! 

aphene.. '- calcite, apatitel .and dies&inated pyrrhotite akd' 
. . !. . . . 

pyrite. ~ost of these rbcks . at6 . a very~ fine-grainid mixbra - 

w i t h  t h i n  bands of trewpts-aoiinolite-cdrdi=rite, . . and - . . 

- .  ,- 

from the contact near the ~ a ~ o .  River; dark rocka. within the 
. . 

granite represent alter& alast ic  huntry-rock; ' They arb 
, . . . 

composed of trcmo~ite-adCinbl$ts. (do\) , albiita (40s), biotit= , , 
. . - . . 

(lo%), quartz (10%) ,-an d l A ~ m o l i 6 c  (lor), witi &wi&nt 
' - .  - .  .- .. . . .  

.accesPory aphenk and hPag&, pyrite, magnetite-iimanite, . 
. . . . . 

""*ahd -. . touhna,line. . ~hlorit=- and . rertcite . are the dlief bitera- 
- .  . ' I  . . 

.. t i o n  products.'  The cohtikct rocke along the  Jagb 'pivet belong 
, .  - 

to the ilbii=-epiaote h o i n f e l ~  ? .  facie. (Fyfe,. ~uAer ,  and - 
i :  

/' 
Verhoogen, 1950-, p.. m i - 2 0 3 j .  . . .  

-h thc, . . 
headwaters . . o) . I  the . - pkpilak ~(iker,  gr&ite-intrudaB 

~ e r u o k ~ u k  a&rtii-tes &lati&=hfps.  There 
' 6  . .  , . - . - . . 

. - . .. i * - - -  a~aenbl&&. .'&d- - d n d  &o9nts of 'hornblende a.8sociated with - . 



hornbleride hornfels f a c h e  (Fyje,  Turner,, and Verhoogen, 

-, 

Thermally mt-rpboeed- contact rocks along ~ s e t u k  

Glacier are at ,,&a4 t 80 f fee&; t h i c k ,  and occur in Ieomplex . .  - .. . - ' .- 

synclinal infoJds in t h  gr&ite.. Country rack -con~ists 

mostly oC sandy, ferri$nous .- 'limestone with minor interbedded ' 
I : \  . I . - 

phyllite . Thermal metyorphism i s  -complicated .by in t ro-  ;. 

I 

duction of sulfidee and! magnetkte which form small masses. . . . .  
' , . . 

A traveree upwards fxom/ the lobest aontact crds8ed: 
. , 

- ,  .. . 

1. Coarse-grained, in part tourmalin$zed g=anite or locally . 

light-gray e r p l i e c  r, ck- a t  "uontact. FoliPitLon in granitic 
, rocka, where present f is generally.:conforha~le to..oontacg, 

but irregular apophyhes ;,of gr'mite- ao much as 1 0  feet 
acrose and 5 feet hi$h invade' country gqck ( f i g .  15.~1. - 
The contact i.6 sharp) graniP8 within-.$. foot of 'cgntact . 
contains calcite .- q e  h g q f  els', dark- greenieh-gray, , in 
part banded.' contain . tt-lite-actinolite (A081 ,., , opidote 
(sor). , .  clinozoi.ite(f)-- ( 2 0 % )  ,:-and quaitz-(~qh). . . 

i : ' ' ,  ' . . 

. , 
- .  - 

i! 
- '  :' . 

- Mo&ly 'rubble of dpidotgL 
u n i t  1 w ' h h  gsossularite con- 

, . An chloriiiic bands, ind lesser , 

rock eontaining~massive,~dull 
- - -- - ,  

. , - .  . , . 
: - . 

. , .- . . . , , , - -  . 
. . . . . '. 

altered; :, 

. -  I . . .  . - . .  



6 .  98 to  - 143 feet. ~ e d d i s h  and greenish gunmetal blue- 
stained aghenitio roak. .Some greenish and bluish bloom 
(copper carbonates?) i An e idbte-amphibolite showing 1 much cross-shearing sndibat ng 2 directions and fltagea 
of disturb-ance, 1 

! . . 
7. 143 tb 163 tBet .  ~okeredi . .. . . \ . , .  . 

.. . 
8 .  163 to 168 feet.  ree en &oritic s c h i s t .  

I 
, . 

. 
9 .  ~ r a n i t e  rubble. Gra i t e  truncates country tock abov=' , k this, which is heden,'ergite-g.rossular$te-quartz,-eordfeqite - 

- rock with abundant acaesso~y~' sphenq and pyrite,  -and 
shows . ,  shearing e f f e d s  sintipar to\tho&e mentioned above. 

4 .  

a1bl .k-ep idote -amphibolb  f acies,. ahd units-' 2 and 9 t o  the 
I - , . - .  

- hornblende hornfels facie6 ,. oalcareou~ aersemblage witb excess 
t . . .  . - , . . ... . . 

, , 

quartz ( ~ ~ f e . ,  Turner; a&¶ $erhoogen, 1958.. b. 2y01-211) . 
. . .-  

' i  
Except tor u n i t  1, consider8d'ito be :anomalous in i t s  poaition 

' 

- .  5 .  
. - 

,. - 
- .  

adj acent to o n 6  granite ) .  ! ~ o h t a c t - ~ - . t h e  mineral . . - ae:k,embl-ages. eeem 

. . , , , .to in+cate p r o g r e s s i ~ t ~  decreasing i n t e n s i t i e e  .. . a* f ro rn  . 
. . . '  ,: 6 . . 

the granite, I .  

-, 

' >  

The -grahational cahtact  . . zbne betwien ' porph&itic granite 
I t - 

, . 
/ ' and overlyiiig:~quartzf $es of we Kekiktuk conqlomer,ati differs 

. . 

from the--contact.~ocks b s c r i b a d  a b o 6 .  I t  isawe11 exposed 
' I  "" , - 

! 2  , 
' : 

along, the north&+kl imi f  of the granite a longthd  OkpilaJc 
- . I 

~ % v e r  and.alang the eas wall'oi the ~a'go aver valley. ~h 
.- . f - , .  

- .  a 

these axe-,- about. 50 tQ 130 feet of quartz--sCricite-chlorfto - .  - . 



across this zone along the Okpilek Rivet, - * ,  augmented by thin 
. - 

section study, reveal?: 
- I '  

1. ~ r e n i t e , '  f i n e -  to v e v  f ;ne-gra$ned, irons tainea, Overlying 
coarse-grained micro~l ine .~megaczyat  granite. The fine- . .  
grained granite . contdins'-q-partz , microcline,  h igh ly  , , 

serici-ti zed alb i te ,  and dek-brown t o  bl-eached, ragged 
biotite, which contair$s abundant ,inclu3iods of ' magnetite, 
apatite .in relative12 large 'crystals, and .euhedral zi~con. 

.. . t 
2. 0 to 20 feet .  ~ u b ' b l d ' o f  s p h t i o .  rbck, light gray, partly 

ieonst ained, ooneisting of :a l igned  intergrown me8 of 
quartz plagioclase, hicrooline,  and rare b i o , t i t e .  

3 .  20 to 4 ~ ;  feet . s o h i ~ t o s e .  ( -7 )  , . dark :'greenish gray., 
w i t h  relatively fresh to Altered miorocline megacrysta 
ae much as -2 inches 4n- length, and quartz. megacrysts as 
much as 1/2 inch in d;iameter. - Thin sections of these 

a ' rocks show -they &re made- up -mostly of ,.a f *ne:grained 
quartz-sericfte-ah~o~,ite~.groundvase, in .part..:showing a 
metamprphia " flow" te,xtuxe .around the quartz t gegacxysta . 
Micrg.cLine in different :thi~I sectlonk i-kahges - Prom partially 

. to completely serial-qge,d, w$th-.s-~e chlprite. ~ a ~ ~ d i  
- 

, . 
and shreddiSd' remnants 1 codposed - . . .  , .  .of' chlo2i.te. andxor,. . 

muscovite con talning ,abundant .. hgnet i te ,  apatite,, and, 
garpet are. interpreteft , tp .,$epr-eeent . , ,  altered b i o t i t e .  P 

. . . . . , 
. , 

, .,,.bv%? . I  ' ... - 

i. 4 0  to  45 feet; ~rayi;ah-~reen-sch$st. y i b h  quartz megacrys-ts. 
Mostly a -microaggt@,@~te of quartz and sericite; chlorite 
and muscovite wi,Q:':inplua ione, .prob'ably after biotite : 
patches of aalcite; and .large patohes. of sericite, 
probably a f k e r .  microclin8 ., . 

--". - - -- 
5 .  Pi-' to 5 5  feet-. ; sciist l i k e  tha-t in unit 3 .  ' 

, 

6 .  55' to, 95 feet. ' Aphan$tfc ~ c h i s t o a e  sock, niei~ dark-gray, 
f in - p a ~ t  s i l i c i f i e d ,  w th quartz migai=rysts., Sericite- , - - 

chlor~te:~,'groundmass ; chlor$ te and mgscov&t'e shreds aria - 

patches: aft&r.'bioti tel- qdarts as mrgacr$ets &d -apparent 
gr~ini i  .- - :- Upper. part, -h quart?-serici te- schist;  contains 
quartz---Mgacrysts to 8 i d h  kJiametet, w i t h ,  more :,abun_aht 
subroMd to 'aubangu&a.k of quartz. ,. Strong meta- 

. morphic- .'I f I'QW "' texcur ' of' groundmass, ar'au,rid gxaiilb .. -t 
. . ,,. - -  

. . ,  . . . . 
s c h i s  tose , 

.' In th'in section 
schistdeity and 

orite. .~ith..inclusions - ' . 
d quartz : grains . . . !  ' : 

I .  , . 
- .  

. , -  

8. 105 to i5s'f&t:, . , ~ovhrdd  to ~isburne Group 
limeshone-.: . . r -.  . . 

- ,  . , . . 
. . 1 .  ' . .  . L  



might be piaked between Fits 2 and 3 of 'the above section, 

the contact 'is nore v a g d  -i;l 'oiher loaa1'ities.- Along the 
I . . -- 

~ a g o  River, schL8tose ngTani tg." containing microcline mega- . - -- 
cryst.. appear0 to vary kgom 20; to 75 feet in thickneae, and 

i s  overlain by 20 to 30 jeet of transitional schi~tose. rock 
I .  

+: I .  . . 
without recogniz'ble Zelrlspar, (phkh grad=. ubwart~ in to  SO ' 

- I 

to  200 feet of less ~chd,tose rqiartzite. . . 
. .- 

The nature of t h e  aqrupt .&tact* establiahe,~ the  granite 

' ae 'post-~eruakpuk  orm mat ion - in age. Proper interpretation 
- 

- oY the , ,  ~chlstosci gradatidna~. cohtacts w i t h  the Xekiktuk-- 
-. . . . .  .' . 

conglomerat= Pe importank & .  iri. i8cribbing .ari .upper . , -  . ,. age i i r n i t  
. . . . -  

t o  the granite:(p. 1 7 6 ) .  i ~ h e  - - ~nclusiod-filied-mica and - 

. 
. . 

chlorite in : Kakiktuk - rockb sugg&& forma=' bidtite l i k e  that . . 
. .*~*~i.n- the! granite.  he gran$te , .. . ia n o t  .known to, intrude . . or 

d . . 

alter pos t -~ .ek iktuk  rocksi. The d&ffexknces between the 
: -- . . - 4 

d i s t i n c t  coh'tact metamorphic. and t h e ,  transitional schistose 
! -. . "  

,< , . . , . , . 
contact Z O ~ ~ S , ;  provibi*g - ;hi l a t t e r  .were truly - ass&iated -- .. 

. -  . . . ., 
with 'pMite implacement, . . ,epp& t c ~  r&te t o  the coinpoei- 

:. - I  

- tional ?iffd=ences of t h e  w a l l  rocks,, and t o  t h e  qkani te  
- , ,  . . I , I .  

texturkl  facie8 -adjoining them..   oat' of th* 'd=finite  contact - 
. . . j .- 

.r ' 

metarn6rphic . r6:ck's . adjdin t h e  v a i i a b ~ e - t e x t ~ . d  facie*,  ... and 
; .  . .,: - 1 .  .... . 

. . 

. gran i t e .  ~ijh. viarosj.ty ,?d . 1- . . .  .- tempsiarur. . : .  o f  a porphyrl-tic 

I,. facie8 .ole;<.. during ida final  eib l~erneht  G g h , t .  explain the 
t . . .  

, , . . I - - ,  . . 

~ c a r c i  ty &P: , _  py=?rietasomat~c . .  rock. k t  them contacts. 
, . . . 



Structural Granitic - 

The Okpilak batholith: and t h e  Jlago ,stoak 'are parts of 
I I 

t h e  same pluton separated ion o"tcrcp by a complex Overturned 
i . -- , . 

aynclin+l infold.'*-+The graj~it ia:bodies appeae tobe synorpgenic 
:; 

in that their gross trekdsi. and older structural -features 

generally parallel  those OF .enclosing NB?hokpuk - Formation 
' 

. , 
. rocks. ~ouaver, poet-enp+cemefit de fbngt ion  may hav* - . 

i 

resulted in structural ahortenin; khiah, make. t h e  above - , - 
: .  '.' 

, classif, ication Are appai&t th& real. If pre=ent strain 
. - 

features represent , - late* deformation, then the PI-uton may 
- ,  

originally have been eloniate along a more easterly - trend. . , . . 

. , - .  
The following planar and linear di-rectio~tti elements . 

.. - .. 

in the '~onanzof-granite rap$= from well-developed to absent. 
L 

. . . - 
L . ,  

litthough . they  . . ,are listed ib a. . . chtonologicii seguenee , % 

I . h,.&*? " 

of development, _ a m e  &&tufas overlap, ana t h e  pos i t ioning  
. . . . - 

- ,  -- 
of. others Is uncertain. 

1 - -.. ---.- 

1. Zones of a i t e r ~ a t i n g  f i h e l  . , .  to . ~oarse-grained granite 

' (rare to  common) 

2,.  Btinde of alternating l i b h t  and dark (b io t i t e - r i ch )  
1 

granite-.'(rare) . 
, , , . , I - - .  

3 .  ~l.ongate.,in'lusions of . hllartiific , . .  to schistose rock (rare) I - t 

4,. Zone8 or. &&tite or ~Lh-~ar-lit rock (very rare) 
. -  - , , i ' I 

t 
5 .  zones of metagedimentary 1)) schistose rock (rare) I 
6 .  F'bJ+iatidn (gneiedoid grd&te) 

. . - .  . . ,  . . . . 
. . I (common .to rare) ' ' . . a 

, - -  . .  - .. 
, - , . 

- I 
- .. . I 7 .  ~ol iat ian.1  an&line .at ion of feldspars,  , chief ly~'micr~cl im - 

- . . ,  > .  I .  



8. Aplite and pegmatite dike8 (aplite rare to cornon; - 

pegmatite very raqe) : 
: I 

' <  

9 .  Bands of touma~inej impregnate~ ( l o a a ~ l y . ~ m m o n )  
I .. - I - 4  

lo-. . .  Fraetiures f 'f ' l led w i d h  qu&tz Yi and tourmaline . . . ( looal l~mmtonl  
' I  . I .. _ 

11. Dikee of mafia rdcks. an8 b a r t i  ntonsonite , 
, 

4 
! . .  

12, Foliatian of biatitQ ( c o k n )  , - 
I. . - '  ; L 

- 13. zonae of gneissic g4anite ( c m o n  i6.sorne amas) , 

i ,  

14.  .Zones of sohistose q r a n i t e - ~ . ( c ~ n  to r&e) 
I - 

15.. Streaking of minorag condfithenti alohg.-pian& of 

foliation and ach$stosity (local) . .. . . 
, - . , 

16. Fractures f$lled wit)% quartz (&mr&h) 
.- . . _ . i  . r 

..- -- 
- 27. Fractures f i l l e d  w i Q h  chlorite, or coarse. qusrti a n d  ' -- 

. -, 

chlorite (,Pars to  Fmmon) . ., 

, 
.. . 

. . . - - - -  

. 18. Faults.  A d  sheared z:ones- w i t h  : or wiGout ar.~ocib'tec\ zones . 
, . . .. I . . ~ r r h v !  . . 

of s u l f i d e ,  enrichqent *d ..eili-a'ifi.ixtion (&nunon) - 
* _  ... - I . - -  

. . _ - - .. ... .. . 19 -. ~ o i n t s -  a& fractured (abwidant j' . , I 

4-- 

. - . . 

. . .... 

/ ' . , .  nutins analyaie .od directional  elements in the granite, 
I . - 

f i e l d  readiG& 'of' t h e t i  trend . . dnd ineI$natiiin . . . and , .posgibly . 
I . - 

related ,li&es Been o aerial .photographs were plotted on 
. "i - .  . , - - 

separate t$ip&ent ahfe t imd cornparha. Foe some directional - 
. . .  

e l p n t a  ..id . - ' .  . as -jointer ,;id bibtlhe foxidtion, thi; method 
. . . . ,  . . . . 

bast sq~&s=jtil gn. ; for. other;, =uch..as tex-tural 
. . 

dl,fferencea~.and . . f the . r~su l t s  are incon; 
. , . .  , - .  

-. 

. ,  , . . - . . . -  

, jo in t  
. . . .  

. . .. . , .. - -  . , -  . I  b 
- .  . ,  

-- . . - p r ~ . ) ~ c t l b ~ t & $ c d s ' ~ ~ I ~  LC , . .. . made. bur ;eriiulte, .were eiratle , and 
. . -  . ,  - . . 1 ..' 

: .I , 

t h i s  m e t h o a  . . was' :abiqidonga: , . 



I Primary featurea and features of uncertain dexivation - .. 
.-. Directional elemenat@ wi.thin the-pluton whiah are son- 

- -- _. - ' 
-5 I 

t 
. . 

sidared by the  writer'-60 be moat - - l ike ly  primary am:  - 
1 ~ l i g n m a n t * ~ o f  . , two br &lh similar inclua'ions. 

. , - .  

I 2. Testural banding. ; - : . .. _. _ 
. . 

3 .  Canrgeaitional ban;dlng of biotite-rioh and leuaacratic 
.- , 

. . 
. granite . t ' i  . , 

,- I ) . ,.. 

4. Parallel  rdiiatiob of bdtb b i o t i t e  and feldspar in 
7----' , ,  . . 

relatively undef o h e d  , . .grad te .. 

 he' f i r s t  three. feptures a r e  not aa abundant as other 
L I 

I directional elements in: the, granite. Trands and attitude8 
. . .  

og the above feature8 ,a$e .ahwr! in ,p late  5 .  . - r . - . . 
in qome parts of, the pluton, eepecially i n  marginal - .., 

' 

.,+. . .  

pbrtiona, several p u t z l ~ n g ~ ~ a r  , ,  and-linear L% 

, .  . 

"""' .in;ol"irig - .  prima- featukes and k i a t i o n  oP uncerthin s i g n i  fi- 
' . . , -  

.- , . . . 
. ,*' .: --  

cance can be 'seen . A in' the Ti s&rQutcrop. . In granite gneiss . ,-- 
--. . *C',' - 

outceoppinb i n  , _  the cirqbe-wail F -  . of a hanging' glacier tributary 
I . - 1' - -- to ,lief f ingwe l l  . ,  ~lacie'r,  i parallel' feldspar and .b idt l t e  folia- .. . 

i r e  cro..& :by- biotite ch l i eren  at  E .  4.. 60%. ~ l b n g  
, - 
:.. , .  

, . 1' , - 

Esetuk ~ l ~ c i e r ,  f e l d e p a ~  f o l i a t i o n -  is at .N. 8S0W., 80 'SW. with 
, -  . - .  , - 

. .  . . - 1 - 
' "  r 

- i i n e = t i d i  . !  .- - ~ 6 0 " 7 ~ ' ~ ~ , ' l a n h  a cross-texduri of f a h t  biotite . 
- I - .  - 

, , 

sch-lieran fans a t  N. 85OE. , 4 5 . " ~ ~ . ,  ~ i d n g -  the 
-. 

. ldwef - qf biotite foliation is N. 8S0E. , 
, .  - , . 

' -. , , .. I -  

70eSE, . ,  . ,  .&+ oriented- parallel ... . , 
! . , ,  - t - -  

, . 
,,. to or norha1 . ..to . t h i s .  d i  , e c ~ i o n .  '~ands of concgntrated micro- 

. . , , 
, : . .  . , 

' cline -m&g&rybts: ." i th  . ..- , t e ir  long axis parellel .go biotite 
- , ,  
, I .  1 . - , . . . 



f o l i a t i o n  are. however, a* N.8S0w:, 60?NE.. A r e  the primary 

.; layers north-hiVpping with /lat& reorientation i j ~ ,  strddsaa 
f I 

?' . .. . . ..,. .-.. ...--..,-- . .-.-- i. 

wt;idh"ihf iuenced' t h e  biotqta ,a&ignmant? k net& 1ociUt.y 

along, tef f ingwelib%reek sr/owi .. . Y o t I t e  folid&iok-qf N. 60°E. ,: 
I 

. . 

ao0-85 NW., subparallel  f*idspar a t  N. 55%. , 50°~f106NW. 
. - 

- .  with a suggeetion o f  ~ O ? W  i l ineaqon, bdth orAsing textural. 
I '  

banding having an a t t i t u d ( o f , ~ . 6 0 ~ ~ . ,  35@NE. :~ere it would 
{ .  .. ? .  

aleo appear that  primary qaisrs. do not .coincide well  with , 5- 
- :  

- ,  ..- . . - . - 
f D l i i t i o n .  di rections. . . - .  - ,  

. '  

As a resu l t .  of the ,&fu+ng relationshipa described 
. . -- . . 

above, the dehmat ional  dff&Ct~ , . In the' p'iutori,, aad &b 
- . .  . , -- 

poss ib i l i ty  that  miordcli.& 'magaarysts are porphyroblaits. 
-1 -..- - --- A .--- 

- 
only locally p a r a l l e l  td prideryfeaeiarep7the wr$te+ i d  in 

, t -  . . , " I '  , . 
considerable d o b t  about the'..keanifi$ ahd =$~i f$cahce  of . . 

' i  
. , b l % ~ j  .- . - 

fo l iat idd.  . "The grmfte e+ibits features . ' w h i c h  . cotild be - 
. /  I .  . . 

interpretedeas . . .  _ originatiri4eiths? . . in a-'l$quid'or eg.1id . . state, . 

a. . .'. . .! - ,  

or in an intermediate . "muajhy me*?. Each ..part of the area , . . . 
' I  , , 

was examined w i t h  these possAbiL$tles.j;n'mII:nd, ad-. inter- . - . . .' - . . . .  I _ 1.4. . 
. , pretatio~s!ver~~.mad~ on-the  baais of-taxtiire. Feldapas 

I. , . 

foliatf on,. *a. :c&ined fe dspar-biotitle-. fol iat , ion,  : in . r 6- 

, . , . . , 

relatively , ,un$e.fo+=d , . .  . . gtanbte: are i f i t~rprated.  t o  repraeint 

. . I s t ~ a ~ i q a . - d i ~ b ~ i t G d  , . namal t~ the abopk., f o+i&tionr("duzing . . -  
' 

- .  

emplaqemenk . .  . ,  .bi t h e  - 
.., . ,. . . . I  

. - 
- '  C .I 

- .. . . 

dipabdsed -b&kov, . . i? 
. -.. . . . - .  . . 

~extures * ,  a;d;"i ,, . , -to 'b fleet 
. .  - .  ,' I . . ... . \  

prlmoty f a ~ t u t . 6 ~ ,  a  in tion of priAry and secondary P 
. . 

: i .-.; . 
. . ,  



features, and deformation of s o l i d  granite, are respectively 

i l lustrated in figure 1 2 i .  A , B , C ,  and Dt f-iguw lb, &d 
. I .  \ . . '. 

f igure  17, A - a n d  B. 

:,w. - ,. . . . - .  

Foliat ion of fel&spar and biotite 
- Foliat ion of f e l d r p p r  and ' b Z o t i t e  ranges from w e l l  

developed t o  indiatingui$hable.. In m i m y  parts of the aka;. 
. '. I . . 

feldspar foliation gener&lly boinoides with trends of p=inary 

, - features. -8iotite foliation i~inarmall~ very:"eli dsveidped 
I ! - ,  

(fig. 1s) , in- some places . , Qoincides w i t h  feldkpar. fol iation,  

but commonly its s t r i k e  lies at acute or even right angles 
. ., 

to the f eldrpare l -  it beaks s'imilar relatGnshipe .. k 
. , . . 

f eatures,-In. :&her loca<itie. -;biotite and f e ldlbhr coincide 
- ,  - 

or are subperallel +.nd a& r+i=-ectad py wall-developed 
. , 

, , 
. . . . . _i. 

fractures. 1n.many placeB, however, streaking of minerals, 
8 . ,1.*. , . .. : 

- , .  j 
. . ,, - 

thin a-chlieren,, fine-grailned granthlate-d quartz, +d . a  high 

/.' probabla realignment by , d y n d c  , -ietamorphisi sf ter consoli- 
, , . - -  . . --. 

dation., ~xtbos i i re  .alter 'ti& of biot f te i  to chlorite may . 
. -  . 4 -  - - 1 :  

I - .  
indicake'.  r e t r ~ r a d e  , . met-rphism accompanying t h $ a  deformation. 

I ' .  I ~ e i d ~ i a r - f o l i a f  +on ( 1. 6 )  i s  mostly eteeply-dipping . to 
-. . , , - P . . . -- - .. 

vertical, !:and:: the dbminant d ip  component of f oliatfon qnd . --- ! . 
. , -  . "  

t 
' 1,ineation aipisxs . .  t o  be spueherly, although northarly .. dips 'are 

. , 

1 - 
probably . . q o ~ n a n t  in the eoutheastern ,&d. southeh p~rribns of 

\ , ,  
-. , " . ,  

t h e  okpilak--b-athojithi , . .. . +a lys is  of I - f alab'qr -. . - ibliafipn 
, , 

. -. . . . . A 

, . 

, indicates ithat .it more c lpe ly  - caincidea - & t h  w q l l  rock con- - .  - ,  , - . . . . I. 
- .  . . . . 

taste. mh : i& -,the f g w .  , . rabogniaabl= p r i o a j  fegtures than 
.-. . '. , . I -. 

. '  . . 
doen bibti:& . \  . fdl lat ion.  . , 'The la& of. ftjliaeion 're&inge in 





. . , . ._ I ,- I . . r  

' ' ~ig~brn::i7. .  .. . ~oniwei -branit* i i i ~ i e ~  ;;.trong-- second& - , 
, -  , . .  . . : -  folidtiaril. . Okpilak:;aRbv*r. ' .  , . . 

.. . A;: ~nei 'duf  c.' granite . ' .h 

, . :  - .-: --. - 8. ~ c h i 8  toa:e: gran.1 te d*;.-f ractured. . . . -  - ,  . .. . , . 
. - n f  &cbine'.aeg&jryits .;' .- . ' 





aorue of  the 'area covered by f i e l d  work indioatee . areat, of . 
- .- .- . 

schistose and gneisaio ran i*  or,' i s .  the MoCall 01Lier 
I '- 

vic in i ty  and eqst , are48 where f o & i a t i o s  was not reaognize'd. 
- . C  

Biot i te  fk7iatiob i s  s&n , . on plate 7 .  .In the noithern 
- 1 

pa- of t h e  Okpilak baqol i th  i t  strikes east-northeast . . and 
I .  

digs soukh. Farther eokth, attitude. and trendk a& more 
i . .  . .  1 

vari'able, but a dominant; southerly dip: component i r  strongly 

suggested. Wpe.r-g@ krom rnddegate to steep. A S  an l ~ d i c a -  . . .  .- . . 
. t i e  ..-. o f  .- . -- piiaary . . struatuial  fedtures :in the granite, b iot i te .  

-- - 
foliation is BuqpeCt for the ' f o ~ i t k i n g  reason.: it closely - - 

1 

coincides w i t h  schistosity ;arid gnei.nic ici&i:istibn Y n  dek0-d 

granite, ctosaea' some.ablite diken,  parallel^ orientations - m .  

of indiviauai inclu~ionC I .  brit h o t - ~ r ~ s o f ~ k l u s i o n ~ ,  . - M a  ' 

parallels .slaty cleavag* ie. tha . , ,  bqdirnentary r o c k s  dorth of ' . 
' ,  ..,,*'I .* , . 8  

I 

. - 
. . the . batholith which a r e  iMb@c~ht: to b&p'y.oungec th&b the 

. . - .  - ,. 

gianite (p. . 174)  . . ~iotite io~iat~bn, m i y  nivertlla+ad. be a 
I - 

P "-" - featuri .- rs;liect&ng .at&&sss in a marly or wholly wnaolideted 
I . - - - 

O ?  I . 
outer .ahel l  of the p'lut+n during the. lste sta&s ..oi emplace- , . 

i . 
menr; . . i f  so, ~ e - & a n i t =  would postd&Ce the ~ u r ~ s i i o  r o u k ~  

. I . . 
- of the ares. ~lotit~.fhliation, Men,' could.have pr*vidod 

a &ef e r r ~ d  . . direationall control for  later dataclaatic sf facts 
, . 

. . '- - and s c h ~ s k b i t ~ .  " ., 1 
. . 1 .  i 

, . 
- and - achistoes  eqnes . . 

, . , - , ... . , 
. a!: 

~eature'a poet-&olld&tiirn def dmatiori within.  .. . - . - . . 
- . . . .  : . ?  . ,  , 

. . . - the  - - gradite ! .  hot .be -related tb, ,  4ran~ta ... emplace- . 

meit, . :. & h i s t o ~ i t y ,  
- . .  . . . . .  . .  .. 

. - 
. . I - .  \. 



- 
- ! 

_ I  . i 
l i n e a r  ~chistose 2anee an8 gnaiesic fol iation,  gome joints. 

! 

a l l  shown in plate  4 ,  f auite,  and paesibly b iot i te  fo l iat ion,  ' 
. . I  

already disaussed. 

In the northew . . one-khirdiof - ,  t h e  , Okpllpk . , .  batholith, - 

\ .. i 
schistosity , gnainrsio' folkalion 0" an! biot$te faliatioh are I 
generally parallel, striking . -  i ~ .  . 6 0 . - 8 0 ~ ~ .  and dilpping la&der~tel~ ,, 

- j I 
1 .  , . .. 7 - 

- ! 
to steeply south. In the1 douth-central in& ealtein paFts og 

, , ,, . . . .- 
I . . 

the  batholith and in the $ago s&k, this .relati?n.hip i. . . .  
I .i 

.v - n o t  w e l l  sxpke~~ed, and hbxe biotite and feldspar foliation L 
! 
1 . - - .  
! 

ate local ly  but not everpahere n o r e  closely r4lated in attitude-,  I 

f 
I 

perhaps an indication thak 1 the bioti te  f b l ~ a t i a ~ . . , r e ~ a e a t s  
. - , , I 

. -,-. I 

p r i m e  structure there. .. , In the  eastern .pirt :  *of qe"bathb1ith'  I --- , t  
, - .  

and in t h e   ago s t o c k ,  the s & i i t o s i t y ' i n d  b h a i ~ i ~ a  foliation - - '  
. j 

-. - .  
. . . , i - 8 .  

. , 
- .  

generally .strike northeaak, 1 but , ,  in ... .the . hiadwster*..o'f - the  ' . -  w .  i 
. ,. [. :. . 1. 

'Ab"Dkpilslr River. diverse . -. t r e ~ d e  hqgeit . .  that .thiq part of the - -  
I .  . .  . .  . 

b .  

- .  
. i 

-. area -has been rub ject to $wo or &re diradtians of .shearing 
\ 

I '  I - . i 
stress. . I. : 

1 . . .. . 

Zonei of sh~ared,  b c h i . i b s e  granite from a few 'feet to - . . I % - .~ ~ ~ ~ 

t ens  of feet. wide 
.. . 

[f ig.  19) . . , . . - i . . .  I . to6&ed-.an& :in -part reory talli&d t b  chZoritio and acricltie 
. - . . .. - . - - ; 7 

iichistose &-'gn&tic . rock. ! ~ h a i i .  '*ttitudai.l'shorn ad. plats 4; 
. - . . 

. . 
- . -  

- .  - , .  . 

. . , , ' : .  , .. , . . 

to the 'of px6mLncintLjoints. and f a u l t s  
. . ,  . .. .- 

- ; a , .  

&lationship.. oZ. t h e s d  zones - 
. - . . . - 

I I 

, . -  - - .  , , 

. , 
a - 

, . .  



. . . - .. ( C . . .  . 
sheared . ~ c h i ~ ~ d ~ ~ :  i D n e i  : xk-' R * & ~ ~  
on e a t  ' aIl',,"'dkpil'ek ' ~ W e r  v a l l e y  
-Resistan 7 g,i h n a c l e ~  of "restively 
granite ef l tehate  w i t h  
gragife. , Thoking sguth. 

If*. granite 
,. ' 



-i 9 .  
, . 

to the schlato8ity- and gneiesia fo i iat ion aaecfibed above is 
''? . .  ., 

obscure; kchistosfty .in kolb:of'the zonee p a r w s l ~  thbir  
.-I - - . 1. 

a t t i t u d e s .  In Borne .vioi~lties, however, eohistoeity ameses 
I I 

I .  

zones of sahistti's"~ granite. h example is -.a- N-. 3'haw. s t t i k i n g  
i ,  -. 

zone near t h e  northern f '  ~ n t  df the granite in the Okpilalc . , 

valley, where s c h i e t o s i t ~  . ,  .in t ~ e  zone and biotite foliation 
.!, 

, , 

. in the adjacant'granits-isN.8o.e. I MineFalcb bf some 
I 

achietoee zones indicate4 'alts&tion of or$ginal granite .. 
7 .  

I . ... . , -. I .  

constituents to chlorite i and - taeric&te, ae w e l i  a s  the intro- ; - 
duction of sulfides , fludrite , and tourmaline. The precrenoe ' 

, - , . . -  . . 

of tourma~ine, the trans$rseschietoeiky in the'exinple 
. - - .  - ,- 

above, and-the fact that jsom,e zones i r e  subparallel t o  
. , . , i-T. 

primary featukgs, suggis4, that .eioa~e of the.  zones., closely , 
. 

! . - . . .  .. ' .  . 
followed 'gr,aqite arnplac+ment, - . and I ,  t h a t  they. regreset planes ' 

. i '  -.  , . 
.. .>,b\i - i "  

o f  weaknee8 whioh ,-control!led.- , .  later . dis locbt ions  . 
..$ .. 

5 The shear effects , pz&b,ably occurred at coksiderable 
1. 

b 

depth wi th  t h e  reault th& t h e o r i i i d a l  granite constituents 
1 )  

I , - i  * - 1  
. . 

we-re p a r t i a l l y  to' wholly ;altered 'by mconistitution, addi t ion  . '- 

:! ,  
I - . . ,, " 

o f  volatiles ( m o d t l y  "ate+) and zkdditlon;of Fe and Mg* 
1 

to mili*tures. of chiorite 
. ,  . 

were convetted to f la t tened ,  
. . , .  . -  ! -  . 

- 1 

r e l i k e  ~ f ~ ~ d d d i & - ~ h l b r i t e . ( f i ~ ~ ~  , . . .  8 , 3 ) ;  quartz was granul.ited. ' 1 1 . . 
I .  . . 

and in .recrvstallizeh to qriarte.  f iatrcrysts. 
1 .  . . 

. - - .  - 
-- , - -  - - ! 

, - -  . -- 
i . .  , ! 

. , -  , - 

, - .  

~egmat&t=sare  R@manzof 
' .  - 

. . . . . ,  
. . ,  

. . 
- 1 .  . , . .  : ,  . . 

and aea o f ' b & r i p , l ,  . , .  corngosifion:, feldapar ( 7 0 % ) ,  quartz ( 2 5 @ ) ,  
I I . .  . ,  . .  - .  

., , . . . j , , 
, . . I 

. . - 
. , . , 

', i .; , .; -, . :- . 
, . - : I . : ! : . , .  :::,:,-.: ,,: 1.-.,:,-..:; 

1 L - I-... . --.-- - .  - , , - .  
. , ,  

! 



, . 
locally biotite or ohlorite [SI), and aooessory tau-line 

and fluorite as small. aggregates. Few pegdatites exhibiting 
I m z  

\ -  ' 

aha-. cr?sa-cutting relationships were seen,. most of .then 
i - 

show irregular 'k&itadati6$al ri.lationshyps ... w i t h  - adjoldlng. 

granite. A -in* small n ~ o d i n  bf Begmatite sak&r;l ieet wide 
. , 

I .  . -  1 - .  - 
w e r e  aeen in granite,  bdt. the9 a& not xiiaro1itio.- No - .  

I 

schietosc. -as were se+ in the -exposures-axamined.. . D i , e t r i -  -. 
. . 

, 
bution of pegmatitee relat ive .  to granite '-f ac&s .,il not known.. 

Aplite dire* .re ririltively common, and may ha moat , 

abundant in.. ,the v a r i b l  and porphyritic faci=i,'b'f! the granite. 
- - 

They cros =-out a l l  =*senti p a n i i e  minergis ..including fe  ld- . 
- .  . ,  , , . .  , ! . -  - . . - .  . -  , 

.par ma(tacrystn; and indlusiods.  hey a -  commonly planar 
. '  . . . ,  

but are lo,c$tlly curved ind ko be balded. Their :. 
3 .  

, ; .*tPk,'t - 
. mineralogy e?o&eapohds $0 t h a t  Jn the 'adjoinirig granite; and . 

' 1  

~ome 'contain tourmaline,' pyriter and t i ~ ~ r i c a .  &lth,ough the 
(. . , . 

dikes  :ere cross-cutting ti biotite .-. . foliation where recognizable 

. . parallels b io t i t e  fbli&jioi i n  &a. muexpupding* granite. A 
- r i  ' 

few a p l i t i d  dikea odcur . f .  jin. quartzites of the  ~=rq&puk 

, , .- . , 

but none: wek-. been in yo)an.ger rocks. . . 
. I.. . . 

. . 
' ~ocae$oxis 'and of' aplite- and pegmatite are shown 

- .  
. on .6iiat&. . . , . -71 relidin& on aplite. dikes. 

, .  . . \i. I . . 
t h e t  .moat dips are - ?.tee** :than 50- :':'"The . . .. ..a~veree' orientations 

. - .  . . . . - 4. , - ., i . . ;- . I ... *. . , 
or' th8 die*;' do :not ;ibdiaate an overall "simple fracture - 

I . . .  
I pattern k i a t i d ,  . .  to . 'emplacemint- . .  .of the pluton. ' ~ ~ t c a d ,  

, . , .  . , . : .  I d  . , .. . - 

several :obs.+re. . . p ~ t t ~ m s  seem to :be preBent, perhaps 'the 
I '  . . ,, : ' 5 - .  



result  of stressea directed from the  areas oP coarse facie8 

granite. Locally, however, : inward-dipping dikes along some 
I 

margins of the  pluton day' repreBent filled marginal fractures . I 
I - 

(Balk, 193 7, 6,,,.101-103) . . Many . . dikes' wi th in  the- -ptuton a100 
- . .  - ,  11 

looally coxreapond to tkendsiof feldspar .:foliation- and p r i m a n r  
8 .  

features-and m i g h t  be ibterpretsd to.=epresent -lbngitudixiel 
. . I I .  . , .  

joints (Balk ,  1937, p. 04-36).. lome apl i tes  might be i n t e r -  
\ - 

preted to have filled- =Loss - .-- 'jdints . -+..- ,. and . -,  - . -  release ..-- fractures. - 

1 I. ' 

. . 

Two different compbsitional varieties 'of dark rocks in 
1 .  

- steeply-dipping tabtil,ar( bodies wcri .recognized' in the 0kgila.k 
' . '  . . 

bat,hol i th.  . B o t h  occur in the variable and :coarse f acies and 
I .  

1: . - - .  - - i , ., . - - . . , ,  

poseibly in the porphyritic feciea, . .  but .  t h e i k  int'errelatio?- 
, - . . 

? ,  ' ,  

ehips are n o t  known. ~ h e ~ - i & $ u d &  dark porphyritic . ' .- 
, I  . . 

, . .  . . . - 
, . b ; F k t t  .-- I ,  . L 

qua&z:mOnzonites, hnd breqi aphanitic.mafia rooks. The 
. I 

naf ic d i k e s  i r e  def ini ib iy  intrusive, and are digouesed along 
1 .  . . 

w i t h  n a f i  volc.anic (?) ?fock,a ,A' pages :177-179. - ~ 1 1 '  contacts 
I"' I 

- observed be tmen  the qubrti monz&itee end -gr&it& . . are sheared. 
d ._ . I . -. ii; , ,  . 

The -quartz . . mn.zonites were:'seen in a s i n g l e  :be l t  of' 
. - - I . .- . - 

no&heast-s&&k$hg . , d i k i !  batwemi OXpibk R i v e r  and ~aGal1 . - . , 
. , 

Glacier;  he^ dip. . . sfee+ly-northwest +d are as much as 300 
. . . , I . 9 

feet th5ck. , . : 4 . ~ b ~ ~ a i n t  f oat it- these dark .r~ckb - w a s  'al,*o seen 
. - . . . - 

wen< of the ;0kbi,iak ~ i v b r ,  9s (in t h e  . northeknniost - medial . 

. - 

t . . 

bathoiiiti!~~treka..&e~t-no.-thwest south d f ~ ~ ~ n t  Michelson (PI. 1) 
I .  . . 

, - : . '  1 .  , -- -. . -, - . . I '  



and it i s  tentatively inferred t h a t  they represent quart'a- 

monzonlte or mafic bodies; Howpver, they may represent 
I 

eXthther schistose granite, 'inblbded meta~edimentak~ . . =oak, or 

. f ine-grs ined~granitewi . th~bun~ankdark lichen =over.'- 
i: 

-. . . . 
... 

The Quartz. rmnzonited, are kharaaterized by a b k d a n t  

~uhadzal to ovoid perthitic' microcline &gacryete which . 
I ' . . 

cant...c ?tring~r -4% 'dark gray apianiria g i i e a . .  . -, 

.- . 
+ .  . . .   ha m a g a c r y ~ ~ e  co-ply s&k. n.. s . L n g .  preferrsil..orIentation • 

I . . 
parailel tov  the steeply-&pinq dike sid,ee, but..-are, randomly 

oriented in some exposuresi ( f ig .  20) .  ~ r n ~ l l e ~ ~ ~ l a ~ i o c l a s e  
' I  

(about Ang) and quattz nugacrjmtb; . , snd biotiteagg-xegates' 
, A ,  - 1 .  

are also eaeential  . . h n s t i t u e n t s .  The' biotite ,appears t o  be 
. , 

- -pseudamorphsus after hornb lend=. . , :  . A micrbgranilei. intergrwtk 
. 

of the above minerals cona$atute8.. the gfou~dmaso,' w i t h  quartz , . .. --- .- b 

I .  
-about 80 percent. Quartz-garcite. veins - cut the- hicroaline . 

- 1 

megacrysts a@ .sericite oohtrir , . . aiong some vein nyrgins. 
. , b - 

. sow, amitall irregular Areas. of dark poTPhfirit.i t -rock, 
. i '  :. 
: 

compositianblly ahd texthr l l y  a i h l a r  to .:the tabular' bodies, . , . . . 

i , .  - 
P , . ~ u ~ ~ s .  infe&eted . .. -to reQreq.&i& 'structure - t ~ ~ g h l y  

' .  I I I t h d i  .i.li the encl sing The dark q u a r t z  ' 7 ,  . . 

- k n z o n i t e s  :hre~-~dnsid<red t o  bk. essir;'tially cgienetic with' 
. ' i '  . 

fock?. . . . t h e  main masis pf . . granitic ' . .  . . 
, ,  . 



. 
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I .  
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O J  quartz. 
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Veins -- 'and !teplacemanta . 
-.. - 

4 .  

~ o u r ~ a ~ r i e  occurrences, . 
i 1  

-Ehla=k tourmaline ( cho22) is predeht i n  ,all granite P .  i . . 
1 

f aciea qnd is IBaally . z abundant. . . . It o c ~ u r a .  ae- repiaceraant of . 
. 1 :  . . 

. . 
biot i te  ~d f e l d s p ~ a i  Ln mr;'m.ineralio vein. or in vain* 

! 
associate$ w i t h .  quartz. !Writti; and f luorita ; in greieen~'. 

. -- --- :. ! :. 
.- a~ rosettes t and iocalld d ~ @ $ ~ i n a t s d .  in granite .- Black rein 

. - - .  . - 

- touzmlina aleo occurs 4n ~ e & c ~ u k .  Formition rooktq. ~ i e a r  ' . . 

$gray tourmaline u i s  seei 3-n contact laetaso~atic rocks along 
' 

, , Xeetuk ' Glacier. . . . . 

In. thin . . aection, echorl reinges f rw brownish-gray in . 
-;- 

! . I .  

raplocement and Getn toumaline te, sitemating brown and blue , . 
- I . 8 ' -  . - -. - -  . . - 6 

in zoned dio8imhated cG?t'kls; kt 5. etrongly pibouhroio. 
. . . , ' .  L 

~n veinieta a ~ - c o n c e n t $ ~ t e ~ ~ . ~ ~ ~ a c : & e n t  bands,n, is 1.666 . .  - 
L . . . . . .. 
6 .  

. .,$&<' 

f@ 1.670 and n, , .  ia 1.646i td i.6~2~ roaettea, -, nu 1s 1;653 
Y -.a . ' 

and' nt ie 1.632. . . a 
. . . , 

~ ~ ~ ~ i ~ ~ i  ,diaseminbt=d' in wait. is $~bhedral to- 
I .  . , 

anhedral main marty t)r i / ;sedtion~-appears to . , have be& dia-  
; i 

. --bred ,and; r ~ c - ~ t e d  quprtz. :. , it containas tiny 
. . . , $ .  . . .  . - -  

aggte~~teai,of,iip~ena(?) . . . . L .  ' &a interititial blo t i f i '  which it has 
. i . -. 

- - 
p6ztialli , . It. Clro panetrstea. rnicroc~init . . =long:. 

. . . . 1 .  

cleAv@o -;diaries, . . f ri -samg 'tourmqline replacement  band^, 2- - 
- -. ' .  . 

-. - 
- 1 - 

. . - inch& , . to. 2 -toot in w&dtp,. - a l ~ ~ - e d m ~ & a l .  grinite  .. 
. 

m i n e r a s  

1 than: 1/2 . in& . . . .  t h i c k  . d i ~ d  occupy planar . fracture?.. 1 Thd 
; . -, . , -  , . ,  . - . !  - .  

. . 
. - 

, . - .  

. . - 5 .  . 
. . , . 

I ! - .  - .  \ . - 



tourmaline oaaulce alone,. w i t h ;  quartz, or w i t h  quartz, pyxite ,  

and fluorite, a t  some localities it is altered to chlorite. . 
:. , . 

V e i n  boundaries are moothy. qharp. ~ o s & t e a  are paittau2ar&y - 
! :: 

abundant in aomeu'aplites, ' anc3;:ln vicinities where musoavite, 

epiilote, tl~urite, and &ifi$a &cur, M along the north 
. : s ide  of -nark Creek. i .  b . . . . 

I 

About 40 readings 4 tourih$ine vein sets are plotted 

on plate 4 .  Mat toumwib~fle. veins dip, at moderate to 9te.p 
i :. . 

-:angles, and are inwarddip~iing: along #a  west, 

and eastern ma&ine 'of . the Okpi1,ak batholSth ,  I n  sow 
! 

lockitiek, vains and reblagemkt bands ==ire paraxiel w i t h  , ,  

. , 

ap l i t e  a ~ k e e  which also bonteinintergmwthsiof tourmaline. -- 
I . . 

. . I  

. , . . 
C , - . *  

veins h l ~ c  ihrrpl? . cut these &eke,- and a r e  c l i & i p  iatar in - .. 
I 1 .  : , -  

, . . , 

age. Same veins' are ~par+lel to .  . ,  , sobistoaity . . -$n the granitg ' . 
-. 

, , ,h - r?  .- . I .  . .  . .- . . .  1L-. 

. , in one buch a&=,,' they E Z & ( ~ ~  biotite filiation, hut  other. 

l oca l ly  the bioi i te  fdliatiofi. - None we=@. found - 
I .  

that. cross sdhistaaity . I N&, cqn~iqtent. xelationehip to open . 
. f . 

- . .  
joint. ~ b t s  in' evi,deaent, . . altbbuqh- the preeence . . of. somd north- 

I :  . , 

I 
. . 

it=Lking 'veins. i i ~ ~ g  thii ~ k p i l a k  fndicatea  at 'the 
1 

. . 

whohloh are now ao p&minent (p. 191- 

d , to  ,._ granite amplacement; I t  h h  not  
, . . .  

t .  

bean eetqb~ifiifi vhc'ther / i o u ~ a l i h e  cut: quartz. moheoni te 
, . . . . ,. . . 

or . maf .- id :dikes .in. 
, . . , . . 

- .  

band8 have 
-.  . ,. . . . . ... 

. ' ; . . 'including . . 
, . 

. ,  . .  . . 

ty northwetsh- of .~&ffin~well Glacier, 
.. . . . .  



-such a b a d  parallels foliation of N.6SeB., 57.7 whi.ch.-croseea 

biot i te-dch sehliereh having an attitude . - 
t I '  

i. 

There, the time relati.*jrships . . apparently raflaot a 
-; 

struclure and ghlatee gbei..bid 8 pl-iation-'coincideit  w i t h  
. f - .  

or cont roiling .later to)rrinoline impregnation. . 
. . , . 

~ lacrk  'tourmaline k$msalization ooairred a. &.fly a. 
' L 

the eaplscment or aplite and ipagmatzt~, b ~ t .  C9nt~nuea if ti= 
. . I _ .  

- .  

.-, . : 
l i n e .  vein* may be indickti v& ok' c.zoes joints: 'as wed by 

Balk (1948).  

chlorite veins - L  

L '  

chlorite, chlaritsrquattz, .. and cIudrtz-.chlorite-calcite 
. . 

veins are caqtmn in brabite - andlees abundant in rocks of. 
I . . . . 
i .  

: ..,.dk,, the. le.mokpuk ~ormationi i n  hand-. speci&n, vein. chlorite Is 
. . 

dark grayish 'grden, aphhitio,; . .  and locally c&ntaine dlssemi- 
! b ' 

nated pykit i .  Vnder thb microii.kop . . it i s  a yellowlah. green 
I d  

I micr~ag~xhafe  .di ferbni $r& the i&cy aggregate* .resulting . - I .  

from-. the  .alte.iatibn of biot i te  .' veins ,i&mposed wholly of 
. . . . I 2 - . .- . ,. . . 

&loi:&te nost conand; are .gtraAght, and .are. moetly iess ' 

I ._.- _ 4 .  

than 3/8 '  t h i c k  .- ~ { e e c r h i ~ ~  .aif&t'% along t-yeins extend 
, - * .  I .to 1. ixi=h..'~nto .-. . a - the-, isan+ . . te and: &f l e d t  bLot l t e  alter+t ion and 

- a ~ ~ a ~ ~ o c c u r ~ a s  larie -quartz crystals. 
, . , , , - 

, . . . 

." 

: which. ,liiie..:the. 1, .. +: . - .  
. . . . . . . . -  . . .  

. . Thd , c ~ + i t e  . ..&ins 1 in. g&lie. b e ~ $ i i  it- . a; .. . ;ate stage ot 
' I  _ _  . .- .. 

- - 1 -  -. . . * 

. . dinsral$z&i6ri. . . ~ h q y  oqt eplites; &hrtz 'hnd tbumaiine veins, 



the l a t tex  cuts ohlorfte .veine. Many chlorite veins are - - .  
slickeneided, and-drag a€fects along one wag seen in thin .- 

i '  C. 
. . 

section. - Some are 'displ~aed a Zew f nchea along later, f raatures . 
.A ;i . 

Zn a few vein 1d;lhlifies lchioiite of this t y p e 2 6  i ld~okiated 
. , 

with tourmaline and appagre to: be -a replacement of. t h a t  . - 
. , 

mineral. It i s  postsible ithat many 0-f these  chlorite .ve ins :  
, , 

* - .  are -complete replaoernenti; of lt&rmalinb along :selective 
- ,  

fracture seta b i t  they were stied to crose -rt*red. - t~u- l ine  
- .  b .  

vein8 ,at eeveral locdlitles and thire'are &bv&usly due to 

lqter chlorite introduction'. ' P i f  t y  -six &adings on chlkFite 
l I . '  - .. . - .  

vein attitudia (.ope on h . 4 )  ,=how that most of them . .  . s+rike 

roughly north& ii ip r teebly  t o  *he rea t .  ~ky$ae&ilel  

pc&minent jo& which - a&, inte&e&ed ;o be extension or *. 

I - , 
longitudinal . . . ,  f racturem (p!. 134-1.96) , . . 

. .,A *:\ ... , f ' 
, . -- 

, - 

Qbartz ve'ihs and 'replacementa 
: . ,  . . . . . . . . b 

' vein quartz LB in the granitic r o c k s .  

and all.pr8-~retacaous the area. Veins In 

granite =&'be. from a f e w  inches eo ababolltia foot in width ,  
I . ..- , I  

and are coipisssa . . of .hiphl) fractured cla& to mip9- - 
- - >  ' . ,  . . . . .  

$&nb .open +veins are -'qd smoky quartz - . -  . , , . . .  . 1 - ; 1 

, . . '  

crystals . . ' s i . :n i~@~:  . . -.. as aevetai inches - . 

.. . - 

long. S& ekyetalk show asr..'evidarrqed by::. ' . 
'-. , . 

, plahar' ihee;&a~ t rbcture* 
- .  c=&. . . . . . .c'ry=tal ,. . S L ~  t e i e  

. C. - .  .. - - .'I. 7 .  . 

iregspscti~e . . ,  . . o f  iidividua orientktions And &a 
, - ..-. . 

. .. 
. Other 

,. - 

- .  , , 
. 

. . .  L . . , , , _ .  . _ .  

I - I .  



, . 
intergrown with fluorite and pyrite, ~uartz-toumeiine, 

%. . 

quartr-ch~ori~e, and ~ a l h i t e - ~ u a r t ~  aesooiations occur i n  . I 

granite. ~ou-&*line -is kntekrawn with quartz, g+amalar 
! I '  

0 chlorite- f i l ls  1nteretiQ8 bh'tween large -. . bzybtals .  in. : 

prltl~te m d  ia .interp;eGpd taibe latee khan. the quartz, perhaps 

of the same- age as the c - h l o j i t e  v e i n s  dkacribed above. 
I; . -  

A t t i t u b s  of 58 quaptz .veir). r*corded . . in $ranike' (p1."4)  . . 
[ I .  

lndieate a. north-nor&hwabt s t r i k i n g  arid steeply-dipping s e t  

and other l e e k  well-defibd setb whicjh roughiy' parallei  the 

trend of the batholith.  : Along .the .,northern dkia of the ' 

L .  

granAto, many &art= vetiba. - w i t h  to 'Gdkkte- dips  localty . . I -  
occur in set. which s tz l .ke  xoughly paralqel ..-to the 'north matgin. 

. ? . .  . 
. . . .__ . 

~arre$ .quii=tz veins iili &. ka&tary - rocie,~ are s w l n r  
. . : - 

- to those l n  ,the grani.t=, ; b u t  . . nkpy..:contaid . , argil~aceoum . 
i -' 

- .  .- 

.b**inpukities. ~ o a t  crya t a l a  in op.n-fill$6g vein. show comb 
, -.. :, 

structure 'normal to ' the .vein   wall^, but ~ o m e  - aggregates are 
, . b 

. a :  

' inclined..a~ 'much. as 30. +=om: the "all;. ~hese ptirhaps 
/ .:., 

/ ' indicate  arystallimatibn~in ?-shearing .tress field or during 
t 

. continlio@b high preaaure 1 ilT of. .ilica;bedrihg solution. 
I : . . '  . 

Calcite vei;ne: , . w i t h  aome intekgrown quartz are c o d n  in 
J 

I ' I . . 
oarbeate roqk.; :calcite veins and lenses qre net .common in 1 .  . .  . . . 

. , -. 
i b"t .'several.. %re .obaeniedi near lef fin&=il. Creek. 

. .  . . . .  I . .  
~ ~ ~ & x f m a t e l ~  60 - r@ Id dings on quartz:.v&ins - in . s c d i ~ n t a r ~  

. . - 1  . 
----<..__ --. . . . - ,  . . 

,m&a -norkh..?ind east or &(he' grimit= ( p l . , O  &ong 

I.. 
, . 

- I - . . -  " duarts i s i i  piirti&ularly.'a+ndant . . in gash; Vein% an6 stockworks . 

. , 

I - .  .,. - 

near f auw . &I - . In  -'the . a p a l  ~ e a s  :of minor-' folds. 
' ! . .  ' . - 

.. . . . .  . . 
: _ I- -. - -  ,? ' 

. ,  
, j - - ,  

. -. 

, . 



- aata, are insuifioienc Co determine relative ages of most . 

quartz veins although a t  leaat two stageu of quart2 intro- 
I I - .  

duotion are probable in the g;siite. Some vein'  quart= i. 
- - i  

1 , , L  - 
adsociatea w i t h  &&maline, nohe : .I waa seen to cut ,or be out I 

i . 

by tourmaline veins. Moet vein quarte-, however, clearly 
- i  . .- .. - . . . . 

preda&zi ahlorit6 veins- u $.' ich . aia pomt-tou=maline. . 0- . 

' 

. . . . , .  

quartz veins with .iaxge cbatals., crossthe grani te-~*kiktuk 4 - .. 

f;acture. art4 pot known. ( g l i a k e s i d e d  -8 atriited quartz A 
along faults &n granite. d d  &dimtint& racks. fndibatis . . 

. - . . 
.movement after. gome quart= iritrodu&ion, and '#gme" vein. are I 

, 8 , . 
i -.,k?'b.<~ 

texture, locally . .  . , "containing . .  di.$ibm~'nagad . pyri f  e, 'are inter- E 
.preted t o  rspreient nohen !of s i l i b f  - - ,  f ication along, f eu l f e .  A 

i 
s t r ik ing  exakle. tjP t h i s  dccur~~  between ~ a ~ a l l  ~ l a c i e ;  and 

.- , . . 
Dark creek where ' as. much do 50 test of -gently dipping white  

- .  . . 
d. - - .  

grkiti. ' A :$ij&)& . ~ i l i c 4 f i d d  . . a d  braniatsd  :ion=. . - lies .'along - . - - 1 

-. , I . . 
. , .. . ,  . i ~edikentary:  rocks. in Fhe R ~ ~ ~ Q ~  ~ouritainn. a?e - sj i i ic i f ied 

- to varying' . degr&es. . . .  

. .. '. , . 
emplacement-, . . :.late= 

. .  : 

. - 
. . .  . .. 

\.! . . .  

. . ' .  . , b t 

- ,  
. , 

. i 
. . j 

- - . - 1 .  -- . . . - I .. I -  . . , , i i  + :I 
~ : - . -. :<.: :+,; ''..?., 

. . -  . 
, . L 

. . .; :.!, ., - -  :-. .. , . . .  . : A .  . , . , I 
I 



. A* 

~ab4rqtory evidence 
1: 

1 .  

Age dstarminatiana Ion two samples of the Rimantof . ' rrn -. 

g=anite by.the U. 5 .  aos1ogfdal .Survey -- in=lGds ldad-alph. . 
1 

C- . 
d e t e d n a t i o n ' a  on zf rcorls a n 8  p6tassii&-ergon detcminaticns 

! . . , , , . 
on biot i te . .  ,sample h d a 1 6 0  was c,ollected . , at ' about. .the 

, . - 1 ! 
contact between porphyr$tic and variab'le. ione faciea and 

' I 

' uere'mileateted at reiativaly-iou altitudes along the-east . . 

and west sides o f  the  02~ildk River valley., P l a n e  to- 
. - 

I 
. 

collect from the coaxse !fac.iee w e r e  aban'doned kcauee of 

the d i f f i c u l t y -  of backp&king large samples'to the base 
1 

camp. . . 
3. 

The lead-alpha detdminatione repprted ~ p r i l  25 i 1960, ..' 
* .+k."C.\? , . ! - .  

by the U.. . S.. ~ a l o g i c a l  ~SUYV&. . . are shown. in t&le LO. The. . .  
i - 

.r 

calculated age differen& hetw- the two zircona fractions 
, . ! -. 

from 58ASal88,. 195 appedr tG be outiida .the ''expected . ." . .  , . 

experknental limits, and- may be &. elrpeFimntai e&r or due 
I i I - - . . . . . . . .  . 

t a t h e  presence of trace amom&' of cb&udp TS&ad:.& the 
I . - ',. ' - . . .  : , , . ,  - .  , . ,  .. I 

m a g p t i ~ , f ~ * c t ~ & ~ ; a c c & # d i n ~ t o T ~ W .  , . Stern (written comuni- ' 
. . - .  . .- , . 

cation, 19:60) . . .:. s te rn  ddicated . , > , & ,  Ulat . . . ?we :wauldgea,ict 'me 
. - . 4 . -  ! , :.  , 

- - yaunger.:age . ,.  .- a s  probadly ibeing closer t o  :the true ager'. 



T a b l e  10. Lead-alpha age determinations of ziraon 'from 
Rmanzof ~ o u n t a i n s ,  A l a s k a  . . 

0 -  . ; 4 . , 

Field NO. -/mg-hr ~b ( ~ j  calcuiited.'~ge - ' 

. . .  

(1) t= 
o( . . 

4 .  . . 

t= age i n v ~ l i i o n s : ' o f  years 
4w. - - 

- C* (a constqt b-ea, .the- assumed .. 
. .  -Th/U rat30 of .:I)" = ' 2485 - 

p.b=. lead content i s r  parts per: million, 
. - , W  = a lph i  c&ts i p'er milligram per hour 

, . i .  

. - 
J- - - .  --  - . 

I- - . ;  

, , 

. T- -age in dtlions, .  of year$!. cdkeotkd for 
decay 4f usanhim &d thori-m., , . :. 

, - : k= decay connta t based upofi'Th/~ tatfa . .  , - . - .  1.56 X 110 4,. - ,  

. . 

; . - 

~ h t i  lead-alpha ages were i.oaJculate8 gram the  ~ o ~ , ~ o w L & ,  
equations : . . . . .- 

ngq$ arc -rdu.*dad o f f  t b  dhc nearest 5 A. y .  . ' - . , ' -: 
Lead determihations bpm.~c / l a  B.  Sheffey  
oc.courits b y -  4,. W:, Ste f i  I 
NM ' referr;',: to lion magne t i a  zircon - f r a ~ t ~ i b n  
M refers to macjnetic ' airdoi  Prqction - , 

- .  . ,. . . .  , 
.. . 

. ' .  . , .  

. - . . .-- - . , - .-.- 
. , 

. , - .  ,. 

'r : 
I 

. I . .  

- - -.. - I ' I '  



Table 11, Potaselumtargon age dd+e.m.in-qtioil~~-of 
biotite f om Romansof Mountain$', ~las%a:"-'---- - T . '  .. $ 4 '  . .  1 1 . - . . 

No. ' " &  NO, jppm ;, P P ~  ,en&. .-: 
i. Ar - 

*A ao/ Age f 
:- K 0 m,. y,. 

I 
.. . 

~ o t s s ~ i m  dete-iatiomi made ~erltin-~llwrilame photo- 
metex w i t h  Lithium fntemal -standecl. - - 

. . 

I overall zinalytiaal erroi appr~ximatei$ . . 2 - 5  I 

The ic&d-alpha date4 f a l l  into the ~arbonifefbqs . I  or 

Devonian on 'the Ltolmes ($960) . , .ti& ~Cala- '&d may k g g e n t  an. - .  

I' . ! , .  

. Acadian, or less W e l y ,  i~aledonian-.age &or granite'ehplsce- 
. . 

menti - ,  ' 2he X-At  .dates ..=dm l o w s i  ~r?etacsdha. Th6 w i d d  . d i s -  . - - 
-- - - . - 

- i 
c r a p ~ c i ~ ~  between , , t h e  ty types of .qge detadin i t iona  . . may 

be  :axpi+id . by,: . , . I) all i e£o ,mat ion' inthe  . - :a rea . ia  . . the'result  

. . .  
and the . . z i rqna  . , represend coziatituents or . .  old=$, , .rock., or 

. I . 
I 2) "th*. a'llate.: ~ h i s o ~ h i c  prani-tg -ha= Qeen df fe,&ed. by Mesozoic 

.. . . I . . . . : . . - 

def ormat 

genesis 

evaiuate 
, . . . .  . ' 

I .the!:.age data'; 
*-,,t;-' - .. 
' .  . I .  ' - 

' i,. ' ' , .  ' ' ' . , . , . . .->. 

. . 
- .  

. , . - 

- 1  ' . ' - I -  . -  . . .  
t-iq roaks l t i  necessary 

the.  prob1.m of . . 

, to !properly 
. .. 

,roducte' of melt 



..c- 

-. .. 
crysta l l izat ion or do some represent g r a n s  which',pkedated 

n 

granite emplacemant? 
I ,  

Reeults of examination *f zirbon in thin ~eotibnr of 
..'I 

granite in an atgempt to: recognize . . di i iare i t :  aolor and &A ' 

2 .  . - 
. , I 

varieties are inaoncluai~e.' *st :of. the zir&ri i .  asaoclated 
I- . 3 

w i t h  b i o t i t e ,  but oolar i?cognition 1. uncertain 'because - 
2 \ 

- -. -- 
k 

- '  

the c m $ ~ e t e l ~  metamiot /lat?r9 o f  siqllcr grain.. Some 

discrete clear euhedral =ryetal=. of .Arcon . p r e ~ g t  in  thb 
groundmaas-, but many -6rkns. dr; cloudy,..and aubkound. Nb 

. . 'Y' 
overgrawths on zir'cbn greins were- seen.' . .. - - 

,. , 

The writer feels thbt  both age d&tarmlnat%ons may be -- , . . - 
val id ,  but t h b t  the . l&alpha. dates are prel~md,na& aad it . . 

h - ' , '  - '  

. * J W - . -  . G- A 

metmorphia ,epieo& royg . ly coincident  -with late hraseic 
, J  . . %  . . 

and early ~retaceo& or&eny. o f  which there is abpndant . . 
. ,  

. I .  

evidence in' t h e ' ~ r k k 9  R*~F: . - and ad j aoant area6 . ' - '  

... - i,,. 4 -. - 1 .  ' . 

' ~ieldi'eLidc' cd"and interpretation 4 . - - ' f : t.! , . . . . 
r ih ld  .vi.deyce far .ke age 66 granitiC rock. i~ 

.. . . - . . 
, no< clear; . . .. . .  : l me 'g&hite blesrly post -dates rocks of the 

. . .  

deruokpuk- ~ o i a t i o n .  kt j ita r e l a k ~ o n e h i p i ~ w ~ t h .  th. ~ekiktuk, . 
- . 

. . 
8 ,  . . . . I  . "  .. * ' !  

Cdhplomerate: aid; Kayak (?I Shale., uni  , . ta wMch' 1o.cally L 
, 

ov$!xlie 

between 4rMite .. -.. and i(okiktuk iackja are r a d a t f  onal. 'through 
.!_ .. . -.. . . ... 

, .,,.. - C 

e sdl i i s t6 .e  .. z6fi= . ,. - q d .  ' 1 '  f w ~ e k ' i k t u k .  - . .ae~me to b e  8zightly 



def in i t e ly  intrude or alter ~ a ~ a k  (?) '  b x  younger rocks. T h e s e  

r e la t i onsh ips  appear to narrb granite emplaaement t o  pre- 
I ' i  

Kekiktuk time or post-~ekiktuk and ~ x e ~ t ( a ~ a k  (?) time, and 
. . 

ind icate  t h a t  .tKg tk  rnay':ba &eta: Devonian,.:in age. 
- ,  

. - 
Other evidence which sup@rts :this view includes: 

1. No recognizable iqalusions of Kayak ( 7 )  or younger ' . 
I .  , . 
, , 

rock8 were seen in the gbanite; the -inclusions obaerved 
., . 

appeared $6 be most clos&ly' related to quartzitic rocks in 
. . 

t h e  Neruokpuk . 
L ' I 

2 .  No pegmatftes; a~lites, granite , apophyses, , .. 'or . 
'"i - ! - , .  

' 1  

mineralization other . than pyrite and quartz were- seen in 
, . 

post-Neruokpuk rocks al&bigh , , quqrtz v6ins arq.&mkn in a l l  

rocks, and one minute to+&mie - c r y e t h l  a~~gregate w a e  seen - . - -  . - 
- in the  Kekiktuk; - , . 

. s,?*c! - 
3. '  Beading in ~ e k i k t u k  rocks ad jDining gran i t e - s ch i s t  

. . 

transitional .zoties is lacally. undonfohable .on,granite feld- 
4 ,  

epar fol iahon,  a s  .along; the east aide of the  Jago.-stock. 
. . 8 '  

4 .  Much . of, ,- the gZ.'angte. is .highly deformed, and the - 

degree of dbfomnbti& seems more Ln kee$ing w i t h  that in 
. .  . . i. . , I '  . .i .."- . _ - -  

. & -  ' p r 6 - r i f s s . i q i p p i h  rocks.' Although younger rock$ are highly . , ,  

. . i , . 

fo lded  and . 'faulted, , ,  they] do not have the ,appeafMce of havi,nb 
. , 

be& subj&t& . . to t i u i p o .  04 more different e t t e e i  directions as , 

6 ' 

qome of .fllb.,oider . . rocks !do. The graniteVaiso exhibite 
I . . . , _- , - 

. di\e:rgeni., foliation*. a n  r. di@locetions:' that! d i f  f icul; to 4 . - . - .  . !"'. - . .  " . 
ascridb , to , . ','one p&idd and . or ibhta t ia -  o$':strass, althotic~h 

I 

' . could . . .explhi ,q . ,  .the.= 'feat!,ures. . . . 



5. The map pattern (pl. 1) strongly i n d i c a t e e  that an 
7 .... 

e 
unconformity of considetble 'magnitude lies a t  the  , b k e  of 

4 .  : 4 - 
!- 

the Kekiktuk and . . poo6ibly xaypk (f) r o o k ~ .  -Its age would - 
- - -- . ( '  . 

roughly doinclde-ith th i  ~ a l ; o z o i c  ! 'lead-alpha- date0 i n  the. 
. . 

Romanzof grani te  . . 1 6  

6. - Low-grade rnetamo$phisa'!ef post-granite m a f i c  diketi, 
- . . . . 

which seeme t o  corraspona to.'.olteiht-ion of blotit* d d  
! 

tourmaline ti chlorite i n  the gran i t i c  mcfi~. 

If, however, t h e  greite..poa t-date. the- I(ikiktulr. ., . . . . 
~on~lomorake ana the heay&(?j Shale; than the age of emplace- 

t .  

ment is probably ~esozo i4 .  This woukd i m p l y :  thdt' v a t  of- the 
' 

- :  , 
. . 

complex structural featurcl*,de~c~ibed in this paper are . . . - . ,  
. . 

probab iy  rel+t&d 'to orog& acconp&ing granite. empLaaamen+. - 

, !,* . . I .  

Field evidence which may 1 support . . & Early ~ r ~ t a c e o u e  . , ape for ' - h 

. .*L,**: ,' . - 5 .  granite emplacempt inclddes: 
. . , I 

1. The apparent l a d  of .feldspar or othe-r grpni t i c  - - - . ! 
debris in c l i a t i F  r o = k ~ ~  4f  iss sib rip pi an thi:ough J u r a a ~ i c  

* - 

age. ~ e ~ d s ~ a h .  airnil& 40 thoqe . . Found in the ~omaniof granite 
. ~ 

are .pre&nf., himy&, ' in 1 aandst~~it& a ~ e i i b e d  -to the ignek 
, , i . - . . - . .  

~brmation o ~ i , ~ A ~ A l e  ~rftilceous age,. aa we11 aa. pre-granite 
- -  . - . .  . , .  . .  , :* .- . . 

0 .. . 
. ~ ~ r ~ ? k ~ ~ k ~ : ~ ~ n n a t i ? ~  . .  . - TOCJC~.  . . . .  ,.- - I . . t 

2. ~~~~lp,..~icicita~rdad : I  . . sil icification, q u i r t z  veins, and , =. . : ' . : .  . .  I.. . 1 . .- 
locqlly bbun.da& -~dlsremiemi~ated pyrite in a31 p ~ . - ~ r e t a c e o u s  .- -- .. . - .  

, . , . 

~Lrasa ic  :rocks, which the  biotite fo l ia t ion ,  in the 
- .  . northe&' piqt: b f  the $a babdd upon. the .- . 

- .  . .-: -. . 
I... .. . . . .  

- . - . 1  .. - . . ! .  



. .  
,. - 

aasum~tion t h a t  t h e  b io t i te  kol iat ion is aseociated w i t h  
1 '  

granite  enpla~exnent and: not a later pat - coneo l ida t ion  feature. 

4 .  The presence of ' tuffs ' of unreported com&eition in 

t h e  upper part .df the c=etac$ous fgnek Format$on northwest 
- .  -. - . , , . 

of the  Rornanzoi ~ o u n t ? i $ s  ( ~ k l l e r '  and othqrs,'~961, p.  2 0 6 ) .  

5: The lack of grdi t ic  material , . 'in Palearolc rocks 'of 
. I.; \ 

the southeastern Brooke !Range, although Creteceoub conglombr- - 

' 

- - 
ates contain granitic debr is  (~ros'ge, 1962, personal aormnhi- 

- 
cation) . 

~ r a d a t i o n i  horn enclosing schiakose rocks into .granite 

are abundantly reported )in the l i t era the -  ( G ~ o u ~ ,  19-43: 
I 

- ,  
' 

Turner and ~erhoogen, 1951, p . ' , 2 8 4 ) ,  and the schiet;  are 
- .  

generally tnterpreted tq. , be . ,. older than the- granitic rocks-. - . 
- - . 

0thet ' speculations are' poesible for the ekiktuk-grani te  . . 
I '  

- 
. . 

b~-#*~'.trans it ionax., zone of ails area and, .could. be ' used- to support 
, , 

. . 
a Paleozoic age ,for the ;~omalrzof granite, upon which effects- 

, : * 

of a later '&ogeny are i,u@erimpoeed. . . ~ o s s i b l b  explanations. 

for:+ poet-granite age- df the- apparently trafiaitioial rocks 
. .  

depend ,an the.ass4nption/ that their sceistosity; cleavage in 
. , 

overlyi-n&~ .&ks, and bio f  ite fo1iatibri.-in the &deilying 
: I . . , . ..: I 

. - .:. - \ : - ,  

granite -d+elbped ,after &he overlying sedimentary r o d e  were 
i ,. - ,. .-,- . .  . I - ., - .  - .  , .  i .,.,, ! ,:=- -. '' 

- . - - 

depos i t ed~r - - ; fau~t&d . , their preient  psf  tion relative . . 
' 

- ,  
: . . -: ' 

t o  the  .gA:nitd. . . The ' + .  tr sitiofial . ' s c h i b t ~ s &  k o ~ k s  .mightt 

representi  1) product8 OF. fn&ta.oniatisni by local  - @if tuaion 
- . . 

,: b '  - - - -  . , 

5 . -  . 
-.I. . 

. of matergai &orn ' th& gra ite into quart.z%ihdi tones and 
. .  ., . , - .  

pelitic rokks d u r ~ n g .  1 ter orogeny ;. 2') a metamoephos&- 
- i ., , 

pre-kekikt,nk' . .  , regol i th =igh. in i r o n  oxides: , and 
- ,. - f 



remnants of part ia l ly  wehthered m+crocline rnegacryst~ and 

altered biotitir 3) met*orphooe+ . . .  . zones' along low-angle , 

1. . -  . 
thrust  f a u l t s .  The fir&. spe'culati6n mhy hive ;ow ierit;. 

the  others are doubt fu l .  . It youlcl seem 'ihtqt . , an enqroach!ng 
'I . - 

aea would  trip a soil .ley== 6k' probably lasq than 50 feet . ,  

. . 

before deposi t ing i ts  owb reworked .adihent~ .  it also is 
. I  I . - 

I . .  
u n l i k e l y  -that in a strueduraly shis6tropic sequen=e, the ' 

- i ' ,  -. 
Kckiktuk s$uld .m . form t h e  :baee of allochthonous blocks i n  

widely separated areas. i 1 1 . 1  

. . 
. . . . - .  

The writer favors the view that the Romdnzof granite is . 

an Uppel. Devonian ~ ~ r e - ~ & a k  (7)  1 .  pluton :in -whieh~b~ot$te' -. 
I . . 

age has been updated by Mesazofc. oroge9y.  he.-,eider age is 
. I' 

strengthened by a 353 m.%. K-Ar, d a t e f d r  .monzonite i n  
1 

. . 
the northern Yukon ~erri tbzy ,(~aade~aard,+oliriebee,  and . 

. . 
1 . .  . , 

,q~'L.ipson, 196 1, p. 4 5 9 )  , anB by regional tetittonnic . .  considerations 
, 

, - 

' ( p .  202-2.09). -Granitic =bcka ddtec~ . ' in  the  eastern Brdoks . - 
. - 

l?ange (~rosge and ~ e i ~ e r , :  1964) include a granite a t '  . ,  
, . - .  

1 . . 
; Chandalar ~ a k s  5n. which' a! P~J-r . age on zirco; and- a K - ~ r  age 

. . .  
on - b i o t i t e  3802 -40 m . y ;  and .125 m.y.i!respectively, The .. i . , 

Pb- ~c ages deed verif icat on, : according to '-0-sge ' (personal i 1 . .  

compun~cation, 1962). . who, fayora a. Mesozoic age for the . P l u t ~ n .  
. - ,  , 

. ! . - -  ,- . - 
1 .  

I ' 1 1  , '  

. .  ode p- ~iplacernent , - 
7 

I : .  

I ' . 
- The ~omaiizdf -granitk mas.a is. interpreted to be a -. . .  . 

- r . . ... . : .  - . , 

1 .  
" - 

synoroganiq-:pluton ,-. , result ng rn&tly .i?rdin -@&t c r y k t a l l i i a t i o n  
; .  I ' h  

and. ~ r n ~ l o &  as ..a mobile- ebri icul  injection with 
. - 8  

&nor w+P- - and:' . ~i . (?I.-.dopirig. we. ..grkni t e  body apparently 
. . . 

' \  I . . 

had an elo:ngate'.fhnnil-shqpe . ,  in cross-iection and-' contained 
. . ,', > A -  , .  - . .  / .  - . 



multiple centers of intrusion,  a5 inferred from its primary 

f o l i a t i o n  trendt, and t h e  apparent; t e x t w p l f  ao ies  dhtribut ion 
; I '  

shown on plate  5.. Featurdk k r c m  "hioh' e m e l t  o r i g i n  is 
, . 

inferred include: 

1. .The rather unifcism c~ifn~osit ional  mature of the 
. . 

granitic ~ocks irrespecqive of the nature. of trunaated cobntry 

rock.. 

-- . - 
2 .  Sharp and irreg41ar contaat relationahips in an - 

area of law-grade ~ e t a r n & ~ h i d  rocks, ,and large-scale . .. trunca- 
-- 

tion of country-rock ungts. 1 .  

3 .  Inclueions with bha.rp .. . boundari6s. .- 
4. ~ o A s l  .zoning . id . pl~gloclbse. . . . 
5. ~ranobiastic'~tcxbu+ Ln'.aread or. hndefokmsd granite, ..=-.. -- -  . i . .. 

metanorghic.. tex&tes are; ko-oxi throughout the, plut on, however. . . . 
i 

.4p&tnbk ,, 
, 6 .  Included cryetplb. skewing sharp bou-ay- w i t h  their , 

J 

hosts. I 

~ a t a c l i ~ t i c  . . ~ a u t & l g ~ t i c ?  texture= probabiy indicate - . 
i ' . . 

. that  crkbtilliaation wbs! far advmced at. the time if intrusion, 

but par& of the maso, at . . l e e s t , ' v e k  -ffuid.e,nough to penetrate.. . -A . -  
-. 

narrw . . f raetuilies.,, _, , .  .;  in the /a l l  rock .: me belt was. brobably - 
I . - 

( 5 ~ h  - 
ralatlrely. ..ap, a s  reflected by .the scarcity of pegmatite - . 

: .  >;.-. I 8 .  

,;::,, . I -. - .  and minor.; a r k a s  of miner+l~zation aacribed . , ,  t b  voliitile ' 

- 
. , 
'materials.' 

- 

'. , 

. . 

, . 
, .' ' , ,  - 

in the c d i = = ~  , .: . .inner faci to.have c n - i t a ~ i z e d  
. .  8 1 



- The low metamorphic degred and lithologic character of 

the country rocks, compound emplacement relationships, well 
' I 

developed steep planar fo l ia t ion ,  common apliteia, . . and 

contact metamorphic aureoles : are f eaeures .which are ascwibed 

to plutons emplaced in the mesozone (Buddington, 1959, 

p. 695-6971. Features of,this pluton and its environment 

generally tit these ori&eriat 
. . 

. . 



w r c  BYPABYSSAL .AND VOLCANIC(?) ROCKS 

Distribution, haracter, .and Compogition 

Tabular bodies of 4raenqsh metamrphosed basalt (green- 
'.*, 

stone) occur #in several areas of the ~omdn'idf-&granite and 

area of similar rock t y b e ~ ,  i n , p a r t  qygda lo ida l ,  as well as . . . - 
, . 

purple And gray aphanitic rocks are. ex6oe.e.d' along the --- 
\ 

nulahula River. ' A small area 6f anygdaloidal '-tone is . , 
, . 

a l s o  exposed along the Okpilak ~iver,.north o f  the granite. 

The mafic dikee,  a ;few fee t - - to  about 400 feet th ick . ,  are 

best  @veloped i n  .the. norteeaatem part. of the bkpllak , . . . . 

batholith,..whcre they tmnd N; 3 0 . ~ .  and d ip  - steeply north- 

west. . ~ l t h o u i h  at most ' p l e k i ~  dlke wall? dre rheared, locally . * . . - - .  - - -  . -  

ti18 dikea contain inclu~ions- df c'o&try. :rook. and c h i l l e d  
..,#kc.-: ;. , - .. . , 8 

border phases. In met :ex-posuies, features of these 
I 

dikee have b e i n  rnaaked qy s&irtoait) i  and mineralogical 
. I "  . 

alteration. ?hey 'con&&. of abricitized plagiocla*e &om- 
,.- . - ! '  

li'tes,, epid?t&, ~~+ i .= i t= ,  a d  &lorite-,-vtth. . . .felted t-extuce. 
i ' 

. sine ire ent i~e ly . ' ch los~te -ser id i~e  . rock . 'with: highly - fractured - - 
I 

I ' garnet m e t a c ~ s t e .  . . . . 
I 

. . . i  . , 

. . Naf iE-E l-dT(?)-6v4ring + o u t d  . squwc-n+&-ks . alonb the' 
b 

. ~ u l a h u l a . - : ~ i & r ,  have heed reported: by Le%fingwell (1919, p. 26) 
I . ,  . 

'and. Whittingtbn and ~ a b i e  (19.48,- p.-.. 16; 19.60, p. 20-21) . , 
- .  - < I . .  

. , . I  ' - .. u 

the raai i~  .dikes in branite; chlorite and caleite are the 
I - .  1 - . . t 

- chief .&ygdtglci fillings,) , a i d  c h l 6 r i t e - f ~ 1 l e ~ , & ~ . ~ d u l ~ s  -. .. . . .  . . . also 
. b. . 1 .  - -  . 

, o&r i n  the:,ixpoiure a ong the  o k p i ~ a ~ ~ .  River. .~afiingwell 
1-& .-.- . - . .. - ,  

. , - .  . . I I  -- -. 



reporte augita, plagioclase, ,md a l i t t l e  quartz in' tbes6 

greens tones. , .Purple, grdenishr and' gray aphani t i c  .rocks 
. .  . 

with slaty clesvpge aloocj durenulaula- &er are prob&ly - .. ' . - .  
genetically aeaociated, . . . . 

me ~ne+m&rphosed. b h a l t s  ,along the.lulaliuld have. been . 

interpreted to be of volc$i;ic &gin,. and perhaps iie. near .. 

a, volcanic vent ( ~ h i t t i n & ? n  'Ad., $able, 1960) :. Rocks , of 
I ' , , 

generally ~ i d l a r  appearance, occ'ur i n  northeastern Alaakah 
a -  

-- ,- 

~ ~ t e a s ;  euah as the ~adlerbchit , . Mountain8 (Whi.ttin$ton and 
. a  

Sable ,  1948, 1960)- and e&t  of the ~ o r n a n z o f s ( ~ a n ~ u s ,  .1953, . 
I - .  . , 

p .  18-19). - 3 , sois are neaih-&airred vai ie t ies  and occur in 
- . ! ' 

d i l l - l i p =  bodies. - A thi$ ae<tion 'of ' one -of the se  rocks from 
1 ,  

the ~ a d l e r c c h i t  ~buntains', - %rtht,k& of the ~bqakgof  s, was. . . . . .  L .., 
- .  

-e~,@ned by the writer. !he rack - -is a galibm- w i t h  diabaeic 
. ) I .  - 

to ophitia  text^&, and +ntaina. blagiocla& about An70 
- -  . 

(51.9%) 1 augite (3!.1%).; graphic ineergro&ths .of quarts .and - .  
. . 

feldspar. (7 .4%);  rn&netitC (,5.9%); - .  and qliartz (3:7%).. 

. . 
B~ecauoa,. , . bf .  theit appbrhnt ' cm~osi.tiona1 @ i m i l a r i . t u .  th6 

b . m a f i c  rocks - ifi. . the  Rornanz, € ~ountains and other areas of . *- . . 
norih&ait& hiask& are ibiecrei to be &genetic. F i e l d  

I . . 
relat ionahips  indiohte thkt- the, mafic .dik,&s h e  7 .  cle . . . e .  . 1 ' .  . ,  

your;ger th,an :.mhny '.yli'ts of the ~ e r u o k s ~ c  ... ~olina~ion .-, ._, .. & the' . ' 

. .. , - I  -, ! -  , ....I - I '-,, -.....-.,.- . . .  .'...-. '" -- ' . - -  

~~omanxof&~a$d , , also' . , .  . -dbte the ~ o d a n z ~ f ' - ' ~ r a d t e .   heir 
. ,  . . . . , - 

b - ' .  upper . . .age,; limit' is not kn 1 wn. . - .  An apparent . , -tongub of maf i c  - ' 
. . 

I 
, r o c k . p r d ~ b q t i n i i n t o  , , . . . . koek of the lower ~isburnel-~rb"~ +iong f , - 
the Hulahuh , -  & & i b r  . . I (,pl. .. ~j was examined; but. no bedrock - 

I 



. ,. % 
contacts were aleen. The -ntongua" lies i n  a t ight  .aomplexly 

faulted anticline. Rubl)le, of ~ i s b u r n e - ~ t t o u ~  rocks ad joining 4 

I 

e& rnaf lc rocks l o c a l l y  ,-appears b r i t t l e  and iionatained, but 
. . .  

' a.m. . 
no certain contact effekts w = r e  observed. " T h e  consistent 

. 
outcrop pattern shown by Whittington and, Sable (1960) along 

t h e  Hulahula River atroqgly . suggests . that the Kekiktuk-Kayak(?) 
., . . ,  

u n i t  of this ' report unc$nforn@ly overlies both' ~ l e  matic 
. -  
. . 

rocks- and ~ e r u o k ~ u k  ~orrbation. . : , The mafic rooks are here , - 

somewhat similar maf ic gocks in central-  and' western-northern 
8 .  , . 

~ l a e k a  are referred to dhe Mesozoio (putro and othere, i951, ' 
, , 

p. 18). 



STRUCTURE 
.k 

?he Ra~aneof ~ounta6n8, aonpri~o a itructurally ijoiitive 
. . 

a&., and contain structkal elementdqa~ulting t m b o t h  , 
. ..y , ,'. . . 

verrtiaal upiif t and tior&ward ;horirantal mdir+m&nt. The . . . 
\ 

dominant structural g t a i i  i t r i k d ~  eastinorthe as% and many - 

-structural elentents dip doutp. .. - 

, , 

The Okpilak blrthblifh i s  sthe major p&itive-structurbl 
, , 

element within t h e  areat :it, lieu a&-ong, k lfomplex, &ti-. .. 
- .  . . 

I 
cliriori'aal be l t  which can !be traced at leaet. 60 m i l i ~  east . 

t o  the Alaska-Yaon boundary. In general, rock units d i p  
I 

awby from thh batholf th. : So,u@~ of the plbton, ':hipa are 
. . 

dominantly south: for m q j t  miles ,,beyon& :the nap .. . . ma. . North 
4 - . . .  
I. 

of the plutop, a regions$ noetherly dip. prevaila which is , . 

. . ' t '  . '  . I .  

interruptkd by large a n t ~ c l ~ h o t i a ' & = t .  of the .tlulhhu~a River * 

.I.. h-a,. , . 1. 
and a ~ ~ f  i e l i n a l  4tru&ures . . ' of leeaer. _. ., . magnitude . in the- 

. - 

codiital plain between t h e  iluXahuli and Jag? Rivkra. -' 

. . 4 .  . . 
wi th id  the .map c ~ e a  /no& of the ~ k p ~ , t e  ;brathol$th, . . 

. ! ; ,  . .  . . . 

f Alas inalude - daht--nurkh$a~ter'l~. . . . .  trending . antiqi$nal mid ' 

i ,  I 

~ y n c l i n i l .  str&tyre. from 1. to mire . t b d i  6 miles in breadth 
! . . - .  

i 
- -  w i t h  ~ & ~ l i t & d c s  . . of as muah, a. 2000.*feet.' The ~ j o i  ~ & u c t u i &  

. . . _  L . , . . 
4 -- 

- outlined above ' cqt.ain . ... . n , erovs smaller-scale. s&uctureq . - .- 
. q  . . . 

- in&~iig: .  \ .  fa'lbs. ~ ~ i h  tadge. frora.'ti. feu f*et ..to' severs1 -. .. ' . . 
. . I. I . .  .. 

- : trundrad We.. in brmadth . . &I- -ynp l$~~ae .  : :*oat emi& 



The degree of deformation increases southward towards 

the  granite., and rack* inj a be10 1/2 t o  2- miles wide ' -  
, b '  

adjoining the northern exposed - .  . of ihe grtmite are 
, , . 

characterized by"&nbent folds and low angle imbricate 

f a u l t s .  Racumbent folds 8x8 bist exposed along t h e  north 
,,, , front of t h e  granite betvberi Okpirourak . , and McCall Creeks, - 

, . 

.. . and repetition of beds re~u l t - ln 'g  f r ~ m  faulting and recumbent 
i 

folding, about 3 miles w e b t  of the 0kpila.k ~ik. these 
t 

areas the grani-te ie separated from ~ ~ a s f  asippCan tacks by 

a zone of iron oxide-stained, eeric~t-ic to ch io t i t i c  . . e c h i ~ t o s e  
i '  - - .  

granite and country rock of uncertain cdrrelation as much as 

1000 feet wide. Although: t h i s '  seems to repreaant' a - zone of 
, . 

shearing deformation w i t - h :  acc;ooip&ying retrograde(?) mkta- 
4 - .  

morphiam, structural evidgnce suggests that  the  disfiacement , . . 

a,,,*-,*\ ... ! 

if any, may be  ,only a few: hundred feet. 

Ro=ks -adjoining the. *ea&rn and eastern sides, of the  ' 

, , - 1  
- ,  . - 

Okpllak batholith, althoqgh . .  qornplex in de,tail ,  d i p  away from 
a :  , , 

- .  I .  . , , 

the granite, 1 3  these ageaa, contact met am or phi.^ efiects . . 

in Neruokpuk carbonage tdcks and - ,cross-aking graiitO- 
[ - , 

.country rack relationahipa ara well expreseed. 
, . . . 

, Only b m a l l  'areas on t h i  south side of the- granitic I : , . 
- i 

. p l u t ~ d  were; -ex'&inkd in fhe f ie2d. general,, quartzites -.. .-" . 
, , . . . - I - .  

and . s la te ' s  of the 
* .  

around the , , 

. - . . . '  ' 

' I  
. . 

the bhtd$-at , . moderq&' The aeck'ion is probably 
- .  .. ... . - -  

' . .  

Ldcally,. . : : .  be& of- &u&zy.lr~ck adjoining. the grm3-<e are ' , 

. - 
" I - .  

, , -. 



\ 

vertical or conforted, arid the greite i a  highly fractured 
1 

and sheared. Along the yest ,fork o t  the 0 k p i l ~ ) c  kivdt, the . . " 

d l ~ t i n c t i v e  marginal por$hy+~tic f asiea- of t h e  granite i~ 

abeent and fhere%e ~eriokduk'-&anite ? !  caitact=maj lie along 
, ) ..\ , . .' . - 
8 .  

a p o s t ~ r m i t o ~ ~ p l a c e m b ~ t '  thrbst. fault .  , . - ! i: ; 
, -  ; ! 

Major etruotu&s cast .of khe Jagq ~ i v * t ,  northerst of' J; . 
I .  . . p \ 

' the Jago stock, 'trend ea a d  include; from routh 
. . ,. I .  

to north; M east-pluriging. aync&~norium ih.- whf ch' l i a b u m  + 
. . . . 

. orbup and Sadleroohit ~o&ation rooke : are _expoged,: and a' . . 
. , ,  

l a r g e  complex ~mticlinor~tin :along, t h e  trend of -,the OkpiZak 
. ?  

i 

batholith, the north lid of.,.which d~p~'undsr--the glacial 
. . , 

-dcpo~its.  of the - foothills. ~ t e b c t u t a l  detail. i n  tki:s area . .  . 
. . . I 

are not voli knotin: most %edi. ASP .sairth, Ad the, weetian ' 

1 .  . 1 - .  
nay be repedted by south+ip~i& reveree and thrust faultr.  . -, 

- .  , .. 

i n t e r e s t  is the qtriking -jcoincidence of present togography - 
- .  > .  -- 

north of the'0kpi lak , batk&$th . . . with' broader fo ld+ .  +his may 
i - '  . .  

simpLy .reflect rehistant. . bedrock . units which now.contro1 . , 

. .- 
I local levbls of irosion, pc it ' ma$ indid& ' that broad. 
! - .  , . 
i foldink waa . . 'telatively .recant, pe.rhapr late ~krt iary  or - 

i. - ... 
-. - younger in age. . . .  i - . . .  

t 4 . . 
i s  struct&illy .misotrop c, containing .alternating coketent ;i - - , , ,  , , . . ,' 

f ' "  , '  , , 

k d ' i n ~ ~ k ~ e h e h ~ - u n & ~ ~ . ; -  T b e-latfer, &h.:+?~the - . shale  member . .  
- .. . . ,, LX 

of the kadlekochit Fii&t[Len, have. y' i i l&maipiy  byv develop- 

... 

flowage a1dh"djaradteri . . . .  s-a .carbohate rcicktg of the 
. . ;.. 



Neruokpuk ~ o r m a t i o n i  but,eubeequent e i l i c$f ice t ion  and , 
+ 

recrystallization have r ~ a u l $ e d  in highly competent ,ioaka. 
I ,  

!Phe carbonate rocks of -the liebime are aiso cornpetant 

and f a i l e d  most~y.-by rupiuro, !although , tight. folding l a  
. . 

evident in some loaalities. dhe gsqnitio rocks are highly 
.\ , 

I 

cornpatent :and have yield'd, by faulting; granulati.09, and 7 .  
the  local development of/schisbpee and gneissic structures.' 

! - 
, m - 

Folds ~ o r t h  / of 0kpi lak  ~ a t h o l t t h  ! % .  - . , 
- ,  

post-~eriokpuk ~brn6tion rocks north, of the Okpilak 
, . I , . - .  

b a t h o l i t h  inolude several . . ittuctural eiememt.- .which appear 
. . .. . 

t o  be related. :.~hese are s&ordipate to the . . major positive 

natu'ke oi-7th.e whole areal (firat order). and . i i c lu& several 
6 .  

1 
' .. 

relatively large folds (becon8 order) on which- are aupet- 
. , 

. . - .  " 

- rtr- $mposad, numeroue folds o$ smaller . . amplit"dk ,. .- (third order) . 
.. . - .  . . 

cleavage and achtbtos f t y  ; =tse$ly dipping tianaver.= faults 
- .  

.and -joints . ,  .and nornal aid ,re&tde. parallel  fault; are also 
. . - 1 . - - ._  . 

considered t o  be related; febkures. The general itrike of 

.fold axes 'and. 'cleavage ii parallel to the northa.f  rent o f  thd 
! ,: - - 

8 - 
I --\_ 

dkpilak batholith to(the s t r i k e  of i iecofida.q fol latisn ' 

.. , . . I 
8 .  

(p.  153-15.4)::within , . part d 0 2  t h e  batholith.  The .orlentation . -. , . . . : I  
of ; jointd, -.@le,avage, .and [ schirtosity are aho;w on .plate'' A .  

- : 'I. I .,. I , . 
. a  _ I . . . - 

*:.valleys. ;Tnterktetation of s t x ~ d t u r a . l - c ~ n t i . r h i t ~  across the . , - .  . (. _ .  . . -. . , . . . 
, . 



Jago River is also unceetpin: poeeible disLocatione which 
I I 
1 

sre obscured by glacial  mfiterial may lie along the ~ a q o  i 
I I 

River v&.ley dr tho lover; part of ~ccali ~ieek. Along the - 

northern front of *the grahite,. j.closely spaced: at'ructura 
- , !, 

, . 
contour8 reflect a ~teqpe~ing of d i p  mmbined wieh imbricate . . . , 

! ,  

Ulrus ting. anil overturning-/ OF adjoining sedimentary -.mck~. 
1 

. The stratigraphic -siccession $*posed in t h i e  be l t ,  however., ' 
" +' . I 1 . . 

a. 

dois not indicate large.-e+alo daibiocation, but'. sug-pests - - 
1 _ that  the  g r a d t i ,  mdiscctli under'lying bost'-~)&k~bk &&s, I . -. 

I 
-. 

may bb in high angle =eve+*=. . faul t  rel;tionehlp sather- khan . . 
e.. . , I  . 

, . forming the sole of an overthrust ., . 
. , 

. L a  - ' I 

strikes and piunge ' d j r e d i o n a  of third,, m a r  folds 
, , . . 

! - 

( p i .  1) generally correopFd ' . t o  , 'thase of. the aacoid order . . 
- , .  

\ '  . 

although dips of a x i a l  p lhe&.  of the :f -ire -m6re . 
' . h h + ; ~  .a 

.! . .  , , . -  - 

- vsriablq. The*= fplds art$ best . ~ 4 i e l d ~ e d  in the uPpPP& .two ' . 
. . 

members of the. ~ a d l e r o c h i f  ~orn~tion, -even where' tlje under- 
-r 

lying beds .SF;& l i tt le'  bvid*9& ,of .defokmati6h . (fig.  . 21) . . . 
1 - .  . - I ' . - 

-. . 
. .. 

- cleavage and North of 0Icpiik Batholith - ' 
i ;  

- I 
A - 0 

-9rientatibn .of ,minorale 

is we3l' 
- - . .  - . : 

, .  - . . , . 

.,. - 

. . 

I ,  .. ' i 
. , 1 -  :. . . 





and exhibits only loaal;' deviations across bedding interfaciee . 
  he p a r a l ~ e ~ i ~ r n ' o f  cleavabe strike is lesa well defined in - 

I ' .- , 
the vtc lni ty  of second order *old axes, possibly %ndieat.ing - 

1 - -..,, ;. 
--.q 

growth of t h e r e  told* aftbr cleavage. h d  -devAc@d. - 

' I - 
The cleavage is inte' prdtid to be f low cleavage F ,  . . , . 

e s s e n t i a l l y  contemporaneoba w i t h  ule third 6 t d e r  and pkdbably 
. . 1 .  I aecorid order folds,  althopgh .the, latter .&$ in part stem 

i . .  i . . 
from differential  uplift kollowihg the '6rogenic naximum. 

' ' ' 

1-. . 
Cleavage is also . considar=d . td ha ,r=l&ed Ce biotite iol ia,t i in 

and acbistoeity fn the adboiniilg granitic rocks ( p l e .  4 and 7 ) ,  
1 . . 

as well' as ~ c h i s t o s i t y  in; the n+rrow belt.. of schistoee: roeks 

along the nbrth m * f g i n  of: the b k h l i t h .  ., . . sdiietose folititi6n 
. - .  & . . 

. In theiii-6 belt. h.ae a 10; ko,~$ba&t~ sou+h-.dip nhi& &kerally % w .  

. corrospoids t o  axial plan- afti't;udes of fblds Cii -the ad joinin4 7 

I . +=irv,., a I ' .  

eedimhtary rocks .. All of the. above . . .  featu?ea , &e int;?rpretad ' - .  

. t o  have resulted f;om-north-northwest'cornpressive stress .' - 
duririg a Mesozoic (&rly hretaceousl) . . oracjeny;. the second 5 

I : . '  . 

ord~z.-fo~cls ma$ have fomhd f d l l a r i n g  the ,  orogbri%6  maxim^. - - A -  , . . -- '. 1 . . ,,!j i . . 
/~aul+s ' ' , - .  

, , 

- ~ a u l t q  . having . f& a few - f e e t  to . . , ' 

. . 

more , th& 4000 po~t~~~e iruokpuk :.. 
.: i ' - ,  . 

 onn nation - -- -rd=ke north of t h e  Okpilak. batholith; ; ~ i d o u b t e d l ~  ,- . . -. I - 
. .  . . : . I 

nuraaroim fault.  cut the g ~ a n i t i c  rbcks)-+nqj . . . . . .  $&I$ ; .  ,.=k probably 

. . -  . - 
1. N&@.- . .  : . . , : .  ?and nor-tki~Qat-tr=nding . . 'high angle transverse- 

. I  . I .  - 3 
. ,  . .  . ,  , . 

f a u l t s  . .Tk;&= :Lubpa$allel. :. sye.tem is weil deveroped 
. . I ,. , . 



north of the granite  pluton bebyeen t h e  Jago and Hulahula 

Rivers. The f eults are *os t iy  vertical to steeply we-st-. 
i - .. 

dipping. nomal, and w i t $  apparent stratigraphic dieplace- - 
. . - h  . 

t 
menti of from re?; of . fe4t . - to- :I200 .. feet. There i s m a r k a d  

. - 
I - 

i l ic i f  icatlon and breccjationi -along some o l  the-. larger %J 
faults- ,  end quartz-filled fraotureb associated w i t h  fault  

+ 

1 . 

trends are common. ~triated'slickenside$, where seen, are 
. , 

moetly s teeply  dipping, although some horizontal o t  shallow '-7 

' I .  . . 
; .dipping striae q t t e e t  to ' s tr ike-s l ip  aovement . of '19 

. I  . ' 
recorded- s tr ia t ions  , 18 are on . - .  stepp, ly  . .  dipping f a u l t  pf anes . 
Twelve of t h e s e .  ranged f doni 6 5 0  to 90" .  and 7 ranged irorn 

, , . .- 
0 . - 

0. to. 2 6 - O .  .Most 'of these , .  were, recorded on south- :or west-, 

dipping fault plaries. I -. - . . . ... 
- .  ! . . 

. . 

2 .  ~oi~itudinal hig$ t o  low e g l e  fauite.  - ~ h e s e  inolude' 
+wq.,, ' 

both south- Ldl:ngtth-d~&ing A . rgverse faults as well as normal , 

i a u l t s  and imbricate f a u i t  etructures . Maximum apparent 

diepladrde6t along these :fault$ appears. to be ieqs tban the 
! I .  , ,  

&&%ma ,of -.me t=akveree jfaulta. South-dipping 'imbricate 

thru9 &' f a 9 l ~  . . .. .. . small displacement in &dirnent&y -. . . , rbcks 
. . . - 

1 .  

along. t h e  grdhite  front b'etween. the a g o  and Hulahula .Rivere . ' .. - . : , . 1 $ 

have rasu.lf e;d..mdstly in &petition of the Lisburno Group 
. 1 .. . , 

- -  , , - - - - ,  

eequence ,knd appear 'to, b 4  the resdzt of of lfmbs - 
, , . . .  

I 8 .  - .  
2 - . -  - 

in a l a t e ,  .stage o£,~is ,ocl ipal  folarig.. .. -. 
,. . 

I - I - 
. , .. ' 

. , - -  -. 
3. ~ & - & ~ l e  , . , , . . , t h r u s t  1 f a u 1 t ~ o . f  appare.y:$ large scaie. 

' I , . . - .  . . .  ': .. .. - . - 
A . -. . . .,:" . - i 1. 

E a s t .  of tke Jago sto61~ ; ~ b r u o k ~ u k  ' ~ g r p a t i o ~  quartzites, slates, 
- .  

1 - .. ; - ,  1. . : . . - , . -  
. - and minor! g d n i t e  h.aqe . ov~rriden . ~isbh~ne.~&olt~ . .  . kobks; The 

- I .  : '. 

expoged..,&rgiri of the' b l o b k -  dips  'soutMast from nearly flat- 
! .  . . . a . : , , -  
: I,, ',.. - ,, . . 

- ! 



. . -  
, ... 

ly ing to about 45 degreesi. Other thrust  faults are inferred 

south of both the Jago stpzk and t h e  Okpilak bathol i th,  and . . 
: I '  . . 

.the southern limit 'of. the! latter may in 'park coinaide w i t h  
I 

a thrust  f a u l t ,  a f  suggested .bi zones of intense deformation 
' . 

along the shst fork of t h e  0kPi'lak River. . Sugary-,textured . I 
eilicifiad zones i n  the qkapite'relatCd to probable s h a l l 4  

1 

t o  rnbdetately dipping t h a g t  - f p l t e  weat. oi McCall 014bier ' 
' - .  

are described on page 166 6 - . , 
< .  

4.  Shear .on& *in t h i  granitic plyton ire;'hiscussed.on 

@ages 154,-156 . They. are *ell .ekpressed -along thk east  &all 

oi the okpilak valley, 3 t o  il biles : B O U ~ I I  :bi okptlak Lake. I 
zones to i tregdar areas b *c&-as '200b feet .. uidaand  1 m i l e  ,' 1 

., . . . . , 
. - . . t 

long which are highly stained by iron oxides . ( p l .  .l) ,. ' These . 
s 

- . .  . . 
, ,,%& .- i .  . - 

are aread of weak gulf ide i (mostly pyrite) 'mine&alization, 
. . , - . . 

and although &ny idjo in  )aultl ' ,  , . show . .  shearf ng e-f.fec+i, and . 
. . ! 

are associated . w i t h  granite. ;of -eatadastic text-&, others 
1- . 
1 . , 

appear to be disaeminatio$s in- mildly fractured and bleached 
* .  , ' . , 

1 :  - I granite . i .; 
-- - .  . . L.'. - . . . 

' In. addition h6 -the f u i t s  described "above,. h&othetical e . - 
, . 

- / .  
nbrth-txenaing :fault  zone4 af fef ting at least. . pre-Mississippian + 

. . i -. 

rocks ' and-:&x&ite may be oncealed by glacial and al;luvAa-lr-- 
. -  . - 

material al&g . . Structures 
. .  ' 

in rgcks dn be-tween I 

, t h e  Jag&. . I 
, .  , 

I , .. 

ward p i n g  in,  a t i i k e a l o n g  the valley, but the  jago stock I 
. , 

i tseli d o e  ' no'6. been, displaced.  Along the 
. . 

- -. 
. . . .  . , . 

. - 
. . 

. -  . - .  - .  
, . 

- a .  - 
- ,  , . . . -, - - . . 



east va l l ey  wall  of the  O k p i l e -  River, nuqerqus north-', 

trending ahear zones, faul ts ,  and linear ironstained aones . 1 , .  

strike para l l e l  to the va$ley,. althgugh nd major - displacement 
I . . 

is obvious in the'~butcr~~;-~att&rna on . e i ther  s i d e  of the . 
, (  

river. Along the ~ u l a h u l b  Val&, w e s t  of -the nap area, 

~r iass i c ' rooke  are exposed ~ n - t h e  w e a t  ni8e:of the river .: 
! I 

. (whittington and S a b l e ,  l?60,- map) but roaka of pre- - 
I i 

Missisalppian age constit$te the ;  east valley wal l  j a ,major . 
. . 

dislocation w i t h  the east j aide: up is infirred ,]isre. 'North 

' of t h i s ,  if one assumes that the maf ic: "olcanic (?) rocks ' 
1 

along, t h e  ~ulahhulla overlit$ t h e  ~ e m a k p u k '  ~o&tia-  . . f a u l t  

. along thi east boundary of the volcaniae ( 7 )  w i t h  me -e&t 
- . 

, . 
- s i d e  upthr&n can also be linf&rted'. ~ 1 , t h o u ~ h  speculative, 

I 

1 , -  ' -, 
these  inf&en&s are. stredgthened by t h e  fact that--steeply- 

1 .  
.(,lJ4 - ahbins north-trenains f ailts-p&rallel to portions of major 

8 .  . . 
stream valley. ere comhon :in the ~omaniof hdountainq . The 

. . , . 
I 

fau l t '  zone. &@erred along r-iver valleys nay reflect deep- 
! - .  - .  

I 
. - 

1 : I  

seated zones of weakness l.n basement rocks and may theref ore 

be refleet,ions of fdtcefu4 . ,  grani t i c  intrdhion in t h e i r  " 
- .  ' % '  

intorarea, 02- ionee bf sh novenent o f  t h e  
, . 

,competent glenit* against- jit*,.wail r o c k s  during a later 
, . ,  

7 , -  1 .  . \ . . . -. 
orogenic inaii;muh. , - . I . . 

ta&ritia,l: . . . Geneti t , ,  -. - - .prob(~ly i_n - h i e .  -- -- . . The ~ k p i l a k  
. - '  , 

. - 

batholith . .itself - ,  r e s u l t i n g  - 
. . -  

-- . 

! in zones of @hear . I  : . . ,  

r - , '  . 

ani i&ri.caf& ':f$"lting-. in , he adjoipinq, +&dimentaq  rocks ;  
. : - - . .  - 

. , 

. , .  
. , 



The northerly-trending transverse faults are probably reseed ' 

, . . '  

I a :  

ing the orogenic maximum.! ~ h d  'fact that  many o f  these have 

greater diaglaceniihihts in i hruoiur i~ ly  ), . pos,i~ive areas - m y  . 
- 

eGgeet  that t h a i r  in i t la& 1 .  dntdloement, . . pr&etded- u p l i f t  or 

that scgm late foldi?g hcbampa~,i~d upl i f t .  . 1 '  :: 

~ i t h ~ u g h  the f rant ok qei, R ~ a ~ z o f  : k t s i n s  ri-~a-~ae - 
.'. . . 

1 

abruptly .above lawland. tb thd &rth, there is no- evidence ' 
i .  

, . t o t  rnajo= faulting .there .-i - $he, topographic Oreliii . . .  alone tha 

front is the retiult of .dikf6rintial' +ift rn{(~ficd by cronion. . i 
- .  

Joint. .North -- of O k d l a k  ~atkslith . 
I 

, . 
The attitudeas 'of recbxda8 joints in rpcka of. thd. -Gapped 

% .  
. ,  . . . 

area are sht&n.Al( equal-a=ea projsbtions on plate 4. P o l e  
" 

avr-+%+ .,,, - . .  . - 
i ,  I .  

maxima in rookd ,nolth o f  fhe Okpiiak batholi q indicate .'well- . 
- .  

developed stseply dipping i sets-  of: trbnhver~e fointb. ;which 
. I 

8trfke. north'. t o  northaorlhv&st. ' '  in aubaiea. J ahd TI, 
* i  4 - 

m o s t ~ . t - a E  the Okpilak. RfvQr, N. 30.01., and M. -5:' to N. l O e W .  
. - r! 

~ t r i ~ t i a -  are doninant. - .  mki. ~ O O W . .  aet $4 horn4 t o  pri- . 
. .  - - .  , I  ' t. va$ling kclipleavage me'! f o l d  , w e  ,' and both. $9 . $-%re 

. 0' 

' .  
. . . . .  

. , 
- .  , 

I .  

. . -  ) 

. . ._ . 
, , - ,  

, . 
, . . . I  . . . . 

- -  : - 
- .  , . . , , - 

i I . ,  
i . . . b 

'7 . . 
. - . .  . j .  .. 

. :  . , , - 1  
* - - .  . -  ! - -\.. 



1 - .  

sete. Most quartz v;e'iiie er=- gaxalle$ to this'--eyiltmn, othete ' 

have much lower dips. 
I ' -  - I 

rhe N. 30.-4S0W. j&ntir. . ,  are Lnterpxeted to rspreaent 
1 

extension f eaotGree f o h d  - ~ t e ~ p o r a n e o u m ~ ~  ' w i t h  the 1ate.t . 

progeny. ~lthouqh the4 xn@ =epr&ent . . part of a. ridiating 

: 
'-. 

, . tenmionsl joint p a & ~ G  I .reouo;d 'the batholith, 2uch, a patfern -. 

. a 

': . i r  not evident in the &ea. studied .. S~ickeneided eutf aces - 
. , 
! \ *  
I sf ong some of the join48 mhw 'avidenae .&f_-sma~r df spl~uementm i 

' - , , . . 
t h i s ,  and t h e i r  genera? gsr~llelisla ' t o  the transverse fault .  . . 

pattern muggest that  thky may have bredated t'haes fiults ,and 
, . . . . - -  

controlled t h e i r  t r a d e ( :  .. , , - 

I 
yl , . 

J . .  
Joints in GrLitia md 9 j acent Rwks - - - .  

I 
I . , - .  

- w 
.- 

Joint .patterns in i&'.btinitio rock='' of thp Okpilak ' ' , 
8 -  . . 

1 .  . . . P ? = ~ ~  batholith Ad the adjoihidg ~.eruokpuk ~azautiod are represented-' 
. . ' .  I - 

by --re. than. SO0 reading.., mh.&i. on p l a t e  4 .  3n general, 
I . -. - I . . . s -  

3 to. 4 sets of. jofnte ars.~req&nt at mat Iocalitietf-in the 
. - 

1 .  T - .  . , 

granite. The .uontaurp dore random I _  dix&ibu+ioi 

of pole maxima than in ko-ocks north of -the Gth6lith .and . 
- .  . .. !: ?I 

I 
iidiaate moderately- t o ,  kteepl i -d+hin@ jo in t  set.. . 

i . . . 

I '  .  he ..Bt=epljpdipping tiarb- and northweat-.tri*&ng m e t i .  north- . ~ . .- 1 . . -  
o f  the b.&tho$-4th., , .  . are - de, eloped- here also, W t  .the - northw&t- 

. . , . -  . .. 
. d . . . - . . I  1 .  

' etrikiiil set h i *  a morei sha l l& w = s t e r l y .  dip .coinponent, than 

. .  , . 
- -- ---- 

., - I .  ' 

I .  . 1.. JointB.'.strikii~..~.3~0.-450~. . . and dippingmoderately to- 
, - .  

- ,  - 1 . , - .  

I 
- .  

(, : .;. 
steeply 'wept it6 vertical. Thsy b a r e l e l  soqPe hhlorite , 



many quartz veins, many.norma1 faulte 'north o f  the granite, 

and strike normal t o  tlid reiioional etruotural grain,  the I 
northern granite raiglni a&to SWBC eleavag= and @ a h ~ s t o s ~ t y  

..C. I - ' 
In the north.= part of ithe 4pa.  They ark 'alee ,roughly 

- .  
v .  

&amtern and reatem exdaed limit? ; . a@ wet& aB several m i n o r  
0 .  

1 i r r e g ~ l a - t b r  .,along. this.: south ;and. ..notkh,-mar@in~ ., .JJnaare 1 
2 

prababla representing t v a  - join&. set faze prominent on aerial - 
- ; - .  

. . . , . .  . .. , ---, 

photbgraphs in t h e  eaa tdrn t&third;- , , of the -bathoolich 

2. Joints s t r i k i n g  - N. -S ,; (220 ' )  w i t h -  steep t o  vertical dipa.  
, , . .  . . I 

These are closely paralgel to- many ahlorite and quartz ,yeins, 
! I .  

I I . . I 
I 

- Borne shear zones in the granite, and 1,ocally'~parallel primary 
- - .- , . - 

. . 
foliation $ea*u+e~ in r&hreaek.v and' TX. - ,  Well :dekeloped - 

i . . 
. - 

~fneats  ,. .*en in* ..rial ihotdgrdphs- i h .  the w e e t e r *  ' p a ~ t  of - -  
. . .*,*n .., i 

the batholith- probably ,*Elect t b i s  jo in t  set. . < 

! 

J.. Joints .triking N. 3 0 ~ + 4 5 ~ ~ ;  ( to  N. 6 0 O . E .  in. subhrear Vl 
. ~ .  

I 

and VII I. * a d .  dipping kdbrgtely to oteeply south a&-north. 
. .  . , . i .  I . . , I 

Pale maxima gh&ng noder&e dip. in ~ubarea; vx &d I X  1 

joints .is' batholith . - . . ' .  . . 
- :. 

I 
' . . I .  I .  . 

foli ation::&rend. in t&e I qout+ctintralm, : and . - .  eaet-ern part8 .' I 
' .  . . 

' -' , - .  _- .. - . -.,--. . . .'I 
. '. . ... . ,- ' 

&mmn~y vs.r-northnest, . . i .  

' ' m e m e  are- not 
- ,  .. . . - . , ,  

- I -  as promind& , 4:. . .ti's .. : . : other . . jo nt Bets ' in the s+ea ~xadained although 1 - 
. . 

i , .  . . , . 
, . - 



they may be better developed i n .  t h e  western part of t h e  
, . P, : 

batholith. Where steeply d iwing ,  they seem to  form '$ oon- 
; b 

jugate eyatem with northerly 'trending jbint eete itsubsream 
i . . 

VII and 1x1. ~ ~ ~ ~ e a s t - s t r i k k g ' m o d ~ r a t e l ~ ~ ~ ~ ~ ~ h - a n d  . . eouth- 

dipping j o i n t  s e t s  in subarea.$ appeur to be closely related 

to trends of quartz ve ins , .  and .similar relat ion~hip may 'be' 
! . , 

present in subarea ix. bverall! sporadic di-stribution o f ,  , , 

v e i n K a ~ i i G e i > ,  indica& , .  M,pt. they ars-not qrm-. - 

e - .  
4 i . . 

,-  

eistantly controlled by t h e  joint' patterns s h 6 n  in p l a t ~  4 .  

In and near t h e  J ~ C J &  stoak (eubatea VIII) , the equal- 
I 

area .proje=tion shows a battern ebaewhak similar--to that  in 
. 8 . '  

subarea ,XX. Joints- in ebarea , . Vff I include .essentially 
, , 

vertical- joint eets striking, 8 .  -w; and. N-~OOB. ; - mode+tately- - 

t *-'-. , 
.- ,. - . _- - - .. : : ,  -- . . a ' - ,  -- 

to steeply-dipping, p o ~ e i b l Y ~  ielated sets w i t h  N:30eW; , t o  . . 

- - , ~ > 3 4 <  .-, i . .. '. . 
N.45.W. stril&r and a hbrth-south set dipping l e n s  than 

30°F~. The N. 6 6 0 ~ .  set  h iea r ly  corr&pondo y i t h  fpldspar 
- . l 

and. biotite foliation in i  the central part of ' the s t a c k ,  and 
t " 

. i '  

linear6 examine3 -on- a e r i h  photographs Lndicate; that this 
' +-I. 

, .  ' 

s e t  is promine& in at 1Ca~t. the. weeter* h h f  of the exposed 
. . - .  

bady: . - - I . .  . -__. .. .- . . I r ,  

. .. " Joint .se.ts:l ,-and 2 oVe. appear to be the .dominant a d  P . . 
, . .  - 

. perhaps la$e&-eAti in  4 e  area. --2hey are even ~pexsiatent', . . , . 
i 

cut a l l  . !rocks, , .  c&tacdpui age &kth oi 
. . . . 

. . - I 
, - . . 

: - ..:,,-tb; ,area,- and 3 4. 
.- - , , 

. , 

~ l t l & h  - .  , .th& . 
', '. . 

;kse in i skrike .ay o&griap ' that ,  f k r  axiinpl&, ' i. 150~. 
8 .  I .  :. , . . . < , .  '' . .  .. ., 

joints ih . . .  &3pde" . . .  genetical ly  raprZa&t pa;t -of the  ' 
8 ' - . .,- : . I - 

I . . 

I 
- ,  . N. 300-d5?ri.:.~;et:-. , , in : others. 

i .  
, - 

I '  .-. . I . . >, - .  
L , , ' . I  - 2  . ' . - 6  

, , 



-- ' -y 
1 9 4  . 
- 

f nterpretation 
- 

Joint trends in the:rooks north of the  bathol i th and in 
I 

the marginal granite adj+in$& them are' generelly ainilar. 
- , 

c- . - 

Although joint pxttexne Athi;. , ,  .. the gluton .more, complex, 

the orientations of some .slenahts . . are obviously 'related. to 
-. 

' the joints in the sedime$tgry . $oaks. .  MOB^ fe-ityke' i n ,  thk' 
I '  ; - --. 

exposed- levels of- the plqtdn &hi& can . be , aspjribed\td 
I . . 

flow structures (Balk ,  14371 ari steepiy dipping and do net . 

, se.eilec,t a simple.doma1 pittern. In b6m. io'ditias where - . 

.prima y lineation ana fo iation a-re  atrongxY developed, li . . 

. . three prominent joint sejs ~ptra@~,o6d--w;ll td. the cross . 
:., 

j o i n t s ,  iongitudibal joint. ,: and thpse pariiliel t o  foliation . 

. - 1 
. --. .- .....- discup8,ed by . ~ a &  (1937, jp. ;27.-$0). In -other ex&sukea, . "  

. . ! . '. . . I 

however, -joint-  sets are niore: c lose ly  raiated to seconc~ary : - ' .- 
', . - . - , . 

. , r b ; + .  I '  
taatirer. ~ n f & ~ = e t a t i o ~ a  foe the origin of dominant joidt 

1 

sat. includcr i) m o ~ t  joht sefs in ,  the granitic q w k 8  r=pie-r 
! , I .  - .  

1 .  . .. I sent the primary f r a s u i e , ~  in plutons described by ,Balk; ' 
a - I ; 

.2): , jo int  , r i te  were cbu&$ - I b.) later orogenic Btrireses; The 
. . , ' .' - 

write; '  b a i i e v e ~  . a m t  a . cobini t ion  df t&is..'earrses i s  lid&: - 
I .  

8 ,  - - 1 -  . . -, . . . .. . . . 
t h e  fracture p y s t b d i n i t $ a t e d  during fgneolj;d~. io@ of the . . . . , - I , . 

- g n m i t k .  prOb+bly . . .. ... -a; &n&011bd later di~ioca~ion~ -- 
*-< ,. I 

, . < ' , , 

ire ,b=&aiii$ &ntetpreted tb bb longitudinal &diagonal 'joint. 
, . 

. , 
r&+ti~er.  . . set  is :ldCalry . -. ;.' parallel .. . to 

. .-. , . . . ,.: . - ._ 
91 t o  iolltio;. ~he.6 . . eVeir, 

.;.. . - .  
. . 

. dominant - , . .  a;-.$lip-surfaces - -  - . 
, . . , 

I . . .  - . .  
n o k a l  

, .  . . ,. , . . . , .  . , . , , . *  . 
- 2  

' ,  k - 
. . ,  . . 

, . . . - 
. -. . . .  ... 

. , . . ,  , 1 1  I .: : 
, . . . .  . 

. ] ... - 



fau l t s .  Joint sets in rocks north of the pluton uorreeponding 

to 1 end 2 are coneidere? to. A .  be extension and. shear joints 
i ' . . - I  . 

reepectively , and to be generally ~onten~oraneous With the 
.; . . : >  ' . .. . 

northesly-trdndi;ib normal faults .  . . .. L- 

. I  

Joints of iet 3 may; corrdspond to the inward-dipping 

j o i n t s  of B a l k  (1937, p. 109) .  . indicating: that stressee. 
I 

kere directbd upwards along a. northeast-trending aris.   hey 
I 

nay a1.o in part tepresent cro& joints or lgtgr *hear . . 
- t 

: fractures ref leatin6 horizontal couple or comprasei?n. 

Joints  in set 4 .  are ; .diff  S c u l t  .to relate to stress 
! - -  

patterns which . .  produced the , ~ t h e ~  s d t s  . They map . represent 

diagonal, jointe ( ~ a l k ,  1937, p. 37-39) . ,  or may be shear . . 

joints  xeaqlting . , f a n  l a t e r -  no&hwardzdirected seress.- 
! .  - .  

. . 9 Analysis of. fractur patt+r& .;in - . rel'ation; to- other . 
- , F i k : x  - 1 , . 

structural features i n  tho EiomMzof , . Moun't.aino is baaed upon .- 
. . I - - '  

the assumption that dki4ant . j o i n t s  . . .. . ih!ch originated in t h e  . ' 
I i . -  - 

dranit ic  rocks were- supeSi*sed on -the eedimentary rocks by 
I ' , - . . .  

, . . - 

a simple ii,kresa field in ,vh.ich comprassion or hdrironb2 . 

k . .  
. . - - 

gouplk ' acted . in , a--north-I(+rthke&terly diiection .' The j o i n t  
i - sets do not a6pe.k .to' be (everywhere related to primary . . I - . . 

, gran i t e  features or felddpar foliation; i n  some- areas they 
' I 

of these ? . .  (fig. 221, and is 
, . 

, , .  . I - -.. 

based on the terly jointa 
. , 

ty o +.the , , ' j&t 





TECTONICS 
,' 

Several lines of evqdende imply that' late ~ a l e o z i i c  
f t 

crustal unrest has affected parts of northwestern Canada and 
0 
:,v* 

northern Alaska. ~ o c t o n i . ~  in&rpretationa .of northern Canada 

and Alaska have recently been sumroarized by Eardley (1962, . 
i 

p. 605-6191 ; those in ~ ~ a d a  are baeed upon ~everal published 
7 .  

regional syntheses, and hose . i n  Alaska mo~t ly  from ares1 
1 

reports. The following ~iacus~ion , . auggeat~ the poss ibi l i ty  

. -  that  a late Paleozoic ~ro(genia b e l t  accompanied by granitic ' . 
, - -  , - 

intrua$on has affected northern Alaeka but has largely been 

masked by Mesozoic,event$ (see f ig ,  23). 

The dominant structural features in northern A-laaka are 
b 

the resul t  of ~esozo ic 'a~d  early Tertiary def omation. 

Major Mesozoic and Cenozoic elements reported by Payne . (1955)' 1 

.*"%Y'" .. 
ate well e~tablished,~ and include the Brooks Range g e m t i c l i n e ,  

i - . -  

a lincai: east--trending fdature' mare than 600 miles long, 
I 

flanked on the northeast by. the Ronanzof uplift and by the 
I 

-_ . 7 . . 
Colvilla geosyncline far&= west. South of th4 ge&tic l ine  

, . 
oneof several .n@rthaa.st-br.ndins, elemekks i s  the Ruby - 

... - 
i 

peanticline', which joins (p) the Brooke Range north of the 

porepine :fiver. I - .  . 

. . I .  .. , 
I . - 

Th= . b&oks . . .  an& geanticane' ! - -  of Jurassic, ~retdc=ous, 

and Paleocene dge is charLcterizad I by an ,east-trending . 

+ 

- ot&ctural grain with dodinant 80~1th dip*, . &sulting from 

4 overturned f o l d i n g  and i t icate  ov&rthAst £e;ltins. m . 
1.7. . 

contrast, the Rchanzof uplzf t: of Tertiary .%age is characterized 
I 

by the deveiopknt of larbe, complex, mostly west plunging 
I 

- 



. . 

CI 
, 

- . .  
-. . . -  

, . *-:-*::.--.. ,,- 

~igure'"23. Map of mainland Alaska  and northwestern ~ a n a d a  
':I .. , ='hawing selectedaajor: tectonic featur@s- 

1 
. . 

-:-. F' , ,, 
-h 

- .  . / . . 
. 

7 

b 

s. ' 

1 
, . ,  



,. - 
antialinoria and mynolin~ria. ~truatuxal  .featue& similar . 

. . 
t o  the  rook* Range geanqlol~ne ats preldnt $ri the ~oianaof 

, , 

uplift, but defonnat~ona4 in&ns i ty  there ' is not as,strongly 
' - /I-<. 

expreasted. . s trpctures la the  'brooks . I  I *mange -ge&tioline are 

~cmparabls to thoae of the ROC& nountaint3 qf. w a ~ t e m  Alberta, 
. . 

MB the ilomsnmf u p l i f t  c/qntains structuAa m o A  l i k e  &oeL * 
. - . , 

. ,  8 
. . 

of the lkyomlng ~ock iea .  i . ?.-JL.\. .. 
I . 1 

tn the ~ u l c m  ~erri t izy  ,, ti& ofi - lat. 

crata-UB or. early k r t  Ja& age - (~lartin,  1959, P-; 2451) 

' sttike rqoatly ;outheatat t&d aouth .tow&d. 'the. Rocky ~ m ~ t a i n s  - ' 

-.. 
pf B r i t i ~ h  ~olumbia and 4eat.n ~ l b = ~ t *  ,.--and. lhclade several . 

b 

mountain groups. - '&me b:elt s . conhain elemerita -=irai+r. t o  

thoee Zn t h e  ~ o n i k e o t  up lift;; &d fau l t  etructuree elraldar 5 , , ,  , .:. . . 

t o  but of less. m~gnitude  jth* thb& -in tha A1bart.a ~ ? a k i + ~ .  
. ! , . .  . . .  

.#,PL+Xt .- k ., 
The RomanzaL u p l i f t  and ~dj(rc*nt-:are& in'.tha Yukon Taretory 

, . \ .  
, .  , .  

:: t 
' repre.ark the itaxhum noithward 'bulpa :of ~ o c k y  . ~louptain-type , 

- 

' .- . . - ~tructures - in northveeitezp -~qrt l i :  :tmerioa. T ~ N  ie no' good 
, I  

i 
' I  I 

evidence for ,connec~idns betorbe'; etructuie~ i n  .this bulge 

' and, ~ertbr~ . . d*tonuationa(l belt .  .ia the- $badian *==tic - 
.# . . , 

- .ti, the . . .  n o r t h a ~ t  .j Martin (1961, -.p. ' 4 s l i  . inaicate~, 
I 

h-v6ri & .d nearly dntinuous depo8&tionai 'basin 8triking - 
- ' . -  . 1 - .  I .  

, t& -a. '&&&of . . . .  . uplift ;to i l l a~ lb . ra  . f m l a n +  .wau 'preaeng - ,  
- .  - - .  I . , 

- .  . . I  
... . , . 



eugeoeynclinal region during .the -~alaoioia  '(Gates ;and Orgc, 

1963, p. 268-269) . ~ a l e ~ a o i c  orogeny and qranitlo intrusion 
I 

I L 

in northern A l a s k a ,  ther=fo+i, would. a$ea+g to. be cont~nent- 
b . .. . - 

ward f r o m  the  eciiikhern e$geoa$hcline O!Zardlfsy, - 1962, p. -6101 . 
- .  

eugemynciine lying n o r 4  ef Chi Yukon '~ .rr i tor~ ,  now unde'r - . 
! - - .. 

. . 
theArctia'0oban. . . . . . 

The hilaoement of graniti= plutins , . in' norbhern haskC . . , 

; and northwestern' ~aaada 1s considered' he fa .tb 'have .corra&onded 

- w i t h  b r o g ~ n i e  ePpisodA. :The Brooka .~a+e is. Mde 'up d d n & t l y  

of aadi-tary and m&siaime&ary rock; ,.' e$osid,-qqinitid - 
I .  

plutone very rare w e 4 t  of, longihde,  L'500;, ,$jut several 
I .  . . . - I 

occur farther cut. The ~north6rbudst , . of theme -th&- 
. . ! . - .  

a : . . .  ' 

Romanzqf granitic pluton, in the , . ~rnanaot uplift$ the re- . - 

westward i b  l$la&ka, the d h b y  : geantf cling , ubntainm large 
. . , . . . , '  - .  

. ,  . - ' I - .  
belts of granitic rock. 4 1 0 ~ ~ :  ite. -trend . ( D u ~ ~ o  Ad Payne, 

. . . . 

- ,  - i957) whish ha& net bite4 dated by ;adioactive m ~ l b d s .  
- .  ( .  . I ' ,  

In the ~ykoxv,, :granites- 14 tee ~ani,and hkitish ~ o u n t b i k  .- 
. . . . I.. 

, . t 7 .  
_.. - . 

slia ma crkw.:~in& may bg C O ~ ~ G , C L C  w i t h '  .tho& ' i h  .&+th- 
,. :., .:. , I 

. . emtern ~ i a d ~ a . ,  'Jsouthea .ward, granitic rocks aiso occur 
., .... . i . . 

8 ,  a, 

&n sdueh&mtitrendiris . a , , , -  . . -beits .. ' ' . - . . . .  . ... , - - 
. . . . :  . .. . - , I  

~ ~ t a / ~ i m - i r g ~ n  aattng bf  biotttb 'in ch&&. canadiair - 

and upsen, $960 . k4e invdjt:ig&ots, h;weyer, ('indicate that 
'. . I ': . -. I '  

. - -  . 
- . . , . - 

. ' I  - 

, .  .. , .  

.the t h k e  ,plptorie - )a$ be oogenstic and-.that the -:ybungar 'ages ,.: 
. ; -5.: - -. *. . .. - 

-5 ,. . .' .' . ., 
7. - _.. I . ' _  -. . . - .  . .. , . , 

, I , .  
. . . - .  

, . 
. , ,  



e s p a c i a ~ l y  g5 m.-y . may -tepresent updatl<g of ... older granites - 
. . 

by later orogeny. The same authore tentatively po~tblate  
I 

a Paleoaoia . orogenic be it =&tending -.. ~08th -eouthe& tward ' .  , . 
, . 

.f rorn the  Arctic-'Ocean near tl& ~laekd-Yuk0.n ..boundary tb 
- 

, . 
Montana. Id relating 4 oeog&ny about 350 million years ago 

to the itratigraphy of &fthedat.tirn . . ~lbika,; . . the' &ice=- ag'reee 
- 1 , .  . . 

-with Baadsgaard arid atheirs ~n i ~ w i i i  gt'pri'ior to )d i rr i~ sG~ian  1 . . . .  . 

- time and not. older thag $itidle . .  ~~evonian'. ~he'wtiter would 
- I 

consider it to be'~ate D&dnian . . if the'ppper'Unit~ of M e  
' 

Shale &B Misslaeippian in age. , . . 

ocoutred in Late ~evon'i*  time. in northwestern Canada, and - -. , 
.,i , . .  . , 

- indicate. & b$t adrbss the nbrthern - p d t  of the - ' ' ,. 
- .  '. ' 

b ' " * v ~ l l n a d i ~  &tie ISlande bd northern frhge of..fhe .weetern - - 

nialnlyrd; ~e"sho*s the belt to atr~ks.southuasttwa~d and . . 
I .  

. b  - 

westward tobards -the R&Z& drea, raeet  than- joining the -.,- 
. . I '. 

.-doutJweatdr,i$ -trend& bklt a. ahwn by ~aads~aard;  ~olinmbaa " 
- . . 

a n d  X d p ~ o n ; ( l ~ 1 ) .  . . ~artkri.~~.tcdtonic , &rtra<all -. ii baaeil upon 
. . I 

regional interpretation bf sf ratigraphy '.and ghrticturi and - 
. . .  

, . - .  . I 
asems n o ~ ~ ~ ~ i a u s ~ b ~ e  .'to this wrlter than the 'more tenuous- , 

. , : ,  \ I _ r. .m. . -  

- -  ~ . 8 
I L . .  I , . ... :; 

. . 
' of t h e  &=&ic , , ,..- I . e-ozoib g~dg&I,8. belt, three - continua- 

I -: I- - -  ri&i ofit6tliio-beit . .. . . ire pp~8Iblc .  iti giaiki: .i) .&is. belt m s Y  : .  . . . I. . 

'ka~b. qXt$gdid.;i&.tvakd -. ' f ra the koxhanaa&$+aa n t h  of the . 
. . - p - .  . .  . 



. - 
' ? -. 

latar Brooks Range geahticline, a8 suggested by'-Martin (1959, 

p. 2 4 4 4 )  1 ,  2) . . it may haveiponti nued in u more iouth~esteil~ 
:'J/ ' , 

direation, generally para&lelb'to I #  ' the Mek saic, Ruby geantialine t . 
. ! . - 

3) i t  may roughl$Pc'ncoinci& . . the Range . 
: I  

geantiollne, D i f  fenmt ltnes. df 
!- I 

' h S  

b . 1 ~  fok caah of the pos' $bilitles. - ~ ~ v l ~ n c e  and inter- ' 
- r .. - - .  

: .  
- pretations are ahom o n  tigure' 2,). I 

I .  

. . 
. - 1- \ 

- - ~ n t e ~ r & a t l a n s  of the ~&ehian sequ8nce de8dZi.b.d by 

. ~rosge. and others. (1962) .Ln the .aBcetn e ~ L ~ k e ' . ~ a n ~ ~ : , ~ U ~ ~ d r t :  .' . ' . 

. . 
the first poaaibillty l i ~ f e d  &me, and- ihdicate t h a t  

a mte Devonian grogegic h & t . ~  S. refiq=ted. by: oatpeuring . '-. 
. . .  . . I . - i . . I -  

* 
of the Xanayut ~byiglomeratc, whlch rbm daparited-in tk east- 

. . - - 
northeast trending basin bout 50 to 20O-,mllscabi1th i f  the 

L 

R o m ~ a o i . .  1.n ;he sitate& I . . :  B & ~ i . ' . ~ g e ,  : hidkna.ses .and a 

- 9 1.%'\ I 

lithoio$iiie diskYib~tioi ak Chti kanayut *re, indicativ*.;of , - .  a '. 

. 8 - . . 

northern sour& uea ,  perhaps 1 6  the .&rnaxizof. bkbii-'br.. farther ' . C. 

. . 
: ' : .  ' b . . 

- 4 -  

west. In the Y*on !Cerriibry., 7.s m i l a ~ ~ ~ ~ u t h e a s t  of the 

. . !. - .I .. I 1 '  

pla-8 ' in . . thq , , 8ritii.h and1 Barq ~ o G t b i n i  area,. but could 
. 

.* - 
. . . . - - .  

t . 
, ' h . the. .poizit, . ehr'&w . .are+, * ,w l i  re d:[iiaj=&- st&tk& element ,. thd 

I . .  ' . . I '  a '  

Barrow &$.; (P(Psyqe, .  re-~esohoic'!rd&s In . .  
. , . . . .  ' , .  , 

driil;d':& the &pmon 9rir). include 
- ,-: - - . ' .. , - . I .  . . . . .  - j . .  . . . ' .. I 

r 



. dark argi l l i tas  similar .tp ~19 Neruokpuk ~ ~ ~ ~ t i ~ n  whioh are . 
. 

I .  . . 
1961); Robinaon, 1959)i." ' 

~iatr' ibutio~"6f . .  .fronitif . - .  , . , i lutons . in the. eastern .Brook% 
-- 

mnge -and ~ ~ b y .  gemtidin; aug&sta the possibility,. that a 

Paleozoic orogenic be l t  m ycoincided with the' 
. - 

. Ruby gsanticllne, rather the ' oontinental . . 
, . 

.. - . ., 

rargin. Them plofons ha*= n ~ t  been - datbd, and unt i l  they , 
<,I 

. arc, thie p o ~ ~ f i i ~ i t y  is, +rely ipacu~at~ye. ~ h . =  rcgionai 

pattern. of Upper ~avonia$ clastlc ~ i ? d i ~ n t a & n  in the' 
1 -. 

earntern Brooks 12hge, . '  and 1 the.,-abnomially . . .  thin ~ ~ k i k t u k -  
1 ;  

Kayak(?)-Lisbhrne ~ k o u ~  .=quence*. . . kn the' maahzoi area do 
I t . . 

not preclude such a .  po~sil$iliey .- . * 

- .  
s . _ . .  

~ e ~ u l t i o t  gravity . . !  d = k  in, ~ l a s k a  (woof . . i s rd  ,;ma. others, - . 
i :- ,. . . ;+.,?+& ,., . . .  

. lq60) , show a b.lt, of =tr4ng' , . negative andaly which exterid,~. - 
1 

from. the ~rit ikh Mountain$ westward and southwestw$rd t o  t h i  
' I  , . . ,  . - 

yeate& Brooke. Range. ~hj.:'hpi t' pranouncbd trough ttande. 
. . 

! . .  

. southrm~$ tram the =&zdf ~6uhtaihc;~ correspond* with the . . 
8 , .  

! 

~ o m i n m ~ f :  . . up?.if t. north4rn . _  , . part of the i B r & ~ b  ~arige 
. . I .. +. . .  

geanticlineb: ;'and generally agreea w i t &  tli@ 'pattern of .&hitic 
. . ,  I 

' .  : . . 

. . . . .  plut& . .  distk'ibition in ' ~ l h s k a  and-' ndrthkotek 
. .  - I .  - . .  

. . . - , - 

:canad8. . ~ h i : - & a v i t ~  , ., . .  i& ifig. 2 3  ia+. reileat c i w t a l  . 
, , .  . , . . . - _ . . 

, .. ! . . 
- .  ooiporifion ~ r i h i ~ k ~ ~ ~ ~ .  - [ b i t  in- e i th6y  case =in' pl.ausibiy 

- .  ,, . . . 
be r k l a t ~ d . t 4 :  the foot of .&I o i o g & i S b i ~ t .  ,.'ma bele . - 

...... . . . . . .  . . -  . . 
, a. ; , '  

. -,.. - 
. I .  

P - -  . . .. 
of m o s t  intqiss  . ,.-.. . .~esoz.oic . ! .  d cenDzoik . defernution . trews east, 

. I. . , 

. 1:. 
at acut*;angie ihs dravi.ey f & , ~ ~ h . '  . . . .  The t ~ 6 y g B - ~ m ~ y  

! - ,. ' ,:, ' ' .: 

thereiare r*pGsint . . . . . . . .  a .lad ~alac .o io  oroseniiz aei-t "hich has . . I . 1' ' 6 



-- . 
-. been largely masked by M ~ ~ O Z O ~ U  orogeny. .hhe thick ~ a n a ~ u t  

4 - 

CongLomerate eequence, hopever, l i a a ' w i t h i n  the trough, and . , . - 
'f f s tructural ly  (IUtOChthO$OUBi indicates t h a t  a depositional .. . 

basic existed t h k .  dutinb ~ s t & : ~ e o o n ~ a n  .r. tirn9.: b~onaiderii~ 

the numerous ~csozoic norkard-*raw t e+m*nts 'of .the 
. . 
i 

central Brooke Range, the I writer feels that the xahayut may 
1 ' .- . 

, ,  

lie in- an a~~.pchthonous biook. w1ii0G was .aboited: f a i  korihw:of, # '  

I ? , . 
. - . . 

i 
, its original s i t e  during ~ e a o z o i c  or later ' orogeny. ' The 

view that  e '  l a te ,  ~ h l e o z o i &  otdgenic belt I* rejiected by'.'. 
! 

- . the .. gravit* trough ie .thebfore tentatively favored by, t h e ,  
* . . 

.< writer. : 1 . .  
- .  

. . .  
From the foreioing, it  i a  evideat  that ',k=ehds a?% 

- I - - 
po~itions I .  .of Pileosoic te in northern ~1.8~. 

. . - 
remain largely unkziom, .aid the  posaibiiity that a ~a ieorq ic  ' 7 . ; , - . , ,  

- .,JP%<\, ,, . , 

orogania b e l t  ,'qwi.ted in north?* -and aent:=al A l ~ k a  -needs 

fu;hcr atudy.:!Phe sketchy evidence cited above,. hov,evcr, 
I' . ! - :  

i s  intended to. be a ahypot+tic=l- .kramework f p i .  future work 
' - 

I .  
. . 

and thought; .with cokt i n b e e f b c t i o n  of age :d8ter&natlnn. 

i more firmly! lnubstantigted 'tectbnib tT*e"o=k fGr- the ~rctic 
. - 

basin; by &~&,canl; canadib, ,and Soviet invc*ti&itgr.s, 
I . ,  

,, '! ' . 
-ewers , . , - t&,:.%his . .  . intii.gu'in$ t ec ton ic .  pe&lern should lie , 

, . 
. . 

. j . .  
, - fdrthcomini... . . 



The minerhl rdsourceipofpntial of the  .Romaneof Mountains 
' . L  L .. , -- j 

' I . . 

, i e  not well known. Some #rospqoting 'for gold has been I , 
. -. . 

. "fa, . , 

eartied on at the forks 04-theibkpilak River-, b i t  no systematic . .i 
! 

1 

exploration has been cond cted.:--;During the pzeeent atudiee, r .  i 
. . 

. I - '  

at many lkal i t iea,  mostly . in . ( lr&ita  . and r9ckaof -the 
Neruokpcik ikormikion. ~ h e d e  depo/itis pppear t6 be mainly 

L - ., 

i controlled by f racturea, $haa&d zones, '--8--area& 6f - tactit.. . 
Pan samples were taken in ;15 localit-ies Lnokpiiak and Jago . ! . . . . . , - - .-. 
Rivet drainages, but no ptecipus ketala w i r e  obsem,ed. 

Eleven 'stream silt samples, , ellrr&ed -for analysin of traca 
, . L . 

metal content,  ire  porti id bylow. 
. . . I , ,  . 

Metallie- min.eals indludo:.&stly . . &wife, with, lesser 
. .=urnv:.,. . . . . . . .. . - I . .A . . - 

amount. of .molibde~ite, pirrhdtitm, "magnetite ,. arsenopyrite~t? ) , . . 
, , 

I . . . .  . 
chalcoMrite, . clialaocite(3) . . ,  , and- galena. F&u;brite :'is 

. sgaraei~ dis~e~jsated in , d6 ..- ,.he&~a.sraniti~-~~~lr~ .and 
\ - .  

gxeisen. . . 
! t 

. . ivrita ii-ik:irio r$ki pcaurs fine&- disse*.p.teC . - . 

- ! 
- -  I - 

I .  . 
albng. nartow.:jlGear zones ,and, over bro,ad area8 as much a8 

I 

1 ' 
2bOO f&% wide . - ,  . . 1 , and a1.o in  +=in* .interg$:owri . w i t h  . 

1 . .  

analysiii .of ,.:s&ie . ..,. 5 ~ ~ ~ ~ 6 0 1 ,  uneltakd granitd, and 58ASa61, 
- . . .  . -  

. . . . - . . - 
-- .i . ' 

. . 
x 

. . 
. .- 

2 0 5  , . . .- . . - .  . I . . - .  . 
. - 1: .;.- . , ' 2 . .,. , . . . . .  -- d.  .. . , ,  . L  .'.. . c . ; . ' I . . : I -..-.. 



bleached a d  ~ r i t i z e d .  granite ' f qm the same v ic in i ty  

(table 9 ) .   he altered ,&mite shows gain in dilicat pro- , " . . 

nounced in eulfur, boda.. . . and t i t a n i b ~ ~ r o n o u n & d  ' 

. , 
.-.I- .'I 

l ~ e e s  in iron axidea and, pot&hj . , .  'and .om, I;oee= of l i r n e  and 
. 3 

alumina. comparison of thin se,ktiona .of - .  lampie? 66 and 6 1  

ahowa that microcrystall~ne- qu&tx liaa been int,roduced, . . 

- .- -- 4 ..-A 
probably along f crctures;/ pyrite bcaure - as dies~mfnated I". - '  .- 

d, . 
broken pratne ; and mu=&i$i te wit$ relat ivky &ridant sphene 

, .  . . . .  . ,. 

is probably aft el^ biotite!. The" ratio* of plagioc1a.a t o  

microallno in thin sectidn appear to be -reversed but this 
! . - . . 

may be due to sample, d e l e p t i ~ n .  Highly a e r i c ~ t i z e d  . . plagio- . - . . -  

claas (olig9goolasa-aibita?) h- .the unaltered specimen is in: . ' 

1 - .  , 

cqntraet td relatfve&y f+sh" albite (?'I in the altered ?rock. . . . . . . . . 

 ha main ch-e. are addi'vori' bi sulfur ai,d sil ica. .and removal , -. . 
.bfi%bt ... i .  
of iron;. pyrite and/or *arniai&. axso .srs aiAeni&atea in 

. 
the shale member of the $adlerochit Formation- nean -the- , - 

i - .  _- 
, 0 k p i l s k  River, and occur pore sparsely in 611 'p i s t -~eruok~uk  . . 

, '  - 

. . . . 
: I . .  !i 

some : pyr$ter+sstz vbine which crosit -cut' granit.e show - 
:, . .  . . . . 8 - I - 

str0n.g: crystkl  or biotite- 
- ... . 
, .  . . , , 

foliation] .. . , places where-. 
' .  - - .. ' .  : , '  . .' - $  

granite u$ntiins equally ;strong - planat elewts, pyrite- 
. , . . . - . . . . . I  . 

quartz ..or qu;a'rtz 'veins shbw no such parallel orientiation., 
. '. . I .. . 1 

. . . ,  . . .  , . . -. -.> A 

8 ,  

- L . a  . - - '  

two -ty&s;'bf. vein. etrucr  ; e -my be sugges ti& -di -two 
I,. . . . - .  - - .  A- 

of - ~ ~ n e r b ~ i z i t ~ i n ,  , . , . ,  . iith strong 
. - ,  . . - -y - ... 

.. - . . .  . .  . . 



Nolybdenlte ooaurs as eoattered single c~vyistale &nd 

crystal aggregates leas ; thaa one-half inch diameter in 
: I 

relatively f reah qrani t* . 1t wast prrk'ioularly noted - in 
I . . 

tglaclal debris a i d  .a feh outcrops in t h e  qiciiiity of 
-, 

~ e f  f i n p a l l  Glacier; e1sewher.e i.t i s  very rare. Although 
I . .  

eeen in several parts of &he arfea, molybdeni'te does not seem .I* , . , 
I 

Hroadly -*hi 8 trfbuted . or visibly concent;rated to . const i tute  " 
! 

-even low grade deposits i .,.. . 4 

~ ~ r r h o t i t e  and mag hefit .  are . locally abuhdant as fine 
. . 

dissminatlons -&a band4 less thah -I/! inoh wide in dark - - - '  

homfels and tactite adjoining the grahlte aiong.~6t(creek . ' . 
t 

Lestuk Glacier. ~iherdl - % assocd.ati<ne and--textures have 

been described on ; 1 i o - i i 2 .  In the Esetuk ~ i a c l e r  
. 

I " 

vic in i ty ,  magnetite is in concentrations"large - enough to 
1 

d,~F&;r: - 
affect the ~ ~ a &  neeale$ . it:.oZ?lr. . an"#fiali p a s  in dirk 

-: .---;-. -* -, # . . . . . ; - - -  . tuctites. . - -. . .- . -. I . .., - -  . . . . '  . .  
  ha lea pyrite end g+lena were folind ae s m a l l -  grains in 

! : , d 

.&hearqd , . qimrtaoee. grah&clc -r&ks-at  t h e i r  contact on the 
. . 

nv'rth &.i& : of. the S ~ O  )fock. ~halro@$rita in s ~ a i . t z  warn . 
. . . , 

tentatively ident i f i ed .  in shbared.  zaties parallel to badding 
I 

I 
. Creek. , ~ ~ G r i ~  . . e p h h l a r ~ t a  ( ? ) ,' and .chqI, bopyr+te occrit' kt . a -,,*-:: 1 . - 

8 ,. , 
.. - . . 

shearad . . contacts betdeb granite and ~ a r t z ~ i n & n z a i i t e  d i k e s  ' ' 

a r e t n  , 
' . ... . -< . 

<- . . ..' , , . 

a .. - .  - 4 ' .  . 

con~isting . . . ~ .  $odtly: -. - of i.r .nseain@ vein quartz, pyrite, and 
- f ' - ,  - , ' :. . .  - , . 

schietose :rock. - Their . ntrdduation was doncurrent w i t % ,  or 
1 .  



J .  

preoeded the Bhear strese. ,Galena is deformed -80 that the 
4. 

oubia rnf neral oleavage is: hdrdly :reoognisable. ' ' 

t 

Purple fluorite oocu'rs ' h i  veinlets ':assooiated with fine . . 

quartz and pyrite-and ae 'disseminated emall. . grain-5 . in greisen - (', I 1  

rockm .- Tourmaline is a w o n  : associate, and t h e  two appeal: 
- ,  . . . . 

' t o  be essentially ccotempbraneo~s in the exposures examined. 
1 . #  . : 

--4-._. . . 
The stream s i l t  eAdles were - taken with .the h e w  of 

, b 1 
- 8 

increasing knowledge' abo$t tth 4dittribution.akd abundance . . of . 
- 

trace .amaunts of metallic elements in i ~ l a s k ~ ,  ar current- - '  

investigation Ln which th@ U. S.  ~ e o l o g i c a l  Survey. is-engaged. 
, . . - 

Analyses by the U. S. Gco'logical Survey, . Denver, . &lorado, . 

! . , . . - 8 

are- .--- shown ._ in - table- 1 2 .  .- 811 element# dete-mined- -by. f h l d  ' - 
I- - L . .  -- - ._ 

- .. - , . 

methods are shown, b u t  +&&. determined by spectra- 
. , 

- graphic m ~ t h h d s  which ard co&ihei-ed .,. . to b.6 higher than .. 
. - , . . . . - - :t,*w n h a l  background far Alapka, accof ding t6 R: M. ~hhprnin ' ' 

i- , . . . . , ,.:, 

( w r i t t e n  , . &mm&&ations .- $9 59-196&j,, ,&e <inoluded. 1 Chaprnhn 
, . 

, . .. - .  
1 -- . - !. , . . 

indicatesf that the lead. &iit*ot. is ". . . s l i g h t l y  higher than.. . 
: I '  ' 

samples , . frbm the upper ~ d w & k  , -  and 'n' t h e  ~.ukbn a v e r s  

region .-', and that ' *I 'wouhd reg& 156 p;'@ ?b ae anbmilousn . 
-- 1 , . - .  

The relatively high conteht of' uranium 'biotite .of the 
I - .  

. , .  , - I - - ,. .. 

granitic eoo*e . . . (White, igi52,) . . may have- in.'parr , . to I 
i - . . - - -  

the lead content.of theeelsamples. , I  Theana&yses'alsaslggest . . 
; @ .  

that  b e ~ l i i j i n  . .. and , tin vakues !nay b e  higher-xhhh ncjrmb 1 . . . D .  

-- I . .  
backgeuriilt t h i s  type of ineyalizatidn, d Q h t  be further . , . . 

, . ? , ,  > .  ' , }*'l .: ., 
, . 

invest1kat6d. ( . _  . ' :.-- ' 1  
1 , . 

; except. . for. . of the ore 'mineral. locallties 
. .  . , , . 

seen to - .  or ttaceablp' fot &re -than a 
. .. ' - -. . . :  . 





few tens'  of feet 1 they do not.  appeax to be in su2fiaSent .- . '*I- - 

quantities t o  be  of econ6,mio .value. Large a h a  -in tke 
- I  , , '4 

Romanaofa remain to be explore& howevez. ... kt"@- ~ u ~ ~ e s t e d  . 
- 4  
2 -  . 

that cirbanbte rGka a€. . .the I ~ t $ u a k ~ n ~ c  . . ~oqation-  .long the 

weetern and- eastern marg$k dfi:th=, 0Cpilak- batholith, might I 
I . . 

.-be favorable areas for explora6ion. ' : 
i ' . . . .  I ' 

 h ha Shublik romatioj, may, be'  a potential  B O U ~ C ~  of . 
! -. - . .  

. . phoephata rock. Two sam~les hiv,e beak- q e l y s e d . - i n  the , , 
I .  

. I 4  ' 

aman.ofar=a. Phtton (~1959, ;1. 12) 22.0  percent 
: 31 . p205 in linestones . . of unsbrtain ~tratlgraphic sosition, now 

. ,  . -. . A. 

)mn-&n. to be - SljubliX, reat; of ;the 6kpilak Rikr. - A' - sample: 
, .- - . . 

a f  limy shale from. the  e&t va~&e~-well of .the . 0kpiiak . 
.. . . .  -- - -.. - .- . . .  ! 

. ' 

- ~ ~ I y z e d  by C. - Chloe and' F. D. ~ o t t s ,  U, S .  ~eological Survey, 
, , . , 

I 
. - -  m .  . . -  . . 

- slvbs a value, of 4.7  parc$nt- ~ 2 0 ~ .  c . ~ a t t o d  reports values as 
b1 1 

... . - -. ' 

. - - I 
._ 

Alaska . ' d  . . . . .  .. , . . I 1 
. . 

..l+ l , . - 
'  herb , i g  prob&l$'-n&l pegrolewn- dr gas p o t e n t i d  in the ... I-- . ; , . 

- area. ~ o s ~ i b i ~  sour& io;k.?iii~h m i y  i id ickte  . . potcitial ' 

ahples of the:$inge  . . . . .  E'onn~ti~n,  . Potential . . rcaervoSr, rocka . 
. . ,  . , . I  . 

i . - \  :. , . . -  
include thosei.6f the ~Zibhrne . -- droup, part&culat&y the liwes , . a n  

- .  . . . . .  . . -  i . - 

sandy limestones of 'the A , ap;ah'limestohe . -and 'the coarse' ' 

. .  : ' 
. , . . '  

and the- t&.;6f the' J. unco~ormity.  
-4. . . . 

! '  

ri , ,  t h e  . &zici&-i= < . .  +oh from the 
- 1 . ,  -. 

, , , . 
- ,  

., , , . . 1 
. . 

I 
- ,  - 



+ 
north, they may coaraen in that direation. ~tructural ly  
I , . 
competent ~lsbirne Groupiroaks . -  , say be highly fractured in 

the aubsurface. The. Paleozoic c1asti.c. rooks obeekved by 

the write= in th"~manz4f . . . . .  Hbuntsins and - inb.  

northeastern, Alaska appe$r . . t o  be relatively tight;,and 

impermeable, but: cretaceous and. Tertia-ry sandstones noxth- 
! .  

, . 
west of this area. are m ~ e e ' - ~ k r l ~  consolidated.. 



-.. 
, - 

CONTRIBUTIONS AND. SUQGESTTONS FOR FUTURE WORK 

Tho work reported here h$e eetabl ished o geologla frame- 
I .  
8 . .  

work i n  which future detailed studiee cari be  made. In an 
\ 

. I.P,.  . . 
almost unknown 'area it has : . :., .. . - , - .  . 

1. established the strhtfgriphlc column, a t  least for 

M i a s i s s f  ppian and younger;'roaks; ' 
I . - . . 

2.-Outlined the areas bf granitio and a ~ c i a t e d  crystalline 
i --.-__. 

rocks ' , '  and attempted to establish. thei-r time and-s'patial 1 
. . 

relationships to their suiraunhinga ; I . . . . 
3.  ~ e t a b i i s h e d  a  real structural picture; , . . 

, # .- - - . . 
4 .  ,littempted to fit th* art& into a larger. temic frame- 

work. 
. . . - 

' .: 
~onvereely, .  i,t .has. fa i led:  to aonolusively 'answer aome of 

! , _  . .  -1 .1  
the m s t  basic questions in r,egqrd t o  the  -areat. . .  the .. age and .. , 

,r,fi~q:.. , I . .  .. - i 
mode of e~babernent- &f thb granitic rocks-r -the -undoubted . , - , ., . 

. ! .  . . 
stratigraphic sequence .within : the: ~ e r u o k ~ u k  qormation; the 

I 
. . 

. .. ' 

: _1 
I . ,  . , 

- meaning and ;eletive asesiof . , A& strudtural and textu.ra1 I 
. , I ' - ,  . ! 

features within -the granibf c :rbcks; and &esiblen I .  d i f  f&enc+. , j 

1 -  deformation.,, jlu& of the grAita .aka nearly ail pf  the .-area I , .  . 

south-oi th,ipiit-6? . . o ? ~  naL yet mapped. 
1 .  , . 

I. betai led . , ,  mapping of 1 tkm w e ~ t e m - - ~ d  ioutheastef i  ' ,I _ I  . . . . . - - .  , . 
interior portions of , ,, 

, . ,  .'F 
x i  . . 

. . ,  2 .  ~ ~ t i i i e d  , .  ~?rmatioi , rock. ~ o ~ t h  
. . , , 

of.. the pluton 
. I  , , .  , 



and later racks and in rdcks' .of t K i  ~ e r u o k ~ q k  ~omat' ion to 
- - . . . - - i ' ' \ -  

deternine speoifio diffetencee in the directional element= - .  - 
1 . 1 .  

of t h e  two sequeriaee z *' -: . . , 

4. Detailed egaiiinatiori of branit; . , codtact zones, parti- 
. . 

cularly those along the &st margin .of the bathol i th  to 
! 

. ,  , . 
detsnninet- possible econo&c d n s r a l  - ,  - 

. . . . 

5. A t t e m p t s  to date sdse'of ihe more =!cent glacial  
. , 

, . 
! . -, 

moraines - by licheno~o~ic~l studies] . 

6'. Concentration op t$e ~ek~ktuk-~a~&(?) . . baundbry to 
. . 

' .. - -  - :  evaluate their  relations$ipst 
. . 

' 7.. Detailed ' l i t h i c  e x e i n a t i ? ~  and faunal ,-studies of the 
. - 

lisb&ne Croup in the &a wbst of -the Olrpilak Mver; . 
I 

1: . ,  
. ' ,  

8. ~ e e x b i n a t  ion of tl/e ~adierooh-i . . t ~ o ~ a t i o n - ~ i e b u h e  
. , lh \ - !  .- ! 

- ~ r o u p  c00ta.t -to evaluate p;te-~+hian-.un~onfomi:tY; I 
-- - 9 .  Age- d e t e d n a t l o n a  ;of the .inner partb%f:?&= Okpilak 

- .  
, . 

batholith a d -  . -of . metemor&h$c rotzkd around- i ta 'periphery. 
, , 

, - . , . . , '  
- . 

L 
, . . . . - ,  . , . j - 

. .- 

- I ,.- . -- 
L - - I 

. - . . 
. . 

, ' -  

. . . . . . ' I . , 
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Subarea for w h i c h  joint readings 
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. ;I projection.. In projections, 
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of pole maxima and 1 percent 
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l o i n t  poles of 2 perce?t value 
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areas. 3 ,  T, and C inefcate polzs 
of quartz, t o u m a l i n e ,  m e  
ehlof i te  v e i n s ;  nut  used in 
cantour del ineat ioa .  









of area: dashed contours indicste 
odd -numb& r percentages i n  areas 
of pole maxima and 1 @ercent I . . . . 
value in subareas V and IX. I 
Contours f o r  single i s o l a t e d  
joint  poles of 2 percent  value 
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