
United States 

Depastmnt of -the Interior 

Ce010gica SIKFV~Y 

\?dashirgton 

P?4T-LAiLJZ$:\RY GE3LOGI C E-EPUilT OF' SADUGtOCHIT RIVJZ AT?. 



.,: , .. .. .. . .  . ': "2 '; ':: . .! ... ' .. , , , . .  " " : . ;* .... % ,,*-... .,,. , . . _ , . ,  . . .  ".. . .. . , . . -... I- .. . . .". . ..- . . 7" ".;. .- .., ,;;, .,. :.+ ;, ,*- ,- - .  - .. , ? '  . . < .  . .  . ' , 

- .-< . .. . . ,  . ... 
. .~ . -. . . .: b , . . -. . : <>.., '.. 

r; , '  .. . - . . , '  , , . : . - , . . -  .- .- . - .. . ,  . '  " .. . . . . .: . . 
;I I '"- 

. . - . .  7 .  . , 
4 ." .. . -. . " ' ' . . 

. . .  ..- , . - .. . .. . . . . .  
. .  . ; ...  .- , . . . . . ' - , i . & : .  ' 

:':&i;-;:,-;;; ..:=: ::*.*..2.-;:~.;L,3:~:&b:.-,: ;,--:..:: *.. L.:,i.: :: ,=., :;:$2"2-:.- : > : .<,. .;.*:,\"<:;:; + 4  ; ,= -be-.- ".*, .& <: '.,**, ?:,?q, : , , x  
.i: ? .  ,. , 
.r r.. -.. . . , 1 .$ / %?, I/ ,. ;<. .., 2 . .  

I . 8 .  .C . ,,<.,. 



on June 12, From this place the ?arty moved cevgp by back-packing, 
f ~ U & n g  the r*aute indicated by camp locations, until they reached 
the eastern end of Lake Schrad.er on July 50 The vzious c a p  sites 
were selected at or near caches that had previously been set out, so 
that it was not necessary to t ranspor t  aryr food rqhi3,e marring cmp, 

canvas boat w i t h  a s i d l  o ~ t b w c . l  motor, wk,ichs had becn cached 
previousu, was used for trsulsr>ol-tetiun on Zdce 2etsrs a d  Lake 
Schrader, On J&J 7 George Cmyc a id  I;leyd Spetzimn jsined tb pWQ- 
at Lake Scbzader, &r, i f ryc ~erscLneci with e ~ e  par ty  -m.i;U 2X~y 17, 
making nztsrid.  contribations to the i:eolo[;ic s5udi.c~ i n  t>.e 16cdnjiy 
of Lake Schra.des, G r ,  Spete~:~aiz, a botzs i s t  working f o? t he  Arctic 

b3 .for -'-I,- - Research L&bor;?tc;ry, re;;ain.ed ~ri.til l;!?e $cr" - u ~ t G  b s l a c o  ~f %he 
zield seasari an& m d e  a s-tukv of' Lile :?.'rora oZ LRo are,!:, Froin the  
wsstern end c L  L a k s  Schrader Wle pasty co,l.ti:l~ed rnoviq:: ~ f '  carel;, by 
Sackqiacking \;~l'iil they reached Czi1p 5.2 or1 tfic Sa?Lcro.:F:it m ? ~ r  2% 

r a~~ i r , h  cf l$eruoi:guicl;~or;gs;. c..r(+e::, ITr th;?t, ;loLa+, .t'.. . . .- .. --.-, PL* -" by IKR'S~ 

in boat:; dw;n J;i;e SaCerochit  E:i.7).6ry s ~ i . ~ r i ~ l c _ '  -i aP, she 1~rct i .c  coast 
an Septenber. 3.- Tbc foliov~lrrg d q  they twre tnz1~pr)3*lt--sd LC. E=ter 
Is;and i f i  a. I;oa.ct a d  G?ocie?;Lc .':ur+re:j la.unc!1, 

The S2,Ce;:ochit kmer w e a  j-s p::'c, of &.IL'LZ:& ki;.~er r~--;r;i~:l, 
of vhich t h e  geography a d  gecloar x v ~ t - e  firs.t h:scr i '=reS Leff2n~we;LL - 3.4,. 
Curing t h e  se-4csLl ;;ears tiiatr, Lel'fS.rgyell spcnt P:?. ::~.lostheril Pllaska, 
kls ~n;lci.e t,'zree ~rrips ,  eacl; oL crie to t ~ i ~  months ClxzSion, fr-oil: the  i?-rc+zi.r: 
ccast i n t o  p.a22,c~ochit ZC..~,, ~1:;: of Lhese t;.Lps x ~ s  up t h e  Ok2ilkk 
fiiii.rer, (?no+ber ~rp t h e  I.1dd?aa Kixrert and %he -t!:lrd i;hr.s.ig,.i* t h e  eastern 
p ~ ~ t  of tile S~aerochit 3jwl-Li.bs $0 j.,akes :;c;:rci&e~: &aidL ye':,ers, The 
geologyof the w&,ern >a-t o:? the  :~?nlir?g fiiver. rt.*zflon was  res3a&cd 
in i9L7 - 2 / 0  

-- - --- 
l/ Lefi'lnp~ell, I?;';. de X, , Yhc C r ; m r ~ m g  f i v e r  reg* 3=$ n : ~ : : t ! ! e . n ~  - 

L?. S ,  3sri,, %53rqy  ?.-si.', Paper 399, 191-9, 
21  Gryc, Georcc, alci ,,ar,gusg il, Do I)~r,Ll~xLail~a)-- seprcl DC the stratigraphy - 

and skuc tu re  of the  area af zhe Sia'tiiovil; a d  S~n:2':.rkg I'Lvers 9 
7 3 , "  Alaska8 U. S .  heal, S u r v e ~ ,  , , ~ r  





Neruokpuk Formnation fo re-caiibrian ?) 

The Iderucrk,~-& foriiution i s  the o ldes t  s e r i e s  of sediiwttary rocks 
uresent  i n  t h e  Sadlerochi-l; area, It ur:confosrxhly underl ies the  Eississ- 

iipian tls&ak (?)  forcution,  The forlintion rnakLes u2 the bed rock of a large .. 
propolrtlon of the  c m i t s y  in tlze Franklin and Homanzof :ciountai,ns, However, 
the for l ra t io l~  was studied i n  the  FrankJin idountains only near t h e  northern 

>L edge of its outcrol~ belt and i n  the RoAoanzof Liom%ains only above the  fo rks  
02 %tie Okpilali P5ver where it was i n  contact with %he granite. A snail area 
west of the 3ad.erodli-L River i n  Third Hande arid a co~lsiderably larger area ; ,  - 
west of Iticilysr-idc Creek i n  the  Sadlerochit  i i o ~ n t a i n s  have exposures which 1 
probably belong siiJh t h i s  forzrr-rtion, 

I 

The! Semokpuk f or la t for i  cons i s t s  1trc;ely of ~rleta~r~orphosd sedi,ilents, 
C=bonaLe rocks appear t o  ve ent irely absent ,  I n  the v i c in i t y  ~f Lake ?e ters  
qu~?r-tcia.es m&ce up about  !l&f ui' t h e  total sec t lon ,  I n  color the  quartz- 
ites range fran l i f ; l i t  t o  dark i;ray arla greenish zrw8 i n  p a n  sFxe Srorn 
fine t o  cot-rso, So,ne yui;s . tzi tes c o n t ~ i n  sc t t te red  grariules and, uccasion- 
&l.y, srn2.l peotles, u s u i i i l ~  of cldarta, Tlie next 1:lost CorlLnon rockc types are 
phj1li"ues of unGoter.rinec! c o ~ a ~ o s i t i o n ,  Thc: co lo r  razes from l i g h t  gray t o  
black aad, In ackLi-tiun, ir.cludes green and purple, The green and purple 
p ' iy l l i t e s  ars o::cesiontil&r xraLerbxtded, Lcss co::i.iion rock types ;re Llacic 
and white bandcc: c?lerts [? j ,  quartz ,.bca schists tilid schis tose  q u a r t z i t e s ,  
2:1d dtslk dray ~ X . S Z ~ V , ~  s ~ i l l i t e F  k t  oile ?lace a rock was found t h e t  :my be 
ciF i;x;eous orif:;-n, It !;a< a d z k  red~jisl. color and a texture  which alpeared 
%3 be ~ e s 3 0 d ~  Or ~ i ~ g m ~ j - d d o  

The mcks Pm6r-i  i n  t h i s  fdr!rut>.an:.:,+z~3-e t h e  fo rks  of the  Ok2llaJ;c were a 
q~;r t .z  ii,i;~ca sci:rl.r;.t zrd LI .?serlish cPdori-Lic schist, The \;~ztcro,)t; in Third 
R a g e  asslgncd .r.o % h i s  I'oriiitition co1isis-t .c?f !!iifit grecllish p z y  banded chert 
nii.i.1 ass ~ c i ; : ~ t o < ~  ;;reeilris!, ;hylLi-tes x ~ d  a slid1 ain~un.& of dark gray ar&- 

-,- kite, in 5!1e 5hdj.t;rcz!:Lt i.;ountains the sucks seer: xhlch i re  referred .to 
. . .thi.s f or:zt:-un include l i gh ' t  gray qu=ta i te ,  dark: gray banckd cpar tz i te ,  

- 5 :  . b 

-L -i;...:.i; greerisii grsy chert, and gree~-;ish-yaZ;riy~ blas!r, and mroon p h y U t e s  ., 
. 3  

;'he thicka:*sc. ~f t n e  f onna,-,ioa i s  unknorifn k t  is believed .to be at 
I . :.zas l, several %?-?:sand ,613 seen f r l z  :a distarize &ong t h e  inountain 

eice:, the bac:c.ix:r - &??ems t o  be s.i~:l;~ie; bu t  detailed exa.i,dnation reveals 
L X C ~  ~ 1 ~ 1 1  folrAn; mCl s u g g e ~ t s  the  poss ib f i i ty  of c-ver.imns and repetition 
'35 s , a c t i ~ n ~  lr* OI~SCFO;>S L)~dd~x lg  is often difficult so detes.rbae, It is 
sasiibl corZlised .;5.S!i fo,biati.tn vchich oftemi lies pa.r.dlei t o  it, or nearly 
so, .I= soine inr tan~ss  the folic*.tion seeus to be f ~ l d e d ,  



.. the bedding my usua3ly be discerned wi%hout much t rouble  i n  t h e  6 
o n s  I n  the Neruokpuk, on t h e  &?LF?T hand, it is usually difficult 
'and often impossible t o  mke out t h e  bedding* In  the  FranUin  Mountains 
cons ide~able  v s i a t i o n  was noted i n  $he l i t ho log i c  tm:$ occurcing h d i -  
aitely below t h e  con-&acto A t  two l o c a l i t i e s  where t he  basal b e d  of t h e  
%oat& (?) formation were c ~ n g l o m r a t e ~  the contact  appeared t o  be an mdu- 
L&.~ry surf ace wi%h severd. feet of relief, However, t h e  exposures at  these  
l o c a l i t i e s  were not complete enough t o  elbilliite tihe poss ib i l i t y  that. t h e  
appa~ent undul.aa;ions r e su l t ed  from faulting, 

kilithough showring considerzbly less metautorpt,hism, t h e  rjeruokpuk fo rm-  
- ?  t i on  is l i t ho log i ca l l y  sindlar t o  the  B i ~ c h  Creek s c h i s t  as described from 

ttze Yukon-Tamna region a/, and. t i e  cor re la t ion  of t h e  two formatiors ie 
caggested, C ~ ~ r e l a t i o x i  2 the  Nemokpuk Kith eray of t he  prdarbo-niferous  
B d c o z c i c s  sou-bh of the  Brooks b g e  appears doubt~211, because sect ions  of , 
all these ages from Cambrian t h r u ~ g h  Devonian, and a l s o  of the  pre-Cambr'icn 
Tindir group, con%aizl s ignif icant  th5-cicnsssss of limestone and d o l o a t e ,  
whoreas i n  the 14cmoir;julr f o r r a t i on  carbonzte rocks appear t o  be en t i r e ly  - 
abseat, 

The I.loa*,alc ('? ) f or r r~ t i on  over l i es  the  prce-Sanbrian (? ) I4eruokpuk for- 
mcrtlio,? ~rzco:formably and i s  overlain wi th  gradational contact by the Idissis- 
sf ix- lar~ iis5aansrAe l i r~es tone ,  L e f  f irgweL1 described t h i s  f orrnation as con- 
sisting of "',,,black shelea, G a t e s ,  =id possibly minor a~nounts of o : ~ -  
stones,,,,lt an2 said t h a t  it wa8 at  leae2, 700 feet t h i ck  on t he  Canning , 
iZves and about 1009 feet  th ick  where seen on t he  Hulahula River about 30 I 

I 
;kles s o - ~ ~ t h  of the mountain front, a point  Wich w o a d  be about 10 miles ;-:.. 
beyond the  srxtI.1 edge of' Piguse 1, Leff i n p e l l  f clund no fossils i n  the %t $+ .- - 
.fon~?a-tiozl. Iie rapped it ss black shale of Mississippian or Devo-nian age, 
S ~ t . h  a d  h e r t i e  sugge:;ted .bInat this f o r m t i o n  &@kilt be corre la t ive  wit11 
-,he Moatak, I n  t h e i r  work on the  Cmxhg River i n  1347, Gryc 'arid Mangus 
f o u ~ d  slat, l 'css i ls  i n  the f o r m t i o n  x;hich definite* eskiblish a Missis- 

. - abppian age, 2x1 regzni %Q l i thology they state  that n,,,these shales  are 
T 

i 
interbedded ~ri-Lh quartzite, cdsareous  Ircinstone, g raph i t i c  coal seams,;'and 

I 
slaf:rss,fa znd tke;). furtiher state %hat the  rnaxbm thickness exposed or1 the 

, . Cam!-ng River does not exzeed 500 feet, 
e I , ' In the Sadlerochit Ri~er area t h e   oat& (?  ) f orrmtion was seen i n  t he  

northern pa r t  cf t h e  Franklin Xou3taim at sever& points for a t G % a l  dis- 
tance of about 32 idles along the strike. The easternmost exposures azzm~ 
x ~ r n ? .  on 2 creek abuu"cfi.ve d e s  east of Lake Peters,  The westernmost were 



i n  the area at, t h e  head of the Sadlerocf i t  Pdver about seven xniles west of 
Lake Peters, Oliher exposures of rocks prabably belorging to this forlaation 
%ere seen i n  Third Range on the  Sadlerochit Rives m d  i n  t h e  Sadlerochit 
&ountZZm i n  tile drainage of I t U f y a r i a k  Creek, O n  t h e  m p  (35gure 1) t h i a  
f or~mt ion  i s  not d i f fe ren t ia ted  from t h e  Lisbune limestoneo 

%%ere best  ex2osea 5x1 t h e  Sadlerochit area, i n  the  belt in the northern 
part of t h e  Franklin ~;ountains,  the u o a W  (?) fo~r:ntic~:rl ranges i n  thickness 

- .  .€'ra:,l Is0 t o  330 f'eet, the   ariat ti on being due chief ly  t o  the  varying thick- 
msse8 of cori~lumeraLes which occur rnairiQr zt the base of the i"urmation, 
East of Lake Peters the corlgiornerates, when present a t  dl, are not more 

k -  t han  n few feac th i ck ,  One mile viest of Lalcs Seters the conglorneriates 
abaut 75 feet thick,  a d  aL the head of the Sadierociiit River they are about 
321; th ick,  The conglo~nerates range froln rock co~qosed en t i re ly  of cobble8 
a ~ d  pebbles to quartzites containing sca t to red  pebbles, and are interbedded 

I 
v t i t h  q ~ ~ t z i t e s ,  the p a i n  s i z e  of which rangos from f i n e  t o  very coarse, 
The predoi;lir\a?$ rock t;rpe represenT,ed. i n  t h e  pebbles and cobbles i s  white 
c_ua7t.;, Less comxon rock type6 represea4,ed i n  t h e  pebbles "(quartzites, 
cherts, a ~ d  argiLi%es) are very ti~rlilar t o  t h e  more resistant types of rock 
Ir t h e  under1jiag lusruoicpuk forrwtior,, ,kbowt one mile eas t  of Lake Peters, 
nhcre t h e  cong3 olmrate; was 6133.37 a few feet Click, t h e  lithology ~ r a s  faore 
czo t i c ,  t h e  rock at that place c o ~ ~ s i s t i n g  of subarqylar wfiite quartz pebbles, 
cne Lo two inc l~es  in diark~ter,  set ir. a d & r k  green f in@-grained apparently 
c h l o r i t i r f  mat r h ,  Gryc, upon exarllirling boulders of t h e  conglomerate i n  t h e  
~ t rean  mest oL' Lake Peters, statet i  t h a t  the litrlology of t h e  c~ngloaierate is 
T e q  cirrLlw "v t h a t  0; congiouer;tes in -tile IgoaLak formation a t  Chandler 
Iake , 

Aside f';.orr. congloaeretes and quar tz i t e s ,  l i t ho log i c  types seen i n  t h i s  
:,'orration are black shales (in p a r t  twtaiior,~hoaed t o  s l a t e  and Iy'hyllite) j 
cont~ni-y: hecses anc. becis of ironstorlep black bedded cherts, and dark  gray fi $w;.-- 
m g i l l i a 0  Sorile of ths Slack shde  ray occur inkerbedded with t h e  conglom- dA* 

"a-- 

sre2,es and qua~teites, but i l l  genera2 t h e  f o r i z t i o u  i s  characterized by de- e ; ~ ,  . 
creazi-T gr-1: size upv;~rd, I r t  the are& east of Lake Peters, where t h e  best  
ex2osure.s occur, -the contact. with t h e  overlying Usburne l$mestgns is grah.- 
c iona l  a1Ct i s  taken tha$ point where liriiestorie becanes predordmnt i n  tho 
section, Soma l.irri?stone i s  Dound below %his contact  intierbedded with shale  

% znd chert, and shale occurs interbedded vi th the l i l r ~ s t o n e  above the cont,act, 

. . I A few pl-a1-6 f o s s f i s  w e r e  found i n  the black sha les  i n  t he  Sadlerochit 
a s s ,  -bat %i1ey do nat appear t o  be s u f f i c i e n t  t o  deterruixle the  age, Haw-. 

A ever, ~128~~2 be litthe doubt that .b,hese black s h d e s  are correlative wi%h 
those on the Cabring River i n  vzhich Li.ssissippian p l a n t  fossfis were found, 
The carrolat ior~ viith t h e  Moat& formation of these  elastic beds underlying 
t2:i1s LFsburne lia:s%one i n  the  Ca-n r ing  a , d  SaGlerochit =eas is suggested on 
the basis af sbJrijarities i n  l i thology,  ~ t r z t i g r a p h i c  relationships, and 
age. In this: report, therefore,  these  beds have been designated the 
Eoatak (?) f o m t i o n ,  



The Usbin-m l imston@ m e r l i e s  the Mississippian Iioatak (?) formation 
with gradational  contact  and I s  overlain conformably by the  Pernlian Sadlers-8 
c h i t  formation, The for~oaQion, about 2000 f e e t  $hick, is,  because of i t s  

. . &stinc.E;Lve lig??it bluish gray weathering, t h e  most easily recognized &3~a- 
t ipagkl~c  arni?, ir, t h e  SachLerochit area, It i s  widely diatr ibated throughwit 

- .  the amas for i -ng  the  cores of the Sadlesochit Ma~ntaim, the Shublik Moun- 
. , .toins, Third Range, and F i l i t t u t  Uoup:t&n, and shming up 2roroinently i n  %lie 

f o l d s  along t h e  northerr? edge of t h e  Fraalcclin Moun'Lains end i n  the nixthem 
-'& p a %  of R O ~ I Z Q ~  Hou~taXblSo 

The ~ n o ~ t ,  calxnon rock ",e i s  gray crys ta l l ine  limestone, which to s 
considerable extext seam t o  be bioc las t j .~ ,  'OSher liuc?s%ones range from 
dark gray t o  blzclc, sorie b e k g  cryetailhnce, soiie ~02 i i ;S .c~  a 6  samae sub-dth- 
ograph5.c0 I:indula~ chert i s  coralion a't itaw places i n  tho f ~ r m ' t i o n  but i~ 
especially abuzldafit Ln t!:e upper t h i rd ,  Dark-we&thering dark gray i i i les tones  
c o n p ~ k s e  the bas& FZTP. oiT' t h e  forxnatic---near Lake Peters, b u t  t h i s  s a ~ e  
l i t h o l o g y  rzes sssil lass 5 h ~  top of the f'or1~~t.J.on 1 x 1  %he Sadlerochif, H0u.n- 
txirli? ? 

011 th:3 jj"?a!i-iLt IiFz~er L? t h e  v i c in i t y  of IklLttat B L O U ~ % ; ~ ~ L L  t h e  CX~OGGSC; 

l irr~estune rlpproac:!ies a L1iickness of 2309 f e e t ,  The base o," t h e  formstion 
was no% deCi:Lt,%ii~ f dciltif'ied but  may h2:~e been eqosed, ,  A bench on 'tho 
slopes of ii?~~ixLaLns i r i  thia vicinity coincicies xitt a cizsriie in the gen- 
=dl. ap?stly,aice 02: the l insstonie,  The lirnestoilc belmiu %he berrch makss mo?.-e 
promin~ut  a d  rueasive outsraps and wgathers Lo a aarker cclor than dooa the  
L h e s t o ~ i e  aSrsit. t?u!le bench, The lower limestor~e is about 1200 f e e t  t&ij*k, I 

%he upper a tss~~t  5"iE fee% Ckattatops of oolifYic Uwstor ie  mere found i n  the 
lcrwer Ilir!?estoa~e, Observ~ti-on of t a l u s  indicated that It contains l i t t l e  1, ,+i,$i i;ir 

**+-$* - 
chert  but 2s ?ahar siliceous and shms considerzble q.uartz vei,ning, The ,.";;-;": . ,. . - 

' . .  boneh ~ ~ ~ a r i ~ a  Zle h r > ~ ~ 4 ~ o n  of r; clastic reember, eonsdstlr?,g of black s h a e  .ZJL L -? :. 
sUta;o,ge If $I%= c010red quar tz i t e  and sandsto~e,  which i s  probably not 
n x e  than 50 r c e t  t h i ck ,  

Cn the  0:~ilai-r F11~er estl.imtss af the thickness of lirmstone e-xposed 
r s ~ 4 e d  frcm 500 to 83C feat ,  Tine lirnesi;une is overlain by the Sadlerochi& 
f or!w%ion 2~1d 5.8 u ~ d ~ r 9 a i n  by a s e r i e s  of quar tz i tes ,  qusrtz mica scfiists, 
aid phylbktes ~ 5 t h  which w e  asmociated minor anou,a.t..s o f  planL&-bewing black 
alate and ,-raphl"e;c schist, The e l a s t i c  sect ion i s  a& least 28X) f e e t  thick, 
Itg -'An twc,  is und~rlain br ~ C B R  sch is t ,  

The d ~ i t ~  ga'ihertd d:~r5.ng a hasty traverse up 4hlg~pikasrah'i:iic Creek 
are rather c ~ ~ u s i n g ,  tJnderlxfng t h e  Sadlesochit f a r m t i o n  there is exposed 
ab0~t.t LQ0 f'eet of lizes&one, ranging in co lor  fk.o~ri U.ghtgrzy t o  black and 
i n  %ext-rlrs Zrcan cry~;ta2Jine t o  s u b l i % h o g r a ~ c ,  Chert nodules are comon, 
Their c o l ~ r  r a g e s  from medim gray to black aGd is  genertllly sorilewhat darker 
-than the crsntaAning limls.tone, For the next 114 mile upskream there are no 



outcrops. A t  the junction: of the stream with a rnajor tri$utary f rou  the 
aast %here is an outcrop of black slate, For l/b mile upstream frola the 
junction there  are outcrops of silicecxrs limestone, the first of these out- 
crops beirg banded highly siliceous limestone, i n  part considerably contort- 
ed andl brecciated, For l f 2  mile beyond tihe llmsstone b e l t  there  occur out- 
crops of green, gray, and white quar tz i t es  asld dark gray t o  black argillites 
and s l a t e s ,  Plant remains were seen i n  t h e  slate, No rel iable  estimate 
could be made as t o  t he  th i ckness  of this c l a s t f c  section, but  it may exceed 
300 feet, possibly 209 feett;, For l/b rrrile beyond and apparently u3derlying 
t h o  c l a s t i c  section s e e n  aci i i s ts  phy l l i t e s  outcrop along the stream. 
The c l a s t i c  sect ion aid the green rocks under- it a?pear qu i te  sirrdlar 

- : t o  t h e  rocks underlying t h e  l imestom on t h e  OkpXLak, River, Upstream frorn 
t,!e green rocks s i l i c i f i e d  limestone appears again, but the  s i l i c i f i c a t i o n  
appears t o  be less t han  i n  t h e  preceding lj-lrestone belt ,  

Tho quartzite and slate sect ions  exposed on the  Okpilak River and on 
Ahgnaylkasrakuvik Creek have been in te rpre ted  as corre la t ive  with tihe clas-  
t i e  sec t ion  Sean i n  t h e  !dsburne limestone on the Ilulahcla River,, The 
green schfs%s and plrj~ll ites have been m ? p d  as b a s a l t ,  The th in  l i u a s t o ~ e  
sect ion seen on the  Okpilalc Uver i s  believed t o  representoonly about t h e  
u?pcr t h i r d  of tho fornmtion, w i t h  t he  th icker  l .mer  l iaes tone sect ion not 
w.posed, 

The data oS.tziA?od i n  the  OkpSLlak-Hulahula area are rather sketchy and 
insrd'ficient t o  co=lpletely substant ia te  the explanation given above, and it 
i s  possible t o  offer u? a l t e r n a t e  hypothssis, The c l a s t i c  member of the 
Lisbume on t h e  Hulal~ula c:nld be only 1ocall;r present and disappear t o  t h e  
e a s t  as gel1 a8 to the  west (140 evlcience f o r  t h i s  ~na~nber was seen wcot of t h e  
Hulahula River). The quar tz i te  and slats sections t o  the ea s t  could belong 
i n  the  Noat& (7) fox*~nation and the green sch i s t s  and phylli tes i n  t he  Ideru- 
ak;p3kc- H3irderver, t h i s  hypothesis does not explain the anomalous eastward 
thinning of the Umestone between the  Hulahula and OkpiZak Rivers, 

It seeins d i f f i c u l t  t o  assess t h e  degree of ~rletzrriorphisln which has a2- 
fected the i i r~estone.  No evidence was f ~ u n d  t h a t  would indicate  itny consid- 
erable mount of r e c r s t d l i z a t i o n ,  The g rea t e s t  degree of lnetaruorphisrn 
see=lr?d t o  occur on t h e  Okpilak River not far from t h e  contact w i t h  t h e  gran- 
i t e  &ere fvlia-bion had develuped i n  soaxe of t he  limestone and where cher t  
seemed to have been affected, sorne of it reerysta3lil;ed t o  quartz and aoma 
changed i iO .that it waa.thered t o  a white powder, 

me Zisburne ijsiestones, being more co~agetent, has nat  been s o  severely 
affected by t h e  fol&ng i n  t h i s  area as some of the youwcr formations. In 
general it is seen in I a - ~ e  simple wert-mned ari t icl ines,  Southward, huw- 
elr these large-scale folds bocojfie n~oWied  more and nore by the appearance 
of s ~ . U  sca le  folding, The r;tost in tense  smdl folding observed _was on the 
about f ive  rdles east of Lake leters where part of t h e  limestone sect ion had 
been distorted i n t o  recumbent &Glvi-on folds, 
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The SndSersehft fornntfon overlies the Miseisel9nlen Lisburae limestoas 'I*X* .i? 

% &,;<-$--* 
and UPI&TU@S the Umer Tri~ssic  Shublik formstf om, Both contacts amear 2% :;*tt* i "2  
ecnfomable, ZeffingwolZ, in describing unming the Pornstion, did not 
~veref* a t ~ e  Pocnlity, but pre~trmably meant the southern slapas o f  the 
Sadlerochit !4owltainn, 

That S~~il lemchPt fom~-tioa is wiBeLg. disttihu'ted throughout the area 
Pn~estfgaterP, I t s  d ~ r k  rsddish brown rsa~thssfng is cans~icuauo end saa'il;g 

- 4 recognized where 9% occurs on the fln&--s of the antfclinel ranges uhfch b v e  
the Lisbusns lfmectancs nt their cores., These r ~ n g e s  include the Sadlerochft 1 --.. 
Pl~tmtaftns, the S h b B l t  Wow.%ciins, Thi rd  Range, and Eiklttut Momtain, The I .  
f s m ~ t i o u  3.8 also  c o n s p f ~ ' ~ o u s  along the north front of the F r ~ n k l l n  Mounta1a.s 
and aver a large trmf of 20w.tr-y An the northern part  o f  the Bomennzof 
Mo;m",afnce extendine from the Eial~kula River to beyond the O k p i l a k  River, 

The formatione about fa0 feet thick, c ~ n s i s t s  of shale, sil%stone, 
sandatone,  ad conglomsrate- To the south mad a l so  to  a cert~ia extent to 
%he east these rocks ahow the effects of rnctnmoxphiam co th-t the shelee and 
e i l t s t o n e s  Ere more ~ c c u r n t e l ~  described by the torno slate, argillite, and 
oilioeuue argllifte cnd the  aandstonss flad conglomerates by ~ w r t z i t s ,  
qnartzltic sendotone, nncl querlz:tfc cong~omcr~te ,  Metamorphism h s  gone 
only far oaough In this f o ~ ~ ~ t E a n  to proc?uce cie~vage, and no fox i e t i o n  b e  
c3.evelopedo 

Sn &ha SaGeroe'tllt Mowtafns the latter two-thirds of the farmai;%on I s  
lr-+gekg ~~slibstoae, and rLt one! nlPLecs, Beve1~,tEsn Creak, include$ 75 feet of' I 

i 

oong2omerate R% the h s e ,  Fa the south the a~s lds tone  In the basal third a f  1. , 

%he fomsttian Xnrgelg. d i i s a . ~ ~ % ~ r e  md is r c P - ~ c e d  by siltstone tnnd shale, ppvi.- The sm~lds&sncn 2~ athe rnSZC1e them3 sf the furnation are somewhat mare ." * 

?: .: % : 

ners.lcten& and adthorzgh t'tiey rsra fn part rmlarced by ~ r g i E 1 ~ c e o u s  rockse they ., . , 'I -,. . a" 

ere everyvhe~e consnimous in this  art of the formtion, Wherever seen the I -  

unaor ' thfrd of the fc~mr- l t i cn  Za lergelp s i l t s t o n e  end shale wfi th only thin 
send stone in tarbsds -  

I 

, .  - . .  he cong1omem2e r.f the base oP %Be formation an Bereletion Creek sews 
$0 be l o c ~ l  m b  t o  ri;ra&@ i n t o  s ~ n b s t o z e  t o  the enst and vest, This 

. . conglamersts an8 the sandstanes i n t o  whPch it gredas are believed t o  he, 
. . 

f r? nmt fit least, elme eatjiivalente of the foasilifsroaa zone found RZ the 
base of %he, fome.@isr, t o  the south and eest, lo fosg11s were f o m d  at; &he 
base of the formation I n  %he QadlerochPt M O U L E I ~ R ~ ~ S ~  Almost universally thier ~ f o s s . t l i i e ~ o ~ a s  Eons was found! in siLtstoae or argillite, Rowever, on the 

gesE8 the during, the time of deposition of' th  



Excmt an %he Sad le roch i t  Hountaine the major part of t h e  f a m a t  ion  is 
composed o f  n rg i l l aceous  mcks. Consclquer,tlg. it usually i s  more tampledy 
folded than the under ly ing  nore uniform a d  more c o m e t e n t  Liabume l lmstone. 
However t h e  stmoture of  tb Smdlemohlt formation i s  g e n e r a l l y  less oomlex 
than tbt  o f  the ove r ly ing  leas  competent Shublik and King~k formations. 

Almost everywhere that the con tac t  with the under ly ing  Lisbuxne limsstone, 
was found emoeed, o r  could be nlacetl wi th in  a few feet, a f o e s i l i f e t o u s  zone 
was found Pn the brsal 20 t o  30 feet of  the S ~ d l e r o c h i t  formation, t h e  first 
f o s l ~ i l a  nswlly accu r r ing  wf thfn  one o r  two feet above t h e  contact .  This  
fama e o n a i s t ~  of brnchfoaods end ~lrna7.l horn conzPs, nnd the number o f  
f~c?iv ' l f l~ inls l a  u s u ~ l l y  abundant, Usually eke fossils ere very  poor ly  nre-  
~ ~ m e d  FIR ex te rne l  molds. Fairly w e l l  nrewemd fossils were found only in 
t h e  fino-,F-ined a u ~ r t 4 , 1 t c  anndatone which occurs ~t the 5Rse of  tho  
formration on t h e  Snd lemcb i t  R ive r  a t  t h ~  e - s t  end o f  the Shubllk Yountnfne. 
Ro fossils wPre found ~t the base ~f t h e  foxmntkon in the Sadlerochi t  
"auntring, hut here the cantnct with the Liaburne lamentone was not  found 
emaaed  and u s u n l l y  t h e r e  wns n e o n s l d e r n b ~ e  covr31'ed i n t e r v a l  at t h i s  hori-on. 
The F ~ r r n f n n  F I ~ B  o f  the Sndlerochit formnt;ion f s bcsed on f o s ~ i l s  c o l l e c t e d  
from the 5 ~ 8 ~ 1  V)P,PI& Q P  the fornnt fon  oa the Cnnntlng R ive r  by h f f i n g w e l l .  and 
ktisntf ffed ' ~ y  Go IS, Qfr tg .  Leff ingwell  nsoipcsd t)le f o n n ~ t i o n  t o  t h e  
P e n n g y l v ~ n i ~ n  ae t he  rnsul-t o f  Gfrty8e o r i g i n p l  tentntive c o r r e l ~ t f o n  with 
t h i n  series. AccorCing t o  Po So Smith 11, "Orf ,~ inn l ly ,  t h i a  f n u n ~  WRR 

rrfesred t o  the Pennr,ylv-ni~n, but w i $ h  fulZer ins ight  f n t o  the genernl 
5 i s to r j .  o f  t h e  Carbonffsro~rs  gzdned through the added c o l l e c t i o n s  from t h n t  
system throughout the te r r i tory ,  Girtp is ncw corlrinced t h ~ t  i t  i s  rnore 
nropcrly to be  regard@? as oelonging $0 the Pernfi.?n". kt about the m f d d . l e  
o f  the formntion Lefffnersl.1 collected n peiecy-bod f ~ u n ~  which CIirty found 
' , . .so  meP,:er mil so n ~ b i g u o u s  t h ~ t  I c ~ n n e t  n o s i t i v e l y  claim i t  f o r  t h e  
Pfileo7oic uf; ~.11", Cansequsntly, while the  lovor  part o f  t h e  Sadlarochi t  
fomr t ion  is of Permipa Rga, the u.b-;,er nm% mar be T r i ~ s u i c .  

SfnrSiile Fortnntion ( u I J ? ~ ~  ~ r i  essie) 

The SfnaoEPlc farriation, c a n ~ i s t i n g  of  200 t o  309 feat  of  l imestone, s h ~ l s ,  
a $1 t s t o n e ,  end s.mdetone, Boerlles t h e  Permian Sadlerochi t  f o m ~  t i o n  sad 
anderlles t h e  Middle Jurass I c Kingak sh~le, both c o n t ~ . c t s  ba ing  qmnrently 
cs%fomahle. 

Thc bftsnl wrt o f  the formation i s  mace un o f  from 25 to 65 feet of silt- 
st-ene nnd s~nds%one. The s f l t s t o n e  i s  dnrk gr?y I n  c o l o r  and gene ra l ly  
noncs~.lz~~reouw, It 1s chn.racterined 5y the nresence of ~ b u n d ~ . n t  black neb3lac 
whfch gaem t o  cansfst of ~ r g i l X ~ c e o u s  m ~ t e r i ~ l ,  The aiund8,nce o f  t h e s e  
:?ls?)31e4' ar,rfen consi8er~bly from bed t o  t ad ,  Some beda h ~ v e  PerJr few pebbles* 

11 Smith, P. S. , Area slca: U, 3, Creole Survey Prof ,  Paper 192, 
rt, 32, 1989. 
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A t  the other extreme ere beds tnp to  two feet thick which cons i s t  ~'lrnost 
entirely of pebbleso ThCs silstone is rnthssr similar i n  appaamace t o  that 
in t h ~  S ~ d l e r o c h i t ~  bat is differentiated by the &budant black pebbles and - .  . . 
by a greenish color on weathered surfaces as opposed to  a reddish o r  brownish 
weathering i n  the SncUerochit. The eandsbone is probably a cosrsbr-grained 
facies o f  the s i l tatone,  I t s  occurrence is qoradiee  Its character varles 
f r ~ m  dark grxg and highly ~ r g i l l ~ e e o u s  with shaly pebbles to  l i g h t  gray, c l e m ,  
snd gnartzitie w i t h  sffieesus pebbles. orflirn s i z e  of the sandstone is fine 
to sew fine. 

The remainder o f  %he f o r m t i o n ,  175 to ~erhnps 250 f e e t ,  consists of 

- t  
intefisddced lSmeatuncs and shale- The b w e r  nrirt of this section is pradomi- 
nantly limestone ~ 3 d  the upper j-inst shale, The Limestome 1s dark e a r  t o  
black bi%minaus, finely c r ~ h s t a l l l n e  to sublithographic, and at certain I .  I 

horf aans ebtiend~iritPy asSSPy and fooa3iliferousa The pebbles appear airnilar to  
khss i n  the s i l t s t o n e  but s s m  to  be mde o f  I l ~ e s t o n e .  The limestone 
werthere t o  R greenlsfr co lo r  sfrnPPar t o  t h e  nmk,C;Qrrnab abose for the eri l tstsna 
Son@ o f  the 19meetones arcs sandy. The @ M e  f a  black, crrlclzreous, end ha8 
RC enrtm nppearnnce. / % I  

A number o f  excellent exposures o f  the ShubUk f o r m ~ t i o n  occur on the 
Sadlemchlt Elver, The only c o m l e t e  exposure of the fomstfon, including 
t h e  unmr mB 1 8 w % r  eontnctie, is the one on the north side of the river near 
the mouth of h s t  Creek ~borat, sne nsile onst of Cam 18. At th i s  ~ > l ~ c e  the  
f a n o t f o n  1% about 2CO fret thick, the b ~ ~ t ? l  25 feet being ailtatone mb 
sendstone cknd the rsms i r~lnr :  13.5 f reet cons1 s ting o f  about 75 percent limes tone 
f rtentbsdderf with stkals, In this exnowre the sf ltstona-sandstone erection 
Epnenn t o  be cm-tsiee-rs'nly tMnner thm r.romr~-~ ead the .probor&Lon of Ifmeetanu 
%a bbs ccnsthdt-rably grsatar t h  normal, On the river nbooe Cam 11 o~tcrorpe I 

o f  the fsmnefon o e c u . ~  In Powr different belts, A t  f i  number cf olncea in 
t h f s  area tho lower C O R C U M C ~  wee identified. fn outcrone, The northernmoet 1 
o f  then@ f3ur belts, oecus~ing on the south limb o f  &he I g e k  q n c l i n o r i u a ,  F:"&?il'. 

- .  . . .  
>s the leafit c ~ m l ~ i i ~ ~ t ~ &  s?,m~tur~S.ly, The se@t!on, bogiwimg at the esqmoed 

I >  

Lower COR&RC$, ~C)~SILO~E of cb3ut 50 feet of siltrs"cne e d  sand~tons overlein 
by ~bou4: PO0 fee% of I i m e e t o ~ ~  m d  shaleo the limestone baing pre8orufnant, 
?he! ' C C D ~ ~ B '  C O A ~ & C $  I 5  'Ir, a ccvared intern81 which preermably is L~,~.gelr s h ~ l o .  
?he o t h e r  tha-ee belfse w e  s tmetnrr-11;~ more complicated, the limestone and 
n h h e ,  eepscfnlly,  being caqrsssed Into smll t ight  folds.  However, the 
sais strntbgrayhfc ~ueeesaion i s  seen, 

. . E~orsuaoss of ",he fornati.dm are present on severe l  o f  the creeks drainfng 
.. "uh ssQlrtta s l o w  af  "te S ~ d P e ~ o z h i t  t4amtains, Cnly one o f  these, t h a t  on 

Eeva'8,ation Creek (&he first stream east  of Lirnit. Creek), is no%ewort;hy, 
Both the y p e r  an6 lower contacts  a.re emossd, The cPip ap?eRrs to  be mno- 
cXind.. From the da"w ggsthere$thrr! tM.?ckmese was calculated t o  be about 
1900 Iset ,  The basel 65 feet i s  smdstone and s i l t s t o n e  and the rernainaef 

cald.atfag $he thiclssraas. 1% ssm.6 apperenf however, t hen t h i s  seetion 
is cnmpared with athers i t  is exceesiveLy thfck. It  is 

sured thickness results fro 



.- FQeewhese in the ateR coeersd, the formction was seen fn only a very 
few ~ l m e s ,  nlthough its distr ibut ion mRy be considerably wider than 
indfcfited. Outcrops of sendstorns, sf Itstone, ~ n d  a l i t t l e  limestone occur 
on the Hul-XR River at Cmp 4, The only other known occurrence on thlr 
river i s  in mn prsa four miles aouth of  Cam 5. A t  this l ~ t t e r  l o c n l i t g ,  
the limestone wsis i d e n t i f i e d  m d  vos seen t o  occur tn t ight f o l d s  d o n g  with 
s~ndstones  ~ n d  siltstones o f  the Sadlerochit fe:'mation. The ~ R S R ~  ailtetbnea 
and apnfiatones o f  the Smahlik fornotion !?ere not 'seen end mny be absent. The 
farmation tms not nositivel;v f dentiflad on the OknPl~.k River, but f t may be 
npessn.2, i n  s arn~I.1  re^ on top  o f  the d i ~ i d e  west o f  Cam 2. 

F o s s i l 3  ape common in the f o m , ~ t f o n ,  kt seem to ha conffned mofitly t a  
the limestone. The Unper T r i a s s i c  .nge 1 4  bsc;eQ on f o s n i l s  col lected by 
L e i f P n p ~ I B  and i d e ~ t k f ' i e d  by 'P, K. Stnnton. 1 -? :,;s:. 

L . <. 
I 

i 

A , & . * L":~,+ 

The King& shale overlies the ihmor 'Prins~fc 9 h b l i k  formation rind . y$r 

underlies t h e  Tbner C r e t ~ c s o u ~  Ignek  form^ t i on ;  both contacts Rnnernr 
I ' 

c s n f o r m ~ b l e ~  The lo!*-r contact is exnossd i n  the  bltzff cne mile o ~ 6 t  of 
C m  27 mCi i n  An a m ~ o s ~ l ~ e  on Eeve'Ol~tion Creek. Tho upaer c o n t ~ t ,  which 
wa,s taken n s  the  b , w e  of the l o ~ i e n t  snndstone i n  the s h ~ l e  and eantfstone 
section aveslytng JU he f o m n t f  on, terns 888-1 on Nt?mokp~kk~on@ Creek, 

" .  
Le " i i n g m l l 0  e type locality for the ICingdt shale, n . .  .l<in@k C l i f f ,  
Cnrr~r, 263, nt t!le southeast end of Sfidlerochit l!ountainn", could not he 

. . 
1 .  locaLed. "Kingnk", which niems "nose" fs penplied 3~ the n e t l ~ e s  o f  Barter I 

Xslnnd t o  n high h i l l  on the divide befwsjen the RuSahula n n A  Sacllerochit 
aivcrs southenst o f  Cam) 13. The rocks in m d  around t h i s  h i l l  beLong i n  
the Pgnelr f o m n t i o n ,  Leffingwellos m a p  lndicntes t h t  gin& Cliff I s  i n  
:he vicinity of C P - . ~  13, in  which case the l o c a l i t y  would be linited to 
two p o s ~ i b i l i t i o s ~  Qne of these, the c l i f f  or bluff on the southeast a ide  I&." ": 2 

p-:" ' 

of the r i v ~  RCFOSS f r o m  Sanp 13, is r~ emoaure of stmdston@a and shales t i - 
which nrobably belong in the 5adlerochit formation, The othsr, the bluff 
one m23.c e: st of Can;, 13, although it conthins at 'the e ~ s t  end the bneal 

. 150 feet o f  %he Ktngak s h ~ d e ,  never&haleua is nnde up l ~ r g e l g  of .rocks o f  
the Sadlarochit and Shublik f'orma.tfons. Moreover, it neeme doubtful that  f$$$$4. C Leffingsall. ever resehed the vicf~ft? of Cam I?. Outcm7a o f  the Rincak 1 &if!$? i_  

. . shale occur En cut bnnl:~ n b n g  the Sadlwoehit  River from a noint %ur miles . - t 

&ove Cam 11 t o  R nointi :about five miles below Cam 12. The &eta from which i ' 
" "' A ;, [ . 

L e f f t n p i ~ I Z  crfculrled %he thfcknass of the fomrttion wars obtained from 
exnosurae or! t h e  S F ' . ~ ~ ~ R T D G ~ ' ~ ~ " , ~ V ~ Z P ,  C a m  26.7 Crealr, and a creek south of 
the river v h b h  w ' l ~ o n t  c e r t a i n l y  5,s R o ~ n k n u ! c l ~ o a n ~ ~  Creek, I t  %ems ovtderlt 
? ,he- these  a:mcsures wi.e the tyne sectfkon m d  t h ~ t  rcKingalt C l i f f n  is one I 

1 

a f  the  cut bsnks along the S~dZerochit River i n  the vhclnfty of  Cam 12, 1 

! 

he K l n ~ 8 . k  Ahale cons i s t s  nrlncinally of black silt or mud shale8. 
e, in t he  form a f  aqdttles, lenses and thin beds, is rnther common 



TLe conglomeratic material consists o l  grdnules m d  pebl~les o f  whf te quartz 
~ n d  green ~ n d  black charts, Tk~oughout most of .&his bas8.1 ~ I P t ~ t o n e  unit 
&he material i s  pmuPe in size, pebbles being found only near the  tap of 'the 
&kt.  The b s s d  s i l t s t o n e  was a180 seen on Edge Creek. At  bout the middle 
o f  the formation or h%gher, the shelee are very dull m d  earthy ~ s d  contain 
concretions ranging ul, to three feet in diameter, The shales  i n  t h i s  ?art o f  
the f ~ 8 ~ i ~ t i . o ~  show a whit i sh  effloescmc:e, P r ~ h ~ b a y  higher in  the farmstion 
amal l  pyritic concretlcns a r e  common, N e ~ s  the top of  the formation on 
Hhr,mo%~uklcocn~, sils':sne beds sfx inches t o  two feet thick are interbedded 
115th the shale, laccqt for the  then crPnoSd bcrdls in the bower port o f  the 
for;paa%%on, none of the rocks ware found Lo be c~.l.careoue. 

Yhe Kfngdt shale, being relatively very fneaqs'?ont, has been greatly 
aff'eeteb by the fo~cew which produced the structure in t h i s  area. From 
exrmination a2 outcrops, it Wnaaro f b t  mall-scale foPdPng and fau l t ing  
i e  wfdersnresd i n  these beds, In the direction norrn~P to  strike considerable 
vcriwtics~e In {in were noted ,  sccrsslonnlly wlthkn Just f p w  feetr and qnite 
o?'ten ~~tt , thPn n f e w  tcna t o  hm(?reds 09 feet, For exmmle, i n  one outex27p on 
Cn-srp 258 Cfsek the &IT> chan,yed from 21) degraos t o  80 degrees in E horizontrs l  
d'istmce o f  ahont 30 feet, In Rn outcron on the S ~ A l e r a c h f  t River, ~ b o r a t  
& ~c,or mile9 unntr~am fyon C R ~  11, three ~31211 thrust  fnurts were Peeno A t  
t k l s  D~R::@ the bedd i n c  WRS nenrly horiacnt?.l. The f ~ u l t  nlenea ~ b l  hafi s 
~ t c e a  south P-Ion,? emh of the f m t l t ~  E ddiat lnct ive ironstone be& fn t h e  
s h ~ l e  w n s  o f f ~ c f :  f r ~ m  t\.'c t o  three feeto 

Lef f f  ngwe'L1 e e t i : n ~ t ~ d  the thkclmeea of %ha Kfn@-.k a h - l e  r s  about 4000 
feet,, R l s  estimntlon WAS bnescl an abnervations of oxtcrop~fng beds on 
Snm 263 Cr&s!:, l~e~s~ni~zl: l i00~g8 CTOB):~  and the SaBla~ocPIit Riser, The 
g a n a r ~ l  2 9 3  'Lh~ou~howt t h i s  aree i s  t o  tlr=: Y I ? u % ~ ,  but, the amou%t of din l a  I 

nuzh mare wir-isb1.e t%.n Leffingtrel?. repr;rtsd, In adCitton, in two outcrops 
on ~i i~mo~rnu~r~roeaga Creek stn~ll  f'alds wrre anose.3,  ~ n d  in an otltcrop nesr 
the muu:h sf @a-?p 263 Creak the beds w e ~ e  B~?BR (;D r ? : ~  nor'$fP at an angle of T\*.- f.-tr,!5- 
~ b a u t  54 degr~es,, Kh91e Leffing~e83~s estimate of  t h e  thicknes8 o f  the *:;&)-$7 Lie*- . -. l.  
fcrrnstion mey 50 f s f r l y  acmrste, %% is nore l i k e l y  t o  be high than  t o  be :;;;-! I . _  z 

1 In I ~ % ~ P , P  ~ 0 ~ 6 9 ~  Che King& ~ f w l e  18 2 few $?m~$mCf feet thick, but L - 
very DX VA~J-F nc2-S mobs I , k ~ a  40Da faeta 

Tha Kisgfi.k shale was cla.ssi%f 08 es L o ~ ~ e r  Suz.nssic by Lef f fngwell, bug; 
Po S, 3 ~ 5 t h  place& ".h, in the Hfcidle Ztarassie, sad the revised clasnificatim 
ios fal lowed ia ths pr.:ssn& paper, The famation contains two distinct 
? ~ ~ z P T ~ o ,  both af which ware first rrcated f r r r m  the CmnLng district in 
csPlaceions made by Lefiingwlyoll. A cr lnoid  f a u a  was found. Pn a single 
i . ~ c & l % y  on $;Be Cenning River, the 613ratlgrnph9c ~osltioa of which w2s s b a c ~ ~ ~ e .  
Bosa@uer, d i ~ s i n g  the season of 1948 the Pn7.a wee Gom6 Zn o u t c r o ~ s  an the 
SRUF:FOCFIP~ B4Lrel: four nPies abc'lta Camp 11, Pran the l,acatioa of these 
~ U ~ C Q D B ~  i% 1 9  now ~?videtn% that the %atan5 OCCV.TS not =Ore t h ~ ?  a few hundred 
feet &bow &he bass of %he King& shale, Yr~.xk S~ringer classfiied the 
ctal'iec"c:on from LefflngwehlBg one localftg as ]tawex? Jurassic. Smith, in his 

i4addren nads a c o l l e c t i o n  of  i ch  S~rlnger  also c l a s s i f i e d  as 



+- 

Lower Jurass fc  rind ~ n i d  were ~ r o b ~ b l y  the snmo mecies as t ha t  in the 
.- callsc"u.on from the  C ~ n n i q ~  River ,  The o t h e r  fmma, consiet ing of m o n k t e a  

nnd nelec ,~ods ,  wns found, d i l r i n ~  the 1848 sa:lson, o t  seaernl 1ocn"itiea 
&long the S ~ d l e r o c h i t  RPver, The L e f f i n g w e l l  collectianu containing t h l s  
fauna also cpne P ~ o m  the S~d1efoch i t  RS ver md nrobnbly from some of  the  
same outcrops.. Frgm the 1ocn.tions of the O L I ~ , C P O ~ S  where t h i s  nmmonite- 
nelecmod f s m n  wan fom12, i t  i s  evident t h ~ t  this feuna occurs cons ide r~b ly  
higher in the Kin,plr s h r l a  thnn h e s  the crinoid fnunn. In r w o r t i n g  on the 
collections made by L e f f i n g w e l l ,  whicb conthined the annonite-pelecypo& 
fauna,  T. U. Stnnton suggested a e o r r e l ~ t f a n  v i t h  the ammonite-bearing beds 
a t  Kirdagvik 327 an the  Alaqka Peninsula which at th=.t time vere c o n s i d e r e d  
t a  be Lower Jurassic. SniCh, in hls rq~ort ,  lists these beds ns the 
Ki~ la~gVik  f o r m  ticn and n l ~ c e s  them i n  the Mlddle Jurassic, I n  com~enting 
on the ammmite-;?elecmod f;runn from the Kingak shele Smith s t ~ t a s ,  
nIden6if icnt ion o f  the f o s s i l s  co l l ec ted  h s  Pod Stnnton to corre lnte  the 
beds biith t h e  ffiiddle Juressic sar ioclM.  Consequently,  the  Kin& shale 
is c l ~ s g Z E i o d  as E i a d l e  Jurass ic .  but w l % h  the nrovision that the  b ~ a 8 l  p a r t  
of  the formation may be of Lower JUFR~~BIC ege,  Since there eeens to be no 
I t thol .ocfc difrerence between the shttles new the tor, o f  the formp-tion snd 
thorss occurring ~ 5 t h  the s m d s t o n s ~  o f  the younzer Pgnek f o r n n t i o n ,  whfc)l 
1s consfdercd to be Uyner Cretncsou~,  and since the  top o f  t h e  King& shale 
Is defined 9n t h e   resent pnpar as the brine of t he  1ol+~eut  sm&stone ( Ignsk)  
over lyiniz  tqe F i n g ~ k  nhnle, it  f o  nasn'bb'ie t h r e  the  -1n73er ~ n r t  of "ue E i n p k  
shcl? P -  h w o  define& may, in aye, be ss young RE U ~ n e r  Cretnceoue, 

The 3me!c fornnt; ion,  r.3 seen fn the SnAlg,mchlt  River nrea. c o t r s i s t s  
. o f  nbout lT?(! frj-at of' s h ~ P e ,  ~ i l s t o n e ,  ~ n r !  emriseone overl;ttlng the !fiddle 

J:zmssie K' ,npk  ohnPe with nnp~rsnt conformityo The famnfition ocaurs fn fin , 

??oft of  roltrg.h7g 30 RaurLrs ~ i l e s  i l r ,  the  hi.r;hlzlnc?s so.uth o f  thp Sa+Llerochit River 1. In the  oic:rlltv 02' Ch-TI  12, Xn t h t s  ~ r e n ,  t h e  f o r n e t f a n  occunies t h e  center ;&$a$i -. , . 
c f  A y m ~ l t n o r l u m ,  the n31:L;h f?mk of which is elP@~",ly overturned, An f 8 i ,  % 

" I  *.. . 
outewp I n  t h e  formrztion was also seer. m a r  Cn-m It- beyond the n o r t h  edge of , . .  
t'na S ~ d Z s r o c k P t  ?fiountc?tns, 

. - The  bcse.: 400 feet of the f o r r e t i o n  $3 c-mqosed, in about eawl 
- .  pro30=tionss of %nferbedde&. snndetoncs,  s:ltstones, 8nd black shales. The 
- .  

shq2.e~ seen to be indiskingaishab3.e f ron  those i n  ths Kfngnk: exce?t f o r  t h e  
. , a m e r o n t  n ' ) ~ e n e ~  of ironstone. The sm~dslones wry in g r d n  size  from fine 

t o  rnsdi.un m d .  dsri color  iron medtwn g p q ?  $0 dar!t bluish gray, They ere in 
I.- par t  crsas-bedried nnti occasicnally cnic~re<rtzs, P a r o s i t i  es in the sandstones 

seemed t o  be uniformly low, Tho g f l t s e o n s ? ~  are dark  gray fn calor .  

Higher in %he &action eandstones m d  s i l t s t o n e s  predominnts, the shales 
deerensing i n  ahmdnnce ~ n d  becomlng mare oilty, One six inch bed of dark 
gray, f inely cqstalkine limeetone wi th  o ~ g m ~ i ~  fragments was'obseroed. 
Upward in the sect ion s a n d s t o n e s  occur i n  th icker  ~ n d  mare massive beds. 
They w r y  in grain size fmm f i n e  t o  msd%um, i n  color from dark bluish gray 
t o  dark grayish, bmm, and i n  induration from f r i a b l e  t o  hard, Pornsf t i e  



all appear t o  be Sawa Same are calcareous, Some o f  %he hard grayish brown 
.b s ~ a d e t o a e s  may, i n  isolated outcroas,  be ensily conjRrsed with emdstonee  in 

t h e  S a d l e m e h i t  formation. -. 
. , 

' el.n ierolated outcron o f  rocks belfevad t o  be o f  Upper Cretaceous a@ aocurs 
on the SaAlerechit Rfvsr nenr Cavp 1 4  about, four miles n o r t h  of  Last Creek, 
The emosnre c o n s i s t s  of nbout 170 +'ei?t of  black silt and clay sh~les w i t h  
nx-serous f f g h t e r - c o l o r e ~  Interbeds.  The i n t e r b e a s  seemed t o  be composed . . 

. , s'nf.eflp af ben'comltic and tu9facceoae material, They were commonly greenish 
In c o l o r  and t!eathered t o  ~ 1 .  ~ r o n ~ u n e e t P  m8dish  rang@, The rooks at this 
n2ncc are probeebly youn,Ter than t h n t  p ~ r t  o f  the  fsrmctf on seen i n  t h e  area 

. , 
seuth mr! east of Crimp 2.2, 

- - 
The Imek ZomatPon Bore descrfbsd corres9onds t o  p ~ r t s  of  Le f f ingwe l l s s  

Ignak formatfou on the Canning River  rsnd t o  the l o v e r  mrt of  the U p ~ s r  I 

Cretcceous senuencs on the SPlPzvlovlk ~ n d  Canning Rivers descxibed by G r y c  
mil Ef:ingaeo The sa(~_11ence south and e ~ s t  of Cnmp 32 ~pqemx-s to  be ecrrkivelenlt 
to %he lattr,rgs sab&ivis ion UE-1, r?nd Lhs ou.tcroa nefir Cam 14 seema t o  
belong In UE-2, Hossf l s  fowrd i n  these rocks ir ,  the Sndlerochit arsrx, as 
w e l l  as 1u the Cmninrg end Shn~fovik nreas, are not r,cfinitt?ly di&gonost;ic 
o f  m y  eertzin age. Lefffngwelf crzlEtsd t h e  Tgnek f o r m a t i o n  Jurassic ( ? I .  
However, G q c  pad PFImgus have ehdw thsr, the i r  subdivis ion U6-1 is P;~~ct?&ble 
into known U;rl?ksr Cretaceous rocks ", %the west. 

The psrri.nits extends f o r  rbout 'ten miles i n  a north-south r l i rec t ian  on 
&fie O*m-ilak Riuer, rind wn.s seen to extend to a .pofnt  about three nileer from 
t h e  E ~ 1 ~ h t i l ; l  Rf.~er mouth a l  Siola tuk  Creek, On a e r i d .  .>hotogrmhe t h e  
R?nanra.ncs of  the gxrulite it3 distfnctlve enmi& so ~RP.+ ,  f t has been ~ossfbla 
t e  dcl inente  the m ~ r o x i n ~ t s  cutline of the mass. 

. . LZt5olo y1eall;g the mas8 esame t o  he made .vir, of  aever~il d i f f e r e n t  g a n i t o c . .  
The granite whbck fs ms~rent ly  most comers is  f3n .y  i n  color ,  In general 

I -  tPle pn.niQes n-e comose& of aanrtz, white fetldmrtrs, and minor mouats of 
dark minerals,  I $ r ~ r t a  pro5rsbly nuerages 25 percent  w i t h  feldlspsrs contribut3~- 
t h e  b d k  (sf %ha rtsmn.inder, The feldspars are mostly wh9"c in color ,  . b u t  
>ink feldsnar was seen. in 'Bn a num7-,as o f  hanri 8pecimens two df ff @rent 
w h i t e  f e l 2 s a a . r ~  vsre tent:qtlvely 6 ifF@renLiated, Although the d m k  m i n ~ ~ a l e  
nre generally R minor cons t i tuen t ,  in a f e w  cases they were hund t o  comprise 
a consEderabLe psrcsntq:a, 30 t o  .50 .laarcen%, of the rock. The dark mineral 
o r  miner~.ls have been mostly altered t o  ehlor? te .  In  m. few cases  biotite 
was found w i t h  a chlorite ou t l ine ,  Feldspar . t>henocqsts  are present i n  some 
sf' the roelc, Outcrops of grmi t e  containing phenocrye t s  were found n e a r  the  



inchefs in length, The phsx~ocrysts are usually frncturad, often showing two 
se ts  o f  Srectures qgmxinately nt rfght angles. 

ltnelusfons and segregatlone were seen only in  outcrops dong a creek 
which flaws from t he  west i n t o  the 0)rpil~k f iver  near the  north edge of the 
grnnlte rnRaeo The inchrsions are general ly  arigul~r, but. the comers are 
rounded and the edgee minutely sonlloped, suggesting fibsontion of same of 
the rock bg the including mfigma. Both l i g h t  m& dlar'c colored inclueions were 
famd. They m e  g s n e r ~ l l y  flner-=nined thsn the includin:; roclc nnd are thnuzht 
t o  5s ent i re ly  igneons, One dark colored inclnsfon contained n l i g h t  colared 
inclusfono h o t h e r  dark inc lus ion contained fs1ds~o.r nhenocr:rets. Segrc!g-,tIons 
Been 8nnrrpnLIy cons i s t  of  mall massea of 3:otlte w\icl~ have been cnncen- 
t r ~ t e d  I n t o  l ~ y e r s .  

In  -1eces tho :r~,nStp WRS seem t o  g r ~ d e  f neo S C ~ ~ R ~ S  end n % ~ * l l i t e ~ ~  The 
nresence 07 t A a n ~  schiuts rind nhyllites in t h ~  mass 13 beffevsd t o  be the 
result of RP r l t e r ~ t i o n  b r  r e v l ~ ~ c n m ~ n t ,  

A gneissoi4 ~ t n ~ c t ~ i r e  i u  c h n r n c t e r i ~ t i c  of the g r ~ n i t n  but 19 not I'r. , 
trrtivess;illy nrsosnt nnri ~ a ~ i o s  considern.%lp i n  eegrae o f  devel03ment~ Where 
the f:r~nita was neen Lo g r ~ d o  i n t o  schist find ~ ? l ~ l Z f t a  the , ~ e l s ~ o f d  ~ t n r c t u r e  
bec0me~ nore  in twse  nnrl nasnea into  f o l i n t i o n  5n the l n t t a r  rbcks, 

The corrtrict of the granite m ~ a s  vfti t h e  Xemolmo~~ f o n n t l o n  on the R O U ~ ? I  

ant3 with tfic Lisbrsrne limestone on the north WAR invectigntbd only briefly, 
enit the csntacts II"X.F? not  follcved f o ~  any ~ P S F I ~  dls4;mlce0 The conthct with 
t he  I l e m o h ~  forrrletion spenrr: to  be p~r0,31el t,o the f n l i n t f o n  and nos s lb l$  
t o  the Sc3dfng in t.ho l e t t e r ,  but the fo l in t ion  i s  90 intenue thnt brading 
wr:s nat eefinitely r~~c=cgnfaer i ,  The contnct with t?e Lisburns limestone where 

4 

It was seen on the enst s"ie o f  the O b i l a k  River i s  dcf intte ly  not ?ftral le l  
t o  the baddin,?, The actusl contact i s  not smosed, bizt outcrow o f  cranite ~~: ,~ .2  ' , % . 
rnd l i r i ~ c t n n e  1-3. thin 100 f e e t  o f  ench other were ct~d-ifrd,  No inc lus ions  of -5 1. -;.*. 
l i m s t c n e  in gr:?nite were aeen, nor was there WLV evidence o f  intrusion o r  ,- . 
m4.ne~:r l ic~t ion  :n the limestone, 

The ,crenite, vMch poss ibly  has rmlacsti o r  n.ltered 3 ~ x t s  of the 
~Qerubl?:~?: form9 t ion,  is also balie~ad to hvs un8srgone metmomhi sm canp~.re hler 

*. t o  that  r ~ f f e c t l ~ g  the 13emolrpuk fomultian, Thur, i t  I s  considered to  be o lder  
. - t2mn t h o  Zfs)Juxe fornotion, The contact between t h e  limestone and the granite 

is b e l i c * ~ a d  t o  be a fi?ult. Available evPdencs 3.8 not mzff lc i snt  t o  nroae t.ht 
4 .  t'ze ?.;;rn?:%e i s  f n t m s i v e  into the F1eruo"cl;uk f c r n ~ t i o n  s ~ t h s r  t f w  being %n I - .  , 

c o ~ t ~ c t  3 ~ l ' t b i t  :llonq an emsionnl sarface, but the former i~ thought t o  be 
tile c:09e. 

In l i t h o l o g y ,  ststac%uza, mrl degr-e of met~momhism there eppearcp t o  'Se 

Alaak~: U, S. Geol. 



is considered %o ?le % n $ ~ ~ s i v e  into the Birch Creek schist .  The possibilfty 
. c3 o f  correlation o f  the Neruokpuk f o n x t i  on Rsld the Birch Creek schist  Bas been 

mentioned in a. oreceding section o f  the presene report. 

Bnsic Igneous Bocks 

. . Bnodc igneous rocks were obsomed i n  two general locrzl i t ies  in the 
. m Sereilemchit area. One locaLi%g is on the R[ulnkiIi=i Rtveroon the east aids of 

Elki%taE Mountain, where the melt ontcrolzs for w dPstanes o f  about four m i l s @  
along rhe river, .fit th is   lace the emamrss are nnlnly confined t o  the 

.'.4 v d l e ? ~  in p-n area about 5br0 miles  wf8e. The ather l o c n l i t g  Pa in the 
Salerochi t  I lo tmt~?ina~ m i n l y  dong  ItkiPyrzsSak Creek ~ n f i  its tr4buta~iea. -. . 

I ,  
I 

The basalt on the Piu1,..-hd.a River i s  bm 8nhnl.tic green rock, occnaionP-Ely I 

~ngd~loirlnl, The nngdar!les r~reEy exceed one-eight of &1 inch in g r e ~ t e a ' t  
dfmensi.sns. They are .saxally filled, sithak with quartz or with Q black 
minera2, Kscroscon%c mica, p s o b ~ b l y  b i o t i t e ,  f 3  present as n constituent af 
the mck In 8 few iqstanees, 

011 the %lahuln, the rock f u  fn ?art ma~sive and jointad, hut evergkrhere 
t~wnrd. the contnc'ts i t  e;mder; I n t o  green vhyllitss :md slatesc The ~ m o s e d  
eovltnctg are entirely vf th  the Linhme Ilmestone, On the wdet side o f  the 
Bu.la?mG~ f o r  a distance of about two inilao, the, contact  18 about p n r a l l e l  
%o the bedding of the Z i n ? x ~ n e  at about tho h o ~ i z o n  to the middle rnerntbe?, 
South of t h l s  the contact becomes cross-cutting ~ s t d  the lower limestone 
member sf the LSs@ume appears. Thls gerxral relntionshin seems t o  hold on 
t b t  east sins sf the river nlso ,  but ~t thnt place it i a  not so clearly I 
&efinsd. Along ",he contsct the lirnestbno exhibits n ?renounced reddish 
weatliering ~ 5 . d  a i?"LiaE%on, parallel to that in the 3.gmeuz m86es which i - 
e m  o t h p x i s e  n o t  presento The contracts between red weathering foliated b&s@ Ilmec%one R . F , ~  ,?reen n b l l % t e  -.re s'hrrp, However, i~ahrsione of limestone, . ,.. - 

I. .. 
same 3cvereE feet Pang, are present in the phyliite, m ~ d  stringers of' . - 

t .. * 
I 

p h y l l i t e  are preseat i n  ths linestone pnsrrllel :o bedd-lng, 

The has" of the igneous liiass on the Hulahila a v e r  was not seem, The 
szsa I(; ftrfrLy large and seo!na t o  form the core o f  the Kikittut Itomtrkfn 
anticIl.naL atruetzare, I& seem% ~ o s s i b l e  %hat the mass may be a lacolith it;; ,F,rv -.,.. * .r " Ad; 
and tlmr,t i t o  intxvsion r n q  be the cause o f  the rmticlinal. structurea jki: v~~~ I .:::":.I' 

The baselts i n  the Sadlerochit Mountains a:?e Irrgely d~rk gray, green, 
and re&dish a?hcnE%e rocks, partly arngddoldal and vesicular, Also present 
is a macmseoniealLy f$neHy-crystalline greenfail rocit, without amygdnlee or 
vesicles, peeribly a gab'aro, Vhere present in these rocks, the wmygclulecs s i ~ e  
asuelly lees than one--fou~~$B o f  an inch i~ greatest dimension, They are 
i21ad with a v~r ia ty  of m'lnerals of  white, yed,green, m a  greenish-blue 



The brzssftn in the SR62srochit Nount~inls occur in n t,-bubr dfscontinuous 
mwsa which extends for r ho t i t  seven d l e s  in a general snet-west direction, 
The @entoat thickness of this mass docs not exceed 75 feet. Near the enst 
end of the mass it a>ne~reiP to be cutting across the bedding of the Lis'bune 
limeutone, but the exnct r s l e t i o n s h i ~ s  were 0b~cltrf3d by talus, md the 
l oca l i t y  lms only vieired f r o m  n distance. The masu nnneara t o  be e dllce 
Intrusive i n t o  the Liehama limestone and the #eruok?>uk formn tion. 

0eca;lrsences af green al~tes, phyllitss, ?.nd schists on Ahg~p~kasmkuvilc 
Creek e.nd on the O I p i l t 4 c  River, 30th ocmrrrinq in connection with the cPristOc 
~ i d d l e  msrnbsr of the Lisburne limestano, bve been tsnt~tfvely n ~ p ~ e d  as 
bss%lG, 

. . - - 
The b ~ ; s ~ l t s ~  both on the Hulnmdln River ~ n d  in t h e  S ~ d l n r o c h i t  Mount~lns,  

anpezr to bs intrusive into tho Lisburne limestone, Thus they R S T a R r  to be 
o f  past-lfs3ume P ; P  ~ n d  nrobnbly not older th:m the Mesozoic. 



STRUCTURE; 

FcQding, modified g e n e r d l y  only bx m i n ~ r  faulting, has produeed tho 
s t m c t u r d l  pat tern  i n  the  Sadlerochit  men, The folded s t ructures  are best  
exemplified i n  t he  outkfing ranges (SadlerochFt idountains, Shublik Moun-. 
tajns, and Third Range) and the  intervening valleys, but t he  s- pattern i s  
seen i n  the post-Neruokpuk socks thrmpa n~os t  of the rest of t he  area, The 
average trerld of fold axes i s  about east-west, ~ h k  t h r e e  outlying ranges 
me all major an t ic l ines ,  overturned t o  t h e  nor%hl, The intervening valleys 
m e  synclinorio with numerous s;r,Uer anticlines and synclines, Each of 
these m j o r  an t ic l ines  plunges t o  the east  end disappears i n  t h e  Sadlerochit 
area 

S~r i~e  fa.~ltlri; :  seers t o  be connected ~ i t h  t he  plunge of tho rnajor znti-  
clLncse iilo~r;: thc pluni:e of' the Sacilcrochit s.t;:.~ict=e and roughly psrallal, 

=ds i s  a frrult with i;n indicated disi>liiceir~nt a t  ItL5lyariak Creek 
of a b ~ i t  1000 feet ,  north s ide  dwn. Tile attit,!.de of the  f a u l t  plane i s  UI+ 
known. i'Iear Garii:, 13 r e p e t i t i o n  of sectLon i11dj-cates tllc ?resence of two 
fa'7ts viith tvcst s ide  up which %rend 2buu.t at rl.2h-b afiaes t o  the first ! 
faiilt, A t  the ?as% end of the Shub=k ~Lulintainc a f a ~ l t  vrith a displacerent  
of abaut 500 feet has t h e  south side dwn, 

Tesr f a u l t s  are suggested by three  abript cffsets of the Keruokpuk- 
Lisblurne cor:%act at aid to t h e  west oi' the  HulatluPa Pdver, On aerial $o%+ 
graphs nunesms small off sets which =e probably tear f a u l t s  show u? i n  the 
bedding t races  i n  the Ignek foniiatiort east of Gag 12, 

TIie o d ~  exriden~e of maj or  overthrus  ti.:?^ w..a seen on the ~!Lll&!uLa;~.ki-iror 
u;sstrear; I"r=olz ';;an2 5 ,  W c r o p s  of fulciec! rocks of the SaG.e?ccl.iit an3 

qht ;b l lk  f orxiiations occur along the  r iver  f o r  sewerid liiileo, Tno frslding 
besoiris rasrcf: i n t e a a s  to the su~t.h, ,  The n o u n % ~ r r s  -t;o bc$h Wle east  aild west, 
hmr^ever, a m  :~raCI@ U? l ~ g e l y .  cf a tJ!izk;, gexklj- s o u t h 4 p p i n g  Sf s b ~ r n e  L b 8 -  
~ S c n e  sec%ion, 

On the O q i l a k  Xives the contact be5v:eez-i 319 l imestono a d  %he granite 
is bell.cve6 to be a fault. The coi-itect %as seal to cut across tile beddir~g 
and s * i i . ~ ~ . t ~ - s  of =iie li~:*st~ile, Y e t  the lb-es+,one i s  considered to be con- 
sidera'sby Zounger than  t he  grarcite, Csnsequent?.y, f;ll.l"ung is postulated, 
Tn.e ~ ~ S S L  ra~thl:!oqhosed phzses of %;le l i ~ ~ s t o r r e  thz t  !'?C?Fe seen were 
near .';his eontact oil Lhe e a s t  side of t h e  O l ~ i L & c ~  Sigr-*~iear-tl~, this 
r~atancr2hf srn 3ppeaB.s to be of a %ype t5at ~o~;ld r e s d t  frorn stress 2nd not 
from Gfre cc)ntact ac t ion  of an iiltrusive, 
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