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GEOLOGY AND MINERAL DEPOSITS 

OF THE DENALI-MACLAREN RIVER AREA, ALASKA 

BY 

M. A. Kaufman 

INTRODUCTION AND SUMMARY 

Placer  qold and minor amounts of lode gold have been mined i n  
t h e  Valdez Creek d i s t r i c t ,  and numerous occurrences of copper a re  known 
i n  t h e  a r e a  between Butte  Creek and Maclaren Glac ier  (Saunders, 1961). 
Geological mapping a t  s c a l e s  of 1 inch t o  4 miles  and 1 inch t o  2 miles 
h a s  been done by the  U.S. Geological Survey  offit it, 1912; Ross, 1933) 
and s e v e r a l  a i rborne reconnaissance t r i p s  have been made by Alaska Div- 
i s i o n  of  Mines and Minerals engineers ,  but  except f o r  the Kathleen-Mar- 
g a r e t  prospect ,  (Chapman and Saunders, 1954), no d e s c r i p t i o n s  of the  
copper depos i t s  a re  ava i l ab le .  

The author and an a s s i s t a n t  spent from June 12 t o  August 31, 
1963, i n  the  area.  The r e s u l t s  of the  program are:  (1) a reconnaissance 
1 inch t o  1 mile geologica l  map showing the  r e l a t i o n s h i p  between the 
mineral  occurrences and t h e  r eg iona l  geology, (2) d e s c r i p t i o n s  of a l l  
known mineralized l o c a l i t i e s ,  and ( 3 )  a drainage geochemical study of 
t h e  whole area.  Several  mineral  occurrences t h a t  apparent ly have not 
been prospected were encountered during the mapping. Two of these ,  
l o c a l i t i e s  8 and 12 ,mer i t  f u r t h e r  work. I t  should be emphasized t h a t  
t h e  mapping was of a reconnaissance nature,  mainly concent ra t ing  along 
t h e  drainages where outcrop was r e l a t i v e l y  abundant. There i s  consider- 
a b l e  room f o r  f u r t h e r  geologica l  work and prospect ing,  e s p e c i a l l y  i n  
t h e  h igh  a reas  which were e i t h e r  snow-covered a t  t h e  t i m e  of  mapping, o r  
were inaccess ib le  by foo t .  



GEOLOGY 

The dominant rock u n i t s  i n  the map a r e a  can be grouped i n t o  
two p a r a l l e l  n o r t h e a s t e r l y  t rending b e l t s .  The southern p a r t  of the  
map a rea  i s  underlain by a th ick  sec t ion  of volcanic  rocks w i t h  minor 
amounts of sedimentary ma te r i a l .  The northern por t ion  i s  underlain by 
a th ick  sedimentary sec t ion  with minor amounts of volcanic  rock. A 
l a r g e  d i o r i t e  stock l i e s  immediately t o  the  nor th  of t h e  map area and 
small s tocks of a c i d i c  composition in t rude  both t h e  sedimentary and vol- 
canic  b e l t s .  

Development of s l a t e s ,  p h y l l i t e s ,  and s c h i s t s  i s  observed near 
the  contac t  between t h e  sediments and the  l a r g e  s tock ,  and l o c a l  zones 
of metamorphism occur adjacent  t o  some of the  small  s tocks.  

There i s  l i t t l e  evidence by which t o  d a t e  the  rock types i n  
the mapped area.  By comparison of the l i t h o l o g y  with o the r  a reas ,  p l u s  
some f o s s i l  evidence, Moffi t  (1912, p .  29-35) concluded the  volcanic 
b e l t  t o  be Permian t o  lower T r i a s s i c ,  the  l imestone u n i t s  near the 
con tac t  between t h e  b e l t s  t o  be lower t o  middle T r i a s s i c ,  and the th ick  
sequence of a r g i l l i t e  and q u a r t z i t e  i n  the  nor thern  b e l t  t o  be l a t e  
T r i a s s i c .  I t  should be noted t h a t  l imestones a r e  found interbedded 
both with volcanics  and with sediments r a t h e r  than forming a d i s t i n c t  
s t r a t i g r a p h i c  horizon. The i n t r u s i v e s  have been da ted  only a s  post- 
T r i a s s i c .  

The rocks of the  volcanic b e l t  a re  predominantly f i n e  grained 
massive t o  arnygdaloidal, gray t o  reddish gray,  a n d e s i t i c  t o  b a s a l t i c  
lavas .  In  many l o c a l i t i e s  these  lavas  have been p a r t i a l l y  metamorphosed 
t o  greenstone. Associated with the  l avas  a r e  f ine-grained dike rocks 
of intermediate  t o  b a s i c  composition, l i g h t  green t o  gray s i l i c e o u s  
f e l s i t e  t u f f s ,  fragmental  u n i t s  with a n d e s i t i c  matr ix ,  minor amounts of 
b lack  a r g i l l i t e ,  and t h i n  bands of gray l imestone. 

The sedimentary b e l t  i s  composed dominantly of black fine-.  
grained banded a r g i l l i t e ,  with l e s s e r  amounts of f ine-grained gray 
impure q u a r t z i t e .  Minor amounts of andes i te  and andes i t e  fragmental 
rocks a re  interbedded with the  sediments, and i n  one a r e a  l i g h t  gray 
quartzose f e l s i t e  occurs ,  Massive t o  finely-banded l i g h t  gray lime- 
s tone ,  i n  p laces  f o s s i l i f e r o u s ,  and gray a r g i l l a c e o u s  limestone occur 
along the  contac t  between the  sedimentary and volcanic  b e l t s .  These 
limestone u n i t s ,  which a r e  i n  p laces  interbedded wi th  a r g i l l i t e s  and i n  
o the r  p laces  with volcanics ,  aggregate over one thousand f e e t  th ick  i n  
some areas .  This  g r e a t  th ickness  may be due t o  t h e  r e p e t i t i o n  of the  
sec t ion  by folding and f a u l t i n g ,  bu t  t h e  d e t a i l s  a r e  obscured by heavy 
overburden. Limy beds occur along the  sedimentary-volcanic contac t  



wherever it can be observed from t h e  mountains south of But te  Creek t o  
the  Maclaren' Glac ier ,  and it i s  probable t h a t  some of t h e  l imestone 
u n i t s  have considerable con t inu i ty  along the s t r i k e .  

An i n t r u s i v e  body about 15 miles  i n  diameter,  predominantly 
of d i o r i t i c  composition, and l o c a l l y  w i t h  gne i s s i c  t e x t u r e ,  has  been 
descr ibed  by Moffit (1912, p. 34-35) and Ross (1933, p .  446) immediately 
t o  t h e  nor th  of the  map area.  The contac t  i s  about 2 mi les  nor th  of 
Valdez Creek. Smaller s tocks  ranging i n  composition from g r a n i t e  t o  
quar t z  d i o r i t e  in t rude  t h e  volcanics  and sedimentary rocks i n  seve ra l  
a reas .  Basic i n t r u s i v e  rocks a re  r a r e  i n  the  sedimentary b e l t  b u t  do 
occur l o c a l l y  i n  the  Butte Creek a r e a  and i n  the W e s t  Fork of t h e  Mac- 
l a r e n  a r e a  where duni te  was found a t  one l o c a l i t y .  

B i o t i t e  s c h i s t s  crop along Valdez Creek from Denali t o  Roose- 
v e l t  Lake, and higher grade metamorphism i s  reported t o  the  nor th  of 
t h i s  a r e a  i n  proximity t o  the  d i o r i t e  contac t  (Ross, 1933, p .  437).  
Local s c h i s t o s e  zones occur ad jacent  t o  the i n t r u s i v e  along t h e  north 
s i d e  of Windy Creek. Evidence of low grade metamorphism occurs  i n  many 
of t h e  volcanic  outcrops which d i sp lay  minor green co lo r ing  caused by 
t h e  formation of c h l o r i t e  and epidote ,  but  sch i s tose  greenstone i s  not  
common. A small body of b i o t i t e - c h l o r i t e  s c h i s t  der ived  from volcanics  
occurs  ad jacent  t o  the  i n t r u s i v e  body on the  e a s t  s i d e  of t h e  West Fork 
of t h e  Naclaren River, and zones of amphibolitized greenstone occur i n  
numerous a reas  between the  W e s t  Fork and the Maclaren River. I t  i s  
p o s s i b l e  t h a t  these amphibolit ized zones represent  volcanic  rocks t h a t  
are under la in  a t  depth by i n t r u s i v e s .  

Several  d i f f e rences  i n  l i t h o l o g i c  i n t e r p r e t a t i o n  e x i s t  between 
t h i s  i n v e s t i g a t i o n  and t h e  previous geological  work by Moffi t  (1912) 
and Ross (1933). Ross, on h i s  map (1333, p l a t e  34) ,  shows the  following 
l i t h o l o g i c  u n i t s :  T R s  s c h i s t  near Valdez. Creek; TR tuf faceous  and re- . 
l a t e d  s t r a t a  i n t e r c a l a t e d  with limestoneq and T R r s  r u s t y  s c h i s t  with 
i n t e r c a l a t e d  c h l o r i t i c  beds.  This  author considers  t h e  TRs u n i t  of 
Ross t o  be metamorphosed rock der ived  from the a r g i l l i t e - q u a r t z i t e  
s e r i e s ,  t h e  degree of metamorphism poss ib ly  being dependent upon prox- 
imi ty  t o  adjacent  o r  subjacent  i n t r u s i v e s .  Further ,  t h e  tuf faceous  
rocks and r e l a t e d  ex t rus ives  a r e  considered t o  be ind iv idua l  u n i t s  
r a t h e r  than a broad l i t h o l o g i c  u n i t .  F ie ld  evidence h a s  shown r e l a t i v e l y  
t h i n  beds of t u f f  and volcanic  b recc ia  t o  occur both i n  the  volcanic  
and sedimentary b e l t s .  The T R r s  ( r u s t y  s c h i s t )  u n i t  i n  the  Coal Creek 
a r e a  i s  i n t e r p r e t e d  t o  r ep resen t  pyri te-bearing f e l s i t e s  interbedded 
wi th  greenstone, and f o r  t h i s  reason has  not  been mapped a s  a d i s t i n c t  
u n i t .  



STRUCTURE 

A genera i  ~ c r c 3 e a s t e r l y  t rend  of c o n t a c t s  and bedding occurs  
throughout the  a r ea .  S t r x c z - ~ r a l  a t t i t u d e s  i n  t h e  sedimentary b e l t  r e v e a l  
complex f o l d s  ts~ith v a r i a b l e  plunges  b u t  wi th  a  g e n e r a l  nor theas ' ier ly  
t r e n d  of axes ,  A p reponde rmce  of beading s t r i k e s  and f o l d  axes i i e  
between N 5 G 0  E and N 80°  S ,  Open fo ld ing  i s  v i s i b l e  i n  a r g i l l i t e s  and 
q u a r t z i t e s  nor th  of V'indy Creek b u t  i t  grades  i n t o  t i g h t e r  plunging 
f o l d s  7,~hich c l e a r l y  shov~ 1~12 i n  t h e  l imestones  a long t h e  south Cork of 
Pass  Creek and t h e  &laclare? G lac i e r .  The l i t t l e  a v a i l a b l e  s t r u c t u r a l  
evidence i n  the  vo lcan ic  b e l t  a l s o  p o i n . 2 ~  t o  a g e n e r a l  n o r t h e a s t e r l y  
s t r i l ce ,  b u t  s-Lructural  a t t i t u d e s  a r e  near ly  imposs ib le  t o  determine due 
t o  t h e  massive n a t u r e  cf the  roclcs. The f a u l - t ,  shown by Ross (19331, 
n o r t h e a s t  of Tcnas Lake nay no t  cxis'c. The marked change i n  l i t h o l o g y  
i n  t h i s  a r ea  may w e l l  be  explainec?. Sy a g rada t ion  i n  metamorphism from 
s l a t y  and p h y l l i t i c  a r g i l l i i e  i n  t h e  e a s t  t o  more schisLose rocks  t o  t h e  
west .  

No major s t r u c t u r e s  were de t ec t ed  i n  t h e  a r e a ,  b u t  minor f a ~ 1 . t -  
i n g  i s  p reva l en t  t h r o u g h o u ~ ,  Nor theas te r ly  and no r thwes t e r ly  t rending  
f a u l t s  occur i n  t h e  mountains south of But te  Creek,  and n o r t h w e ~ t e r l ) ~  
s t r i k i n g  f a u l - t s  a r e  v i s i b l e  south of Windy Creek. An ex tens ive  nor th-  

- e a s t e r l y  s t r i k i n g  i r o n  carbona te  zone may r e p r e s e n t  a  f a u l t  zone irnmed- 
i a t e l y  t o  t he  e a s t  of t h e  Greathouse Copper showing sou th  of b7indy 
Creek. The area .  between t h e  West Fork and t h e  biaclaren River shows 
f r a c t u r i n g  and f a u l t i n g  bo th  i n  north-south and eas t -wes t  d i r e c t i o n s .  
A s tudy  of  a i r  photos  would probably be h e l p f u l  i n  o u t l i n i n g  p o s s i b l e  
f a u l t s ,  b u t  t he se  were n o t  a v a i l a b l e .  

MINERAL OCCURRENCES 

Known occur rences  i n  the  Denali-Naclaren a r e a  can be c l a s s -  
i f i e d  i n t o  four  g e n e r a l  t ypes :  p l a c e r  gold c l o s e l y  a s s o c i a t e d  with 
l ode  gold  i n  q u a r t z  and carbona te  v e i n l e t s  c u t t i n g  i n t r u s i v e  and sed i -  
mentary rocks ,  metal  occur rences  a s soc i a t ed  wi th  v o l c a n i c  rocks ,  n e t a l  
occur rences  a s s o c i a t e d  w i t h  sedimenJcary-intrusive c o n t a c t  zones, and 
metal  occurrences  i n  i n t r u s i v e  rocks .  

Most of t h e  copper occur rences  a r e  t h e  t ype  a s s o c i a t e d  wi-kh 
vo lcan ic  rocks,  c h i e f l y  a n d e s i t i c  t o  b a s a l t i c  g reens tone .  The frequency 
of  t h e s e  occurrences  throughout  t he  a r e a  p o i n t s  t o  an anomalous amount 
of copper i n  t h e  v o l c a n i c  rocks .  These d e p o s i t s  occur  as d i s c r e t e  q u a r t z  
v e i n s  a s  a t  t he  Maclaren p r o s p e c t ,  a s  shear  o r  f r a c t u r e  zone minera l i -  
z a t i o n  a s soc i a t ed  w i t h  q u a r t z ,  c a l c i t e ,  and e p i d o t e  a s  a t  t h e  Greathouse 
p r o s p e c t ,  and a s  pod- l ike  s eg rega t ions  and arnygdule f i l l i n g s  a s soc i a t ed  



. , . . i  ,::-- cj c-.,-. , -" c a l c i t e ,  and p i d o - t e  wi th  no apparen t  s t r u c t u r a l  con t ro l .  

The l'riiaazy ::iinerals of  -c'r,ese occurreilces a r e  b o r n i t e ,  cha l copyr i t e ,  
2nd c h a l c o c i t e  a s s o c i a t e d  wi th  the above mentioned gangue minerals .  
Ihnor  amoun-Ls of go12 anc! s i l v e r  occur wi-th t h e  copper a t  t he  i\'laclaren 
2rospec  t and t r a c e s  of s i l v c r  occur wi th  t h e  copper a t  -the Greathouse 
?respect. A l l  t he  known occur rences  w i l l  be desc r ibed  i n  t h e  fol lowing 
scc-cion,  

DESCRIPTIONS O F  I\IINERrlLIZED k-rREAS 

Location 1: Valdez Creek D i s t r i c t .  Over $500,000 has  been 
de r ived  from p l a c e r  go ld  produc t ion  from t h e  Valdez Creek d i s t r i c t .  
De ta i l ed  d e s c r i p t i o n s  of t h e  r e g i o n a l  geology and t h e  mining ope ra t ions  
can be ob ta ined  from t h e  r e p o r t s  of  Moffi t  (1912) and Ross (1333) .  
Lode gold produc t ion  h a s  been l i m i t e d  t o  a  few ex t remely  smal l  h igh 
grade poclcets i n  -qua r t z  and carbonate  v e i n s  c u t t i n g  q u a r t z  d i o r i t e  a t  
Timberl ine Creel;, and a r g i l l i t c s  and d i o r i t e  about  3 m i l e s  t o  t he  e a s t .  
The source  of t he  Valdez Creek p l a c e r  gold i s  probably  v e i n s  of t he  
type  mentioned above. There i s  a  s t rong  p o s s i b i l i t y  t h a t  more lode 
d e p o s i t s  e x i s t  i n  t h e  a r e a ,  b u t  p rospec t ing  i s  h inde red  by heavy over- 
burden. 

Location 2 :  2, lalachite-stained f l o a t  c o n t a i n i n g  disseminated 
b o r n i t e  and c h a l c o c i t e  a s s o c i a t e d  wi th  e p i d o t e  i s  p r e s e n t  i n  t h e  d ra in -  
age a t  3250' e l e v a t i o n .  Rocks i n  t he  a r e a  c o n s i s t  of  g ray  t o  reddish  
gray vo lcan ic s  of a n d e s i t i c  t o  b a s a l t i c  composit ion s t r i k i n g  N 35-55' 
E and dipping 55' W. Because of snow cover t h e  l o d e  source  was n o t  
found, b u t  t h e  f l o a t  p robably  r e p r e s e n t s  a  smal l  pod- l ike  body o r  ve in .  

Location 3 :  C. R .  Greathouse p rope r ty .  ~ a l a c h i t e - s t a i n e d  
b o r n i t e  and c h a l c o c i t e  a s s o c i a t e d  wi th  q u a r t z ,  e p i d o t e ,  and c a l c i t e  
occur  along a  narrow shear  zone s t r i k i n g  N55OW, and d ipp ing  v e r t i c a l l y .  
The wa l l  rock c o n s i s t s  of  n o r t h e a s t e r l y  s t r i k i n g  b l a c k  b a s a l t i c  l a v a  c u t  
by a  narrow, no r thwes t e r ly  t r e n d i n g  d ike  of q u a r t z  d i o r i t e  composition 
immediately t o  t h e  n o r t h e a s t  of t h e  shear  zone. The maximum width of 
t h e  mineral ized shea r  zone i s  3 f e e t  and t h e  copper t eno r  i s  repor ted  
t o  run a s  much a s  11 p e r  c e n t  a c r o s s  t h i s  width  i n  one c h i p  sample. A l -  
though the  s t r u c t u r e  can be t r a c e d  f o r  s e v e r a l  thousand f e e t  along 
s t r i k e ,  t he  t h r e e  f o o t  width  o f  t h e  minera l ized  s e c t i o n  p e r s i s t s  f o r  
l e s s  than 100 f e e t .  Along t h e  remainder of t h e  shea r  zone m i n e r a l i z a t i o n  
i s  e r r a t i c ,  o c c a s i o n a l l y  showing widths  of  a  few inches .  Severa l  o t h e r  
n o r t h e a s t e r l y  s t r i k i n g  shear  zones occur i n  t h e  a r e a  b u t  con ta in  no 
v i s i b l e  copper. A narrow n o r t h e a s t e r l y  s t r i k i n g  i ron-bear ing  carbonate  
zone occurs  t o  t h e  n o r t h e a s t  of t h e  Greathouse c l a ims  and may i n d i c a t e  
a  f a u l t  zone. Small f ragments  of l imestone,  some con ta in ing  t r a c e s  of  



S c r n i t e ,  cccur  i n  t he  t a l u s ,  b u t  none could Se found i n  p l a c e  above 
the  mine ra l i zed  zone. These probably  r e p r e s e n t  t h i n  l imes  tone  uni2:s 
in te rbedded  wi th  the  vo lcan ic s .  Seve ra l  hundred f e e t  n o r t h  of t h e  
showiny a  t h i n  n o r t h e a s t e r l y  s t r i k i n g  bed of l imestone with a nor th-  
w e s t e r l y  d i p  was observed from t h e  a i r .  

Location 4: A smal l  occur rence  of copper h a s  been r epo r t ed  
i n  g reens tone  a t  t h i s  l o c a l i t y  b u t  w a s  n o t  observed du r ing  t h i s  inves- 
t i g a t i o n .  The n o r t h e a s t e r l y  s t r i l c ing  l i n e a r  zone of r u s t y  s t a i n e d  car-  
bona te  nen t ioned  p rev ious ly  which probably r ep re sen t s  a  f a u l . t ,  runs  .to 
t h e  n o r t h  of t h i s  a r ea .  

Location 5: A l a r g e  a r e a  of r u s t y  colored s t a i n i n g  i n  t h i s  
a r e a  i s  caused by i r r e g u l a r  zones of i ron-bear ing carbona te  c u t t i n g  
a n d e s i t i c  and b a s a l t i c  l a v a s .  I t  i s  probable  t h a t  the  l i n e a r  carboi-ia-ce 
zones r e p r e s e n t  a l t e r a t i o n  a long f a u l t s ,  The r u s t y  c o l o r  i s  enhanced. 
by t h e  presence  of reddish  co lo red  vo lcan ic  u n i t s .  Seve ra l  s c a t t e r e d  
s m a l l  occur rences  of ox id ized  cop_uer minera l s  a s s o c i a t e d  w i t h  q i d o  te 
pods occur  i n  t h e  s t a i n e d  a r e a .  

Location 6 :  A smal i  occur rence  of coppez h a s  been r e p o r t c i  
i n  g reens tone  a t  t h i s  l o c a l i t y  b u t  was no t  observed du r ing  t h i s  invcs- 

. t i g a t i o n .  

Location 7 :  Minor amounts of weakly m i i ~ e r a l i z e d  copper i ~ e l r -  
i n g  f l o a t  occur  i n  t h e  d ra inage .  N i n e r a l i z a t i o n  appears  LO be assoc- 
i a t e d  w i t h  ep ido te  i n  l a v a s .  

Location 3: (See s p e c i a l  map of l o c a t i o n  8) A copper sl10~i- 
i n g  i n  a  f ragmental  u n i t  c o n s i s t i n y  of limes-tone f ragments  i n  an andes- 
i t i c  m a t r i x  occurs  a t  an e l e v a t i o n  of 4,650 f e e t  on a  s o u t h e a s t e r l y  
f lowing dra inage  which f lows i n t o  -the south forlc of Pass  Creelc. Ttic 
f ragmenta l  u n i t ,  which i s  c u t  by i r r e g u l a r  d ikes  of cjabbroic composi- 
t i o n ,  i s  i n  c o n t a c t  wi th  greens tone  bo th  above and below. Limestone 
u n i t s  a r e  in terbedded wi th  t h e  greens tone ,  The f ragmental  format ion 
appears  t o  be  a  vo lcan ic  b r e c c i a  r a t h e r  than a  s t r u c t u r a l  zone of 
b r e c c i a t i o n .  The gossan c o n s i s t s  c h i e f l y  of l imon i t e ,  ma lach i t e ,  
a z u r i t e ,  and minor v i s i b l e  c h a l c o p y r i t e .  The s t r o n g e r  m i n e r a l i z a t i o n  
r ep l aced  l imestone fragments wh i l e  l e s s  i n t e n s e  m i n e r a l i z a t i o n  occupies  
f r a c t u r e s  i n  t h e  andes ik i c  ma t r ix .  Two zones of m i n e r a l i z a t i o n  occur 
a long t h e  n o r t h e a s t e r l y  bank of t h e  dra inage .  The more northwes'cer1.y 
(upst ream) showing measures 33 f e e t  a c r o s s  s t r i k e ,  and -the downstrear:, 
showing measures 2 f e e t  a c r o s s  s t r i l ce .  The two occur rences  a r e  separ-  
a t e d  by 200 f e e t  of ba r r en  b r e c c i a  and vo lcan ic s .  The mine ra l i zed  
zones appear t o  s t r i k e  be-tween N 40° E and N 60' E ,  and d i p  s t e e p l y .  
There i s  a  p o s s i b i l i t y  t h a t  t hey  might r e p r e s e n t  one fo lded  u n i t  wi th  
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a nQse t o  t h e  nor theas t .  Wineralized f l o a t .  some showing spectacular  
oxidized copper, asscyinrj up t o  2 5  per  cen t  copper can be t r a c e d  f o r  
over 500 f e e t  along rhe s ide  of a t a l u s  slope on the  southwest s i d e  
of t h e  drainage.  Some mineral ized mate r i a l  occurs i n  p lace  on the  
southwest s i d e  of t h ~  drainage,  so it i s  probable t h a t  t h e  f l o a t  i s  
c l o s e  t o  i t s  source. 

I n  the  exposure along t h e  creek a  chip sample ac ross  33 f e e t  
width as;:;s 2 . 9  per cent  Cu. The geological  environment of a mineral- 
i zed  b r e c c i a  zone i n  interbedded volcanics  and l imestones wi th  a s i z -  
ab le  a c i d i c  i n t r u s i v e  body t o  the  w e s t  lends encouragement t o  c a r e f u l  
prospect ing  i n  the  area.  

L o c ~ t i o n  -- 9 :  Large a r e a s  of r u s t y  colored l imonite-hematite 
s t a i n i n g  occur i n  e a s t e r l y  t o  n o r t h e a s t e r l y  s t r i k i n g  folded a n d e s i t i c  
t o  b a s a l t i c  greenstones with interbedded limestones. A small  i n t r u s i v e  
body of g ranod io r i t -  coinposition c u t s  the  volcanics  south of t h e  s t a i n -  
ed zones. Thc r,tained areas  t h a t  were examined a re  caused by weather- 
ing of dis;emincie5 p y r i t e  i n  f e l s i t e  bands. weathering of i r o n  bear- 
ing  carbgnate  X C ~ S  i n  i indesite,  and by ferruginous cement i n  a  
b r e c c i a t e d  .-,o:.~e. F ~ r t h e r  prospect ing  i s  warranted t o  i n v e s t i g a t e  t h e  
compositioq of the more inaccess ib le  s t a ined  zones. 

Location LO: Small amounts of copper bearing f l o a t  occur - - 
throlighoui ? :::clc siide d t  t h i s  l o c a l i t y .  Malachite, a z u r i t e ,  
ch rysoco l l a ,  Lorn i t a ,  and c h a l c o c i t e  associa ted  with q u a r t z ,  c a l c i t e ,  
znd epidote  occu~: i n  pods and s t r i n g e r s  c u t t i n g  a n d e s i t i c  t o  b a s a l t i c  
lava .  A traver5:e ~ i n - - e  the  s l i d e  f a i l e d  t o  reveal  the  source.  

LacatFcn 11 I !"!inor t r a c e s  of cha lcopyr i te  i n  i s o l a t e d  - - . . - . . - - - 
s t r i n g e r s  occur iri thc greenstone and i n  the  i n t r u s i v e  i n  widely 
s c a t t e r e d  areaE,. TWC: _nieces of f l o a t  found i n  the  drainage v a l l e y  a t  
an e l e v a t i o n  of 4 ,000 f e e t  d isp layed banded magnetite-chalcopyrite,  
and banded inalachite-azurite.  The source a rea  of t h i s  occurrence i s  
probabiy a  consi.derc'4~l.e d i s t ance  upstream. 

i o n  1 An extens ive  r u s t y  colored i ron-s ta ined  a r e a  -- --- 
caused c h i e f l y  by  oxidat ion of iron-bearing carbonate and disseminated 
p y r i t e  occurs  i n  nor theas te r ly  s t r i k i n g  folded a r g i l l i t e s .  T a l u s  
r e v e a l s  a  c o n ~ i d c e a b ? ~ e  amount of f i n e  t o  medium-grained a c i d i c  i n t r u -  
s i v e  rock vr5ich must come from t h e  cen te r  of the  s t a ined  zone. Most 
of t h e  i n t r u s i v e  contains  an anomalous amount of disseminated p y r i t e ,  
and some of t h e  p ieces  reveal  disseminated chalcopyr i te  and molybdenite. 
An assay of a g r ~ b  sample revealed 0.15 t o  0.25 pe r  c e n t  Mo. Minor 
amounts of ~~~olyhden i t e -bea r ing  q u a r t z  a l s o  occur i n  the  t a l u s .  Because 



of the  severe topography and lack of outcrop due t o  t a l u s  it was no t  
poss ib le  t o  proper ly  evaluate  the e x t e n t  of the  minera l iza t ion  i n  t h e  
i n t r u s i v e .  I t  i s  -robable t h a t  most of the  i n t r u s i v e  found i n  the  
t a l u s  r ep resen t s  d i k e s ,  but  i t  I s  p o s s i b l e  t h a t  a  small stock occurs  
somewhere i n  t h e  s t a ined  zone. 

Location 13: Splashes of malachi te  and a z u r i t e  occur spor- 
ad ica l ly  over a  width of approximately 100 f e e t  along the nor th  wa l l  
of an east-west t rending  drainage a t  an e l e v a t i o n  of 3400 f e e t .  The 
oxidized copper r ep resen t s  primary b o r n i t e  and chalcopyri te  a s soc ia ted  
with quar t z ,  ep idote ,  and c a l c i t e  l o c a l i z e d  along f r a c t u r e s  i n  a n d e s i t i c  
t o  b a s a l t i c  greenstone,  Some of the  l a r g e r  f r a c t u r e s  s t r i k e  approx- 
imately north-south and have v e r t i c a l  d i p s ,  b u t  most of them a r e  var- 
i a b l e  i n  d i r e c t i o n  and dip.  h narrow dike of quar tz  hornblende d i o r i t e  
c u t s  the  volcanics  approximately 100 f e e t  below the  showing. None of 
the mineral ized f r a c t u r e s  exceed a  few inches i n  width and they a r e  
widely separated with only minor disseminat ion of s u l f i d e s  between 
them. A small amount of oxidized copper i s  v i s i b l e  on the south wa l l  
of the drainagz.  The a reas  t o  the nor th  and south a re  covered by veg- 
e t a t i o n ,  

Location 14: Abundant quar t z  and carbonate v e i n l e t s  c u t  t h e  
a r g i l l i t e s  i n  t h i s  a rea .  Most of them run p a r a l l e l  t o  the  s t r i k e  of 
the sediments b u t  some a re  c rosscu t t ing .  No o r e  minerals were de tec ted  
i n  any of the  ve ins  examined, but  t h e r e  i s  a  s i m i l a r i t y  between t h i s  
type of veining and the  type t h a t  i s  t h e  probable source of t h e  gold 
i n  the Valdez Creek d i s t r i c t .  

Locztion 15: The southernmost two showings c o n s i s t  of t a l u s  
containing smail arr.ounts of typ ica l  quartz-epidote  mater ia l  i n  green- 
stone with t r a c e s  of chalcopyri te ,  b o r n i t e ,  cha lcoc i t e ,  and malachi te .  
The sources a re  probably small mineral ized pods o r  f r a c t u r e s  i n  t h e  
greenstone, The occurrence i n  the drainage i s  s imi la r  t o  the  o t h e r s  
except t h a t  some of the copper occurs i n  amygdule f i l l i n g s .  

Location 1 5 -  Bornite and oxidized copper minerals,  a s soc ia ted  - 
with small pods 2nd s t r i n g e r s  of quar t z  and epidote ,  occur i n  b a s a l t i c  
greenstone. Thc pods and s t r i n g e r s  a r e  widely spaced, sparse ly  min- 
e r a l i z e d ,  and have no apparmt  con t inu i ty .  

Location 17 : KM-24acl.aren Prospect.  The Maclaren prospect  
(see s p e c i a l  map of loca t ion  1 7 )  occurs  i n  t h e  th ick  nor theas te r ly  
trending b e l t  of massive intermediate  t o  b a s i c  l avas  and assoc ia ted  
f i n e  grained b a s i c  i n t r u s i v e  rocks t h a t  have been c u t  by widely spread 
porphyr i t i c  d ikes  of monzonite t o  d i o r i t e .  The rocks a re  moderately 
f r ac tu red  and f a u l t e d  i n  many d i r e c t i o n s ,  Outcrop i s  sparse wi th  good 
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exposures  on ly  along t h e  d ra inages .  The d i scovery  ou tc rop  i s  on the  
n o r t h  w a l l  of an eas t -wes t  t r e n d i n g  dra inage  (Discovery Creek)  and 
a lmost  a l l  of t he  a r e a  t o  t h e  n o r t h  and south h a s  a  heavy overburden 
cover .  Severa l  widely s epa ra t ed  copper-bearing q u a r t z  v e i n s ,  g e n e r a l l y  
n o r t h e a s t e r l y  o r  no r thwes t e r ly  s t r i k i n g  and s t e e p l y  d ipp ing ,  occur 
i n  t h e  a r e a  b u t  most of them a r e  on ly  a  few inches  i n  wid th .  A s e r i e s  
of  wider  (up t o  2 f e e t )  b u t  s p a r s e l y  minera l ized  q u a r t z  v e i n s ,  wi th  
approximate n o r t h e r l y  s t r i k e s  and s t e e p  d i p s ,  occur over  a  width  of 
50 f e e t  i n  c h l o r i t i z e d  and e p i d o t i z e d  greenstone immediately above the  
Maclaren p o r t a l .  Approximately 150 f e e t  e a s t  of t h e  p o r t a l  and 100 
f e e t  above it, a  h e a v i l y  mine ra l i zed  cha l copyr i t e -bo rn i t e  b e a r i n g  
q u a r t z  v e i n  10.5 f e e t  wide, s t r i k i n g  N 3' E and d ipp ing  80° W ,  c rops  
o u t  f o r  approximately 80 f e e t  down d ip .  Sampling a t  one p o i n t  ac ros s  
t h e  v e i n  by the  U, S .  Geologica l  Survey and Alaska Div i s ion  of  Mines 
and Minera l s  d i s c lo sed  0.12 oz.  A u ,  1 . 2  oz. Ag, and 10.9 p e r  c e n t  Cu 
a c r o s s  a  width of J0.75 f e e t  (Chapman and Saunders, 1354, p ,  5 ) .  This 
v e i n  ex tends  f o r  an unknown d i s t a n c e  t o  t he  nor th  b u t  does  n o t  appear 
a c r o s s  Discovery Creek t o  t h e  sou th .  

A n o r t h e a s t e r l y  t r e n d i n g  a d i t  has  been d r i v e n  immediately 
under t h e  s p a r s e l y  mine ra l i zed  v e i n s  t o  t h e  west  of  t h e  h e a v i l y  miner- 
a l i z e d  v e i n ,  and a  s h o r t  e a s t  t r e n d i n g  c r o s s c u t  approximately  200 f e e t  
from t h e  p o r t a l  i n t e r s e c t s  t h e  l a t t e r  ve in .  A program o f  pe rcuss ion  
and diamond d r i l l i n g  was c a r r i e d  o u t  from t h e  workings t o  t e s t  t h e  ve in  
a t  dep th  b u t  the  r e s u l t s  a r e  n o t  known by t h e  au thor .  I n  t h e  workings 
t h e  v e i n  i s  c o n s i s t e n t  i n  width  wi th  t h e  su r f ace  showing b u t  t h e  tenor  
does  n o t  appear t o  approach t h e  s u r f a c e  va lues .  The f a c t  t h a t  t h e  ve in  
does  n o t  appear on t h e  sou th  s i d e  of  t h e  creek can p o s s i b l y  be explained 
by eas t -wes t  f a u l t i n g  which might d i s p l a c e  it. Only n e g l i g i b l e  amounts 
of  o r e  minera l s  o r  hydrothermal  a l t e r a t i o n  a r e  v i s i b l e  i n  t h e  green- 
s t o n e  h o s t  rocks ,  and a l though numerous f a u l t s  and f r a c t u r e s  a r e  observed,  
t h e  a r e a  does no t  appear t o  have been s t r u c t u r a l l y  deformed t o  a  g r e a t e r  
degree  than  the  r e s t  of t h e  v o l c a n i c  b e l t  extending from B u t t e  Creek 
t o  t h e  Maclaren River .  

Location 18:  Cha lcopyr i t e  and b o r n i t e  occur  f o r  s e v e r a l  
hundred f e e t  along a s t e e p  n o r t h  v a l l e y  wa l l  i n  widely  s e p a r a t e d  un- 
o r i e n t e d  f r a c t u r e s  i n  b a s a l t i c  g reens tone .  Minor d i s semina t ion  of 
s u l f i d e  occurs  i n  t h e  v o l c a n i c s  c l o s e  t o  some of t h e  f r a c t u r e s ,  b u t  
t h e  combination of f r a c t u r e  m i n e r a l i z a t i o n  and d i s semina t ion  i s  no t  
s u f f i c i e n t  t o  be of economic s i g n i f i c a n c e  a t  any p l a c e  a long t h e  zone. 

Location 19:  Minor amounts of minera l ized  f ragments  i n  t h e  
t a l u s  con ta in ing  b o r n i t e  , c h a l c o p y r i t e ,  and c h a l c o c i t e  a s s o c i a t e d  wi th  
q u a r t z  and ep ido te  occur  near  t h e  base  of the  sou th  v a l l e y  w a l l .  The 
rock type  i n  the  a r e a  i s  greens tone  c u t  by hornblende d i o r i t e .  The 



mineralized fragments probably represent  small pods of quar tz  and epi-  
dote  with copper minera ls  i n  the  volcanics.  

Locations 20 & 2 1 :  Metal occurrences i n  t h e  mountains south 
of Butte Creek. Talus  i n  t h e  drainages examined on t h e  south s ide  of 
t h e  mountains ( l o c a t i o n  2 0 )  revealed minor amounts of malachite and 
a z u r i t e  associated with quar t z  and epidote  i n  the  volcanics .  These 
probably represent  small spa r se ly  mineralized d e p o s i t s  s imi la r  t o  the  
ones between the  Sus i tna  and Maclaren Rivers. 

A depos i t  of magnetite ( loca t ion  2 1 )  i s  revealed by rus ty  
colored i ron  s t a i n i n g  and associa ted  blaclc co lo r  a t  an e l eva t ion  of 
4,300 f e e t  along the  nor th  wa l l  of a drainage. The occurrence l i e s  
along the  f a u l t e d  con tac t  between interbedded a r g i l l i t e  and limestone 
t o  t h e  west and a zone of amphibolite c u t  by b a s i c  dike rocks t o  the  
e a s t .  The amphibolite rnighk represent  a  zone of con tac t  metamorphism. 
S t r u c t u r a l l y ,  the showing occurs  on the s t eep  sou theas te r ly  dipping 
limb of a complexly f a u l t e d  nor theas te r ly  s t r i k i n g  a n t i c l i n e .  The 
a n t i c l i n e  plunges t o  t h e  southwest. The magnetite zone, which appears 
t o  have a  n o r t h e a s t e r l y  s t r i k e ,  i s  only seen i n  t a l u s ,  so  i t s  ex ten t  
and geological  occurrence i s  no t  c e r t a i n .  I t  could rep resen t  a  re-  

. placed sedimentary bed o r  poss ib ly  a segregat ion assoc ia ted  with the  
amphibolite. A r u s t y  colored  zone of carbonate veining (N 20° E ,  
v e r t i c a l )  with f i n e l y  disseminated l i g h t  green secondary copper min- 
e r a l s  c u t s  the  amphibolite.  I t  assayed l e s s  than 0.1 p e r  cent  Cu, 
This  carbonate zone, which may represent  a  f a u l t ,  can be t raced  f o r  
over 100 f e e t  before  it i s  covered by vegeta t ion  t o  t h e  northwest and 
t a l u s  t o  the  southeas t .  

A more extens ive  nor theas te r ly  s t r i k i n g  r u s t y  i ron-stained 
zone was spot ted by ground and airborne reconnaissaince high up on t h e  
nor th  s i d e  of a  northwest t rending  drainage approximately one-half 
mile t o  the  nor theas t  of t h e  magnetite occurrence. I t  appears t o  f o l -  
low a  nor theas te r ly  s t r i k i n g  southeas ter ly  dipping sedimentary bed, 
poss ib ly  a  limestone. Acidic i n t r u s i v e  rocks occur a  s h o r t  d is tance  
t o  the west, This  s t a i n e d  zone was not  examined on t h e  grouna. 

GEOCHEMICAL SURVEY 

A drainage geochemical survey was conducted throughout the  
map a rea  by f i e l d  a s s i s t a n t  John Pat terson of t h e  Universi ty  of Alaska. 
Stream sediments were t e s t e d  i n  the  f i e l d  and i n  t h e  labora tory  by the  
Universi ty  of Alaska method (14ukher jee and Mark Anthony, 1957 ) . I t  
should be noted, however, t h a t  most of the  anomalies shown were de tec ted  
a t  pH2; only anomalies 47, 60, and 62 were de tec ted  i n  the  pH range 



of 5 t o  6 ,  The s t r o n g e r  anomalies and t h e i r  p robab le  cause ,  where 
e v i d e n t ,  a r e  l i s t e d  below. 

134) A 25x background reading was recorded  a t  pH2. 
135) A +25x background reading was recorded a t  pH2. Both of  

t h e s e  s t reams  d r a i n  copper showing #8 .  
70) A +25x background reading was recorded a t  pH2. This 

s t ream d r a i n s  mineral ized a r e a  12 ,  and t h e  anomaly i s  
probably  due t o  anomalous copper a s s o c i a t e d  wi th  t he  
s t a i n i n g  i n  t h e  a r ea .  

102)  A +21x background reading was recorded a t  pH2. The 
cause  of t h e  anomaly i s  n o t  known. 

6 0 )  A 20x background reading was recorded a t  pH5. This  
sample was taken a t  minera l ized  l o c a t i o n  #13. 

47) A 20x background reading was recorded  a t  pH5, The 
s t ream d r a i n s  an a r ea  of a r g i l l i t e  c u t  by numerous 
q u a r t z  and carbonate  v e i n l e t s  (mine ra l i zed  a r e a  1 4 ) ,  
b u t  no d e f i n i t e  cause i s  known f o r  t h e  anomaly. 

32) A +25x background reading was recorded a t  pH2. This  
s t ream d r a i n s  Lo the KM copper p r o s p e c t  (minera l ized  
a r e a  1 7 ) .  

78) A 12x background reading was recorded  a t  pH2. This  
s t ream d r a i n s  mineral ized a r e a  10 ,  and t h e  anomaly i s  
probably  caused by copper. 

SUGGESTIONS FOR PROSPECTING 

The numerous copper occurrences  i n  t h e  v o l c a n i c  b e l t  p o i n t  
t o  the p o s s i b i l i t y  of an o r i g i n a l  anomalously h igh  t r a c e  element con- 
t e n t  a s soc i a t ed  wi th  t h i s  rock type ,  I t  i s  p o s s i b l e  t o  exp la in  t he  
format ion of t h e  numerous showings, which i n  most c a s e s  d i s p l a y  a l a c k  
o f  s t rong  s t r u c t u r a l  c o n t r o l ,  by r econcen t r a t i on  of t h i s  o r i g i n a l  anom- 
a l o u s  copper c o n t e n t  du r ing  r e g i o n a l  metamorphism. There a r e  undoubt- 
e d l y  numerous undiscovered copper showings i n  t h e  g reens tones ,  b u t  it 
i s  doub t fu l  i f  t hey  w i l l  exceed the  s i z e  and t e n o r  o f  t h e  known ones 
u n l e s s  c o n t r o l l e d  by a s t r o n g  s t r u c t u r e .  The beds  o f  l imestone,  which 
l i e  along t h e  c o n t a c t  zone between t h e  vo lcan ic  and sedimentary b e l t s  
o f f e r  a favorab le  s t r a t i g r a p h i c  c o n t r o l  f o r  m i n e r a l i z a t i o n .  The con- 
tac t  zone between t h e  l imes tones  and t h e  v o l c a n i c s  i s  an a t t r a c t i v e  
e x p l o r a t i o n  p o s s i b i l i t y  f o r  massive replacement t ype  d e p o s i t s  of cop- 
p e r  de r ived  from t h e  v o l c a n i c s ,  al though no d e p o s i t  of  t h i s  type i s  
known t o  occur i n  t h e  r eg ion .  Most of t h e  l imes tone-volcan ic  c o n t a c t  
zone i s  e i t h e r  under overburden o r  i n  h igh  i n a c c e s s i b l e  a r e a s ,  
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the  con tac t  zone between the a r g i l l i t e  and volcanic  b e l t s  would be a 
p r a c t i c a l  method of prospecting f o r  p o s s i b l e  undiscovered outcropping 
massive s u l f i d e  replacement type minera l i za t ion  i n  the l imestones.  
Special  a t t e n t i o n  should be given t o  a reas  where i n t r u s i v e s  c u t  the  
sediments and volcanics .  The mountains south of Butte Creek, the  a rea  
between Windy Creek and South Pass Creek, t h e  a rea  nor theas t  of t h e  
junction between Coal and Clearwater Creeks, and the area  north-norrh- 
west of t h e  Maclaren prospect  a l l  con ta in  a c i d i c  stocks i n  proximi-ty to 
limy sediments. 

Following i s  a l i s t  of s p e c i f i c  mineral ized-al tered a r e a s  
and geochemical anomalies t h a t  appear t o  warrant  fu r the r  explora t ion:  

1. The r u s t y  colored s t a i n e d  zone a t  l o c a l i t y  2 1  i n  the  
mounkains south of Butte  Creek should be examined and 
sampled. The magneti-te zone approximately one-half mile 
t o  the  south could probably be t raced  out  by a ground 
magnetometer survey using a reconnaissance type instrument.  

2. There i s  some p o s s i b i l i t y  f o r  copper occurrences i n  the  
l imestones t o  the  northwest of  the  mineralized shear  on 
t h e  Grea thous  claiins ( l o c a l i t y  3 ) .  The area  where t h e  
p ro jec t ions  of the  l imestone bed and the shears  i n t e r -  
s e c t  i s  covered by overburden. A s o i l  geochemical study 
would be an inexpensive way t o  prospect  t h i s  overburden- 
covered area.  

3. Loca l i ty  8 i n  the  South Pass Creek area  should be trenched. 
The limestone i n  the  a r e a  should be c a r e f u l l y  prospected 
f o r  the p o s s i b i l i t y  of f u r t h e r  minera l iza t ion .  

4. The numerous and extens ive  rusty-colored s t a ined  a reas  t o  
t h e  nor theas t  of Coal and Clearwater Creeks and along 
t h e  west s ide  of t h e  West Fork of t h e  Maclaren should be 
examined and sampled i n  d e t a i l .  The colored zones v i s iked  
i n  the  Clearwater a rea  a l l  appear t o  be caused by a n k e r i t e  
and p y r i t e ,  bu t  many of them were inaccess ib le  by f o o t .  
The s t a ined  zone a t  l o c a l i t y  1 2  should be c l o s e l y  exam- 
ined t o  f u r t h e r  study and d e l i n e a t e  the molybdenite and 
chalcopyr i te  found i n  t h e  t a l u s .  A he l i cop te r  would be 
extremely usefu l  i n  t h i s  work. 

5. The source of the  magnetite and copper hearing f l o a t  i n  
.the drainage a t  l o c a l i t y  11 should be prospected f o r .  



6.  Fu r the r  p rospec t ing  i s  warranted around l o c a l i t y  1 3 .  A 
s o i l  geochemical survey would be  an inexpensive method 
t o  exp lo re  t h e  overburden-covered a r e a s  t o  the  nor th  and 
sou th .  

7 .  I t  i s  p o s s i b l e  t h a t  the  KM v e i n  m i n e r a l i z t i o n  i s  of suf -  
f i c i e n t  s t r e n g t h  t o  show up a s  an e l e c t r i c a l  conductor 
i n  a ground e lec t romaqnet ic  survey.  I f  t h i s  can be 
a s c e r t a i n e d  by a t e s t  survey,  ground EM would be a r e l -  
a t i v e l y  inexpensive and e f f e c t i v e  method t o  prospec t  t h e  
covered a r e a s  around t h e  KM p r o s p e c t  f o r  con t inua t ion  of 
t h e  Icnown v e i n  o r  f o r  p o s s i b l e  a d d i t i o n a l  covered min- 
e r a l i z e d  zones,  

8. Geochemical anomalies 4 7  and 102 a long the  \Vest Fork of 
t h e  bhc l a ren  River and anomaly 70 ,  which occurs  on one 
of  t h e  sou th  t rending  s t reams d r a i n i n g  a r e a  1 2 ,  should 
be i n v e s t i g a t e d  f u r t h e r .  





Loca-;ions : 

PD-;.iC-7, 2:: mi les  mJ of K.1 prospeck ( l o c a t i o n  1 7 ) .  

PD-I'.lC-3, 2 3/4 mi l e s  ;fil of I Z I 1  p r o s p e c t  ( l o c a t i o n  17 ) . 
PD-16, 2 r,i.iles west of Raft Creek, '1 mi l e  nor-th of Denali  Hightiay 

( m i l e  7 0 ) .  

PD-19, On Raf t  Creel:, 1 mile  no r th  of  Denal i  Highway (mi l e  G 8 ) .  

PD-25, Near head of wesib- ibu- tary  of  R a f t  Creek. 

PD-50, North s i d e  of Viindy Creek, due south of Eldorado Creek. 

PD-150, E a s t  s i d e  of V7es.i; Fork oi ?.laclaren River 1 mile  northwesc of 
l o c a t i o n  11. 

PD-151, E a s t  s i d e  of P7e.s-t Fork of iwlaclaren River near  l o c a t i o n  11. 

PD-162, Near head of Eldorado Creek. 

PD-169, 1% m i l e s  e a s t  of PD-162 .  

PD-135, North shore  of Roosevclt  Lake. 

PD-223, North s i d e  of Timberl ine Creek, 

PD-208, Dilce rock a t  l o c a t i o n  8. 

PD-241, South of But te  Creel; near  l o c a t i o n  2 1 .  
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