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STUDIES RELATED T O  WILDERNESS 

Under t h e  provisions o f  t h e  Wilderness A c t  (Public Law 
88-577, September  3, 1964) a n d  t h e  Joint  Conference  R e p o r t  
on  S e n a t e  Bill 4, 8 8 t h  Congress ,  t h e  U.S. Geological  Survey 
and  t h e  U.S. Bureau of Mines h a v e  been conduct ing minera l  
surveys  of wilderness  and  pr imit ive areas .  Areas  off ic ia l ly  
designated as t+iilderness,l' t+ild," o r  "canoet1 when t h e  act 
w a s  passed w e r e  incorpora ted  i n t o  t h e  Nat ional  Wilderness 
Preserva t ion  Sys tem,  and  s o m e  of  t h e m  a r e  present ly  being 
studied. The act provided t h a t  a r e a s  under  considerat ion for  
wilderness  designat ion should b e  s tudied for  sui tabi l i ty  for  
incorporat ion i n t o  t h e  Wilderness System. The minera l  
surveys  c o n s t i t u t e  o n e  a s p e c t  of t h e  sui tabi l i ty  s tudies .  The 
act d i r e c t s  t h a t  t h e  resu l t s  of  such  surveys  a r e  to b e  m a d e  
avai lable  to t h e  publ ic  and  b e  submi t ted  to t h e  Pres ident  
and t h e  Congress. This repor t  discusses  t h e  resu l t s  of  a 
mineral  and  geothermal  survey of  t h e  Mount Hood 
Wilderness, Mount Hood Nat ional  Forest ,  Clackamas  and 
Hood River  Count ies ,  Oregon. The  a r e a  w a s  establ ished as a 
Pr imi t ive  A r e a  i n  1931, a n d  reclassif ied as a wilderness  on  
June  27, 1940. 
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SUMMARY 

The poten t ia l  for  near-surface mineral  resources  in t h e  
Mount Hood Wilderness i s  low.  Geochemica l  d a t a  sugges t  
t w o  a r e a s  of w e a k  e p i t h e r m a l  mineral izat ion in t h e  Zigzag 
Mountain p a r t  of  t h e  w i l d e r n e s s  (1) t h e  Lost  Creek-Burnt  
Lake-Cast  Creek-Short  C r e e k  a r e a  on t h e  nor th  s i d e  of 
Zigzag Mountain w h e r e  vein-type lead-zinc-silver 
mineral izat ion occurs  and  (2) t h e  Lady Creek-Laurel  Hill 
a r e a  o n  t h e  south s i d e  of  Zigzag Mountain w h e r e  t h e  upper  
p a r t  of a q u a r t z  d ior i te  pluton has  assoc ia ted  propyl i t ic  
a l t e r a t i o n  resul t ing in s o m e  porphyry-type copper ,  gold, 
s i lver ,  l ead ,  and z i n c  mineral izat ion.  

Geothermal - resource  poten t ia l  for  low- to in te rmedia te -  
t e m p e r a t u r e  (less than  248"F, 120°C) hot-water  s y s t e m s  in 
t h e  wilderness  i s  m o d e r a t e  to high. P a r t  of t h e  wilderness  i s  
c lass i f ied as a Known Geothermal  Resources  Area  (KGRA), 
and t w o  p a r t s  h a v e  been included in geothermal  l e a s e  a reas .  

Rock and  grave l  sources  a r e  present  within t h e  
wilderness;  however ,  quant i t ies  of s imi la r  and m o r e  
access ib le  depos i t s  a r e  avai lable  outs ide t h e  wilderness .  
Deposi ts  ou ts ide  t h e  wi lderness  a r e  l a r g e  enough t o  supply 
local  demand in t h e  foreseeable  fu ture .  

INTRODUCTION 

During t h e  s u m m e r  of 1979 t h e  U.S. Geological  Survey 
and  U.S. Bureau of  Mines conducted  f ie ld  invest igat ions t o  
e v a l u a t e  t h e  mineral-resource poten t ia l  of  t h e  Mount Hood 
Wilderness. Geologic  mapping, geochemica l  sampling,  
geophysical  surveys,  and  a s tudy  of known prospects ,  c la ims ,  
mineral ized a reas ,  and explora tory  g e o t h e r m a l  dr i l l  holes  
w e r e  included in  t h e  field invest igat ions (Kei th  and o t h e r s ,  
1980, 1982a, 1982b; Robison and  o thers ,  1982; Williams and  
Kei th ,  1982). 

IU.S. Geological  Survey 
2U.S. Bureau of  Mines 
3 U s e  of  t r a d e  n a m e s  in  t h i s  r e p o r t  i s  for  descr ip t ive  

purposes  only and  d o e s  n o t  imply endorsement  by 
t h e  U.S. Geological  Survey o r  t h e  U.S Bureau of Mines. 

F o r t y  samples  w e r e  assayed for  gold, silver, copper ,  
lead,  and z i n c  (J. D. Causey,  unpub. U.S. Bureau of Mines 
f i le  repor t ,  1981). The  s a m p l e s  w e r e  a l so  ana lyzed  for  40 
e l e m e n t s  by semiquant i ta t ive  spectrography.  An addi t ional  
45 panned samples  w e r e  run over  a Wilfley3 tab le  and  t h e  
c o n c e n t r a t e s  ana lyzed  for  gold and silver. The  resu l t s  a r e  
on  f i l e  a t  t h e  U.S. Bureau of Mines Western Field Opera t ions  
C e n t e r ,  Spokane, WA 99202. 

Geochemica l  samples  to ta l ing  57 s t r e a m  sediments ,  6 9  
panned concent ra tes ,  12 unal tered rocks, and  26 a l t e r e d  
rocks  w e r e  co l lec ted  a t  s e l e c t e d  s i tes ,  and se lec ted  samples  
w e r e  ana lyzed  by semiquant i ta t ive  emission spec t rography 
for  30  e lements .  Thir ty- two s t r e a m  sediment  and  4 a l t e r e d  
rock samples  w e r e  analyzed for  uranium by f l u o r o m e t r i c  
determinat ions.  Se lec ted  a l t e r e d  rock samples  w e r e  
analyzed for  gold, copper ,  an t imony,  mercury ,  and a r s e n i c  
by more  prec ise  methods. C o m p l e t e  ana ly t ica l  d a t a  i s  l is ted 
in  Kei th  and o t h e r s  (1980). 

Locat ion and geographic  s e t t i n g  

The Mount Hood Wilderness, approximate ly  50 mi (80 
km) east of Port land,  Oregon (fig. I ) ,  consis ts  of a b o u t  
47,100 a c r e s  (19,061 ha). S i tua ted  within t h e  Mount Hood 
Nat iona l  Fores t ,  t h e  wilderness  includes p a r t s  of C l a c k a m a s  
and Hood River Counties. Mount Hood, t h e  highest  peak in 
Oregon a t  11,234 f t  (3,425 m), i s  a Quaternary  volcano in 
t h e  c e n t r a l  p a r t  of t h e  wilderness. 

The  east s ide  of t h e  wilderness  i s  bounded by Bluegrass 
Ridge wi th  a maximum elevat ion of 5,608 f t  (1,709 m). 
Zigzag Mountain, a n  eas t -wes t  t rending r idge reaching  a n  
e leva t ion  of 4,971 f t  (1,515 rn), makes  up t h e  w e s t e r n  p a r t  
of t h e  wilderness. 

The te r ra in  i s  mountainous w i t h  steep-w al led canyons 
heading a t  g lac ie rs  on  Mount Hood and  c i rques  on Zigzag 
Mountain. Dense lava f lows in te r layered  w i t h  easi ly  e roded  
volcanic  d e b r i s  and pyroc las t ic  layers  resu l t  in numerous  
water fa l l s ,  cascades ,  and cold-water  spr ings in t h e  
wilderness. Dense f o r e s t  vege ta t ion  c o v e r s  t h e  te r ra in  to 
t imber l ine  at  a n  a l t i t u d e  of 6,000 f t  (1,829 m)  on Mount 
Hood, above  which t h e  volcano r i ses  near ly  bar ren  of 
vegeta t ion  because  of wind and i c e  as w e l l  as unstable  
recent ly  deposi ted volcanic  mater ia l .  Lush undergrowth 
c o v e r s  t h e  fores t  floor in rnost of t h e  wilderness  below 
t imber l ine  because  of t h e  high prec ip i ta t ion  during most  of 
t h e  year. 

South and east of t h e  wilderness  a r e  U.S. Highway 26 
and  Oregon S t a t e  Highway 35, respec t ive ly  (Fig. I ) .  
Timberl ine and  Mount Hood Meadows ski  r e s o r t s  a b u t  t h e  
wi lderness  on t h e  south s lope of Mount Hood. Most of t h e  
nor th  s ide  i s  access ib le  f r o m  U.S. Fores t  Serv ice  spur  roads  
off  of t h e  Lo10 Pass road (F. S .  Road N-12) or  t h e  Cloud C a p  
road (F. S .  Road S-12) ( m a p  sheet) .  Numerous  foot t ra i ls ,  
including par t  of t h e  P a c i i i c  C r e s t  Tra i  
through t h e  wilderness. 
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Geologic  Se t t ing  

The Mount Hood Wilderness is l o c a t e d  a long  the crest 
of  t h e  High C a s c a d e  Range,  which e x t e n d s  f rom nor thern  
Cal i fornia  t o  British Columbia. The High C a s c a d e  Range  i s  
c h a r a c t e r i z e d  by Ple i s tocene  and  Holocene volcanic  
ac t iv i ty ,  t h e  major  topographic  f e a t u r e s  of which  a r e  la rge ,  
predominant ly  andes i t ic  s t ra tovolcanoes  and numerous  
smal le r  volcanoes and c inder  cones. These volcanic  rocks  
w e r e  ex t ruded  o n t o  a paral le l ,  e roded  r a n g e  of  older  
Cenozoic ,  dominant ly  a n d e s i t i c  volcanoes t h a t  a r e  present ly  
r e f e r r e d  to as t h e  w e s t e r n  Cascade  Range. Mount Hood i s  
o n e  o f  t h e  large,  dominant ly  andes i t ic  s t ra tovolcanoes  a n d  is 
considered a c t i v e  because  o f  repor ted  ash  e v e n t s  i n  1859 
a n d  1865 and  because  fumaroles  a r e  a c t i v e  in  t h e  200- t o  
300-year-old v e n t  and  d o m e  a r e a  (Cra te r  Rock). 

Zigzag Mountain, which  c o n s t i t u t e s  t h e  w e s t e r n  p a r t  of 
t h e  wilderness ,  i s  composed of l a v a  f lows and  pyroc las t ic  
rocks  e rupted  prior to t h e  building of Mount Hood volcano 
and i s  considered to  b e  p a r t  o f  t h e  w e s t e r n  C a s c a d e  Range. 
East-northeast-  and  north-northwest-trending regional  
s t r u c t u r a l  p a t t e r n s  a r e  present  in t h e  rocks of Zigzag 
Mountain. 

Mining Act iv i ty  

There  is no  mining ac t iv i ty  in t h e  wilderness  a t  
present. The  l a s t  indicat ion of  any  prospect ing a c t i v i t y  
wi th in  t h e  wilderness  w a s  a c la im s t a k e d  in Lost  Creek  in 
1948. On Laurel  Hill, 0.6 m i  (1 km) south  of t h e  wilderness ,  
two c la ims  w e r e  s t a k e d  in 1966. No mining i s  known t o  
h a v e  occurred  in t h e s e  a reas .  

Several  rock and  gravel  sources  a r e  being o r  h a v e  been 
mined around t h e  e d g e  o f  t h e  wilderness. The rock is used 
in road construct ion and  repair. A grave l  p i t  on  t h e  White 
River ,  on  t h e  lower  south  flank of Mount Hood, i s  present ly  
being used. 

G e o t h e r m a l  Invest igat ions 

Beginning in  1976, geothermal  t e m p e r a t u r e  grad ien t  
and explorat ion holes  w e r e  drilled n e a r  t h e  nor thern  and  
southern  boundaries  of  t h e  wilderness. The drilling w a s  
f inanced by t h e  U.S. D e p a r t m e n t  of Energy, U.S. Geological  
Survey, Oregon D e p a r t m e n t  of Geology and Mineral 
Industries, and Nor thwes t  G e o t h e r m a l  Corporat ion.  

Approximately 19,730 a c r e s  (7,985 ha)  w e r e  leased  for  
g e o t h e r m a l  resources  in t h e  Old Maid F la t ,  Timberl ine 
Lodge, a n d  Bluegrass  Ridge a reas ,  including a b o u t  9,600 
acres (3,885 ha)  in  t h e  wilderness. Exploratory drilling has  
been done  a d j a c e n t  to t h e  wilderness. The two d e e p e s t  
g e o t h e r m a l  explorat ion holes  drilled w e s t  of Mount Hood 
w e r e  Old h4aid F l a t  1 (OMF 1; t a b l e  1, no. 81, which reached  
a t e m p e r a t u r e  of  180°F (82°C) a t  a d e p t h  of 4,003 f t  (1,220 
m), and Old Maid F l a t  7A (OMF 7A; Table  I ,  no. 7), which  
reached  a t e m p e r a t u r e  of 235°F ( I  13°C) a t  a d e p t h  of 6,028 
f t  (1,838 m) (fig. 2; m a p  sheet). Both had poor permeabi l i ty  
and  yielded inadequate  quant i t ies  of hot  w a t e r  for a 
g e o t h e r m a l  resource.  The  4,003 f t  (1,220 m) Pucci  drill hole  
(Table  I ,  no. 18) on t h e  south flank of Mount Hood jus t  
ou ts ide  t h e  wilderness  reached  a t e m p e r a t u r e  of 170°F 
(76.7"C) at a d e p t h  of 3,706 f t  (1,130 m). The wel l  w a s  
t e s t e d  br ief ly  in s u m m e r  1981 and yielded 110 gallons per  
minute  of w a t e r ;  t h e  a r e a  may b e  considered for  product ion 
of h o t  w a t e r  for  s p a c e  hea t ing  o f  t h e  new Timberl ine Day 
Lodge. Approximately 8,960 a c r e s  (3,626 h a )  wi th in  t h e  
wi lderness  have  been dec lared  a KGRA by t h e  U.S. 
Geological  Survey (Oregon Geothermal  Resources  Minutes  
No. 4: Minutes  of  t h e  Mineral Lands Classif icat ion Board. 
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MOTICE 

GEOLOGY, GEOCHEMISTRY, A N D  GEOPHYSICS 
PERTAINING T O  MINERAL A N D  GEOTHERMAL 

RESOURCE ASSESSMENT 

The geology of t h e  a r e a  including tt '? Mount Hood 
Wilderness w a s  mapped by Wise (1969); Holocene volcanic  
ac t iv i ty  and assoc ia ted  mudflow and pyroc las t ic  depos i t s  of 
Mount Hood volcano w e r e  descr ibed by Crandel l  (1980). The 
U.S. Geological  Survey modified t h e  previous mapping and 
did addi t ional  mapping, par t icular ly  on Zigzag Mountain 
(Keith and others ,  1982b). 

All r o c k s  exposed in t h e  wi lderness  a r e  of volcanic  
origin and  a r e  of  Ter t ia ry  and Quaternary  age.  The o ldes t  
rocks  a r e  upper Miocene volcaniclast ic  rocks  and  andes i t ic  
lava  f lows of t h e  Rhododendron Formation.  Rocks of t h e  
Rhododendron Formation a r e  propylitically a l t e r e d  at t h e  
c o n t a c t  z o n e  w i t h  t h e  relat ively younger q u a r t z  d ior i te  of 
Laure l  Hill, and in t h e  vicini ty  of Lost  Creek-Cas t  
Creek-Short  C r e e k  and Burnt Lake  w h e r e  thin, discont inuous 
sulfide-bearing q u a r t z  veins  and f a u l t s  w e r e  found (Kei th  
and others ,  1982a). Zeol i t izat ion of volcaniclast ic  layers  in . 
t h e  Rhododendron Format ion  is  widespread.  

b 

The q u a r t z  d ior i te  intrusion of Laure l  Hill a lso c rops  
o u t  jus t  ou ts ide  t h e  southwes t  boundary of t h e  wilderness. 
Potassium-argon de termina t ions  on  t h e  age of t h e  intrusion 
a r e  confl ic t ing (11 my.,  Wise, 1969; 8 m.y., Bickerman,  
1970), b u t  t h e  major  t i m e  of intrusion w a s  probably during 
l a t e  Miocene. Intrusive rocks  have  been encountered  in 
severa l  geothermal  dr i l l  holes  (Oregon D e p a r t m e n t  of 
Geology and  Mineral Industries, 1980; H. J. Meyer, o ra l  
cornmum., 1980; J. W. Hook, ora l  commun., 1980), indicat ing 
t h a t  t h e  Laurel Hill pluton may be  p a r t  of a n  in t ru i ive  
complex  and is more  ex tens ive  than s u r f a c e  outcl;ops 
suggest .  The q u a r t z  d ior i te  of Laure l  Hill i s  propylitically 
a l t e r e d ,  and a t  t h e  c o n t a c t  zone  w i t h  t h e  Rhododendron 
Format ion  both uni t s  a r e  highly f r a c t u r e d  and  propylitically 
a l t e r e d  (Kei th  a n d  o thers ,  1982a). 

j 

R e m n a n t s  of severa l  locally propylitically a l t e r e d  plugs 
exposed in t h e  vicini ty  of Zigzag Mountain (Wise, 1969; 
Kei th  and others ,  1982b) a r e  apparent ly  f e e d e r  v e n t s  for  
upper Miocene andes i te  flows which over l ie  t h e  
Rhododendron Formation.  The sources  for  upper  'Miocene 
andes i te  lava f l m s  on  t h e  east s ide  of Mount Hood volcano 
may be  to t h e  north (out  of t h e  m a p  area) .  In general ,  upper  
Miocene andes i te  flows in t h e  wilderness  a r e  f rac tured ,  
fau l ted ,  broadly folded,  and  in most  places  at  l e a s t  s l ight ly  
a l te red .  

Deformat ion  t h a t  accompanied  t h e  intrusion of t h e  
q u a r t z  d ior i te  pluton of Laurel  Hill and t h e  subsequent  
extrusion of t h e  upper Miocene a n d e s i t e  lava f lows subsided 
by Pl iocene  t ime.  Pl iocene a n d e s i t e  lava f lows  w e r e  s h a l l  
and poured o u t  of severa l  c e n t e r s  t h a t  present ly  c r o p  o u t  
around Mount Hood volcano. The Pl iocene a n d e s i t e s '  a r e  
general ly  n o t  f r a c t u r e d  and a l t e r e d  as a r e  t h e  underlying 
andes i tes  of l a t e  Miocene age.  

' 

The Sandy Glacier  volcano of P le i s tocene  a g e  (Kei th  
and others ,  1982b) is exposed on t h e  w e s t  s ide  of Mount e 

Hood w h e r e  i t  has  been par t ly  eroded by glaciat ion.  
R e m n a n t s  of t h e  well-developed c o n e  a r e  composed of . 
basa l t  and andes i te  flows t h a t  d ip  east and southeas t  under  
Mount Hood. Aeromagnet ic  s tud ies  ind ica te  t h a t  o t h e r  
P le i s tocene  volcanoes may h a v e  been buried by t h e  Mount 
Hood volcano (Flanagan and Williams, 1982); 

The lava f l w s  forming  t h e  c o n e  of Mount Hood volcano  
a l l  h a v e  normal  r e m a n e n t  magnet i sm so f a r  as i s  known; 
therefore ,  cons t ruc t ion  of t h e  present  c o n e  i s  considered to 
have  begun less  than  730,000 y e a r s  B.P., t h e  beginning of 
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t h e  l a t e s t  t i m e  of normal  m a g n e t i c  polar i ty  (Mankinen and  
Dalrymple,  1979). Andesi t ic  l a v a  flows f rom Mount Hood 
volcano poured o u t  over  t h e  o lder  volcanic  rocks, a n d  a huge 
c o n e  grew to a t  least t h e  present  height ,  and  probably 
higher  by a b o u t  29,000 y e a r s  a g o  (Crandell, 1980). Three  
s izable  s a t e l l i t e  v e n t s  on  t h e  nor th  flank of  Mount Hood 
erupted  a f t e r  t h e  Mount Hood c o n e  began building up, b u t  
prior to t h e  end of Fraser  Glaciat ion,  a b o u t  15,000 y e a r s  
B.P. Three  major  postglacial  e rupt ive  periods w e r e  
charac te r ized  by pyroc las t ic  e rupt ions  of  hornblende dac i te ,  
mudflows, and  a hornblende d a c i t e  d o m e  extrusion 
(Crandell, 1980). Fumarol ic  a c t i v i t y  has  been cont inuous 
around t h e  youngest  (200-300 years)  d o m e  (Cra te r  Rock) 
s i n c e  emplacement .  Minor e rupt ive  a c t i v i t y  w a s  repor ted  in  
1859 and  1865 (Crandell, 1980) and  may h a v e  deposi ted local  
t h i n  ash  layers  on t h e  s lopes of Mount Hood. 

The genera l  eas t -nor theas t  and north-northwest  
s t r u c t u r a l  p a t t e r n  in  t h e  Mount Hood a r e a ,  especial ly  in  t h e  
upper  Miocene rocks  of t h e  Zigzag Mountain a r e a ,  i s  typ ica l  
of  t h e  C a s c a d e  Range  (Venkatakrishnan 'and o t h e r s ,  1980). 
(XI t h e  southwes t  f lank of Mount Hood, a f a u l t  z o n e  t rending 
N. 45" W. dips s teeply  t o  t h e  northeast .  A paral le l  in fer red  
f a u l t  z o n e  along Lost  C r e e k  i s  buried benea th  block and  ash  
m a t e r i a l  f rom Mount Hood volcano and i s  assoc ia ted  w i t h  
sulfide-bearing q u a r t z  veins  and propyl i t ic  a l t e r a t i o n  in  t h e  
andes i t ic  lava-f lows of l a t e  Miocene age. 

Vein-type e p i t h e r m a l  mineral izat ion occurs  in t h e  
Rhododendron Format ion  in t h e  Lost  Creek-Burnt 
Lake-Short Creek-Cas t  C r e e k  a r e a  on t h e  nor th  s i d e  of 
Zigzag Mountain (Kei th  and  o thers ,  1982a; J. D. Causey,  
unpublished U.S. Bureau of Mines f i le  repor t ,  1981). Q u a r t z  
veins  in s teeply  dipping s h e a r  zones  w e r e  emplaced  along 
w i t h  sulf ides  a t  t h e  end of shear ing  ac t iv i ty .  I r regular ,  
discont inuous veins  a r e  genera l ly  n o t  m o r e  than  o n e  inch 
wide. Propyl i t ic  a l t e r a t i o n  w i t h  chlor i te ,  i l l i te ,  c a l c i t e ,  
l aumont i te ,  prehni te ,  and h e m a t i t e  has  pervaded t h e  
a n d e s i t e  lava flows t h a t  hos t  t h e  q u a r t z  veins. The 
north-northw est- t rending q u a r t z  veins  conta in  sparse  
a m o u n t s  of galena,  spha ler i te ,  chalcopyri te ,  and pyr i te  
(Beeson and o thers ,  1980) suf f ic ien t  to show anomalous 
concent ra t ions  of s i lver ,  l ead ,  z inc,  and a r s e n i c  in t h e  
geochemica l  sampling. East-northeast ,  s teep ly  dipping 
normal  fau l t s  t h a t  c u t  t h e  r idges be tween Lost Creek  and 
Horseshoe C r e e k  a r e  filled w i t h  quar tz -  and  
pyri te-cemented brecc ia  and abundant  w e a t h e r e d  iron 
hydroxide. 

The  dra inage  of  Lady C r e e k  on  t h e  south s ide  of Zigzag 
Mountain also has  anomalous  concent ra t ions  of  lead ,  z inc ,  
and  s i lver  in geochemica l  samples. The q u a r t z  d ior i te  of 
Laurel  Hill c rops  o u t  a t  t h e  south end of Lady C r e e k  jus t  
ou ts ide  t h e  wilderness  b u t  probably, underl ies  t h e  . Lady 
C r e e k  dra inage  in t h e  wilderness. Subvert ical ,  d iscont inuous 
mineral ized veins  a t  t h e  w e s t  c o n t a c t  zone .  of t h e  q u a r t z  
d i o r i t e  pluton conta in  anomalous concent ra t ions  of gold, 
a rsen ic ,  and copper  in addi t ion to lead; z inc,  and s i lver .  

Rocks of  t h e  s u m m i t  and c r a t e r  a r e a  of. Mount 'Hood 
volcano have  been ' extensively.  a l t e r e d  by "fumarol ic  
ac t iv i ty .  Secondary minera ls  deposi ted .by ac id  fumaroles  
include na t ive  sulfur, iron oxide, a n d ,  opal-cristobalite. 
Anomalous mercury  and boron concent ra t ions  ,.found in t h e  
s u m m i t  rocks a r e  n o t  unusual at vents  of a c t i v e  volcanoes. 

. ,  

Geophysical  d a t a  support  geological  observat ions and  
in te rpre ta t ions  in t h e  wilderness. Mount Hood volcano i s  
t h e  dominant  topographic  f e a t u r e ,  and obviously i s  t h e  
dominant  f e a t u r e  on both  t h e  a e r o m a g n e t i c  and '  t h e  Douguer 
grav i ty  maps  (Williams and Keith, 1982). Flanagan and  
Williams (1982) i n t e r p r e t  t h e  a e r o m a g n e t i c  d a t a  as 
indicat ing severa l  older ,  volcanic  cones,  s imi la r  t o  Sandy 
Glac ier  volcano, buried b e n e a t h  t h e  f lanks of Mount Hood 
volcano. 

The gravi ty  survey revea ls  t h e  presence of a dense  
in t rus ive  body w i t h  a d i a m e t e r  of 3 m i  (5  k m )  benea th  Mount 

Hood volcano (Williams and  Kei th ,  1982). The body e x t e n d s  
i n t o  t h e  ed i f ice  of  t h e  volcano w h e r e  i t  a p p e a r s  to  d e c r e a s e  
in  size to  a d i a m e t e r  of  a b o u t  0.6 mi (1 krrL Gravi ty  d a t a  
a l so  show a low over  t h e  q u a r t z  d ior i te  intr .  sion of  Laurel  
Hill and  over  Zigzag Mountain. One  in te rpre ta t ion  i s  t h a t  
t h e  pluton complex  i s  more  ex tens ive  a t  depth  than  t h e  
s u r f a c e  outcrops indicate .  This suppor ts  t h e  hypothesis  t h a t  
t h e  upper Miocene pluton complex  may b e  responsible  for  
t h e  mineral izat ion in  t h e  Zigzag Mountain a rea .  

E lec t romagnet ic  and magneto te l lur ic  surveys a r e  
in te rpre ted  by Goldstein and o t h e r s  (1982) as indicat ing 
buried intrusive bodies benea th  t h e  south and southeas t  
f lanks of Mount Hood volcano. 

The geological  se t t ing ,  geophysical  d a t a ,  and 
mineral izat ion observed a r e  typ ica l  of ep i thermal  base  and  
precious m e t a l  deposi t ion associated w i t h  Cenozoic  
andes i t ic  volcanism as descr ibed by Boyle (1 979) and Si l l i toe 
(1977, 1981). This t y p e  of mineral izat ion charac te r i s t ica l ly  
i s  re la ted  to subaerial  volcanism and i s  associated w i t h  
propyl i t ic  or  advanced argi l l ic  a l te ra t ion .  

Vein-type ep i thermal  mineral izat ion,  probably 
assoc ia ted  w i t h  nearby smal l  intrusive bodies usually of l a t e  
Miocene age,  i s  found along t h e  w e s t e r n  C a s c a d e  Range 
(Callaghan and  Buddington, 1938). In Oregon, mineral ized 
a r e a s  tend  to b e  smal l  and  general ly  not  of o r e  grade ,  
a l though a few of  t h e  larger  depos i t s  w e r e  mined on a s m a l l  
s c a l e  in  t h e  p a s t  for  gold and base  rnetals  (Cal laghan and 
Buddington, 1938). 

Porphyry deposi ts  in t h e  w e s t e r n  Cascade  Range in 
Washington and  Rri tish Columbia general ly  a r e  assoc ia ted  
wi th  apparent ly  larger ,  m o r e  deeply  e roded  plutons, many of 
w hi& conta in  depos i t s  of copper  and molybdenum; however ,  
producing mines a r e  known only in Rritish Columbia (Field 
and others ,  1974; Holl is ter ,  1978, p. 117-1221. This t y p e  of 
rnineral depos i t  occurs  throughout  t h e  Ci rcum-Paci f ic  Belt 
including British Columbia-Yukon (Canada) ,  Taiwan,  Japan,  
New Zealand,  Mexico, and Nevada (United S t a t e s )  (Boyle, 
1979; SiIIitoe, 1981). 

The Lost  Creek-Burnt  Lake-Cast  Creek-Short  C r e e k  
and t h e  Lady Creek-Laurel  Hill geochemica l  anomal ies  c a n  
be  explained by e i ther  e p i t h e r m a l  vein-type or  
porphyry-type mineral izat ion which occurs  at  t h e  upper  p a r t  
of t h e  q u a r t z  d ior i te  pluton or  pluton complex.  In fact, t h e  
mineral izat ion is probably a t  t h e  i n t e r f a c e  w h e r e  t h e  t o p  of 
a pluton f r a c t u r e d  and intruded rocks  of t h e  Rhododendron 
Format ion  resul t ing in f r a c t u r e  filling and q u a r t z  veins w i t h  
assoc ia ted  propyl i t ic  a l t e r a t i o n  and local zeol i t izat ion of 
t h e  count ry  rock. Therefore ,  t h e  two a r e a s  of geochemica l  
anomal ies  may be re la ted  t o  a buried q u a r t z  d ior i te  
intrusive coliiplex which crops out at  Laurel  Hill on t h e  
south s ide  of Zigzag Mountain and displays there  a 
porphyry-type mineral izat ion;  t h e  s a m e  intrusive complex  
may be  much deeper  .on t h e  north s ide  of t h e  mountain 
w h e r e  t h e  s u r f a c e  outcrops  have  vein- type minera l iza t ion  
because  of upward f rac tur ing  and mineral izat ion of 
overlying volcanic  rocks. 

Although t h e  Zigzag Mountain a r e a  conta ins  e p i t h e r m a l  
mineral izat ion,  t h e  a r e a s  a r e  smal l  and typical  of many 
along t h e  Western Cascades.  Mineralized veins  a r e  thin,  
short ,  and discontinuous, and  t h e  a c t u a l  abundance  of base  
and precious inetal-bear ing minera ls  i s  n o t  g r e a t .  

H e a t  for g e o t h e r m a l  energy  may be  der ived f rom a n  
intrusive body benea th  t h e  Mount Hood volcano, ident i f ied 
f rom t h e  gravi ty  survey (Williams and Kei th ,  1982). The  
a c t i v e  furnaroles  a r e  a n  obvious s u r f a c e  mani fes ta t ion  of a 
h e a t  source  a t  depth ,  as a r e  t h e  young volcanic  products. 
Outward f rom t h e  c r a t e r  a r e a  of t h e  volcano, h e a t  may 
e m a n a t e  f rom a magma c h a m b e r  t h a t  geophysical  (gravi ty)  
ev idence  ind ica tes  mushrooms outward  a t  d e p t h  (D. L. 
Williams, w r i t t e n  commun., 1982). f 
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The N. 40" W. st r iking f a u l t s  such as are along Sandy 
River  and Lost  C r e e k  may s e r v e  as bar r ie rs  f o r  l a t e r a l  
convec t ive  fluid flow and  thus  could loca l ize  a source  of  h o t  
w a t e r  (less t h a n  248"F, 120°C) f o r  geothermal  energy.  Tes ts  
o n  two holes, O M F  1 and OMF 7A (fig. 2; t a b l e  1, nos. 8 and  
7, respect ively) ,  drilled outs ide  t h e  wilderness  a d j a c e n t  to  
o n e  of  t h e  fau l t s ,  however ,  d id  n o t  h a v e  favorable  flow o f  
h o t  water .  Pucc i  dr i l l  ho le  (fig. 2; t a b l e  I ,  no. IS), which 
bot tomed at 4,003 f t  (1,220 m) in Pl iocene l a v a  flows 
(Gannet t  and  Bargar, 1981), p e n e t r a t e d  p e r m e a b l e  rock t h a t  
m a y  yield suf f ic ien t  h o t  w a t e r  for  loca l  s p a c e  heat ing.  The 
wilderness  is in  a n  area o f  high regional h e a t  flow (Blackwell 
and  Stee le ,  1979) which  could b e  a source  of  conduct ive  
geothermal  s y s t e m s  i f  rock permeabi l i ty  w a s  suf f ic ien t  to  
allow h o t  w a t e r  to move. 

MINING DISTRICTS A N D  MINERALIZED AREAS 

Lost  C r e e k  Dis t r ic t  

The only mining d is t r ic t  t h a t  includes p a r t  of t h e  
wilderness  i s  t h e  Lost  C r e e k  Distr ic t .  C l a c k a m a s  County  
records  ind ica te  t h a t  c la ims  w e r e  s taked  in the Lost  
Creek-Cas t  Creek-Short C r e e k  a r e a  in  1909. Minor a c t i v i t y  
w a s  also recorded in  1910 and 1948. No evidence  of any  
mining w a s  found, and  n o  product ion has  been recorded.  

The "Lost Creek  Lode" mentioned on  mining c la im 
locat ion not ices  probably r e f e r s  to poorly exposed,  narrow 
q u a r t z  veins  in a l te red ,  northwest- t rending f r a c t u r e s  in  
upper Miocene andes i tes  and  t u f f s  in t h e  Lost  Creek  
drainage. A few s i t e s  w e r e  found w h e r e  spha ler i te ,  .galena,  
and cha lcopyr i te  o c c u r  in t h e  q u a r t z  veins. There  IS l i t t l e  
po ten t ia l  f o r  economic  mineral  deposi ts  a long t h e s e  
northwest- t rending s t r u c t u r e s  in t he  vicini ty  of Burnt Lake.  
The veins a p p e a r  t o  b e  narrow,  i r regular ,  and  discontinuous. 

Zigzag Dis t r ic t  

The Zigzag d i s t r i c t  includes t h e  a r e a  a round Laurel  
Hill. Underlain by a n  upper  Miocene q u a r t z  d ior i te -quar tz  
monzoni te  pluton, Laurel  Hill i s  a n  a r e a  t h a t  may h a v e  low 
potent ia l  f o r  mineral  deposits. Propyl i t ic  a l t e r a t i o n  and 
assoc ia ted  copper  sulf ides  in t h e  overlying Rhododendron 
Format ion  ind ica te  a possible resource.  Because t h e  pluton 
a p p e a r s  to underl ie  t h e  Mount Hood andes i te  f lows in t h e  
wilderness ,  t h e r e  is  low poten t ia l  for  a porphyry-type copper  
depos i t  n e a r  Laurel  Hill. 

O t h e r  Areas  

The Mount Hood andes i te  flows exposed along t h e  
Ramona Fa l l s  Trai l  on  t h e  nor thwes t  f lank of Mount Hood 
conta in  smal l  a m o u n t s  of secondary copper  minerals .  
Chrysocol la  and  m a l a c h i t e  coa t ings  of  f r a c t u r e  s u r f a c e s  
w e r e  found in ta lus ,  and o n  ver t ica l  joints  in t h e  flow. While 
no  near-surface o r e  deposi t  is  known, these  minerals  
ind ica te  t h a t  a copper  deposi t  may o c c u r  at depth.  

GEOTHERMAL AREAS 

Two possible h e a t  sources  for  g e o t h e r m a l  s y s t e m s  
throughout  t h e  Mount Hood Wilderness exist: a high regional 
h e a t  flow and  a magma chamber  or  intrusive body benea th  
Mount Hood volcano. Geothermal  s y s t e m s  in t h e  wilderness  
may be  conduct ive  o r  convect ive.  

Low-tempera ture  (less t h a n  194"F, 90°C) geothermal  
s y s t e m s  occurr ing  throughout  much of  t h e  wilderness  may 
b e  a resul t  of local ized (faul t -control led)  convec t ive  
systems,  o r  of h o t  w a t e r  conduct ively h e a t e d  by high 
regional  h e a t  flow. Blackwell and S t e e l e  (1979) ident i f ied 
a n  anomalously high g e o t h e r m a l  grad ien t  and regional h e a t  
flow in t h e  a r e a  of  t h e  Uount  Hood Wilderness. However ,  
t h e  hydrologic  cyc le  of t h e  a r e a  i s  n o t  wel l  understood,  so 
t h e  d e t a i l s  of t h e  g e o t h e r m a l  s y s t e m s  a r e  n o t  y e t  known. 

The  KGRA, encompassing sec t ions  16 through 22 and  27 
through 33, T. 2 S., R. 9 E. WiUamette  Meridian, includes 
t h e  s u m m i t  a r e a  of Mount Hood volcano which h a s  
fumaroles  at t e m p e r a t u r e s  up to 194°F (90°C). An 
in te rmedia te - tempera ture  hot-w a t e r  cor, rection s y s t e m  
w i t h  a s m a l l  vapor-dominated component  ex is t s  at t h e  
f u m a r o l e  area.  Brook and o t h e r s  (1979) e s t i m a t e  a s m a l l  
reservoi t  (3 km3) w i t h  a t e m p e r a t u r e  of  251.6"F ( 1 2 2 O  C )  
- + 22°F (12°C). 

Four teen  holes  have  been dr i l led to  d e p t h s  of  f r o m  433 
to 6,208 f t  (132 t o  1,837 m) outward  f r o m  t h e  f lanks of t h e  
volcano n e a r  t h e  border of t h e  wilderness  ( tab le  I ;  Robison 
and  others, 1982). The a v e r a g e  g e o t h e r m a l  grad ien t  
obtained f rom t h e s e  holes i s  a b o u t  60" C/km,  indicat ing t h a t  
h o t  w a t e r  for  local  uses  may e x i s t  a t  reasonable  drilling 
d e p t h s  throughout  t h e  wilderness. Most of t h e  wilderness  
c a n  be  considered to have  m o d e r a t e  to  high potent ia l  for a 
hot-water  sys tem (less than  248"F, 120°C) geothermal  
resource.  

ASSESSMENT O F  MINERAL A N D  GEOTHERMAL 
RESOURCE POTENTIAL 

Nei ther  t h e  examinat ion  of geology and c la ims  nor a 
geochemica l  survey revealed widespread indicat ions,  of 
substant ia l ,  near-surface mineral  resources  in t h e  Mount 
Hood Wilderness. There a r e  two areas of recognized,  
a l though low, mineral po ten t ia l  (fig. 2): t h e  Lost  
Creek-Burnt  Lake-Cast  Creek-Short  Creek  a r e a  and t h e  
Lady Creek-Laurel  Hill region. Rock samples  f rom q u a r t z  
veins  and a l t e r e d  zones  near  Lost C r e e k  conta in  
subeconomic  a m o u n t r  of zinc,  lead,  silver, and copper. 
Propyl i t ic  a l t e r a t i o n  is accompanied  by local ized anomalous 
a m o u n t s  of copper ,  molybdenum, lead, zinc,  silver, and gold 
in  t h e  q u a r t z  d i o r i t e  of Laurel  Hill 0.6 mi ( I  km) south of 
t h e  wilderness. The values  obtained ind ica te  low potent ia l  
for a mineral  depos i t  ex tending  in to  t h e  wilderness. 

A g e o t h e r m a l  s y s t e m  exis t s  in t h e  wilderness  and has  
poten t ia l  t o  b e  developed as a n  energy resource.  With t h e  
except ion o f  t h e  a r e a s  n e a r  Latiref Hill on t h e  south s ide  of 
t h e  wilderness  and Clear  Branch on t h e  north side, 
anomalously high t e m p e r a t u r e  grad ien ts  w e r e  observed in 
dr i l l  holes  s i t u a t e d  around t h e  wilderness  ( tab le  I ) .  The 
wilderness  is in a n  a r e a  of high regional  n e a t  flow. 
Fumarol ic  a c t i v i t y  in t h e  c r a t e r  a r e a  of Mount Hood volcano 
indica tes  t h a t  h e a t  i s  s t i l l  b e i i g  genera ted  by t h e  volcano. 
Most of t h e  wilderness  is considered t o  have medium to  high 
poten t ia l  for  a low- to in te rmedia te - tempera ture  (less than  
248'F, 120°C), hot-water  geothermal  resource.  

Mercury,  boron, and na t ive  sulfur  found in rocks  f rom 
t h e  v e n t  a r e a  of Mount Hood volcano a r e  not  considered a 
potent ia l  resource  s ince  the i r  concent ra t ions  a r e  cons is ten t  
wi th  those  usually found in a c t i v e  volcanic  vents. The  
concent ra t ions  a r e  too low to w a r r a n t  e c o n o m i c  in te res t .  

Zeol i tes  a r e  present  in hydrothermally a l t e r e d  rocks  
t!)roughout t h e  wilderness ,  bu t  t h e y  a r e  n o t  spec ies  useful  
for  commerc ia l  purposes  nor a r e  t h e y  present  in suf f ic ien t  
minable  quant i t ies  to be  considered a resource.  

L a r g e  quant i t ies  of  rock and  grave l  sources  a r e  present  
wi th in  t h e  wilderness ,  however ,  l a r g e  quant i t ies  of s imilar  
and  more access ib le  depos i t s  a r e  avai lable  outs ide  t h e  
wilderness. 
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TAeLE I.--Thermal measurerrents f r a n  geotheml test holes in the vicinity 
of hbunt Hood, Ckegon; see m p  sheet for test hole locations. 

(hbdified fran Robison and others, 1982) 
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