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ABSTRACT 

Mt. Hood, a composite andesit ic volcano, located near Portland, Oregon, 

is one of several large eruptive centers which dominate the Cascade Moun- 

tains of the western United States. As part of a program of geologic, 

geophysical and geochemical studies t o  examine M t .  Hood's geothermal re- 

source potential, sample s  of warm-and c o l d - s p r i n g  water, water from a 

geothermal test well in Old Maid Flat, fumarolic gases, and rocks were 

c o l l e c t e d  and analyzed for major chemical constituents and trace elements. 

The only warm-spring area on Mt Hood is Swim Springs, located on the 

south flank. Orifices at Swim were sampled repeatedly with little overill 

change noted in water chemistry between summer and winter. Oxygen and 

hydrogen isotope data and mixing calculations based on analyses of Swim 

Springs and numerous cold springs, indicate that a large component of the 

warm water at Swim is from near-surface runoff. Chemical geothermometry 

suggests that temperatures at depth in the Swim Springs s y s t e m  are within 

the range 104-170°c; t h e  temperature o f  unmixed hot  water may exceed 

200°C. Higher-than-background chloride contents and spec i f ic  conductances 

of cold springs on the south f lank of the mountain suggest that there is a 

small component of thermal water in these  sources. 

A geothermal model of Mt. Hood is proposed wherein snow- and glacier- 

melt water near the summit comes in close proximity to the hot central 

"neck" of the mountain, manifested by the summit-crater fumaroles. The hot 

water migrates down-slope, mlxing with cold water along its path; a small 

portion of the mixed warm water surfaces at Swim Springs. 

We were surprised to detect the platinum-group element, iridium in warm 

and cold spring waters and in a sample of altered andesite. Iridium is 

g e n e r a l l y  considered to be assocfated with basic t o  ultrabasic igneous 

rocks; Its association with an andesite volcano is believed to be wfthout 

precedent. 
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I. INTRODUCTION 

Large volcanoes  t o g e t h e r  w i t h  numerous s m a l l e r  e r u p t i v e  c e n t e r s  a long  

t h e  Cascade Mountains from Northern  C a l i f o r n i a  i n t o  B r i t i s h  Columbia (F igure  

1 )  a r e  evidence of a tremendous r e l e a s e  of thermal  energy a long t h i s  zone. 

The geo log ic  h i s t o r y  of t h e  Cascade Range i n d i c a t e s  t h a t  e r u p t i o n s  and 

mountain b u i l d i n g  have t a k e n  p l a c e  over a long p e r i o d ,  and con t inue  i n t o  t h e  

p r e s e n t .  Mount Hood, l o c a t e d  80 km e a s t  of  P o r t l a n d  ( F i g u r e  2 ) ,  h a s  a 

v o l c a n i c  h i s t o r y  s i m i l a r  t o  many of t h e  o t h e r  Cascade volcanoes .  I t  h a s  

high-temperature fumaroles  near  i t s  summit and a warm s p r i n g  a r e a  on t h e  

sou th  f l a n k .  These recognized thermal  m a n i f e s t a t i o n s  a long wi th  t h e  moun- 

t a i n ' s  a c c e s s i b i l i t y  and proximity  t o  P o r t l a n d ,  Oregon's main energy con- 

suming r e g i o n ,  make i t  a d e s i r a b l e  l o c a t i o n  f o r  t h e  s t u d y  and development of 

geothermal energy.  

Over t h e  p a s t  two y e a r s ,  a  m u l t i d i s c i p l i n a r y  s tudy  of t h e  g e o l o g i c ,  

g e o c h e m i c a l  and g e o p h y s i c a l  f e a t u r e s  of  Mount Hood t h a t  r e l a t e  t o  t h e  

l o c a t i o n  of geothermal  energy h a s  been under t h e  d i r e c t i o n  of t h e  Oregon 

Department of Geology and Mineral  I n d u s t r i e s  (DOGAMI) w i t h  funding from t h e  

U.S. Department of Energy. E a r l i e r  s t u d i e s  (Wise, 1968,  1969) d e s c r i b e d  

t h e  g e o l o g i c  and t e c t o n i c  framework of t h e  reg ion .  D e t a i l e d  geochemical  

and geophys ica l  i n v e s t i g a t i o n s  a r e  be ing  conducted i n  t h e  same a r e a .  A 

s e p a r a t e  b u t  r e l a t e d  program of p o t e n t i a l  v o l c a n i c  haza rds  of Mount Hood i s  

be ing  conducted c o n c u r r e n t l y  by t h e  U.S. Geo log ica l  Survey (USGS) under t h e  

d i r e c t i o n  of D. R. Crande l l .  

Techn ica l  suppor t  of t h e  geochemical  s t u d i e s  of Mount Hood i s  supp l i ed  

by  t h e  E a r t h  S c i e n c e s  D i v i s i o n  of  Lawrence  B e r k e l e y  L a b o r a t o r y  (LBL). 

Geophysical  s t u d i e s  c o n s i s t  of g r a v i t y  and aeromagnet ic  surveys  by Oregon 

S t a t e  U n i v e r s i t y ,  a e r i a l  i n f r a r e d  s u r v e y s  by t h e  USGS, and e l e c t r i c a l  
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F i g u r e  1. Regional  g e o l o g i c  s e t t i n g  of M t .  Hood. 
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Figure 2. Location map, Mt.  Hood-area. 



measurements by LBL (Goldstein and Mozley, 1978). Sampling and chemical 

analyses of rocks, gases, and ground waters in the area, including the 

fumaroles and the thermal and cold springs, has been a joint project 

between DOGAMI, USGS, and LBL. Suites of rocks typical of the area, both 

fresh and hydrothermally altered, have been analyzed to discern possible 

changes produced by the alteration. Selected water samples have been 

analyzed for oxygen and hydrogen isotope ratios to help determine the 

pathways water takes from its meteoric origin into and through the moun- 

tain's hydrologic system. 

Analyses of waters from geothermal areas have proven to be very effec- 

tive exploration tools. Truesdell (1975), in a comprehensive review, 

pointed out that several elements gave indications of minimum subsurface 

reservoir temperatures. The ratios between sodium, potassium, and calcium 

(Fournier and Truesdell, 1974) along with the silica content of warm-spring 

water may be definitive. A knowledge of silica contents and temperatures of 

cold and warm spring waters may be used to determine the amount of mixing of 

nonthermal waters and the reservoir temperatures before mixing. 

This report emphasizes the presentation of analytical data obtained 

prior to October 1978. Since sampling and analyses have continued beyond 

that time, interpretative comments in this report are necessarily brief and 

should be considered as preliminary. A more detailed interpretation of the 

data awaits the results of continuing field sampling and laboratory 

analyses. 

A. Geologic Setting 

The regional setting of Mt. Hood is shown in Figure 1. Mt. Hood is a 

composite andesitic stratovolcano rising approximately 2500 meters above 

the surrounding terrain. It is largely Pleistocene in age with the main 

body of the cone constructed prior to the onset of Fraser Glaciation, about 

20,000 years ago (Wise, 1968). Renewed volcanism took place about 12,000 



years ago w i t h  the extrusion of several domes near the summit (Crandell and 

Rubin, 1977). Further episodes of extrusions near the summit about 1,600 

years ago produced a series of hot avalanches that culminated i n  the 

collapse of the south rim of the crater which then topped the mountain. 

The collapse of ~ h e  south crater wall resulted in a large debris fan that 

covers the south flank of the mountain (Wise, 1968). The most recent major 

eruption took place about 220 years ago from the Crater Rock area, A t  that 

t i m e  a aeries of hot avalanches cascaded down' the east  and west sides of 

the mountain, carrying incandescent debris several miles down the valleys 

(Crandell and Rubin, 1 9 7 7 ) .  Historical eruptions were reported In 1859 and 

1865 (Folsom, 19703 . 

Mount Hood i s  located along a linear trend with most of the other Caa- 

cade volcanoes  of Oregon and Washington. Thayer ( 1 9 3 7 )  and Callaghan 

(1933) have associated the lineation w i t h  a fault zone they recognized 

along the western edge of the High Cascades. Allen (1965) believes that 

the volcanoes are concentrated i n  a graben formed by the Hood River-Green 

Ridge faults on the east and the unnamed f a u l t s  of Thayer and Callaghan on 

the west .  The western fault has not been recognized in the Mount Hood area 

but recent d r i l l i n g  On the west side of Mount Hood at  Old Maid Flat shows 

there is significant displacement of the Columbia River Basalt that may be 

caused by faulting. 

The local geologic setting of Mount Hood is illustrated in Figure 3 

(Wise, 1968). The predominant s u r f i c i a l  material is c l a s t i c  debris, of 

andes i t i c  character. A plug dome of hornblende andesite, Crater Rock, was 

extruded about 2,000 yearg ago, The extensive lava flows which predated 

the c l a s t i c  debris were predominantly hornblende  andesite, while more 

recent extrusions on the north and northeast flanks were of o l iv ine  basalt 

and ol iv lne  andesite. 
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B. Hydrologic S e t t i n g *  

M t .  Hood l i e s  a long  t h e  a x i s  of t h e  Cascade Range, and r e c e i v e s  most 

of i t s  p r e c i p i t a t i o n  dur ing  t h e  f a l l  and w i n t e r  from s torms t h a t  o r i g i n a t e  

i n  t h e  n o r t h  P a c i f i c  and move southward and eas tward a c r o s s  t h e  range. The 

average  annua l  p r e c i p i t a t i o n  i s  about  102 cm a t  P o r t l a n d  and i n c r e a s e s  t o  

t h e  e a s t ,  t o  a  maximum n e a r  t h e  c r e s t  of t h e  range.  Records of t h e  Nation- 

a l  Weather S e r v i c e  show t h a t  a t  Government Camp (F igure  2) t h e  average  i s  

about  230 cm. P r e c i p i t a t i o n  d e c r e a s e s  r a p i d l y  t o  t h e  e a s t  and i s  on ly  25 cm 

w i t h i n  50 km of t h e  c r e s t .  

P r e c i p i t a t i o n  f a l l i n g  above a n  a l t i t u t d e  of about  1,500m on M t .  Hood is 

i n f e r r e d  t o  b e  w i t h i n  a  r e c h a r g e  a r e a ,  a n d  g r o u n d  w a t e r  t e n d s  t o  move 

downward (F igure  4 ) .  The t r a n s i t i o n  from recharge  t o  d i s c h a r g e  a r e a  i s  

mani fes ted  by a  band around t h e  mountain where s p r i n g s  tend t o  d i s c h a r g e ,  

and below which p e r e n n i a l  s t r eams  a r e  common. Above t h e  band, many s t reams  

a r e  i n t e r m i t t e n t ;  i n  s m a l l e r  channe l s  t h e r e  i s  runoff on ly  dur ing  s p r i n g ,  

from mel t ing  snow. 

A t  d e p t h s  ranging t o  a t  l e a s t  250m i n  t h e  v i c i n i t y  of Timber l ine  Lodge, 

ground wa te r  o c c u r s  i n  perched zones between o r  w i t h i n  a n d e s i t e  f lows.  The 

warm w a t e r  e m a n a t i n g  a t  Swim S p r i n g s  may h a v e  c i r c u l a t e d  d e e p e r  t h a n  

some of t h e  perched zones ,  probably  o r i g i n a t i n g  a t  e l e v a t i o n s  h i g h e r  than  

Timber l ine  Lodge. The water  comes t o  t h e  s u r f a c e  a t  Swim, where t h e r e  i s  an 

a b r u p t  f l a t t e n i n g  of t h e  topographic  s l o p e  (F igure  4 ) ;  M t .  Hood a n d e s i t e  

f lows  t end  t o  d i p  down t h e  mountain, and some permeable zones may i n t e r s e c t  

t h e  l and  s u r f a c e  he re .  The Swim a r e a  a l s o  l i e s  nea r  a  c o n t a c t  between M t .  

Hood a n d e s i t e  f lows  o r  a n d e s i t e  d e b r i s  and pre-Mt. Hood a n d e s i t e  and b a s a l t s  

(Wise, 1968) ;  t h e s e  o l d e r  rocks  a r e  l e s s  permeable and may tend t o  d i r e c t  

ground water  t o  t h e  s u r f a c e .  

* W r i t t e n  i n  c o n s u l t a t i o n  w i t h  James R o b i s o n ,  U . S .  G e o l o g i c a l  S u r v e y ,  
Menlo Park ,  C a l i f o r n i a .  
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D i s t r i b u t i o n  of runoff  of s t r eams  d r a i n i n g  M t .  Hood corresponds  t o  

t h a t  of p r e c i p i t a t i o n .  Records of a  gauging s t a t i o n  on Salmon River ,  7  

m i l e s  s o u t h e a s t  of  t h e  summit of  M t .  Hood ( e a s t  of T r i l l i u m  Lake n e a r  

highway U.S. 26) show a n  average  runoff  of about  80 cm p e r  yea r  f o r  t h e  

d r a i n a g e  a r e a  above t h e  gauge. Sandy River  h a s  a  runoff  of 178 cm above a  

gauge 30 km west  of t h e  summit, and t h e  West Fork of t h e  Hood River  has  a  

r u n o f f  of  203 cm above  a  s t a t i o n  26  km n o r t h e a s t  of t h e  summit .  The 

g r e a t e s t  runoff  i n  t h e  M t .  Hood a r e a  i s  r e f l e c t e d  a t  a  s t a t i o n  on B u l l  Run 

R i v e r ,  29 km nor thwest  of t h e  summit, where t h e  average  i s  more than 305 cm. 

The component of any d e e p l y - c i r c u l a t i n g  ground wa te r  i n  most of t h e  s p r i n g s  

is  probably  v e r y  smal l  because  t h e  runoff  i s  l a r g e .  

11. SAMPLING AND ANALYSES 

Techniques used by LBL t o  sample w a t e r s  and rocks  and t o  ana lyze  them 

f o r  major and t r a c e  e lements  have been d e t a i l e d  i n  papers  by Bowman and 

o t h e r s ,  (1975) ,  Hebert and Bowman (1975) ,  and Wollenberg (1975).  I n  t h i s  

s e c t i o n  we s h a l l  b r i e f l y  d e s c r i b e  t h o s e  t echn iques  and t h e  t echn iques  t o  

determine oxygen and hydrogen i s o t o p e  r a t i o s  and c o n s t i t u e n t s  of fumaro l i c  

gases .  

A. Water 

Water samples were c o l l e c t e d  a t  t h e  l o c a t i o n s  shown i n  F igure  3;  loca-  

t i o n s  a r e  r e fe renced  by l a t i t u d e  and l o n g i t u d e  i n  Tab le  l. Samples inc lu -  

ded w a t e r s  from co ld  s p r i n g s  and w e l l s ,  t h e  Swim Warm Spr ings  on t h e  sou th  

f l a n k  of t h e  mountain ( t h e  d i s t r i b u t i o n  of o r i f i c e s  a t  Swim i s  d e t a i l e d  i n  

F igure  5 ) ,  and t h e  w e l l  d r i l l e d  f o r  geothermal  water  on t h e  western  f l a n k  

of  M t .  Hood i n  Old Maid F l a t .  Samples  w e r e  c o l l e c t e d  f o r  l a b o r a t o r y  

radiometry ,  X-ray f l u o r e s c e n c e ,  neu t ron  a c t i v a t i o n ,  and mass-spectrometric 

a n a l y s e s .  For a n a l y s e s  of major and t r a c e  e lements ,  sampling was done by 

i n s e r t i n g  a  1/4-inch d iamete r  tygon tube  i n t o  a  s p r i n g .  The water  was drawn 



Tab le  1 

DESCRIPTION AND LOCATION OF WATER SAMPLES 

MH-3 

MH-4 

MH-5 

MK-6 

MH- 7  

MH- 1 2  

S t i l l  Creek ,  c r o s s i n g  w i t h  T i m b e r l i n e  Road, 0.4 m i .  N. of  Highway 
26 j u n c t i o n .  45018.1'N9 121°43.8'W. 

S p r i n g ,  White R i v e r  outwash;  s t r eambed  s t r o n g l y  i r o n - s t a i n e d .  
45018.2'N9 121°40.4'W. 

S k i  Bowl, a r t e s i a n  w e l l  head. 45O18.1'N, 121°46.0'W. 

Swim a r e a ,  " P i p e l i n e  Spring."  45O18.0'N, 121°44.6'W. 

Swim area, "Screen  Spring."  45017.g8N, 121044.5'W. 

Swim a r e a ,  e a s t  s i d e  of o l d  swimming poo l .  45°17.9 '~ ,  121°44.6'w. 

Swim a r e a ,  c i s t e r n  box ups t ream from poo l .  4 5 O 1 7 . 9 ' ~ ~  
121°44. 6'W. 

Spr ing ,  swim a r e a , ~ l O O m  ups t r eam f rom c i s t e r n  box. 45O18.0'N, 
121°44. 6'W. 

Swim a r e a ,  no r the rnmos t  s p r i n g  on w e s t  b r anch  c r e e k .  45018.1°N, 
121°44. 7'W. 

Robin Hood Quarry,  s m a l l  s p r i n g  i n  c e n t r a l  bench.  45O20.1'N, 
121°34.1'W. 

Spr ing ,  r o a d c u t  on n o r t h  s i d e  of Highway 35. 45O18.6'N., 
121°39. 6'W. 

S p r i n g ,  r o a d c u t l q u a r r y ,  n o r t h  s i d e  of Highway 26, 1 1 3  m i .  NW 
T r i l l i u m  L. t u r n o f f .  45017.4'N9 121°44.0'W. 

S p r i n g ,  r o a d c u t  on Highway 26, above L a u r e l  H i l l  Quarry.  
45O18.4'N, 121°49. 6'W. 

S p r i n g ,  M t .  Hood Meadows below T i m b e r l i n e  T r a i l .  45O20.3 '~ ,  
12l04O.1'W. 

Salmon R i v e r  Canyon S p r i n g s .  45O19.9'N, 121°42.2'W. 

S p r i n g ,  White R i v e r  Canyon. 45020.1'N9 121041.9'W. 

S p r i n g ,  from a n d e s i t e  f low.  45020.18N, 121°42.9'W. 

" P i p e l i n e  Spring."  Same l o c a t i o n  as MH-4. 

Swim a r e a ,  " s c r e e n  Spring."  Same l o c a t i o n  a s  MH-5. 

Swim area, " ~ a s t  s i d e  of Pool." Same l o c a t i o n  as MH-6. 



Table  1 (con t inued)  

MH- 2 1 "1ron Spr ing"  n e a r  b r i d g e  over  C l e a r  Creek. 45O23.5'N, 
121°51.5'W. 

S l i g h t l y  a r t e s i a n  w e l l ,  C lea r  Creek p i c n i c  ground. 45O21.4'N, 
121°56. 2'W. 

Spr ing a r e a  below Timber l ine  Lodge. 45O18.9'N, 121°42.9'W. 

Spr ing a t  Camp Windy. 45O24.7'N, 121°32.8'W. 

C l i n g e r  Spr ings .  45O16.4'N, 121°45.9'W. 

Spr ing on Timber l ine  T r a i l ,  5700 f e e t  e l e v a t i o n .  45O20.0'N, 
121°39.6'W. 

Cold Spr ing .  45O21.7'N, 121°39.6'W. 

Runoff ,  s m a l l  l a k e  i n  c r a t e r  a r e a .  45O22.1'N, 121°41.9'W. 

Spr ing ,  b a s e  of l a v a  f low,  Zigzag Canyon. 45O20.9 '~,  
121°44.1'W. 

Spr ing ,  b a s e  of M i s s i s s i p p i  Head. 45O21.2 '~,  121°43.6'W. 

Old Maid F l a t ,  NWNG Co., test h o l e ,  a r t e s i a n  f low,  4  days  a f t e r  
c e s s a t i o n  of d r i l l i n g .  45O23.4'N, 121°48.5'W. 

Old Maid F l a t ,  NWNG Co. test h o l e ,  a r t e s i a n  f low,  second sampl ing,  
s e v e r a l  days  l a t e r .  Same l o c a t i o n  a s  MH-33A. 

Old Maid F l a t ,  NWNG Co., test h o l e ,  a r t e s i a n  f low,  sample a f t e r  
w e l l  had been shu t - in  f o r w l  week. Same l o c a t i o n  a s  MH-33A. 

Robin Hood Quarry,  same s p r i n g  a s  i n  MH-10 sample. 

Swim a r e a ,  east s i d e  of l a r g e  pool.  Same l o c a t i o n  a s  MH-6. 

Swim a r e a ,  "Screen Spring." Same l o c a t i o n  a s  MH-5. 

Swim a r e a ,  " P i p e l i n e  Spring." Same l o c a t i o n  a s  MH-4. 

Old Maid F l a t ,  NWNG Co., test  h o l e ,  a r t e s i a n  f low fo r -36  hours  
fo l lowing  MH-35 sampling.  Same l o c a t i o n  a s  MH-33A. 



Location map, sampling sites and other springs 
in Swim Warm Springs a r e a ,  (Sec.24,  T3S., 
R. 892 E.) 
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F i g u r e  5. The d i s t r i b u t i o n  o f  w a t e r  s o u r c e s  a t  Swim Warm S p r i n g s .  



through a  0.45 micron f i l t e r ,  us ing a  hand-operated vacuum pump; t h e  appara- 

t u s  i s  shown i n  F igure  6. Most o f t e n ,  t h e  water  was in t roduced  t o  t h e  

f i l t e r  d i r e c t l y  from t h e  s p r i n g ,  b u t  o c c a s i o n a l l y  c o n d i t i o n s  r e q u i r e d  t h a t  

samples b e  ob ta ined  i n  b o t t l e s  and then  f i l t e r e d  by pumping from t h e  b o t t l e  

i n  t h e  f i e l d  o r  l a b o r a t o r y .  Genera l ly ,  500-ml "Nalgene" b o t t l e s  were used 

t o  c o l l e c t  and s t o r e  t h e  samples. A t  t h e  sampling s i t e  t h e  pH of t h e  water  

was measured us ing a  c o l o r  compar i tor  s e t  and s p e c i f i c  conductance measured 

by a  p o r t a b l e  e l e c t r o n i c  u n i t .  Ch lo r ide  c o n t e n t s  were e s t i m a t e d  o n - s i t e  by 

immersing "Quantab" s t r i p s  i n  s p r i n g  o r  w e l l  wa te r s .  

I n  t h e  l a b o r a t o r y  t h e  water  samples were evaporated i n  t h e  o r i g i n a l  

c o l l e c t i n g  b o t t l e s  a t  80°C, and a l i q u o t s  of  e a c h  w e r e  t a k e n  f o r  b o t h  

neu t ron  a c t i v a t i o n  a n a l y s i s  and X-ray f l u o r e s c e n c e  a n a l y s i s .  I n  g e n e r a l ,  

t h e  X-ray f l u o r e s c e n c e  measurements determined t h e  major element abundances,  

w h i l e  neu t ron  a c t i v a t i o n  was used f o r  t h e  t r a c e  and minor elements.  Some 

e lements  were determined by bo th  methods s o  t h a t  cross-checks could be  

made. 

For neu t ron  a c t i v a t i o n ,  evapora tes  from water  samples were made i n t o  

p e l l e t s  and i r r a d i a t e d ,  a long wi th  a  composite s t a n d a r d  p e l l e t ,  i n  t h e  

TRIGA Research Reactor  a t  t h e  U n i v e r s i t y  of C a l i f o r n i a ,  Berkeley.  Nearly 

a l l  e lements  i n  t h e  samples have t h e i r  c o u n t e r p a r t s  i n  t h e  s t a n d a r d ,  and 

t h e  abundances a r e  determined by comparing t h e  gamma r a y s  emi t t ed  from t h e  

unknowns w i t h  t h e  gamma-ray s p e c t r a  of  t h e  s t a n d a r d s .  T h i s  method i s  

capab le  of q u a n t i t a t i v e l y  ana lyz ing  n e a r l y  50 e lements  i n  a  sample. 

The X-ray f l u o r e s c e n c e  t echn ique  used i n  t h i s  s t u d y  was developed by 

Hebert  and S t r e e t  (1974).  I n  t h i s  method t h e  e v a p o r a t e s  were mixed wi th  

LiBU2 and fused  i n t o  g l a s s  d i s c s .  The major e l e m e n t a l  abundances were 

determined by comparing t h e s e  samples ( i n d i r e c t l y )  w i t h  USGS s t a n d a r d  rock 

DTS, sp iked  w i t h  MgO, NaC1, CaS04 and K2CO-3. 
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The p r e c i s i o n  of t h e  neu t ron  a c t i v a t i o n  method depends mainly on t h e  

s t a t i s t i c s  of gamma-ray coun t ing  of t h e  a c t i v a t e d  samples;  f o r  most e l e -  

ments analyzed p r e c i s i o n s  were of t h e  o r d e r  of a  few percen t  of t h e  abun- 

dance. P r e c i s i o n s  and a c c u r a c i e s  of X-ray f l u o r e s c e n c e  d e t e r m i n a t i o n s  of 

major e lements  were a l s o  a  few percen t  of element abundances. 

Samples f o r  l a b o r a t o r y  d e t e r m i n a t i o n  of 2 2 2 ~ n  were u s u a l l y  c o l l e c t e d  

by f i l l i n g  " ~ a l g e n e "  b o t t l e s  wi th  t h e  s p r i n g  water  d i r e c t l y  from t h e  pools .  

Th i s  minimized radon l o s s  which might occur  i f  t h e  wa te r  were drawn through 

t h e  f i l t e r  s y s t e m .  B o t t l e s  were  i m m e d i a t e l y  s e a l e d ,  l i d s  t a p e d ,  a n d  

samples t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  f o r  gamma-ray pulse-height  a n a l y s e s .  

The t ime of sampling was noted t o  account  f o r  t h e  r a d i o a c t i v e  decay of 

2 2 2 ~ n  (3.8-day h a l f - l i f e )  between sampling and gamma count ing.  With a  

r easonab ly  s h o r t  i n t e r v a l  between sampling and coun t ing ,  t h e  s e n s i t i v i t y  of 

t h i s  method i s  of t h e  o r d e r  of a  few t e n s  of pCi p e r  l i t e r  of 2 2 2 ~ n .  

Samples f o r  oxygen and hydrogen i s o t o p e  d e t e r m i n a t i o n s  were ob ta ined  

by f i l l i n g  50 m l  g l a s s  b o t t l e s  d i r e c t l y  w i t h  s p r i n g  water .  The b o t t l e s  were 

t i g h t l y  capped,  taped,  and s e n t  v i a  t h e  U.S. Geo log ica l  Survey, Menlo Park 

o f f i c e ,  t o  t h e  a n a l y t i c a l  l a b o r a t o r i e s  a t  Saclay,  France ,  where oxygen-16/ 

oxygen-18 r a t i o s  and d e u t e r i u m / h y d r o g e n  r a t i o s  w e r e  m e a s u r e d  by mass  

spec t romet ry .  

B. Rocks 

Rock t y p e s  s a m p l e d  i n c l u d e d  a l t e r e d  and  r e l a t i v e l y  f r e s h  a n d e s i t e  

and b a s a l t  from t h e  f l a n k s  of M t .  Hood, a  f e l s i c  d i k e  i n  t h e  Hood River  

V a l l e y ,  and  g r a n o d i o r i t e  and d i o r i t e  f rom t h e  L a u r e l  H i l l  i n t r u s i v e .  

Loca t ions  a r e  shown i n  F igure  3 ,  and l i s t e d  i n  Table  2. Samples, each of 

t h e  o r d e r  of a  k i logram,  f u r n i s h e d  adequa te  m a t e r i a l  f o r  gamma s p e c t r o m e t r i c  

d e t e r m i n a t i o n  of  u r a n i u m  and  t h o r i u m .  A t  s e v e r a l  l o c a t i o n s  gamma-ray 

coun t ing  r a t e s  were measured w i t h  a  p o r t a b l e  sodium-iodide c r y s t a l .  



Table  2 

DESCRIPTION OF ROCKS AND LOCATION OF SAMPLES 

Mount Hood Rocks: 

F e l s i c  d i k e ,  Robin Hood Quarry 

B a s a l t ,  Robin Hood Quarry 

A l t e r e d  M t .  Hood a n d e s i t e  b r e c c i a  

F e l s i t e  d i k e ,  c h l o r i t i z e d ,  w i t h  s u l f i d e  m i n e r a l s  

( p r e ? )  M t .  Hood a n d e s i t e  

P l a t y  M t .  Hood a n d e s i t e  

G r a n o d i o r i t e  ( ? ) ,  L a u r e l  H i l l  i n t r u s i v e  I L a u r e l  Hill Quar ry  
D i o r i t e  ( ? ) ,  Laure l  H i l l  i n t r u s i v e  

Al te red  d i o r i t e  ( ? ) ,  L a u r e l  H i l l  i n t r u s i v e  

P l i o c e n e  hornblende a n d e s i t e ,  Sandy River  

Al te red  a n d e s i t e ,  Sandy River  

Microporphyr i t i c  o l i v i n e  a n d e s i t e ,  Cloud Cap 

P l i o c e n e  hornblende a n d e s i t e ,  Hood River  Canyon ( P o l a l l i e  Campground) 



Neutron a c t i v a t i o n  and X-ray f l u o r e s c e n c e  t e c h n i q u e s  f o r  a n a l y s i s  of 

rock  samples  have  been  d e s c r i b e d ,  r e s p e c t i v e l y ,  by Perlman and Asaro (1969) 

and Heber t  and S t r e e t  (1974) .  Crushed r o c k  samples  were p u l v e r i z e d  and 

powders p e l l e t i z e d  f o r  r e a c t o r  i r r a d i a t i o n ,  and f u s e d  w i t h  l i t h i u m  b o r a t e  

i n t o  g l a s s  d i s c s  f o r  X-ray f l u o r e s c e n c e .  With t h e s e  t e c h n i q u e s  25 t o  30 

e l emen t s  were de termined w i t h  p r e c i s i o n s  of less t h a n  5%; a  number were  

de t e rmined  t o  b e t t e r  t h a n  1%. 

C. Gases 

Gas samples  were  o b t a i n e d  from fumaro le s  i n  t h e  summit c r a t e r  a r e a  

of  M t .  Hood. Three  fumaro le s  were sampled ,  one of which was most l i k e l y  a 

fumaro le  sampled p r e v i o u s l y  by Ayres and C r e s w e l l  (1951) .  The samples  

were c o l l e c t e d  by i n s e r t i n g  t h e  end of  a n  'L1.5m-long s t a i n l e s s - s t e e l  t u b e  

i n t o  t h e  fumaro le s  and a l l o w i n g  t h e  g a s  t o  p a s s  i n t o  evacua ted  300 m l  g l a s s  

b o t t l e s  c o n t a i n i n g  ' ~ 1 0 0  m l  of 4N NaOH s o l u t i o n .  The f i l l e d  b o t t l e s  were 

t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  o f  D r .  A .  H .  T r u e s d e l l ,  U.S. G e o l o g i c a l  

Survey,  Menlo P a r k ,  C a l i f o r n i a ,  where t h e y  were ana lyzed  by w e t  chemica l  

methods f o r  C02 and H2S and by g a s  chronlatography f o r  o t h e r  c o n s t i t u e n t s .  

Sampling and a n a l y t i c a l  p rocedures  have  been d e s c r i b e d  i n  d e t a i l  by Trues-  

d e l l  and Nehring (1978) .  

111. RESULTS 

A n a l y t i c a l  d a t a  on  w a t e r ,  r o c k ,  a n d  g a s  s a m p l e s  a r e  p r e s e n t e d  a n d  

p r e l i m i n a r y  i n t e r p r e t a t i o n s  d i s c u s s e d .  

A. Water Ana lyses  

1. Major and Trace  Elements  

For t h e  pu rposes  of t h i s  d i s c u s s i o n ,  r e s u l t s  of  a n a l y s e s  of e lement  

c o n t e n t s  of  w a t e r  a r e  d i v i d e d  i n t o  two groups :  t h o s e  from t h e  Swim Warm 



Spr ings  and t h o s e  from t h e  predominantly cold-water sources  e lsewhere  i n  

t h e  M t .  Hood reg ion .  Three a n a l y t i c a l  l a b o r a t o r i e s  a r e  r e p r e s e n t e d  i n  t h i s  

s tudy :  t h e  Lawrence Berkeley Laboratory ,  t h e  C e n t r a l  Laboratory  of t h e  U.S. 

Geological  Survey, Denver, and t h e  S t a t e  of Oregon's D i v i s i o n  of Environ- 

mental  Qual i ty .  

a .  Swim Warm Spr ings  

R e s u l t s  of chemical  a n a l y s e s  from s u c c e s s i v e  samplings of Swim Warm 

Spr ings  a r e  p resen ted  i n  Tables  3a and 3b. Locat ions  of i n d i v i d u a l  o r i f i c e s  

a r e  shown on t h e  map, Figure  5. Spr ing temperatures  and t h e  abundance of 

major and t r a c e  e lements  g e n e r a l l y  f o l l o w  a  geographic  d i s t r i b u t i o n ,  w i t h  

t h e  southernmost s p r i n g ,  "East s i d e  of poo l , "  being warmest and having t h e  

h i g h e s t  chemical  c o n t e n t s .  Element abundances and t empera tu res  a r e  pro- 

g r e s s i v e l y  lower i n  t h e  "Screen" and "P ipe l ine"  s p r i n g s ,  which a r e  respec- 

t i v e l y  up-slope from t h e  "East s i d e  of pool"  s p r i n g .  The up-slope d e c r e a s e  

of temperature  and element con ten t  i s  repea ted  i n  t h e  sample sequence MH6 

through MH9, from o r i f  i c e s  a long t h e  s m a l l  s t ream e n t e r i n g  t h e  pool  from 

t h e  nor thwest .  The s u c c e s s i v e  d e c r e a s e s  of temperature  and element con ten t  

s u g g e s t  t h a t  t h e  w a t e r  a t  " ~ a s t  s i d e  o f  p o o l "  i s  t h e  l e a s t  d i l u t e d  by 

mixing wi th  nea r - su r face  co ld  wa te r s .  Th i s  sugges t ion  i s  suppor ted  by d a t a  

shown i n  F igure  7 ,  where major- and trace-element c o n t e n t s  a r e  p l o t t e d  

a g a i n s t  sodium.  I n  most  c a s e s  t h e r e  i s  a  l i n e a r  r e l a t i o n s h i p  b e t w e e n  

e l e m e n t  a b u n d a n c e s ,  w i t h  t h e  warmer s p r i n g s  h a v i n g  h i g h e r  c o n t e n t s .  

Leas t -squre  l i n e a r  r e g r e s s i o n  c o e f f i c i e n t s  exceed 0.96 f o r  Na v e r s u s  Rb, 

C s ,  C 1 ,  B r  and K. The s t r o n g  l i n e a r  c o r r e l a t i o n s  i n d i c a t e  a p p r e c i a b l e  

mixing between warm and near-surface  co ld  waters .  The geochemical  mixing 

model, d i s c u s s e d  more f u l l y  i n  s e c t i o n  111-e, i n d i c a t e s  t h a t  over 90% of 

t h e  water  emanating a t  Swim is  near - su r face  co ld  water .  



T a b l e  3a 

SWIM WARM SPRINGS 

S u c c e s s i v e  Sampl ings  I S i n g l e  Sampl ing  I 
"PIPELINE" I "SCREEN" I "E. SIDE OF POOL" I 

MH- 6  EIA-20 USGS M8-37 
6 / 2 / 7 7  8 / 2 2 / 7 7  8 /22 /77*  2 /22 /78  

7 . 5  7 . 1  7 . 3  7 . 3  
2  6  2 4 . 1  2 6 . 5  2 6 . 2  

1 3 0 0  1 1 6 0  
*(RobisaD) 

MH-7 WI-8 M - 9  
6 /2 /77  6 / 2 / 7 7  6 / 2 / 7 7  

7 . 5  7 . 4  7 . 5  
2 0  2 1  1 9  

-- 



Table  3b 

SWIM WARM SPRINGS 

(Analyses i n  mi l l i g rams  p e r  l i t e r ,  by 
S t a t e  of  Oregon, Department of  Environmental Q u a l i t y )  

E. S i d e  E. s i d e  W. s i d e  o f  s t r eam 
Locat  ion" P i p e l i n e  Screen o f  Pool  o f  Pool  50'N of  c i s t e r n  

Date 12/2 /76  12/2 /76  8/13/76 12/2/76 11/4 /75  . 
PH 7 . 3  7 . 3  8 . 1  7.5 7.4 
T (CO) 2 0 2 5 26.1 25.6 - - 

Conductance 871 1190 1265 1300 907 
Mkal  i n i t y  116 157 7 4 179 121  
( t o t a l  a s  
CaC03) 

Hardness 253 310 357.0 357 258.2 
( a s  CaC03) 

B 0 .28  0.40 0.32 0.32 0.34 
Na 79 .0  114.0  98.0 136.0 79 .0 
Mg 29 . O  44 .O  28.0 48.0 40.0 
S i02  55.4 71.6 65.5 72.3 52 .1  
SO4 149.0  193.0 227.0 205.0 181 .1  
C 1  103 .O  139.0 160.0 161.0 90.0 
K 6 .0  10 .0  10.2 11 .7  9 .2  
Ca 42.0 57.0 27.0 60.0 46 . O  

Mn < O .  05 < O  .05 < O .  05 4 . 0 5  0.10 
Fe 0 .05  <0.05 0 .2  10.05 ~ 0 . 0 5  
( t o t a l  i r o n )  
A s  < O .  005 < O .  005 < O .  005 <O .005 0.04 
F 0.15 0.23 0.27 0.23 0.20 

P04 0.09 0 .08  0.10 0.09 0.12 
( s o l u b l e  o r t h o .  ) 
A1 <o. 0 1  <0.02 <o.  02 <0.02 <o.  01  
Ni t rogen 0.06 0.09 < O .  0 1  0 .05  0 .03  

(NH3) 
Ni t rogen <O.  02 <0.02 <0.02 < O .  02 < O .  01  

( n i t r i t e )  
Ni t rogen 0.04 0.04 < O .  02 0 .03  0.01 

( n i t r a t e )  
L i  0.08 0.12 0.12 0 .13  0.09 
HC0 3 141  191 90 218 148 

* Refer  t o  map, F igu re  5 .  
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Figure 7a. Major- and trace-element contents of water 
from Swim Warm Springs, plotted against 
sodium. 
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Figure 7b.  Major- and trace-element contents of water 
from Swim Warm Springs, plotted against 
sodium. 
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The v a r i a t i o n  w i t h  t ime of element c o n t e n t s  of t h r e e  o r i f i c e s  a t  Swim is  

i l l u s t r a t e d  i n  F igure  8. S i g n i f i c a n t  w i n t e r  i n c r e a s e s  were observed i n  Mg 

and S a t  a l l  t h r e e  o r i f i c e s ,  whi le  C 1 ,  C l / B ,  Ca and C s  were g r e a t e r  i n  t h e  

w i n t e r  a t  two of t h e  o r i f i c e s ,  and Si02,  Na, Rb, and U were g r e a t e r  a t  

one ( b u t  n o t  n e c e s s a r i l y  t h e  same) o r i f i c e .  There were s i g n i f i c a n t  w i n t e r  

d e c r e a s e s  i n  B a t  a l l  t h r e e  o r i f i c e s ,  and i n  C 1 ,  Ba, U and B r  a t  one o r  

a n o t h e r  o r i f i c e .  It was expected t h a t  w i n t e r  samplings would y i e l d  h igher  

c o n t e n t s  because t h e  s u r f a c e  runoff  would be  diminished.  However, t h i s  was 

n o t  s u b s t a n t i a t e d  because of t h e  i n c r e a s e  of some e lements  and d e c r e a s e  of 

o t h e r s  i n  t h e  w i n t e r ,  wi th  r e s p e c t  t o  t h e  summer sampl ings .  

The p resence  of t h e  platinum-group e lement ,  i r i d i u m  (0.007 ug /R) ,  i n  

t h e  w i n t e r  s a m p l e  f r o m  " E a s t  s i d e  o f  p o o l "  i s  o f  i n t e r e s t ,  e s p e c i a l l y  

because  i t  was n o t  d e t e c t e d  i n  t h e  summer samples from t h a t  o r i f i c e .  There 

were no o t h e r  d i f f e r e n c e s  of t h i s  o r d e r  i n  t r a c e  element abundances between 

summer and w i n t e r  samplings.  I r i d i u m  was a l s o  d e t e c t e d ,  i n  lower concentra-  

t i o n s ,  i n  two cold-water sources :  t h e  i r o n - r i c h  s p r i n g  i n  White River  

Val ley  (MH 2 ) ,  and t h e  ou t f low of t h e  smal l  l a k e  i n  t h e  s u m m i t  c r a t e r  (MH 

30) .  S i l v e r  i s  p r e s e n t  a long w i t h  i r i d i u m  i n  t h e s e  and o t h e r  s p r i n g s ,  and 

i n  t h e  summit c r a t e r  l a k e .  A s e a r c h  of geochemical  l i t e r a t u r e  r e v e a l s  t h a t  

t h i s  i s  t h e  f i r s t  evidence of a platinum-group element being d e t e c t e d  i n  

geothermal  o r  s u r f a c e  f r e s h  waters .  

b. Cold Spr ings  and Wells  

R e s u l t s  of s p e c i f i c  conductance and c h l o r i d e  c o n t e n t s ,  measured i n  

t h e  f i e l d ,  a r e  shown on F igure  9. Spr ings  and s u r f a c e  w a t e r s  sampled i n  t h e  

d r a i n a g e s  of S t i l l  Creek, Salmon River ,  White River  and t h e  s p r i n g  a t  M t .  

Hood Meadows have g r e a t e r  abundance of C 1 ,  and h igher  s p e c i f i c  conductance 

than  s p r i n g s  sampled t o  d a t e  on t h e  n o r t h  f l a n k  of M t .  Hood. Waters from 

22 co ld  s o u r c e s ,  20 of them s p r i n g s ,  were analyzed f o r  major and t r a c e  

e lements ;  r e s u l t s  of a n a l y s e s ,  pH, and temperature  measurements a r e  l i s t e d  

i n  Table  4. With a few e x c e p t i o n s ,  t h e  c o l d  s p r i n g s  i s s u e  from a n d e s i t e ;  



Variation in major and trace -element contents from successive 
samplings of three orif ices at Swim Warm Springs 6 /2  and 
8 /22 /77 ,  and 2/22/78.  

X B L  789-6505 

F i g u r e  8 .  Element c o n t e n t  v a r i a t i o n s  w i t h  t i m e  a t  t h e  
t h r e e  o r i f i c e s  a t  Swim Warm S p r i n g s .  



XBL 792-8468 
Figure  9. Spec i f i c  conductance and ch lo r ide  content  of waters  p l o t t e d  on the  

geologic  map of Nt. Hood ( a f t e r  Wise, 1968).  



Table 4a 

Sample MH-1 MH- 2 
Date 6/1/77 6/1/77 
pH 6.9 ~ 6 . 2  
Temp. O C  4.5 3.5 

MH- 3 
6 / 2 / 7 7 

8.5 
7 

0.05 
so .  0002 

12  
14 
<0.6 
0.020 

<O.  019 
so. 008 



Table 4b 

Sampl 
Date 
pH 
Temp. 

MH- 16 MH-17 
7/29/77 7129177 
6.5 6.5 
10 9 

MH-22 MH- 2 3 
8/2/77 8/3/77 
8.5 6.4 
10 1 



Table 4c 

MT. HOOD WATER SAMPLES 

Old Maid F l a t  Well 

Sample MH-2 5 

Date 8/3/77 
PH 6.5 
Temp. O C  9.5 

<8 
21 

1 4  
35 

1 . 3  
0.07 

< O .  03 
0.05 

<0.5 
2 

so .  1 

<0.04 
<O .003 

0.12 
< O  .0004 

<15 
300 

12 

0.013 
<o .02 
< O  .015 



t h e i r  element abundances a r e  lower than  t h o s e  of t h e  Swim Warm Spr ings .  

Except ions  a r e  t h e  iron-manganese-rich s p r i n g ,  MH 2, emanating from g l a c i a l  

d e b r i s  i n  t h e  White River  Va l l ey ,  t h e  Ca-Mg-rich water  of t h e  s p r i n g  from 

b a s a l t  i n  t h e  Robin Hood Quarry (MH l o ) ,  and Fe-Mn-rich water  from t h e  

ou t f low of a  s m a l l  pond i n  t h e  s t r o n g l y  a l t e r e d  f u m a r o l i c  a r e a  of t h e  summit 

c r a t e r .  I n  both  t h e  Fe-Mn w a t e r s  of t h e  summit c r a t e r  and White River  

Va l l ey  s p r i n g  t h e r e  were i d e n t i f i a b l e  c o n t e n t s  of i r i d i u m ,  though i n  lower 

abundance than  i n  t h e  w i n t e r  sample from "East s i d e  of  pool" a t  Swim. (Fe 

and Mn were both  below d e t e c t i o n  l i m i t s  i n  t h e  sample from Swim). Water 

from a  co ld  w e l l  i n  t h e  Government Camp a r e a  (MH 3) i s  s i m i l a r  i n  c h a r a c t e r ,  

excep t  f o r  i t s  h igh  Zn c o n t e n t ,  t o  c o l d  "andes i t e"  waters .  However, a  co ld  

w e l l  n e a r  Brightwood (FfH 22) ,  most l i k e l y  producing from t h e  Rhododendron 

Formation,  has  water  low i n  Fe and Mn and r e l a t i v e l y  h igh i n  Na and Mg, i n  

c o n t r a s t  t o  a  nearby c o l d  s p r i n g  (MH 21) .  

c .  Old Maid F l a t  Geothermal T e s t  Hole 

Water samples were ob ta ined  from t h e  a r t e s ian- f lowing  geothermal  t e s t  

h o l e  i n  Old Maid F l a t  i n  December 1977 and February 1978. It is expected 

t h a t  t h e  wa te r  was f lowing from a  dep th  of 450m; t o t a l  dep th  a t  t h a t  t ime 

was 550m. S i n c e  t h a t  t i m e  t h e  h o l e  h a s  b e e n  d e e p e n e d  t o  1200m. The 

i n i t i a l  s a m p l e ,  t a k e n  o n l y  a  f ew d a y s  f o l l o w n g  c e s s a t i o n  o f  d r i l l i n g ,  

con ta ined  unusua l ly  h igh c o n t e n t s  of Si02,  Mn, Fe, Ba, and o t h e r  c o n s t i -  

t u e n t s ,  i n d i c a t i n g  t h a t  t h e  sample was contaminated by d r i l l i n g  f l u i d .  A 

sample t aken  16 days  l a t e r  (MH 33b) con ta ined  cons ide rab ly  lower amounts of 

t h e s e  c o n s t i t u e n t s  bu t  somewhat g r e a t e r  amounts of S i02 ,  C 1 ,  Ca, Fe, and 

Ba than  samples o b t a i n e d  two months l a t e r  (MH 35 and MH 40).  It i s  p o s s i b l e  

t h a t  wa te r  from t h e  Old Maid F l a t  w e l l  was s t i l l  s l i g h t l y  contaminated by 

d r i l l i n g  f l u i d .  



d. Comparison of Water Chemistries 

To facilitate comparison between the chemistries of the various water 

sources, major- and trace-element contents were plotted generally in order 

of increasing abundance in Figures 10, 11, 12, and 13. The patterns on 

these figures afford qualitative assessment of significant differences or 

similarities between water types. Mean values and standard deviations of 

element contents of cold waters emanating from springs in andesite and of 

waters from Swim Warm Springs are plotted on Figures 10 and 11. In Figure 

10, which compares major elements, there is a "high" in sulfur and sodium in 

the warm spring water, in contrast to the cold "andesite" water where Si02 

is relatively prominent. In the comparison of mean values of trace-element 

contents in both water types (Figure ll), uranium is prominent with respect 

to its neighbors, Sm and Cs at Swim Warm Springs. Barium stands out among 

the trace elements in the cold-spring waters. 

Plots of major-element contents in waters from the geothermal test 

well in Old Maid Flat (MH 40) and the cold spring in Robin Hood Quarry (MH 

10) comprise Figure 12. Similar diagrams of trace-element contents in these 

two sources are shown in Figure 13. The major-element pattern of the Old 

Maid Flat well water has a Na-S "high," similar to but considerably more 

accentuated than, that of the Swim Warm Spring waters (Figure 10). The 

trace-element pattern of Old Maid Flat well water has a sharp "high" of Mo 

with respect to its neighbors on the plot, Cs and Rb; Br is also accen- 

tuated. The major element pattern of cold water emanating from basalt in 

Robin Hood Quarry accentuates S and Ca, in contrast to the cold "andesite" 

waters where Si02 predominates. The trace element pattern of the Robin 

Hood Quarry water has prominences of Mo and Ba; Ba is also relatively 

prominent in the cold "andesite" water. Barium and calcium contents are 

relatively high in a sample of basalt from Robin Hood Quarry (MHR-2, Table 

2), and a sample of felsic dike rock from the quarry (MHR-1) also has a 

relatively high Ba content. 



X B L  781 I - 2176 

Figure  10. Major element c o n t e n t s  of Swim Warm Springs  and 
co ld  wa te r  from a n d e s i t e .  
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Figure  11. Trace-element c o n t e n t s  of Swim Warm Springs  
and c o l d  wa te r  from a n d e s i t e .  
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Figure 12. Major-element contents of the spring i n  Robin 
Hood Quarry and of water from the geothermal 
test well in Old Maid Flat. 



Figure 13. Trace-element content of the spring in Robin 
Hood Quarry and of water from the geothermal 
test well in Old Maid Flat. 



e. Estimates of Subsurface Temperature 

Major-element analyses were used to calculate the water temperature 

at depth within the Swim Warm Springs system. The calculations were based 

on chemical geothermometers afforded by the Si02 content of water and the 

ratio of Na to K, corrected for Ca (Fournier and Truesdell, 1973). The 

temperature of water at depth was also estimated by the ratio of oxygen 

isotopes in sulfate in the water (McKenzie and Truesdell, 1976), measured by 

N. Nehring and A. H. Truesdell at the U.S. Geological Survey, Menlo Park, 

California. 

The temperature of hot water, unmixed with nearer-surface cold water, 

and the proportion of mixed cold water in Swim Warm Springs, were estimated 

by applying the mixing model of Fournier and Truesdell (1974). In this 

model simultaneous equations are employed, incorporating as factors the 

temperature of warm spring water, the Si02 content of the warm spring 

water, the temperature of the near-surface cold water, and the silica 

content of cold spring water. 

The estimates of subsurface water temperature at Swim Warm Springs 

are summarized in Table 5. The temperatures estimated by the Na-K-Ca 

geothermometer and by the mixing model may be less reliable than those 

estimated by the silica and oxygen-isotope geothermometers, because surface 

flow at Swim is low. The Na-K-Ca and mixing-model temperatures should not 

be discounted, however, because the mixing model indicates the large propor- 

tion of near-surface cold water intuitively expected at Swim. Therefore, 

the agreement between the silica and oxygen-isotope temperatures indicate 

that the temperature at depth is, at least, within the range of 100-125°C, 

the temperature may be 150° to over 200°C. 

The samples from the Old Maid Flat hole may contain some vestiges 

of drilling fluid. However, if we assume equilibrium conditions then the 



Table 5 

Summary of Estimated Subsurface Temperature 
at Swim Warm Springs 

Geothermometers 

Silica Mixing Model (a) 

Temperature of unmixed 
hot water 

Fraction of cold water 0.92 

a) Fournier and Truesdell, 1974. 
b) Questionable because it is a low-flowing system. 



silica and alkali-element ratio geothermometers give consistent tempera- 

tures of 80-90°C. The temperature measured at 450m was 33OC; a measure- 

ment of bottom-hole temperature, following completion of the hole, was 

81°C. 

f. Oxygen and Hydrogen Isotope Ratios 

A plot of isotope ratios of hydrogen and oxygen in cold and warm spring 

waters comprises Figure 14. The ratios are expressed in delta values, given 

in mils (Oleo), and defined as: 

R (sample) 
K 
(standard) (Hoefs, 19731, 

where R represents the isotope ratios of deuterium to hydrogen and M O /  

160; the standard is "mean ocean water" (Craig, 1961). The points for 

warm and cold springs fall close to the line for meteoric waters, indicating 

that the warm waters are much diluted by near-surface runoff. The warm 

water points would be shifted to the right of the meteoric water line if a 

substantial component of the spring water had been in contact with rock at 

depth. However, the grouping of the warm water points at more negative 

values indicates that the source of the warm spring water is generally 

higher on the mountain than the sources of most of the cold springs sampled. 

Exceptions are the cold springs at Mt. Hood Meadows (MH 4) and a spring in 

Robin Hood Quarry (MH lo), which fall in the same range as the warm waters. 

The grouping of the points indicates that the cold waters have shorter 

pathways between their sources and the springs, while a component of the 

warm water may circulate deeply enough in the mountain to come in proximity 

to a hot central conduit system. 



0 Cold springs 
Warm-spring orifices 

Figure 14 .  Isotope ratios of hydrogen and oxygen i n  cold 
and warm-spring water of M t .  Hood. 



B. Rock Analyses 

A l i m i t e d  number of samples of t h e  igneoud rock  types  i n  t h e  M t .  Hood 

r e g i o n  were c o l l e c t e d  and analyzed.  A more d e t a i l e d  i n v e s t i g a t i o n  of t h e  

pe t ro logy  , mineralogy, and geochemistry of M t  . Hood's e x t r u s i v e  rocks  is  

p r e s e n t l y  b e i n g  c o n d u c t e d  b y  C r a i g  W h i t e  of t h e  U n i v e r s i t y  of Oregon. 

R e s u l t s  of major and t race-element  ana lyses  of 1 3  rock samples, t o g e t h e r  

wi th  b r i e f  sample d e s c r i p t i o n s ,  a r e  l i s t e d  i n  Table  6. Seven of t h e  samples 

a r e  a n d e s i t e ,  two (MHR 3 and 11)  a r e  of apprec iab ly  a l t e r e d  rock. The 

major-element c o n t e n t s  of t h e  samples of r e l a t i v e l y  u n a l t e r e d  a n d e s i t e  a r e  

f a i r l y  u n i f o r m ,  w i t h  s i l i c a  c o n t e n t s  i n  t h e  r a n g e  58-63%, A1203 17.4-  

17.7%, CaO 5.4-6.4%, Na20 307-4.3%, and K20 1.0-1.5%. There  do n o t  appear  

t o  be  s i g n i f i c a n t  d i f f e r e n c e s  between c h e m i s t r i e s  of samples of P l i o c e n e  

a n d e s i t e  from t h e  west  and e a s t  f l a n k s  of M t .  Hood (MHR 1 0  and 1 3 ) ,  and t h e  

a n d e s i t e  of t h e  more r e c e n t  f l o w s  on t h e  s o u t h  f l a n k  of t h e  m o u n t a i n  

(MHR 5 and 6 ) .  This  is supported by t h e  smal l  s t a n d a r d - d e v i a t i o n s  of mean 

v a l u e s  of r a r e - e a r  t h - e l e m e n t  (REE) r a t i o s  (REE c o n t e n t s  i n  sample/REE 

c o n t e n t s  i n  s t andard  c h r o n d r i t e )  of t h e  u n a l t e r e d  a n d e s i t e  (F igure  15) .  The 

r e l a t i v e l y  h i g h e r  Fe and Mg c o n t e n t s  of t h e  a n d e s i t e  from Cloud Cap (MHR 12)  

a r e  i n  keeping w i t h  t h e  presence of o l i v i n e  i n  t h a t  rock,  i n  comparison w i t h  

o t h e r  a n d e s i t e  samples where hornblende i s  t h e  p r i n c i p a l  mafic  mineral .  The 

a l t e r e d  b r e c c i a t e d  a n d e s i t e  sample (MHR 3) from t h e  s o u t h  f l a n k  of M t .  Hood 

i s  somewhat l o w e r  i n  MgO, b u t  h i g h e r  i n  K20 t h a n  t h e  f r e s h e r  s a m p l e s ,  

w h i l e  t h e  s t r o n g l y  a l t e r e d  a n d e s i t e  (MHR 11)  from t h e  wes t  f l a n k  of t h e  

mountain has  cons iderab ly  g r e a t e r  MgO and much l e s s  K20 than a  sample of 

nearby,  r e l a t i v e l y  u n a l t e r e d  a n d e s i t e  (MHR 1 0 ) .  Both f r e s h  and a l t e r e d  

a n d e s i t e  samples from t h e  MHR 1 0  and 11 l o c a l i t i e s  have i d e n t i f i a b l e  i r id ium 

c o n t e n t s ,  i n  c o n t r a s t  t o  o t h e r  rock samples where t h e  abundance of t h a t  

element w a s  w e l l  below d e t e c t a b i l i t y  l i m i t s .  It is s u r p r i s i n g  t o  f i n d  Ir i n  

a n d e s i t i c  rocks;  i t  is more normally a s s o c i a t e d  wi th  u l t r a m a f i c  rocks:  

p e r i d o t i t e ,  pyroxen i te ,  and s e r p e n t i n i t e .  



Table  6a 

MT. HOOD ROCK SAMPLES 

SAMPLE 

Ti02 

Mno 

FeO 

Major Elements 
(% by weight )  

TOTAL 96.7 94 . O  92.7 93.0 99.2 99.7 96.2 9 7 . 1  94.0 97.4 89.2 97.4 97.0 

( a )  Analyses by x-ray f l u o r e s c e n c e .  



M. HOOD ROCK SAMPLES 

Trace Elements 
( P P ~ )  

SAMPLE 

Rb 

is 

Ba 

Hf 

Cr 

Co 

* By y spectrometry 
** By neutron activation 
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Figure 15. Rare-earth element ratios (sample/chrondrite) 
of rock samples from Mt. Hood. 

La Ce No S m E u  T b D y  Y b  Lu 



The relatively high barium contents of the samples of felsic dike 

rock and basalt (MHR 1 and 2, respectively) from the Robin Hood Quarry, are 

reflected in the water sample from that locality (MH 10, Table 4a) . The 

basalt has higher rare-earth-element ratios than those of the andesite or of 

the intrusive rocks. Comparison of major- and trace-element contents of the 

Robin Hood Quarry basalt with contents of Columbia River Basalt flows (Asaro 

and others, 1978) indicates strong similarities. An example is shown in 

Table 7, where sample tfHR 2 is compared with basalt of the Roza flow of 

central Washington. 

Major- and trace-element contents of the two samples of relatively 

unaltered intrusive rocks, diorite-granodiorite, from the Laurel Hill pluton 

(MHR 7 and 8), are similar to contents of the unaltered andesite samples. 

This is illustrated by the similarity between REE patterns of the andesite 

and intrusive rocks (Figure 15). A sample of altered intrusive rock from 

locality MHR 9 in the Laurel Hill pluton has markedly lower Na20, MgO and 

CaO, but higher Si02 than the unaltered samples. The similarity between 

the chemistries of the intrusive rocks and the andesites suggests that the 

intrusives may represent the roots of the Pliocene extrusive centers on the 

western flank of Mt. Hood. However, our sampling of andesites to date has 

not been extensive enough to support or deny the conclusions of Wise (1969) 

regarding the origin and character of the andesites of Mt. Hood. 

C. Gas Analyses 

Results of analyses of gases collected from two sites on Mt. Hood, 

Steel Cliffs and Crater Rock in the Summit Crater area, are listed in Table 

8. These may be compared with analyses by Ayres and Creswell (1951) of gas 

samples collected in 1935 and 1951 from fumaroles near the Steel Cliffs. 

The bar graphs, Figure 16, permit this comparison and show that carbon 

dioxide predominates (88-972) in the group of gases other than water vapor, 

with H2S comprising 1 to 11% of this group. The Ayres and Creswell sample 



Table 7 

Major- and Trace-Element Contents of t h e  
Robin Hood Quarry and Roza Flow b a s a l t s  

sio2 

*l2'3 

FeO 

MgO 

CaO 

Na 0 
2 

K2° 

Ti02 

Sc 

Eu 

C 0 

Ba 

C r  

Robin Hood Quarry Roza flow 

(%) 

50.3 50.3 



Table 8 

Fumarolic Gas Analyses* 

Temperature 

moles C 0 2  

moles H S 
2 

moles NH 
3 

moles H 0 
2 

Gases o t h e r  t h a n  H20 (mole % )  

C02 

H2S 
He 

S t e e l  C l i f f s  

- 

C r a t e r  Rock 

9 OOC 

0.3056 

2 . 9 2 2 8 ~ 1 0 - ~  

1 .72x10-~  

0 

* C o l l e c t e d  J u l y  1977; analyzed by N. Nehring and A.H. T r u e s d e l l ,  
U.S. Geological  Survey,  Menlo Park,  C a l i f o r n i a .  

**  Besides  methane, chromatograms i n d i c a t e  t h e  p resence  o f  e thene ,  
e thane ,  propene,  propane,  2-methyl-propane, 1-butene,  n-butane, and 
n-pentane. 



Goses other than waf er vapor 

! S T E E L  C L I F F S  
F U M A R O L E  '0' 
( 8 8 - 9 1 ' C )  

"2s 

"2 NH3 

"2 

A r 

Figure  16 .  Bar g raphs ,  showing abundances of c o n s t i t u e n t s  
( o t h e r  than  wate r  vapor) of furnarolic g a s e s ,  
N t .  Hood. 



of 1 9 5 1  d i f f e r s  f rom t h e  1935  s a m p l e  i n  i t s  r e l a t i v e  c o n t e n t s  of C02, 

H2S, and o t h e r  c o n s t i t u e n t s .  The d i f f e r e n c e  between t h e  1951 sample and 

our 1977 sample i s  of t h e  same order .  The 1977 S t e e l  C l i f f s  and C r a t e r  Rock 

samples have s i m i l a r  bar-graph p a t t e r n s ,  wi th  t h e i r  H2S c o n t e n t s  substan-  

t i a l l y  h i g h e r  than H z ,  N2, and NH3, which a r e  i n  t u r n  a t  l e a s t  two 

o r d e r s  of magnitude h i g h e r  than argon. 

A second s e t  of gas  samples was c o l l e c t e d  from fumaroles i n  t h e  Summit 

C r a t e r  a r e a  i n  October 1978. It is expected t h a t  s u f f i c i e n t  water  vapor was 

c o l l e c t e d  a t  t h a t  t i m e  t o  p e r m i t  a n a l y s e s  o f  s t a b l e  i s o t o p e  c o n t e n t s ,  

p rov id ing  comparison wi th  i s o t o p e  r a t i o s  i n  spring-water samples. 

IV. O R I G I N  OF WARM WATER AT SWIM SPRINGS 

I t  i s  a p p r o p r i a t e  h e r e  t o  s p e c u l a t e  b r i e f l y  on t h e  s o u r c e  o f  t h e  

w a r m  water  and t h e  pathway i t  t a k e s  t o  reach  Swim Springs .  The most l i k e l y  

e x p l a n a t i o n  f o r  t h e  occurrence of warm water a t  Swim i s  t h a t  t h e  wa te r  has  

been heated h igher  on t h e  mountain, has  migrated downslope, mixing wi th  cold  

wa te r ,  and comes t o  t h e  s u r f a c e  a t  Swim. Snow- and g lac ie r -mel t  water  near  

t h e  summit may come i n  c l o s e  p r o x i m i t y  t o  t h e  h o t  c e n t r a l  n e c k  of t h e  

mountain, manifes ted by t h e  steam zone of t h e  summit-crater fumaroles.  Some 

of t h i s  hea ted  water  probably p e r c o l a t e s  downslope i n  t h e  a n d e s i t i c  mud-and 

ash-flows, mixing wi th  co ld  water  a long  i ts  pa th  ( F i g u r e  17) .  

The oxygen-hydrogen i s o t o p e  d a t a  (F igure  12)  provide evidence f o r  

t h e  h igh-e leva t ion  o r i g i n  of t h e  Swim water .  Meteor ic  water  depos i t ed  a t  

h i g h e r  e l e v a t i o n s  h a s  a  l a r g e r  component of l i g h t e r  i s o t o p e s  than does water  

a t  lower e l e v a t i o n s .  This i n d i c a t e s  t h a t  a  s i g n i f i c a n t  p ropor t ion  of t h e  

warm water  o r i g i n a t e d  a t  h igher  e l e v a t i o n s  than t h e  cold  s p r i n g  water .  

F i e l d  measurements and a n a l y s e s  of co ld  s p r i n g s  a l s o  sugges t  t h a t  

t h e r e  is  a  smal l  thermal  component i n  some of t h e  cold-spr ing water  on t h e  

s o u t h  f l a n k  of M t .  Hood. Sur face  and s p r i n g  wate r s  i n  t h e  M t .  Hood reg ion  
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Figure  1 7 .  North-south geo log ic  c r o s s  s e c t i o n  of M t .  Hood ( a f t e r  Wise, 1968) 
showing, schemat ica l ly ,  t h e  hypothesized c i r c u l a t i o n  pa ths  of h o t  
water  (dark arrows) hea ted  n e a r  t h e  vo lcano ' s  c e n t r a l  neck,  mixed 
warm water  ( l i g h t e r  a r rows) ,  and co ld  wa te r  (un-shaded arrows) .  
The warm water  emanating a t  Swim Springs  i s  s t r o n g l y  mixed, and 
co ld  wa te r  i n  s p r i n g s  on t h e  sou th  f l a n k  of t h e  mountain may con- 
t a i n  a  small component of t h e  deeper-flowing h o t  wa te r .  Myb = 
Yakima B a s a l t :  Ifr = Rhododendron Formation; P l v  = Lower P l iocene  
b a s a l t  and a n d e s i t e ;  Qha = Plt. Hood a n d e s i t e  f lows.  



g e n e r a l l y  c o n t a i n  a  few ppm of t o t a l  d i s s o l v e d  s o l i d s ,  1 t o  3  ppm c h l o r i d e ,  

and have s p e c i f i c  conductances of 30 t o  70 umohs/cm. I n  c o n t r a s t ,  a s  is  

i l l u s r a t e d  i n  F igure  9 ,  s e v e r a l  of t h e  co ld  s p r i n g s  on t h e  s o u t h  f l a n k ,  

below t h e  6000 f t  e l e v a t i o n ,  have c h l o r i d e  c o n t e n t s  and/or  s p e c i f i c  conduc- 

t a n c e s  w e l l  i n  excess  of t h e s e  v a l u e s .  For comparison,  u n d i l u t e d  geothermal  

w a t e r s  may c o n t a i n  s e v e r a l  hundred t o  s e v e r a l  thousand ppm c h l o r i d e  and have 

s p e c i f i c  conductances i n  t h e  range from s e v e r a l  hundred t o  s e v e r a l  thousand 

~~mohs/cm; a t  Swim, t h e  v a l u e s  a r e  ~ 9 0 0  ppm t o t a l  d i s s o l v e d  s o l i d s ,  Q150 ppm 

c h l o r i d e ,  and 1300 ~mohs/cm s p e c i f i c  conductance. 

Another p o s s i b l e  e x p l a n a t i o n  f o r  t h e  p resence  of warm water  a t  Swim 

Spr ings  i s  deep c i r c u l a t i o n  a long a  f a u l t  zone. An eas t -west  o r i e n t e d  f a u l t  

zone i n  t h e  v i c i n i t y  of Swim has  been sugges ted  from a n a l y s e s  of ea r thquake  

e p i c e n t r a l  d a t a  ( R .  Couch, pe r sona l  communication, 1977) .  However, t o  d a t e ,  

o t h e r  g e o l o g i c a l  and geophys ica l  i n v e s t i g a t i o n s  have n o t  confirmed t h e  f a u l t  

zone. I f  a  f a u l t  zone were p r e s e n t  and i t  con ta ined  permeable zones ,  t h e s e  

cou ld  s e r v e  a s  c o n d u i t s  f o r  deep c i r c u l a t i o n  of m e t e o r i c  water .  It is more 

l i k e l y  t h a t  i f  a  f a u l t  zone i s  p r e s e n t ,  i t  would s e r v e  a s  an  impermeable 

b a r r i e r  t o  warm water  moving down-slope, caus ing  some impoundment and t h e  

emanation a t  Swim Spr ings .  That  t h e  h i g h e s t  t empera tu re  o r i f i c e  a t  Swim i s  

l o w e s t  i n  e l e v a t i o n  ( F i g u r e  5 )  c o u l d  b e  a t t r i b u t e d  t o  n e a r l y  v e r t i c a l  

c i r c u l a t i o n  a s s o c i a t e d  w i t h  a  f a u l t  zone. More p l a u s i b l e ,  however, i s  t h e  

e x p l a n a t i o n  t h a t  t h e  water  emanating a t  t h e  lower o r i f i c e  is  warm water  

moving down-slope from a  deeper  hor izon  i n  t h e  a n d e s i t e ,  and t h e r e f o r e  l e s s  

mixed w i t h  co ld  wa te r  than  t h e  wa te r  i n  t h e  h i g h e r  o r i f i c e s .  Ne i the r  t h e  

fau l t - zone  nor  t h e  down-slope moving warm wate r  mechanisms f o r  Swim Spr ings  

a r e  m u t u a l l y  e x c l u s i v e ;  both  could  be  o p e r a t i n g .  

V. CONCLUSIONS 

Though t h i s  i s  no t  a  f i n a l  r e p o r t ,  s u f f i c i e n t  d a t a  have been ob ta ined  

t o  p rov ide  some p r e l i m i n a r y  conc lus ions  on t h e  geochemical  s e t t i n g  of M t .  

Hood. Firmer c o n c l u s i o n s  on t h e  u s e f u l n e s s  of t h e  geochemis t ry  i n  evalu- 

a t i n g  t h e  geothermal  r e s o u r c e  p o t e n t i a l  awa i t  r e s u l t s  of a n a l y s e s  p r e s e n t l y  

underway. 



1. The warm water at Swim Springs on the south flank of Mt. Hood has 
a large component ( ~ 9 0 % )  of nearer-surface cold water. The flux of 
cold-water runoff nearly masks the surface indications of deeper-circu- 
lating hot water. The upper-slope orifices at Swim are the most diluted, 
those downslope are successively less diluted. The oxygen-hydrogen 
isotope data indicate that cold-spring waters have short pathways 
between their sources and the springs, while a component of the warm- 
spring water has its origin considerably higher on the mountain. 

2. Chemical geothermometers and mixing-model calculations indicate that 
temperatures at depth in the Swim Springs system are within the range 
104-170°C. The silica mixing model gives a range of 192-240°C for 
unmixed hot water. 

3. The chloride contents and specific conductances of the water sources 
indicate that most of the cold spring waters are derived almost directly 
from snow melt. Relatively high chloride contents and specific conduc- 
tances in some springs on the south flank of Mt. Hood indicate that 
these waters may circulate deeper or may mix with geothermal waters. 

4. Water in the geothermal test hole in Old Maid Flat, in a sample most 
likely from the Rhododendron Formation, has a different chemical char- 
acter from the water at Swim. Geothermometry is consistent with a 
temperature gradient of 60°C/km as measured in the Old Maid Flat 
well. 

. The Platinum-group element, iridium, is present in identifiable abun- 
dances at one orifice at Swim Warm Springs, a cold spring, and in the 
small lake in the summit crater area. Iridium also occurs in altered 
andesite at one location on the western flank of Mt. Hood. The asso- 
ciation of Ir with an andesitic volcano is surprising; it is generally 
considered to be associated with basic to ultrabasic igneous rocks. 

6. The similarity between major- and trace-element contents of Pliocene 
andesite on the west flank of the mountain and intermediate intrusive 
rocks of the Laurel Hill pluton in that area supports Wise's (1969) 
contention that the pluton represents the root zone of a center of 
extrusion of the andesite. 

7. The basalt exposed in the Robin Hood Quarry in the Hood River Valley 
has major- and trace-element contents very similar to those of the Roza 
flow of central Washington. This supports the idea that the basalt on 
the east side of the valley is Columbia River Basalt, on the upward- 
thrown side of a north-south trending normal fault. 



VI. CONTINUING ACTIVITIES 

Activities underway include analyses of gas samples collected in October 

1978 in the summit fumarolic area. In the sampling of 1977 we were not able 

to collect sufficient water vapor to permit determination of isotope ratios. 

The volume of water vapor collected in 1978 is sufficient for these analy- 

ses. This will afford comparison with the isotope ratios of cold- and 

warm-spring water reported here. 

Water analyses still to be completed at the time of publication include 

a sample collected in October 1978 from the geothermal test hole drilled 

near Timberline Lodge and a set of samples collected at that time from the 

three orifices sampled periodically at Swim Springs. Deepening of the 

geothermal test hole in Old Maid Flat in the summer of 1978 may permit us to 

obtain a fluid sample from a deeper aquifer (most likely within the Columbia 

River Basalt) than the Rhododendron Formation sampled in 1977. 

Samples of altered and unaltered andesite from the fumarolic area in 

the summit crater were collected in October 1978. These are being analyzed 

for major and trace elements and will indicate if iridium and silver are 

present in the strongly altered ground, coinciding with the presence of 

these elements in the runoff water from the small lake. 

It is recommended that one or more geothermal test holes be drilled 

in the Swim Warm Springs area. These holes should be deep enough to obtain 

temperature measurements and fluid samples from below the zone of near- 

surface and shallow cold-water runoff, to permit major-, trace-element, and 

isotope analyses of relatively unmixed hot water. The holes should be 

located on the up hill gradient from the Swim system to test whether the 

water emanating from Swim is leakage from volcanic units higher on Mt. Hood, 
-4 

or whether it is from deeper circulation within a fault zone. 
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