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b e l t s  of ther  springs occur along the Aleutian Range, in  Sout 
irs t comprehens 
n 1917 by Warin 

ve appeared in  Wa 

ring invc r t iga t io  
(19731, White and Williams (1 Muffler (1979). t .  

. The scope of the i n i t i a l  assessment of 
by DGGS includes 1) invest igat ing a l l  therma 
but not as yet v i s i t e d  or '  s tudied 'by a , s c i e n t i f i c  team; 
da te  data  and more de ta i led  s tudies  of previously invest  
locat ing and invest igat ing addi t ional  thermal-spring s i t  

hydrology, invest igat ion of thermal-spring charac teris t i  
tures  and flow rates, and geochemical sampling and analy 
thermal waters a t  the site. Thi 
estimate reservoi r  temperature, 
waters with colder waters, and t o  
the s i te .  These da ta  €or a l l  the 
pi led in to  a geothermal a t 1  

' s i t e s  with the highes 
follow-up s tudies  at  

reported. The assessment work includes reconnaissance o . .  

This report  presents the preliminary r e su l t s  of inves 
springs in  southern Southeastern Alaska, near Petersburg, 
and Craig (f ig .  1) . Three of these sites, &ich had been 
(1917) (Vank Is land,  Uauk, and Sake 
present ly  discounted. South S t ik ine  
inhabitant to  e x i s t  n 
report  of a thermal spring near Virg 
thermal anomalies were found and the 
Island Hot Springs were ve r i f i ed  by 
de ter iora t ing  weather conditions prevented BGGS f i e l d  invest igat ion of the 
s i te .  

F i e l d  invest igat ions were performed on seven thermal spring s i t  
l a t e  September and ea r ly  October, 1979. 
S t ik ine  River (Chief Shakes, Twin Lakes, Barnes Lake, Fowler), one along the 
Bradfield River (Bradfield),  and two on and near Bell Island (Bell Island, an 
Ba i l ey  Bay). Two of the sites invest igated,  Barnes Lake and Bradfield,  have 
not been reported in  any previous compilation of thermal springs i n  Alaska. 
The recent discovery of the Bradfield hot springs i n  a remote area of the 
Coast Range Mountains suggests other  thermal springs e x i s t  but h 
been de tec  ted . 

M t .  Rynda but 

Four of the sites occur along the  

. .  

USE OF THE REPORT 

The purpose of t h i s  open-file report  is to provide a ready r 

areas of southe eas te rn  Alaska. The repor t  is organized i 
sec t ions  so tha 

de t a i l ed ,  current  data  bearing on the po ten t i a l  uses of geotherma b 

eader,  depending on h i s  f ami l i a r i t y  with geot 
* 
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Research speci 
against stande 



! 
0 

thermometer. A l l  measurements are 
t ion  and accuracy of the d i g i t a l  t h  
t ivgly;  f o r  the d i a l  thermometers 
ture  measurements were us 

r 

Instruments, Inc, pygmy flowmeter and reported in  
Accurac ies of these measurements were commonly imp 
low water ve loc i t i e s ,  and f r i c t i o n  i n  the vane bearings. 
discharge was determined by the time needed to f i l l  a 4- 
was not possible to  measu 

At. 

A reconnaiseance of 
This en ta i led  examination 
loca l  f a u l t s  and f rac ture  
deposi ts  ( i f  any). 

/ 

DS USED AND PRECISION 

Whenever possible,  laboratory methods of de t e  
taken from the l ist  of methods of choice for each 
scribed by Presser and Barnes (1974).  Table 1 s 
presents  the expected precis ion of laboratory an 
commonly found in  water as determined by U.S. G e  
Laboratoriee. Atomic-absorption analyses were r 
a tomic-abs o r  p t ion spec t ropho tome ter us ing a ir-ac 
acetylene flames under -conditions l i s t e d  in  the 
manual. Colorimetric and turbidimetric absorp t i  
Vis-W single-b 
An Orion model 
e lectrode were used in  th 

DGGS water analysis  procedures are cur ren t1  
s tandardizat ion t o  conform to USGS establ ished 

DGGS open-file report .  

Most of the precisions given in t ab le  l ' f o r  the various 

percent) f o r  varioua laboratory determi t 
(Appendix C l i s ts  inductively coupled a 

I 
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thods and expected precision: DGGS water-chemistry ana 

AA; direct  aspiratio 

culation from a 

ST 
Range: 1.0 t o  210 mg/l 
ST = 0.056 x - 0.002 (mg/l) 
Range: 0.1 to  10 mg/l 

0.034 x + 0.33 (mg/l) 



Table 1. Methods and expected precision: DGGS water-chemistry analyses (cont.) 

Reference Description of method Precisiona 

B r  0 p. 291 Colorimetric oxidation of bromide and 
bromination of phenol red a t  pR 5 t o  5.4 

B ' A p. 311 . Colorimetric-complex !+ = 0.463 x + 20. 
Range: 30 to 550n 

C See Barnes, 1964 

ax = Concentration i n  mg or ug/l. Quoted precis ions are Skougstad and others ,  eds. ( 1 9 7 9 )  unless  
otherwise noted. 

Reference8 
Smugstad and others, eds, 1979. 
Presser  and Barnes, 1974. 

C. Earnes, 1964. 
D. Rand and o thers ,  eds., 1975. 

7 k. Ins t ruc t ion  manuals f o r  Orion Iona 
Electrodes, 1977, by Orion Research Incorporated. 
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hermal systems 
rce potential o 

thermal sites investigated. Summaries of the ~ 

ave been applied to geothermal systems can be 
in E Z l i s  and Hahon ( 1 9 7 7 ) .  The geothermometers 

ath of ascent, 



S il i c  Geo th ermome t r y  

s i l i c a  geothermom on the experimentally 
sh ip  between s i l k  , temperature, and pressure (Fournier 

olved s i l i c a  found i n  thermal waters may and Rowe, 1966; Fournier, 
be supplied by temperature-dependent react ions between the thermal water and 
e i t h e r  quart e, chalcedony, 
A shows the s o l u b i l i t y  of 
with saturated steam. Cu amount of s i l i c a  
i n  the res idua l  l iqu id  af 
100°C and 1 bar presaure.  S es can be cons t r  
mineralogic phases of si1 

cr (1973) foun 
librium and tha t  the quartz geothermometer general ly  works be 
150-225°C. 

l i c a ,  o r  c r i s t o b a l i t e .  
nc t ion of temperature 

s of steam on adiab 

*c, quartz controls  

When i n i t i a l  temperatures are above 225'C, 
on ascent t o  the surface owing to the r e l a t  
higher temper a t  u re  a e attainment of 8 

lcedony and sometimes c r i s t o b a l i t e  or 
amorphous s i l i c a  as ution coola. For reservoi rs  below 

150°C , Fournier (1973)sfound 
us s i l i c a ,  r a the r  than quartz ,  may cont ro l  the dissolved si1 
However, i n  g r a n i t i c  rocks Fournier reported tha t  quartz may 
l i ng  mineral down to  temperatures as low a8 90.C (Brook and 

1979) .  
mometry i n  the range 90'-150*C. 

Thus, ambiguities can arise from the appl ica t ion  of s i l i c a  geother- 

1 

4 



ram of water. 



One of the assumptions inh n t  i n  using geothermometry is tha t  thermal- 
spr ing  waters are undiluted. However, the waters issuing from many ( i f  
most) thermal springs probably cons is t  of mixtures of deep hot water an 
low cold water. 
tha t  may be applied to  springs w large r a t e s  of flow and temperatures below 
boi l ing ,  These models are based 

resultant; mixed thermal-spring water. 
hot  water plus steam tha t  mixes with and hea ts  the cold water is the same as 
the i n i t i a l  enthalpy of the deep hot  water; the  deep hot wate 
mixing, but a l l  the steam coadenses i n  the cold water. In th  
the enthalpy of the hot  water in  the tone of mixing is less than the enthalpy 
of the hot  water a t  depth owing to  escape of steam during ascent. 

Fournier and Truesdell  (1974) described two mixing m d e l s  

the re la t ionship  between the enthalpy and 

In  the f i r s t  model the enthalpy of the 
c s i l i c a  content of the ascending a1 water, the cold ground water, and the 

C 

Barre t t  and *Pearl  (1978) surmarized the addi t iona l  assumptions , given 
below, which are impl ic i t  i n  the use of these mixing models: 

1. I n i t i a l  s i l i c a  content is control led by the temperature-dependent 
react ions between the 
phases. 

ep thermal water and the var ious s i l i c a  

2. Additional s i l i c a  is t he r  dissolved .nor deposited 
3. The temperature and s i l i c a  content of cold epringe a 

the ground water t ha t  mixes with the ascending hot wat 

TrueBde11 and Fournier (1977) devised a simple procedure 
these models, in which a plo t  of dissolved s i l i  
3) .  For the s i t u a t i o n  in  which no steam is 10s 
hea t  contents (enthalpies)  of fhe cold and wa 
two poin ts ,  A and 8. A s t r a i g h t  l i n e  is drawn through these points  to in t e r -  . 
s e c t  the quartz s o l u b i l i t y  curve (note tha t  be1o.w 100.C the temperature in  
degrees Cels ius  is numerically equivalent t o  ca l /g) .  
o r i g i n a l  s i l i c a  content and enthalpy of the deep hot water. The o r ig ina l  
temperature of the hot-water component is then obtained from steam tables  
(Keenan and ,others, 1969). 
obtained by dividing the dis tance AB by AC. 

For the s i t ua t ion  in kith the maximum 

are plot ted as 

Point C then gives th 

The f r ac t ion  of hot  water in  the warm spr ing *is 

hot water before mixing, the e i l i $u  end hea t  co 
sb r ing  waters are plot ted as two points, A 
l i n e  is drawn through those points  and exten 
res idua l  l iqu id  water a t  the a umed temperatur 
steam, taken here  to  be 1OO.C. In t h i s  care th  
mixing w i l l  have an enthalpy o 100 c s l / g ,  poin 
enthalpy of the hot-watcr component is obtained 
the diagram from point E to the maximum steam 1 
or ig ina l  s i l i c a  content of the hot-water compon 
f r ac t ion  of hot  water ( a f t e r  steam loss)  i n  the 
dividing the dis tance AD by AE. 
temperature above lOO'C, the o r ig ina l  of the hot water 
value along a hor izonta l  Tin 

ua r t z  s o l u b i l i t y  curve (no 

3 
If 0 



1 

. 



where : 

Na, K, Ca = ion ic  concentratio in  moles / l i t e r  of the sodium, potassium, 
s 

mperature in  degrees ce l s ius  

B - ' 4 /3  ' for  T < 100' 

Na-K-Ca geothermometer, 

* w i l l  have l i t t l e  e f f e c t  on the sodium-potassium r a t i o  but may a f f ec t  the 
calculated calcium-sodium r a t i o  because of the square root of 

with d i l u t e  ground water w i l l  cause the subsurface temperature 
too low. 

so lu t ions  equi l ibra ted  with potassium feldspar  and a l b i t e  muscovite and 
a l b i t e ,  alkali-bearing catbona other  mineral s u i t e s .  

For example, waters equ i l  with mineral s u i t e s  c ining potassium 

On the other  hand, waters equi l ibra ted  
fe ldspar  but no a l b i t e  (sodium-deficient mineral suites) w i l l  provide exces- 
s ive  subsurface temperature estimates. 
with mineral su i t e s  containing a l b i t e  but no potassium 
de f i c i en t  mineral s u i t e s )  w i l l  y i e ld  temperature e8 tima 
Water6 in equilibrium with alkali-bearing carbonates (evapori t  
general ly  y ie ld  excessive temperature es t imates .  
z e o l i t e s  may yield minimum 'femperature estimates. 

Howeve 

3) 

Changes in the sodium-potassium-calcium r a t i o s  in  

L i t t l e  o r  no reequi l ibra t ion  occurs during ascent 
3 

. 
grea t  or negl ig ib le ,  depending on the r a t e  of ascent and the r e l a t i v e  
r e a c t i v i t y  of the rocks m d  minerals PlOng the flow path. Lowcalcium thermal * .  

-14- 
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DESCRIPTION 0 

shown in f igure 1. The numbe 
s i t e s  and to  the tab le  on pag 
s i t e s  that had been pr iviousl  

. 

and one-quarter sect ion 

depos i t s ;  gases; unusual c h a r a c t e r i s t i c s ;  water chemistry; water 
-type; other  physical propert ies ;  and comparisons vi  

6. Reservoir propert ies :  includes discussion of geothermomet 
models where appl icable;  and estimatds of reservoi r  tempe 
volume, and thermal energy content. 

The techniques described by the USGS for estimating reservoi r  pro- 
pe r t i e s  have been adopted in  t h i s  report  (Brook and others ,  1979; 
Mariner and others ,  1978; Nathenson, 197.8). 
the minimum, maximum, and most l i ke ly  subsurface t e  
geology and geother ry, and on geophysics and d measure- 
ments where ava i lab  (Subsurface temperatures de 
mixing models a re  ed in estimating reservoir  
tfiis report  unless borat ive evidence for mixing e x i s t s ,  f o r  
example, chloride-enthalpy analyses or  water oxygen isotope 
analyses. 
then calculated followin !! 

Estimates of reservoi r  vo are  made from avai lab le  
physical, and bore-hole data. Few thermal, s i t e s  in  * 

A judgment is made as to  

A mean reservoi r  temperature and standard deviat ion ' a r e  

-16- 
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SHAKES HOT SPRINGS 

Locat ion 
Latitude 56' 43.0' N.; 
Quadrangle1 (1953) T 
Copper River Meridian 

General Descr i p t ion  

km NNE of the v i l l a g e  of W 
s i b l e  by boat v i a  the S t ik in  
S t ik ine)  , thence 3 km up a w 
mouth of the Ketiri ( f ig .  
f loated t o  within 200 m of 
National Forest and are  man 

Chief Shakes hot s p r  

The S t ik ine  Valley is 
hanging val leys  and s teep g ran i t i c  walls tha t  are near ly  v e r t i c a l  in  places. 
Glaciers s t i l l  cover much of the higher e levat ions.  Shakes Glacier ,  NNW of 

8 ,  descends near ly  vel. 

t 

. 

The hot  springs l i e  along the base of a s teep glaciated g ran i t i c  c l i f f  
t h a t  forms the north s ide  of the S t ik ine  Valley, 
(spring 1) emerges from beneath boulders a t  the c l i f f  base, about 15 m above 
average slough-water level.  Par t  of the waters from t h i s  spring are chan- 
neled through a pipe to a large wooden tub enclosed i n  an A-frame s t r u c t u r e ,  
abbut 100 m downslope from the spring source. 
constructed by res idents  of Wrangell, who comonly use the hot  .springs f o r  
recrea t iona l  purposes. 

The p r in i c ipa l  spr ing . 

The hot tub and enclosure were 

P;,t l e a s t  seven addi t iona l  hot  springs are located from 50 t o  200 m down- 
slope from the A-frame. These springs emanate from small f i s su res  in the 
g r a n i t i c  c l i f f  near the base of Ult  c l i f f  and from the alluvium . Most 
of these a re  minor springs with very low discharge. 
ever (spr ing 21, has a discharge and temperature comparable to 
epringr. 
mean slough water level. 

One of the gs, how- 

The spring a t  the lowest e leva t ion  in  the s e r i e s  lies about 

The hot spr ings waters dra in  through a gent ly  610 
by 300 m, located aouth of the c l i f f ,  and thence in to  
i s  surrounded by willow and tall stands of s i t k a  spruc 

Geo lou  

Bedrock in the v i c i n i t y  of Chief Shakes hot  spr in  
granodior i te  and quartz d i o r i t e  of rtiary-Cre taceous 
1975; Buddington and Chapin, 1929) me bedrock is th 

contact between 

IChief -  Shakes hot  springs ac tua l ly  l ie about 3 km.due 

ange Ea tho1 i th  i c  complex. 

shown on the  USGS topogra . 
18- 





p h y l l i t i c  s c h i s t s ,  which are par t  of the Wrangell-Revillagigedo b e l t  of 

l i t h  occurs about 45 km to  the &st of Chief Shakes. 
.c. regional ly  metamorphosed rocks, with the west margin of the Coast Range Batho- 

Buddington and Chapin's mapping was compiled a t  a 1:500,000 reconnais- 
sance scale.  No deta i led  geologic mapping has yet been done h the Chief '  
Shakes area. During our reconnaissance, bedrock in  the i m e d i  
the springs was found to be a fine- t o  medium-grained g r a n i t i c  
d i s t i n c t  t o  f a i n t  f o l i a t i o n  d 
sium feldspar  c rys t a l s .  The 
potassium feldspar ,  quartz, h 

The base of the c l i f f  a t  
ley  is  floored with r ive r  a l l  

The Coast Range lineamen 
Coast Range Batholith, is located 15 tCm west of Chief Shakes hot  springs 
(Twenhofel and Sainsbury, 1958). 
but the rocks of the area a re  heavi ly  f r  tured. Several j o i n t  sets a re  
observable on a e r i a l  photos of the area. 
E.+., N. 60 E.,' and N. 55 W. The c l i f f  
mately parallel to  the N. 5 

No major l i nea r  occurs a t  the spr ings i t s e l f  

During our reconnais 
E. ,  70' N. was noted in  the c l i f f  face s 
spring. 
mediate v i c i n i t y  of the hot  springs. 
spr ings had an a t t i t u d e  of r t r i k c  N. 4 

Spring Charac te r i s t ics  
Table 2 gives the chemical com 

of the two hot  springs a t  Chief sh 
analyses a re  included for  comparison. 
spr ing 2 was 45 'C.  

Several other  j o i n t s  with t h i s  

The other  s 

Discharges from springs 1 an 
and were determined t o  be 320 lpm 
The flow from the remaining sp r in  
estimated to  be not more than 15 
a t  Chief Shakes is eetima 

Waring (1917) repor te  
apparently €or spr ing 1 a t  Chie 
a flow of 200 lpm and a 
accuracy of the ear l ier  f 

No odors were de tec t  
gas bubbling was noted a t  spring 2, probably 0 2 .  
mats l ined spring channels where temperatures were about 40'C or higher. 
Whitish carbonate deposi ts  veneered dry parts of the hot  spr ing channels. 

Bright blue-green algo- 

-20- 
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On the basis  of the chemistry given in  tab le  2 the waters a re  c l a s s i f i e d  
as a moderately concentrated sodium-sulfat er. The content of chlor ide t 
compared to  su l f a t e  is notably low. 

Reservoir Propert ies  

Chief Shakes hot springs. 
subsurface equi l ibra t ion  took place at  temperatures below 100'C. 
(4/3) temperature is a l so  very s imi la r  t o  the c r i s t o b a l i t e  geothermometer 
r e s u l t  of 60'C. 
doubtful tha t  c r i s t o b a l i t e  would be the cont ro l l ing  mineralogic phase for  
s i l i c a  equi l ibra t ion .  
more l i k e l y  to control  s i l i c a  equi l ibra t ion  when reservoi r  temperatures a r e  
below 150'C (Fournier, 1973; Mariner and o thers ,  1979). 
uncertainty of the cont ro l l ing  mineralogy and of the indicat ion of subsutface 
equi l ibra t ion  below lOO'C, the Na-K-Ca ( 4 / 3 )  geothermometer is chosen as 
representat ive of the minimum reservoi r  temperature, the chalcedony as t h e .  
most l i ke ly ,  and the quartz c uct ive as the maximum temperature: 

Table 3 summarizes the appl icat ion of s i l i c a  and cat ion geothermometry to 
The Na-K-Ca (4/3) geothermometer of 66'C indica tes  

The Na-K-Ca 

Considering the g ran i t i c  gneiss host rock, however, it is 

For g r a n i t i c  rocks, chalcedony or quartz are probably 
2 . 

In view of the 

- Min - M a x  Host l i k e l y  Me an S t d  Dev - 
Subsurface T ('C) 66 118 * 90 91 10 

The values chosen are  based on DGGS spring-1 water chemistry ( t a b l e  2 ) .  
These reservoi r  estimates supersede e a r l i e r  estimates appearing in  USGS C i r -  
c u l a r  790 (Muffler, 19791, which were based on Waring's analyses, 
the qua l i ty  of Waring's chemical analyses is unknown, both the ca t ion  and the 
s i l i c a  geothermometers based on h i s  reported analyses give much higher 
reservoi r .  temperatures than the more recent analyses. 
reported a spring temperature s l i g h t l y  higher than e x i s t s  now . 
t h a t  e i t h e r  reservoi r  temperatures have ac tua l ly  declined or  perh 
colder water has increased, 

Although 

In addi t ion,  War 
This suggests 

The two pr incipal  hot springe a t  Chief Shakes issue from the surface a t  
temperatures below boi l ing ,  have large flow r a t e s ,  and cat ion geothermometer 
temperatures considerably above o r i f  i ce  temperatures. These f ac to r s  suggest 
mixing of colder waters (Fournier and Truesdell, 1974) .  
area was found to  have a temperature of 8'C and a s i l i c a  content of 8 ppm. 
Following the method of Truesdell and Fournier (19771, appl icat ion of chal- 
cedony mixing models gives the following r e s u l t s :  

A cold spring in  the 

Parent hot  water --- ---- - - -  - - - - - - . " 
Fraction ( X )  I--- Mixing --- model Max ------ T ('C) --'--ss-iFpG -- ---- ----F -̂ - 

1. Maximum steam loss  132 1 36 46 
2. No steam lose 186 275 24 

There is no observable steam loss  a t  the ground surface,- I f  steam 
separates  it e i t h e r  goes to heating waters other than tha t  emerging at the 
springs and model 1 may be appl icable ,  o r  the steam remains and heats  cold 
waters mixing with the hot  water f rac t ion  and m d e l  2 may apply. 

No corroborative evidence exists for mixing. 
Temperatures from the chalcedony mixing models must be used with caution. 

Further ,  residence time in  the 

t 

. 
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SPRINGS 

Locat ion 
Latitude 56' 40.8' N., longitude 131' 52.9' W.; Bradfield Canal C-6 
1 :63,360 @adtangle (19 
of Capper River Meridia 

@ 

60 S., R. 80 E., sec. 9, S W 114 e 

. -  
General Description 

a re  located 2.5 km north of the S t ik ine  River and about 2 km due west of the  
U.S.-Canadian border ( f ig .  1). 
previous compilation of Alaskan thermal spr ings and .were brought t o  our 
t i on  by the.U.S. Forest Service in Wrangell and Petersburg, Alaska. The 
springs a re  s i t ua t ed  1/2 km ENE of Barnes Lake in  a narrow va l ley  cu t  th 

Barnes Lake warm springs ( a l s o  loca l ly  known as Paradise warm 

These'springs had not been reported in any 

4). 

very high water, a shallow-draft 
v i a  K e t i l i  Creek. 
and are managed by the U.S. Forest Service. 

The springs are accessible  by boat up. th.e S t ik ine  River, 

boat can be broughh onto Barnes Lake 
The springs are located within the Tongass National Forest  

r i n  Slough, and then erland northward fo r  about 1.5 km. A t  

* 

The region's topography is a result of intense gfac ie r  scour. Glaciers  
t peak ,d i r ec t ly  north of Barnes Lake. s t i l l  res ide  on M t .  Gal la t in ,  a f , l  

A th in  vceneer of colluvium and r i v  lluvium f l o o r  the t r i bu ta ry  val leys  
surrounding Barnee LBke. 

There a re  two warm springs,  pne on e i t h e r  s ide  of the stream tha t  flows 
through the narrow bedrock va l ley ,  The springs are d i f f i c  
of thick underbrush and low temperature of the waters. Th 
emerges in  a shallow pool i n  alluvium near the baee of the 
knob on the west s ide  of the narrow va l ley ,  
the stream and a t  an e l e v a t i k  of about 35 m, 
e a s t  bank of the stream,' about 200 m upstream from the f i r s t  spring. 
spr ing occurs as a seep in water-saturated muds and is located 
a g r a n i t i c  c l i f f  t ha t  forms the eas t  wall of the val ley.  
c l i f f ,  about 5 m wide, occurs d i r e c t l y  above the warm seep. 

The pool is about 35 
The second spring 

The 

t h i s  
e base of 

A c l e  
1 

The area surrounding the aprings is thickly vegetated with willows, 
d e v i l ' s  c lub,  and fe rns ,  S i tka  cpruce and hemlock a l so  occur in  the a rea .  

Geology 
een reported as Cretaceous g r a n i t i c  rocks : 

granodior i tes  and quartz d i o r i t e s  of the Coast Range Batholith ( f i g .  41, 
(Beitanan, 1975; Buddington and Chapin, 1929) , 
has ye t  been done in  the area. Country rocks in  the v i c i n i t y  of the springs 
examined during our reconnaissance was found to  be a medium-grained fo l i a t ed  
b i o t i t e  gneiss  containing large nodules of quartz .  
defined by o r i en ta t ion  of b i o t i t e  c r y s t a l s  was s t r i k e  N .  59' W., dip  48. N.  

Bedrock in  the area ha 
' 

No deta i led  geologic mapping 

Fol ia t ion  a t t i t u d e  as  

cons t i tuents  

the Barnes Lake 
prominent 

In placee; b i o t i t e  forms up t o  40 peicent of the rock. 
include quartz ,  potassium f e l d ~ p a r ,  and plagioclase. 

Other 

Major f r ac tu re  pa t t e rn  
a rea  trend N, 60' E., N, 75 

ich appear on a e r i a l  photos of 
, N. 40-55. W,, and N.-S. One 
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8 are c las s i f i ed  as 
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Reservoir Properties 
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Table 4 .  Chemical composition and physical p roper t ies  of 
Barnes Lake warm spr ings watersea 

( A l l  chemical analyses i n  -1.) 

c 

s 

, .  

Na 

I F 2.3 
n d  

0.05 
. 6.95 
24 9 

24 ' 

Sp conductance 

30 
I 

Date sampled 9/25/79 

'Analyses performed by Chemical and- Geological Laboratories 
h o t  de t  e rmlned . 

~ 

Table 5. Barnes Lake (Pargdiee) warm springs geothcrmomet?y, spring 1. 
(geothermometry based on water chemistry given i n  t a b l e  4; 

a l l  temperatures are In  degrees Celsius.) 

Surface temperature 26 
. (measured) 

Cation geothermometers 
Na-K-'Ca ( 1 / 3 )  112 
Na-R-Ca ( 4 / 3 )  62 

Silica geothermometers f 

Adiabatic 118 
Conduct l v e  119 
Chalcedony 90 
C r  yo tobalf t e  68 
Opal 0.76 
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3. FOWLER kOT SPRINGS (CANADA) 

Location : 
Latitude 56'50' N., longi  131.45' W.; Bredfield C 
Quadrangle (19551, Copper River Mer-idian. . e  

General De sc r i p  t ion : 

Canadian border ( f ig .  1). The springs occur less than 1/2 lan east of the 
St ikine River a t  the base of Warm Spring Mountain and d i r e c t l y  opposite the 
terminus of the  Great Glacier ( f ig .  5 ) .  These springs were v i s i t ed  by DGGS 
bh i l e  assessing other ho t  springs that occur along the Alaskan par t  of the 
St ik ine  River. Fowler Hot Springs were included in  t h i s  study because of 
t h e i r  possible re la t ionship  to the hot  springs on the lower S t ik ine  and 
because of t he i r  po ten t ia l  bearing on in te rpre t ing  the nature and cause of  
hydrothermal a c t i v i t y  along the S t ik ine  River. 
t o  e x i s t  f a r the r  upriver past  the Fowler s i te ,  

Fowler Hot Springs are located in Canada about 8 'km from 
e 

No other hot springs are known 

Fowler Hot Springs can be reached by boat up the S t ik ine  River about 25 
km past  th'e US-Canadian border. A shallow-draft boat or  canoe can then be 
taken up a small t r i bu ta ry  creek whose mouth lies near ly  opposite a homestead 
cabin on the west bank of the S t ik ine  River. This creek drains  a series of 
beaver *ponds in to  which the hot  springs e i the r  dra in  or  issue.  Wright (c i ted 
i n  Warhg, 1917, p. 25) reported the existence of as many as 18 individual 
spr ings issuing at  scalding temperatures from f i s su res  in  bedrock at  the base 
of a gnani t ic  w a l l .  
ponds. 
l eve l .  Local t r ave le r s  commonly use the tepid waters of the beaver ponds f o r  
bathing. 

Most of these springs have s ince been submerged by beaver 
A t  least four low-discharge hot  springs s t i l l  remain above water 

A s  along its lower course, the Gtikine River at  Fowler Hot Springs flows 
through a spectacular glaciated val ley.  Higher e levat ions are s t i l l  g lac ie r  
clad and the Great Glacier descends almost to r ive r  level .  Valley slopes are  
s teep  h t  heavily forested with S i tka  spruce. 
(2 ,000 X t )  to  900 m (3,000 f t )  i n  elevation. 

Tree l i ne  ranges from 600 m 

Geology : 
Bedrock in  the v i c i n i t y  of the hot  springs was reported as hornblende 

andesine granodior i te  of Mesozoic age ( f i g .  5 )  (Kerr, 1948). The in t rus ive  is  
par t  of the Coast Range Bathol i t ic  complex. 

. Permian limestones and s c h i s t s  occur several  kilometers north, and south of the 
spr ing ilocation. 

Contacts with Permian and Pre- 

1 

tr Rocks examined at  the springs site were found to  be medium- t o  small- 
grained b i o t i t e  hornblende granodior i tes  with numerous xenoliths present.  In  
places ,  mafics are 30-40 percent of the rock. 

A t  least two j o i n t  systems occur near the springs site. 
are strike N. 36' W., d i p  62' N. and s t r i k e  N. 16 E., d ip  88' S. 
face above the springs trends N. 18' W. 

Their a t t i t u d e s  
The c l i f f  





Spring Characteristics: ---- 
The four v i s i b l e  springs are dispersed along the base of the g ran i t i c  

va l ley  wall  over a l inear  zone 200 m wide. The springs issue from f i s su res  
j u s t  above pond water level .  
the combined flow of the four springs is estimated a t  40-50 lpm. Table 6 
gives rthe chemical composition and physical propert ies  of waters obtained from 
the spring with the h o t t e s t  temperatures and grea tes t  discharge. The chlor ide 
conten't of Fowler Hot Springs is notably higher than that a t  other S t ik ine  
River hot-spring sites. 
centrated sodium chloride-sulfate water. 

Spring temperatures range from 50'C to 60°C and 

The waters are c l a s s i f i e d  as a moderately con- 

- Gas bubbling was noticeable over much of the southern part 
indicat ing the presence of several submerged spr ings.  
upwelling was observed near the c l i f f  face. 
surface temperatures over much of t h i s  area were 25'-26"C. 
(Waring, 1917, p. 25) estimated the combined spring flow at  Fowler 
31,000 lpm. 
s t i l l  discharging at  a high rate 

A t  least one zone of 
The ponds cover several  acres and 

Wright i n  1905 

Judging from the warm 

* 
I: 

Reservoir Propert ies  : 

Fowler Hot Springs. 
indicates  subsurface equi l ibra t ion  took place at temperatures 
The Na-K-Ca ( 4 / 3 )  temperature is very close to  the chalcedony 
86'C. Chalcedony then probably cont ro ls  s i l i ca  equi l ibra t ion  
representat ive of the minima md most l i k e l y  reservoi r  temperature. 
quartz  conductive geothermometer temperature is taken as the maximum: 

Table 7 summarizes the f s i l i c a  and ca t ion  g 
The Ne-K-Ca (4/3) geotherrnometer temperature o 

Me an - M a X  Most Likely - Min - 
Subsurface T ("C) 86 115 86 I 96 

Fowler Hot Spring issue from the face a t  temperatures below boi l ing  

These fac tors  suggest the mixing of ' 

and have a combined large rate of flow and a cat ion geothermometer tempeirature 
considerably above o r i f i c e  temperature. 
colder  subsurface waters (Fournier and Truesdel l ,  1974). 
t en t  of 10 ppn and a temperature of 1O'C as representat ive of the sub 
cold waters and following the method of Truesdell  and Fournier (1977) 
pl ica t ion  of chalcedony mixing models gives the following r e s u l t s  : 

With 8 si l ica  con- 

Mixing model 
1. Maximum steam loss 
2. No. steam loss 

Temperatures derived f 
with caution. No corroborative evidence e x i s t s  for mixing. 
s i l i c a  content of the cofd water f rac t ion  may be underestima 
s i l i c a  content would decrease both temperature estimates. 

No geophysical exploration has yet*been done a t  Fowler and the extent of 
the  subsurface reservoi r  is  not known. 
of 96'C and the standard mean reservoit volume yie lds  the following estimates:  

Using the mean reservoi r  temperature 
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e at  the base 

1 s  and hanging 
north of Twin La 



photos o f  the area trend N.  55' W. 
trends E.-W. 

. A 3- t o  4% wide c l e f t  occurs 
warm springs.  The c l e f t  t r en  
Attitud'e of other j o i n t s  near 
S. and s t r i k e  N. 48' E., d i p  

6 

Th-e base of the g ran i t i c  wall 

Spring Charac te r i s t ics  

f luc tua t ion  in  water temperature was 
v i s i t  waters were noticeably warmer t 
winter season spring tempera 
c l i f f  face was noted above 
probably occurs during stmu 

The temperature of spr in  

Table 8 gives the che 

' the two springs measured 

No odors were detected at  the 
hydrothermal depoe i ts of any kind. 

Reservoir Propert ies  
Table 9 summarizes the appl icat ion of si l ica  and ca t ion  geothermometry t o  

Twin Lakes warm spr ing 1. The Nu-K-Ca ( 6 / 3 )  geothermomet temperature of 2 .  

49'C indicates  equi l ibra t ion  took place well below 100.C. The Na-K-Ca ( 4 / 3 )  
temperature is a l so  similar t o  the chalcedony temperature f 41'C, ind ica t  
that  chalcedony probably cont ro ls  s i l ica  equi l ibra t ion .  
temperature is chosen as minim= reservoi r  temperature, Na-K-Ca ( 4 / 3 )  as m 
l ike ly ,  and quartz  conductive as maximum: 

The chalcedony 

- Min - M a x  Most Likely Mean Std Dev 
7 

Subsurfhce T ('C) 41 73 49 54 7 I 

Some mixing with colder aubsurface waters probably occurs. S i l i c a  con- 
cent ra t ions  and egring tcmperaturer a t e  much too €OW, however, to  allow ac- 
curate  appl icat ion of r i l icalmixing modalr e 

No geophyricrl exploration has been of , 
the subsurface reservoi r  is not known. 
of 54'C and the standard mean reeervoir  volume gives 

Thermal energy ( lo i8  J) = 0-35; e t d  dev = 0.14. 

U8ing the mean reservoir  temperature 
ing estimates : 

km3) = 3.3.  s t d  dev * 

These values must be viewed as highly speculative * 
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Location 
Latitude 56' -13 d 
1 :63 , 360 Quadr 5 ) ;  T; 65 S . ,  R. 9l*E; , 'C i v  

Genera1 Description 
Bradfield hot springs 

lan east of Bradfield Canal 
300 m SE of the r ive r  near 
major northern 
during a recent 
brought t o  our a t t en t ion  by 
The springs can be reached via a logging road that  begins a t  the main logging 
camp a t  the head of Bradfield Canal and continues past the sp r ings . s i t e .  The 
springs are within the Tongass National Forest  and come under the management 
of the  USFS. 

There a re  two groups of springs,  The f i r s t  group is composed of three 
springs issuing from f i ssures  in  the g ran i t i c  bedrock about 20 m above road 
level .  The second group consis ts  of one spring issuing from a bedrock f i s su re  
and several  adjacent small seeps s i tua ted  about 45 m above road leve l .  The 
seeps occur in  the thin veneer of s o i l  covering the slopes.  

The East Fork Bradfield River va l ley  is a glaciated va l ley ,  heavi ly  
forested on i ts  lower slopes and flanked by g l a c i a l l y  scoured bedrock doyes a t  
high elevat ions.  
the spring si te.  

Geology 

Bedrock examined a t  the springs s i te  was found t o  be a medium- to  coarse- 
grained, hornblende-biotite'granodiorite with gneissoid s t ruc ture .  
rock contains many conspicuous , dark-gray f ine-grained xenol i ths ,  some over 
1/2 m long. 
which occurs both north and south of the Bradfield area.  

Small g lac ie rs  s t i l l  cap the mountains nor th  and south of 
Tree l i n e  ranges from 600 m (2,000 f t )  t o  900 m (3,000 € e ) .  

NO geologic mapping of the East Fork Bradfield River area has been done. 

> The bed- 

The host  rock is probably part of the Coast Range Batholith,  I 

Prominent f rac tures  are  apparent on a e r i a l  photos of the springe area. 

The at-  
These trend N. 13" E., N. 38' E., and N, 77' E ,  One prominent f rac ture  with a 
trend of N. 65' E. occurs on the r idge d i r e c t l y  above the spr ings.  
t i t ude  of j o i n t s  located a t  the springs meaaured s t r i k e  N .  43" $., d i p  77"  S. 

Spring Character i s  t ics 

estimated a t  less than 40 lpm. Spring temperatures ranged from 46' t o  57'C. 
Dark-green algomats l i n e  the upper channels of the hot  springs. No odors or 
gas bubbling were noticeable a t  any of the spr inge.  
physical  propert ies  and chemical composition of thermal waters obtained from 
the springs having the highest  temperature and g rea t e s t  discharge. 
a re  c l a s s i f i e d  as a moderately concentrated sodium-sulfate water. 

Water flow from the springs is qui te  low, with the combined discharge 

Table 10 gives the 

* I  
The waters 





Reservoir Propert ies  

t o  Bradf i e ld  hot  springe. 
92'C suggests mbeurface equi l ibra t ion  took place a t  temperatures below 1OO'C. 
This temperature i s  a leo  eimi 
indicat ing chalcedony probabl 
(4/ 3) temperature then 
the most l ike ly ,  and quartk 

Table 11 summarizes the appl icat ion of s i l i c a  and cat ion geothermometry 
The Na-K-Ca (4/3) geothermometer temperature of 

The low rate of combin 
cool pr inc ipa l ly  b 

volume and the mean tese 

e8 must be v i  

I 

, 





General -..-- Description 
Bell Island Hot Springs are located near the southwest end of Bell 

9.  BELL ISL INGS 

Location 
Latitude 55' 56.0' N., 1 W . ;  Ketchikan (D-5) 1~63 ,360  
Quadrsngle (1952); T .  68 S . ,  R ,  90 E., sec. 31, SE 1 / 4  of NW 1 / 4  of 
Copper River Meridian. 

' 

lslgnd, about 65 Ian north of Ketchikan ( f i g .  1) .  
s i tua t ed  on the north bank of a small creek tha t  drains i n t 0 . a  narrow cove 
( f i g .  7). The springs are about 400 m from and 5 m above high-tide level,, 

The pr incipal  springs a r e  

Waring (1917) reported t h a t  the waters issue from a narrow f i s s u r e  about 
15 m long in  b i o t i t e  grani te .  
basins.  
downstream from the main group. 

The springs are encased in  f ive concrete 
A s ix th  spring emerges a t  the base of the va l l ey  wall, about 120 m 

The surrounding t e r r a i n  has been intensely glaciated,  accentuating NE-SW 
regional s t ruc tu res  grain.  
w i t h  s teep slopes r i s i n g  t o  1500 f t  in elevation. The slope 
forested with spruce and have numerous exposures of bedrock. 
surrounded by highly scenic,  long, narrow passages flanked by steep, heavily 
fore8 ted s lopes. 

The springs are pr ivately wned and serve as a major a t t r a c t i o n  for  the 

The val ley in which the springs occur is narrow 

Bell Island Fishing Resort. 
the  main lodgeJ 14 other  buildings and cabins,  and a large s w h i n g  pool. 
springs have been used in a similar fashion per iodical ly  s ince  t902. e 
r e s o r t  includes 11.05 acres surrounding the springs and is present ed by 
Don Peterson. Surrounding lands are with the Tongass Nat and 
are managed by the U.S. Forest Service. 

The r e s o r t  uses the hot-springs waters to  heat 
The? 

Bell Island can be reached by e i t h e r  boat or f l o a t  plane from Ketchikan. 
The r e s o r t  maintains a dock and f l o a t  plane ramp and a 1/2-mile-long board- 
walk tha t  connects the dock t o  the main r e so r t  area and hot springs.  
r e s o r t  is closed t o  the public from October 1 t o  late spring. 

The 

Geology 

blende-bioti te quartz d i o r i t e s  and minor granodiorites t ha t  are probably par t  
of the Coast Range Batholith ( f ig .  7)  (Berg and o the r s ,  1 
K-Ar ages in the western p a r t  of the pluton indicate  empl 
about 72 t o  84 m.y. ago. The in t rus ive  rocks are cut .by numerous dikes and 
veins of light-gray-weathering, quartz-fsldspar-(bio t ite-garnet pegmatite . 
The pluton a l so  contains abundant e l l i p r o i d a l  dark inclueion8 that  commonly 
a re  p a r a l l e l  to  aligned hornblende c r y r t a l r ,  Fol ia t ion a t t i t u d  
end of Bell Island was reported as s t r i k e  N .  35' W., d ip  75' N. 

- \ 

Predominate rock types in  the B e l l  Is land are l ineated,  gneiss ic  horn- 

c 

Bedrock examined near the spring s i t e  is a f a i n t l y  f o l i a t e d ,  medium- 
grained gneiss ic  hornblende quarte d i o r i t e .  Hornblende occurs in sub- . 





hedral  c rys t a l s  2-3 mm long, which are p a r a l l e l  t o  fo l i a t ion .  
dikes cu t t i ng  outcrops vary in  width from a few centimeters t o  30 cm. 

Pegmatitic 

The hot  springs l i e  on a prominent lineament that b iskc ts  B e l l  Island. 
The lineament trends N. 58' E. end is a t  least  30 Ian long, extending across 
Anchor Pass t o  the northeast  and through Blind Pass to  the' southwest ( f ig .  7 ) .  
Clearly v i s i b l e  on aerial photos, t h i s  dis . t inct ive lineament is defined by a 
s teep,  narrow va l ley  that runs the e n t i r e  length of Bell Island. The l inea- 
ment may be f a u l t  re la ted ;  Waring (1917). found evidence of sl ickensiding i n  
rocks near the springs,  suggesting tha t  some.fau1ting has occurred i0 the 
v i c in i ty .  

Inspection of aerial  photos shows the surroundin'g r 

Other prominent j o in t  sets v i s i b l e  on $e photos 
A. jo in t  system examined 

fractured with a dominant trend N. 60' E., para l l e l  to  the Bell Island l inea- 
ment. 
40' E . ,  N-S, and S, 30'-45' E. 
has an a t t i t u d e  of s t r i k e  N.  58' E., d i p  77' N. 
s e t  trends N. 33' W. and has a d ip  of 60' N. 

Another less promin 

Aphanitic to fine-grained quartz  porphyry dikes have invaded a number of 
the N .  60" E.-trending fractures .  
cu t  the 'pegmatitic dikes. 
g ran i te  and quartz aionzonite s t o  ks of Miocene age re 
(1978). 

Ranging from 20-30 an i n  width, the d ik  
The dikes are probably re la ted  to  porphyrit ic 

The va l l ey  f loor  near the springs cons is t s  primarily of granular a l luv ia l  
and g l a c i a l  deposi ts  overlying bedrock (Pyle, 1978). 
low re f r ac t ive  seismic prof 
the cove a t  12-15 m. 

Spring Characteristics 

74.1'C fo r  the southeasternmost basin t o  67.4.C for the northeasternmost 
( fab le  12). Waring (1917) reported a temperature range of 52'-72'C for the 
f ive  basins ,  which suggests the springs have become ho t t e r  s ince  1915. 
Noticeable bubbling occurred in  a l l  f i ve  basins and the waters smelled ' 

sl ightxy sulfurous. 

on the bas i s  of shal- 
e estimated sediment f i l  

. .  
Water temperatures in  sed concrete basins on 10;/5/79 ranged from 

The s ix th  spring measured 46'C. 

Spring temperatures were remeasured several  times from 10/5/79 t o  
10/10/79 and were found to  f luc tua te  as much as 1'C. 
ments made in  recent years by other invest igators  (Ogle, 
o thers ,  1977) suggest spring I teuipetatures can vary as mu 
mer. A temperature log was kept b r i e f l y  during 1978 and 
temperatures during winter may be several  degrees higher than du 
This w a s  corroborated by .the 1979-80 B e l l  Is land Resort 
t ha t  spring temperatures during the winter were as much 
during sumer .  
i n f i l t r a t i o n  of cold surface waters. 

Comparisons to measure- 

These higher temperstures perhaps result 

The t o t a l  r a t e  of discharge from the concreted springs is estimated a t  
100 lpm. 
buildings and pools and no provision e x i s t s  for  measuring flow d i r e c t l y  at  the 

Waters from the concreted springs are d i r e c t l y  piped to the var ious 

t 

- 
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ischarge has occurred. The estimated flow of the sixth spring is 2 lpm. 

I 



Table 12. Bell Is 

s 
s 

MS 
Na 

I 

I c1 
F 
B r  
B 
pH, f i e l d  
Dissolved Solids 
Hardness 21 25 
Sp Conductance 95 0 920 
T ,  *C  74.1 74 72 71 72 

.Flow rate lpa 10Of lOOf 35 (est.) 
Date mkmpled 1 O w 7 9  7/6/76 'I 0 6/6/15 

f 

a. Wate rqua l i ty  analysim f i l e ,  USGS c e n t r a l  laboratory, Den 

b. Mariner and others  (1978). 
C. USGS, l a b  4683, 1958, 
d. Waring (1917). 
e. Analyses performed on samples f i l t e r e d  .through 0.05-micron f i l t e r .  
f .  Combined flow, a l l  springs. . t 

Sloan. 
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Temperatures from the quartz mixing models must be used with caution. No 
corroborative evidence ye t  e x i s t s  fo r  mixing, Information is insuf f ic ien t  to  
determine spring temperature v8 chloride-concentriation t rends,  and no informa- 
t ion  is avai lable  on the isotopic  composition of b i ther  the thermal o r  the 
cold wster's. Further,  the s i l ica  content end temperature of the cold.spr ih& . 
water used in  the analysis  may not be represent  ve of waters ac tua l ly  mixing 
with thermal waters. 

a 

Geophysical exploration at Bell Island has been l imited to shallow 
seismic r e f t ac t ion  invest igat ions;  the extent  of 8 deep subsurface reservoi r  
' 8  not known. Using the standard mean reservoi r  vol e mean reservoir  
emperature of  134'C gives the following estimate6 thermal energy : 

i 
i Volume (km3) = 3.3; s t d  dev = 0.9 

Thermal energy = ( lora  J) 1.06; s t d  dev = 0.31 
t i 

These values muet be viewed as highly speculat ive*est imates ,  

. Comments 
The hot springs probably r eeu l t  from deep c i r cu la t ion  of meteoric waters 

along f rac tures  and possibly f a u l t s  associated w i k  the Bell Island linearpent. 
The caretaker a t  Bell Island r e so r t  reported tha t  other hot springs exist .and 
l i e  along the lineament northeast  of the r e so r t  springs and southwest in  Blind 
Passage. 
could not be ve r i f i ed ,  
locat ing vapor plumes from these reported springs. 

Despite an intensive f i e l d  search the existence of these springs 
An aer ial  reconnaissance during winter might aid i n  

Same of the amending thermal water may be undetected, discharging 
beneath the surface in to  the sediments overlying bedrock SW of the spring 
s i te .  
t ha t  l i e  along the lineament, 

Geothermometry indicates  the reservoi r  temperatures are below the minimum 

Some hot  springs may a l r o  be submerged beneath the sea o r  under lakes 
I 

.value required fo r  generation of e l e c t r i c a l  power, I f  subsurface mixing of 
colder waters is occurring, however, mixing model8 suggest reservoi r  tempera- 
tures  may exceed 150°C, which could be enough to  generate e l e c t r i c i t y .  

The surface resource is present ly  being used for  heating but much of the 
water 5s being discharged in to  the sea a t  temperatures of  40-50°C. 
cascaded uses for  the tesource are possible,  perhaps for  greenhouses o r  aqua- 
cu l ture .  
i n t e r e s t  in the increased use of the Bell Is land geothermal resources. 

Additional 

The present owner of Bell Is land Hot Springs Resort has expressed ~ 

I 

I 
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10. BAILEY BAY HOT SPRINGS 
. ,  

I Locat ion 
Latitude 55' 59.0' N. 

Mer i d  ian . 
- General Description 

of Spring Creek, which drains  in to  Lake Shelokum ( f ig .  7) .  Lake Shelokum in 
turn drains  v i a  a s teep  cascading bedrock channel in to  the head of Bailey Ba 
The springs are accessible  by boat to the head of Bailey Bay, thence over an 
unmaintained Forest Service t r a i l  f o r  , a f l o a t  plane can'  

ngitude ,131' 39.8' W. ; chikan D-5 1:63,360 
4 Quadrangle (1952); T. 1/4 of Copper River 

I 

' .  . e Bailey Bay Hot Springs are located 80 km north of Ketchikan, off Behm 
nd near Bailey Bay ( f ig .  1). The springs are 0.5 km up from the mouth 

I 

, be taken t o  Lake Shelokum. The spring ngase National Forest  
. and are  managed by the  U'.S. Forest Service. 

en pr incipal  springs and a' numbe 
sed Over a 12,000m2 area on the 

ler  springs are 
cing slope of 

Spring Creek va l l ey  ( f ig .  8). 
(150 f t )  above Spring Creek and' issue from f i s su res  in  the gran i t i c  bedrock or  

The springs l i e  between 112 m (40 f t )  t o  45 m 

s seeps and pools i n  the a l l u v i a l  cover. 

e region has been heavi ly  glaciated.  Va lopes range from 30" t o  

0 , f t )  e t  the c ree t  of the northwest-facing slope 
45 ' .  Local topography rangee in  elevation from 106 m (350 f t )  a t  Lake 
Shelokum to  over 730 m (2 
above the springs.  The a is highly manic  with steep, glacier-polished, 
g r a n i t i c  walls remeniscent of Yosemite val ley.  The soil-covered slopes and 
va l ley  a re  densely forested with spruce. The va l ley  bottari i a  f l a t  as a 

4 result  of a l l u v i a l  

, 

I 

I 



. .  

f 

Figure 8. Bai.ley Bay Hot Springs. 



I 

I 
I 

rphyry dikes have invaded 
50. E, t o  N. 60' E. Ranging 20 to  40 'cm 

the g ran i t i c  bedrock and 
lope (,fig. 8).  Nine 
Baker and others ,  

s t i ga t ions .  This newly 
located about 50 m SW of 
springs range from 56.0" 

the mixing f rac t ion  of 
e asur ing technique 

can decrease several  
ources. A l l  ADGGS ' 

t i on  of the thermal probe 
it  as reasonably pos- 
max imum temper a t ure  

spr ings 4 and 5 since 

, 1979. This small 

o have occurred 
I 







occur a t  and near springs 1-5. Many of the spring channels are l ined wi th  
b r i l l i a n t  and co lor fu l  orange-red bac te r i a l  mats tha t  change to blue-green 
algomats where temperatures drop below-about 60°C. 

. 

'%e mul t ip l i c i ty  of springs a t  Bailey Bay indicate  tha t  $ingle conduits 3 

near the surface are too narrow to  accommodate the volume of ascending hot 
~ water. Channel permeability have been reduced by deposit ion of s i l i c a  and 

other  hydro thermal minerals e conduit walls M the thermal waters cool on . 
ascent.  Some of the thermal water must be discharging beneath the surface,  
because much of the s o i l  cover in  the v i c i n i t y  is 15'-20'C at  only a few cm 
depth. The spring waters must a l so  go to  heat ing some of the loca l  bedrock; 
the surface of an area measuring several  squarp meters on a UIOES- 

face d i r e c t l y  above spr ing 5 g i s t e red  42°C. 

. 

t e e  the appl icat ion of s i l i c a  and cat ion geothcrmometry 
to  Bailey Bay Hot Springs. 
142°C indicates  subsurface equi l ibra t ion  took place at temperatures 
1OO'C and tha t  therefore  the Na-K-Ca ( 1 / 3 )  geothemometer temperatu 
is applicable.  
tempergture of  157.C. 

,reported by previous invest igators .  
using the DGGS pH values r e s u l t s  i n  a quartz-conductive temperature of 142°C. 
This temperature is taken as the minimum reservoi r  temperature, the uncor- 
rected quartz  conductive temperature is taken as the maximum, and th 
(1/3) 8s the most l i k e l y r -  

The Na-K-Ca ( 4 / 3 )  geothermometer temperature of 

This temperature i e  very s milar to the quartz-conductive 
The pH levels  measured by DGGS fo r  three springs a t  

' Bailey Bay Hot Springs are near ly  ident ica l  and notably higher than that 
Applying a pH correct ion to  these spr ings 

' 

Mean - Min - MaX Most Likely - 
142 157 153 151 

The pr incipal  hot  springs a t  Bailey Bay issue from the surface a t  temper- 
a tures  below boi l ing and have a large combined flow rate and cat ion geother- 
mometer temperatures considerably above o r i f  i ce  temperatures. 'These fac tors  
sugge.sf the mixing of colder waters (Fournier and Truesdell ,  1974). A cold,  
spring near Bell Is land Hot Springs, located in  similar terrain several  km 
south of Bailey Bay Hot Springs, was found t o  have a temperature of  8°C and a 
s i l i c a  content of 8 ppm. 

L 

Using these parameters to character ize  the cold water f r ac t ion  and fol-  
lowing the method of Truesdell and Fournier (19771, appl icat ion of quart  

1 mixing models gives the following r e su l t s :  

Parent hot  water 
Fract ion ( X )  

a9 
36 

v Mixing model Max T ('C) 
1. Maximum steam loss  154 
2. No steam loss 225 370 . 





c 

r e l a t i v e l y  short  and not 
water f r ac t ion .  

resenta t ive  of wat 

. *  

Although there is no observable steam loss at  ound surface,  steam 
may be separat ing below the surface and heat ing waters other  than tha t  
emerging a t  the springs sampled, 
s i m i l i a r i t y  of temperature estimated by the ateam- loss model to temperaturea 
estimated by geothermometry suggests t h i s  may be e .  The high tempera- 
tu re  predicted by ptodel 2 seems unl ikely fo r  wate u la t ing  in  f r ac tu res  
in  g r a n i t i c  bedrock. 

The large area of heated ground and the 
I 

No geophysical exploration ha6 been done at  B and the extent  of the 
subsurface reservoi r  is'.notl known. Using the s t a  

servoi r  temperature of 150.C gives the 

(b3) = 3.3 s td  dev 0,9 
Thermal energy (loi8 J)  = 1.20; s t d  dev = 0.35 

3 -  

These values must be viewed-as highly specula t iv  

Comments : I 

Bailey Bay Hot Springs have both the highest  surface temperature and 
highest  estimated reservoi r  temperature of any hot  spring site invest igated i n  
southern Southeastern Alaska. 
c i e n t  f o r  a va r i e ty  of appl icat ions requir ing thermal energy. 
reservoi r  temperature is above tha t  present ly  required for  generation of 
e l e c t r i c a l  power. 

Bailey Bay Hot Springs probably r e s u l t  from c i r cu la t ion  of meteoric 

Surface I temperatures and flow rate are  suff i- 
The estimated 0 

waters d o n g  deep-seated f rac tures .  
a t  individual springs apparently have occurred', as indicated by comparing 
reported flow and temperature messurements ( t a b l e  19). 

Fluctuation6 in  discharge and temperature 

4 

f 

* 
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12. UNUK, RfPORTED THEEMU, SPRINGS, UNSUBSTANTIATE 

Locat ion i 

( A p p r o x i m a t e )  l a t i t ude  56'08' N., longitude 131'00' 
1:250,000 Quadrangle (1955); T. 66 S., R. 513 E. 

Waring (1917) recorded a vague report  of thermal springs located 'about 

' ;  
I 

Comment s I 
* *  I 

above the mouth of the  Unuk River, which drains  in to  Burroughs Bay 
The springs were believed to  have is small flow and to  be 
or notably mineralized. Several individuals  famil iar  with 

None had any knowledge of thermal 8 
Carbonate springs located near the in te rna t iona l  border 

River .were interviewed by DGGS. 
along the Unuk River. 
reported by Waring (19171.a~ Boundary Springs were reported to  be now tmder- 
water as a r e s u l t  of a s h i f t  i n  river channel, thermal springs may have 
either met a similar f a t e  

I 

I 

, 

I 

, 

~ 

I 

1 

1 
? 
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SUMMARY, SOUTHERN SOUTHEASTERN ALASKA THERMAL SPRINGS 

Locations of the thermal spring sites i n  southern Southeastern Alaska' are- 
shown i n  f igure  1. Table 19 provides a br ie f .  sumar  each si te.  Three 
si tes reported i n  Waring (1917) (Vank Island, Saks C 
not  be ve r i f i ed  and are present ly  discounted. These 
a t  one time a up aince Waring'r 

e (No, 10) has th 

and Unuk River) could 
gs may have exis ted 

e ra ture  (71' t o  91.5.C) a highert  estimated 'subsurface temperature 
in  southern Southeast aska. The la rges t  flow rate (450 lpm) was 

s ( s i te  l ) ,  located in  Shakes Slough north d a t  Chief Shakes Hot 
S t ik ine  River. Bell  Island hot springs ( s i t e  9 )  has had the most 

development. The f i v e  principal  ho t  prings there ,  which have an average 
temperature of 70'C 00 lpm, are use 
f ishing r e so r t  t o  he 
Bell 1-sland Hot Sprin 
lap long lineament t h  

8 

not been previously reported in  the ' 

e September-October f i e l d  excursion, 
f i r s t  s i te,  Barnes Lake warm springe (No. 21, is located about 4 km north 

r ive r  or  near t ide-  
of acc e s s i b  i 1 i t  y and 
f i e l d  hot springs i n  

askan thermal 
a1 i-ch lor ide t o  

k. Previous 
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Table 19. Southern S heastern Maska the& springs sites 

- N w f  Total Spring Estimated reservoir 
S i t e  spriqs Plav (lpa) temperature(*C) tapcrature (*C) Remarks 

Chief Shakes 7 QSQ 50 91 Springs located in Chief Shakes Slough II. 
of Stikine River. 
f iesums at bane of gran i t ic  c l i f f .  

Sptings d e r g e  from 

2 30 26 90 

POW%( anada)  5 Dakmwn 59 % 
, River, about 16 ka from Alaska border. 

Springs emerge from f i s s u m  a t  baec of 
granitic c l i f f .  Beaver-dae impoundment 
has mbcrgul several springs,. 

M n  Iakcs 2 270 21 54 Springs located on N. shore of Twin lakes 
at  bast of granitic c l i f f  near fracture  
zone. Mixing of cold waters probable. . 
Springs are probablj the R Shakes Springs 
mentioned i n  WariDg (1917). 

-- -. 

I\eported by local inhabitants as warn 
s p r i a  is probably the South S t i N n e  

Of M e  By& mouth bad  of S t i k i m  Rf*cr. This ; 
iaacd in b r i n g  (1917). 

0 

Vank Islarrd Reported by -ring (1917) to ba i m a t c d  0th cad of Vas& Island but un tantiated. Local 
inhabitants f a d l i a r  u i t h  the ia lsnd know of no therul mpriags m the island. 

Reported by local inhabitants of Wrangell, Alaska. 
thecMl Cmolllies. 

I 
QI 
E 
I Virginia fake Search of designated location did not turn up any . 

! 
Bradfield Canal 7 20 57 108 

River. Springs issue fron several mal 
ffseores in 'g ran i t ic  bedrock on h t l l s i d  

5 major 100 74 134 Located on lineament which bisects.Bcll 

t ic terrain. 

any sign of springs. 

Reported by Uaring (1917) but unsubstantlat 
general area indicated by h r  

S r v i c e  frw Craig, Alaska ver i  Baker Island 
Several springs vere reported issuing f r a  

L . a Y 

. . . _L . .. 
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an apparently increase by 5'-10'C above suauner temperatu 

Discharge rates appear to have changed a t  
previous records are available.  The accuracy of the e a r l i e r  measurements is 

asurements and estimates flow rates are of ten subject to  
and it  is o f t en  d i f f i c u l t  
e ac tua l ly  occurred. The 

judge i f  any s ign i f i can t  changes in 

springs in  souther ture and e l e c t r i c a l  
generation. Aside the thermal waters c 

i 



The authors express the i r  appreciation and gra t i tude  to the U.S. Forest 
Service and to  the Alaska Department of Fish an ,Game fo r  t h e i r  g 
operation with our f i e l d  inves 

S p p i a l  thanks is extende any individuals  we encountered i n  
tersbyrg,  Wrangell, along the S t ik ine  Rive a 

interes)  in  our istudie 
cess ,  apd who often helped us in our work. 

d valuable information on 1 

5 

sy Lewis of Be l l  Is land 
Bell Is land both pleasant and 

e l p f u l  advice and construct ive c r i t i c i s m  
University of Alaska, Fairbanks and D r .  

d G.A. Broker for manu- 
< 

REFERENCES 

Baker, R.O., Lebida, R.C., Pyle, W.D. and Bri tch,  R.P., 1977, An inves t iga t ion  
of selected Alarka gaothetmal rpring sources 8s possible  ea 
sitest Natl. Tech. Inf .  Scrv. fDO/l624-1, 173 p. 

Waiter-Supply P 

resources: Colorado Geol. Survey Bull. 39, 224 p, 

Beikman,, H.M. , 1975, Preliminary geologic map of southeastern Alaska: U.S. 
Gepl. Survey Miec. Field Studies Map MF-673; rrcale 1:1,000,000. 

Berg, H.C. ,  E l l i o t t ,  R.L., Smith, J .G.  and Koch, R.D., 1978, Geologic map of 

Barnes, Ivan, ,1964, Field m a s  pH: U.S. -01. Survey 

Bar re t t ,  J . K . ,  and Pear l ,  R.H. a1 of Colorado' 

l the Ketchikan and Prince Rupert Qliadrangles, Alaekas: U.S. Geol. Survey 
OpFn-file Rept. 78-73-A; r c a l e  1 :250,000. 

arqd Muffler, L.J.P.', 1979, Hydrothermal convection systems with reservoi r  
temperatures 2 90*C, 
resource8 'of the United States-1978: U.S. Geol. Survey C 

Brook, C.A., Mariner, 'R.H., Mabey, D.R., Swanson, J . R . ,  Guffanti, Marianne, 

Muffler, L.J.P. (ed.) ,  Assessment of geothermal 

t p.  18-85. 

I Buddington, A.F., and Chapin, Theodore, 1929, Geology and mineral deposi ts  of I 

I 

I 
s o h h e a s t e r n  Alaska: U.S. Geol. Survey B u l l .  800, 398 p. 

I 

I E l l i s ,  A.J., and Mahon, W.A.J., 1977, Chemistry and geothermal systemi: New 
2 

i York, Academic Press, 392 p. 
i 

Fournier, R.O., 1973, S i l i c a  in  thermal waters: Laboratory and f i e l d  iqvest i -  

chemistry, Jspan, 1979, Volume 1, Rydrochemistry: Washington, D.C. , J . W .  
Clark Co., p. 122-139. 

1 gatione, Proceedings of symposium on hydrogeochemistry and biogeo- * .  

* 
-66- 

< 



i 

, 

rnier,  R.0.$ 1977, 
thermal systems: 

tion for the Na-K-Ca 
ept .  78-486, 24 p. 

. Jour. S c i . ,  v. 264, p. 685-697. 

I 

Acta, v. 37, p. 1255-1275. 

. .  

e ,  D . R . ,  1979, 
ment status: 

-67- 



, Nathenson, Manuel, 1978, Methodology of determining the uncertainty in  the 
accessible  geothermal resource baee :of identified.  hydrothermal convection 
systems: U.S. Geol. Survey Open-file Rept. 78-1003, 50 p. 

I 
Ogle, hi., 1976, Rep0 o a number of .Alask 

in  the se l ec t ion  of a site for  the possible  i n s t a l l a t i o n  of a small 
binary geothermal e l e c t r i c  generating p lan t ,  Ju ly  28, 1976. 

Orion Research, Inc., 1977, Inbtruct ion manual r Orion Ionalpz 
ibn electrodes . 

Presser ,  T.S., and Barnes, an, 1974, Special techniques for  determinin 
chemical proper t ies  of eothermal waters: U.Sw Geol. Survey Water- 
Resources Inv. 22-74, 11 p. 

Py le ,  W.D., 1978, Report s i t e  invest igat ion proiosed geot rmally enhanced 
f i s h  hatchery Bel l  Iuland, Alaska, state of Alaska, i n  Baker, R.O., 

Alaska geothermal spring sources as possible  salmon hatche 
Tech. In f .  Serv. IDO/1624-1, app. p. 1-19,. 

I Lebida, R.C. , Pyle,  W.D., and Bri tch,  R . P . ,  An i nvescga t ion  of selected 

Rand, H.C., Greenberg, A.E., and Taras, M . J .  (eds.  
for  the examination of water and waste water, 
Washington, D.C., , American Public Health Asroc, 1193 p. 

c u l a t i a  of dissoc ia t ion  constants  of o r t h o s i l i c i c  acid a t  elevated 
temperatures. Geochemistry In te rna t iona l ,  4 99-107, Trans. from 
Geokhimiya, No. 2, 161-169. 

ur  teen th  e d i t  ion : 

Ryzhe;ko, B.N., 1967, .Determination of hydrolysis  of sodium si1 

Seward, T.M., 1974, De inat ion of the f i r s t  ionizat ion constant 
acid from quartz s o l u b i l i t y  i n  borate  buffer  so lu t ions  to  350'C: 
Ceochim. et Cosmochim. Acta, v. 38, p. 1651-1664. 

Skaugetad, M.W., Fishman, M.J., Friedman, L.C., Erdmann, D,E. 
S.S. (eds. ) ,  1979, Methods fo r  determination of h o r g a n i  
water and f l u v i a l  sediments: U.S. Geol. Survey Techniques of Water- 
Resources Inv., book 5 #  chap. A l p  626 p. 

1 

~ Sloan, C.E. ( co l l ec to r )  , 1976a, Chemical analysis  of sample from Bailey Bay 
Hot Spring: U,S. Geal. Survey Central Laboratory, Denver, Colorado, 
Quality Analysis F i l e ,  Lab ID 216065, record 24824. 

, 1976b, Chemical analysis  of sample from B e l l  Is land Hot Springs: 
U.S. Geol. Survey Central Laboratory, Denver, Colorado, Water Quality 

i le ,  Lab I D  216064, record 24821. 

c ,  Chemical anttlysi e from Chief Shakes Hot Springs: 
U.S. Geol. Survey Central Laboratory, Denver, lorado, Water Qua l i ty  
Analysir F i l e ,  Lab I D  216063, record 24818, I 



1980, 165 p . ,  1 p l .  

Resources of AlaSka: in press. 

y: U.S. Geol. Survey Pro 92, 383 p. - 







- - -  

APPENDIX C. INDUCTIVELY COUPLED AkGON Pl,&MA DETERMINATIONS OF MINOR E B E  . 
(Analyses performed by Chemical & Geological Laboratories of Alaska) 

Blank indicates sample was below detectioh l i m i t .  

tect ion L i m i t  (mg/l) 

Southern S.E. Alaska 
Bailey E.S. #2 
Bailey R.S. f 3  
Bailey H.S. #5 
Barnes Lake 

. Bell  Island 
Bradfield Canal 
Chief Shakes H.S. #1 
Chief Shakes H.S. 82 0.19 

I .Twin Lakes 
-J 
h ) .  
I 

Element 
Detection Limit (mg/l) 

Southern S.E. Alaska 
Bailey B.S. 82 
Bailey H.S. 63 
Bailey H.S. #5 
Barnes Lake 0.07 0.IX , 

Bell Island 0.10 0.40 
Bradfield Canal 0.07 0.46 
Chief Shakes H.S. #1 0.10 0.19 
Chief Shakes H.S. f 2  0.08 0.08 0.22 
Fouler 0. Os 0.62 
Twin Lakes 0.08 0.09 0.06 




