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ABSTRACT 

information h a s  been g a t h e r e d  on 13 r e p o r t e d  t l~erm,+l - - spr ing  s i t e s ,  12 i n  
s o u t h e r n  S0utheast:ern Alaska  and one i n  wes t e rn  B r i t i s h  Columbia. F ive  of Ihc 
r e p o r t e d  s i t e s  cou ld  n o t  be s u b s t a r l t i a t e d  hy DGGS. The e i g h t  know1 t:herrrinl 
s p r i n g  s i t e s  a r e  a s s o c i a t e d  w i th  g r a n i t i c  t e r r a i n  and ,  excep t  f o r  Baker Tslaud 
Hot S p r i n g s ,  occu r  w i t h i n  o r  nea r  i n t e n s i v e l y  Erae t u r e d  Cretaceolrs-ape p l u t o n s  
of t h ~  Coas t  Range Bac?~o l  i t h  . 

Thermal - s p r i n g  s u r f a c e  t empera tu re s  range  from 2 1 " ~   win Lakes)  L u  
91.5"C ( B a i l e y  ~ a y ) .  The g r e a t e s t  d i s c h a r g e  o c c u r s  a t  Chief  Shakes h o t  
s p r i n g s  (450 I pm).  B e l l  I s l a n d  Hot Spr i r igs ,  which has  about  a 100--1pm d i s -  
cha rge  and a  70°C t e m p e r a t u r e ,  ha6 had t he  most deve lopment .  Two p r e v i o  l s l y  
u n r e p o r t e d  t he rma l - sp r ing  s i t e s ,  Barnes Lake warm s p r i n g s  and Bradf i e l d  ho t  
s p r i n g s ,  have a low r a t e  o f  d i s c h a r g e  and r e s p e c t i v e  s u r f a c e  t empera tu re s  of 
abou t  25" and 54°C. 

The known tliernlal s p r i n g s  probably  o r i g i n a t e  from c i r c u l a t i o n  of i z e tpo r i c  
w a t e r s  through deep-sea ted  f r a c t u r e  and t a u l t  sy s t ems .  The chemica l  con- 
s t  i r r l ~ n ~ s  of t h e  a l k a l  i - s u l E a t e  t o  a l k a l  i - c h l o r i d e  thermal  w a t e r s  a r e  probnb l y  
d e r i v e d  from i n t e r a c t i o n  of t he  d e e p l y  c i r c c l l ~ t i n g  m e t e o r i c  w a t e r s  wi th  t l l ~  
g r a n i t i c  wal l  r o c k s .  Chemica t gr-othermometry s u g g e s t s  n u b s l ~ r f  a ce  temperatcrrps 
o f  ' > S o  t o  151°C. T f  w a t e r s  are b e i x ~ g  h e a t e d  ~ o l e l y  by co l~c lnc t ion  f rom w a l l  
r o c k s ,  c i r c u l a t i n r r  d ~ p t h s  inust bp about  1 . 5  t o  5 km, a s ~ r l m i n ~  geotiiermal 
g r a d i e n t s  o f  30" t o  50°C/km. 

V a r i a t i o n s  i n  t e m p e r a t u r e ,  d i s c h a r g e ,  and c h e m i s t r y  were noted a t  s e v e r a l  
e rmal  s p r i n g s  f o r  wliich p r ev ious  r e c o r d s  are a v a i l a b l e .  A major  decrease. i n  
1 i c a  nnd potass ium c o n c e n t r a t i o n s  a t  Chief  Shakes h o t  s p r i n g s  is sugges t ed  

by comparing r e c e n t  a n a l y s e s  of wa te r  c h e m i s t r y  t o  War jng ' s  (1917)  a r i g i n , ~ l  
a n a l y s i s .  The r a t e  o f  d i s c h a r g e  at: B e l l  I s l a n d  Hot S p r i n g s  may have  increac,ed 
by a Eac tor  of two s i n c e  War ing ' s  v i s i t  t o  t h e  s p r i n g s .  

Subsu r f ace  r e s e r v o i r s  a s s o c i a t e d  wi th  thermal  s p r i n g s  in s o u t h e r n  Soutli-  
caasttArn A1a1~;lca RTC of low t:vnper~turt-? and a r e  p robab ly  i imi te t l  in exce i i t ,  corn- 
pared  t o  geo the rma l  f i e l d s  now be ing  used e l s ewhe re  i n  t h e  wor ld .  Only t he  
Beel  I s l a n d  and Ba i l ey  Bay s i t e s  now o f f ~ r  any p o t e n t i a l  f o r  g e n e r a t i o n  of 
e l e c t r i c ;  t y ;  r h e s e  s i t e s  could  a190 be used f o r  a  v a r i e t y  of d i r e c t  u se s  such 
a s  space  h e a t i n g ,  wood o r  luntber p r o c e s s i n g ,  and perhaps  a u u a c u l t u r e .  The 
o t h e r  s i r t . s  have  l e s s  p o t e n t i a l  b u t  could  be used l o c a l l y  f o r  space  h e a t i n g  o r  
; i g r i c n l t u r c  enhanremerit .  

INTRODUCTION 

The Alaska  D i v i s i o n  of Geo log i ca l  and Geophys i ca l  Surveys  (IIGGS) i n  P O -  

o p e r a t i o n  wi th  t h e  U . S .  Bep .~ r tmen t  of Energy ,  i n  1979 embarked or1 a  3-y~13r 
program of a s s e s s i n p  t h e  ~ e o t h ~ r m a l  energy  r e s o u r c e  p o t e n t  j a l  of thermal -  
s p r i n g  s i rc i s  in  Alaska .  E v a l u a t i o n  ,)f t h e s e  s i t e s  is based on g e o l o g i c a l  clr~d 
geochemicjii ( j a t o ,  gsntllc?rmometric modcl s ,  anti g e o p h y s i c a l  d a t a  where a v a i  l- 
a b l e .  

M o r e  t h a n  100 ho t - . sp r ing  qi ti,<; have been r e p o r t e d  to e x i s t  i n  Alaska .  
1"re s i t e s  are  d i sperscd t1i~-oughouL the s t a t e  bu t  Y i g n i f i c a r ~ t  c o n c e n t r a t  ions a n d  



be119 o f  rlrclrnlal s p r i n ~ e  c1i.c ur a long  r:lle AJeut ian  Range, i n  S o u t h e s s t e r r ~  
A l i l ~ k i i ,  and a c r o s s  crnL~.i i l  A1clsh.a. Th,? f i r s C  comprehensive i n v e n ~ o r y  of t h e  
t1,enrral s p r i n g s  o f  Alas1c.l \.;:Is, pub1  islit ii i n  1'11 7 h y Waring. S ince  then  b r i e f  
silnnnar i e s  o f  A1;nak.m ther mizi spr  ~ I I L : ~  nave a p p e a r e d  i n  Waring ( lP651, Mi l l  cr 
( 1 9 7 3 ) :  White and Wil l inr l l : ,  ( 1 9 9 ' ) ) ,  end Muffler (1979). The i n n ~ r  recent  rom- 
p r  c.llcxrlsivc surlvricary 01 hl lzskat i t l c r ~ n l l  s p r i n g  ~ ~ I V C H I  igttt. ~ O I I H  W L ~ S  romp i l f'tl ' *,r 

K < ~ r k l c  ( 1 9 7 9 ) .  

'Ilhe scope  af  t he  i.nitl.ii! ,at:se.ss~neilt of geothermaI r e s o u r c e s  ar; undertalcerl 
by I)i:G% i.nc1udr.s 1) invcs i : i~ ; a t i ng  a l l  thermal--spri.ng s i t e s  p r e v i o u s l y  r e p o r t e d  
b u t  no t  a s  y e t  v i s i t e d  or- s ~ u : l i : ~ d  by n s c i e ~ ~ ~ . ; f i . c  team; 2 )  p rov id ing  up-to-- 
date d a t a  ancl more d6ita.i l.eci ..ii:urli.es o f  p r e v i o u s l y  ia~vest igai : :ed s i t e s  ; anc! 3 )  
'I,ocat i.ng and iitvcs t i g a t  i,trg; add i t  i .ona l  thrrrnil-spr.~i.ng s i t e s  not  p r e v i o u s l y  
rr2ported. The assessment  work i n c l u d e s  recorlrraissance of s i t e  geol.ogy and 
hydro logy ,  i r ~ t r e s t i  g a t i o n  iiil t:tlt:r~nal.--spring cha rac  t e r i s t i c  s  in,cl w i n g  tempera- 
t u r e s  and f low r a t e s ,  :!ud ~e~ic: l - ic~~ii ical  satiipl.ing and t- lnalysis  of the rocks  and 
thermal  w a t e r s  at: the s i t < . .  'l'hi:; inlormati .on .Is used t o  d e s c r i b e  t he  s i t e ,  to 
e s t i m a t e  r e se rvo i r .  t emper~i tu i -e ,  to e v a l u a t e  tilt: e x t e n t  of mixing of thermal  
w a t e r s  w i t i t  c o l d e r  witter!g, .,and t o  de te rn1i .n~  t h e  geotl-lermal energy po ten t i a l .  of 
t h e  s i  t t ! .  Thcse d a  tn  fo r  ,:'I,l 1 . h ~  tlrerrnni~l sy.)ri.ng n i t e s  of Alaskcl w i l l  be  cola-. 
p. i l c?d  j.nto u geotl .~esmal  i i t l . an ,  'TI-ltt inf:)rnluti.on i.3 a l so  be ing  used i:o se'tect: 
s i t-es w i t h  t h e  highest .  pt:i:t:n t i-zl f o r  geothermal  energy use and t o  recornmenti 
f : ~ l  low-up st l ld  ien a t  s~lci l  s: i  l :cs . 

Thi *< r e p o r t  psc?ilent lht .  p t c l i . r ~ i n a r y  r e s u l t s  of  i n v e s t i g a t i o t i s  on t h a r ~ n a l  
s p r i n g s  i n  southerrx SourIl-.astcrl! Alaska ,  m a r  PeLersburg,  Wrangel l ,  Ke tch ikan ,  
1 a ,  i .  1 j . 'Ckl ec. of  ~11cq;o s i t e s ,  which had bee11 r e p o r t e d  by War in): 
(131 7 )  ( ~ a n k  I s l a n d ,  Unuk, and Sska Cove), could  n o t  b e  s u b s t a n t i a t e d  and <arc 
prc*at.ntly ctiscounteci. Solit11 Ptilcitle (Waring, 191 1 )  was r e p o r t e d  by a l o c a l  
i n l x n b i ~ a n t  t o  e x i s t  near M! . Kyndir b u t  could  n o t  be v e r i f i e d  by DGGB. A 
relx)r i of, a !heu.lnal sprir\:\ nes:I bjrgrnie I,piir  waH i l i ~ v e s t i g a t c d  by TIGSS, no 
l lrerrnai ;!noma1 ies were f o ~ a l ~ r l  nrld the v e i  i c i t y  of L11e repc)r t  is douF,tt d .  Baker 
I g ; l , t e t t l  IIot Springs wtAre verii iccl hy tttc 1J .S.  F'urr3st S c r v i c e  i n  Craig ,  tjut 
dcf-car7 orat  ing  wcal h,.s c-orlci i : ious  prevented 1h:CS E ie ld  i r tvesr ig ; i t  i c l r ~  of t h e  
:-I i t t' 

F i r  l d  inv -53 l  1 g,ii 3 oils wt., ~ ~ e r f o r r n c d  on sevl-.ii thermal  s p r i n g  n i t-es dur ing  
L a ~ r  Scpl cvnher i . r l -1  c i i r i y  O ~ t o l , - ' 1 . ,  1979  Four r ~ f  t h e  s i t e s  occur  nlotng t h e  
S t  i i r ~ n c  R i v e r  ( C h 4 e l  Shsl trs  , Twin I , a k e s ,  Rarnes Lake, ~ o w l e r )  , one ~ l l o r ~ g  t he  
B r a d f i e l d  i r ~ v ~ . r  ( ~ r n d i i e i l i ) ,  :xnd two on iind nt.nr lie11 Is land ( B e l l  I s l a n d  an,!  
B a i l r y  t \ a y ) .  Two OF 1-lit: !i i + ( a o  i n v e s t  : g a t e d ,  Jjarnrs Lake and E r r i d f i e l d ,  lrave 
not- b r e ~ i  r c k u r t e d  i n  any p r c a v  i o ~ i s  con~pi la t ion  of thermal  s p r i n g s  i n  A1ar;ka. 
'I'll( tcAct r ~ t  ~ L . : C G V ~ ? X . Y  of  t h r *  i % r : ~ ~ i f i e l d  ho t  s p r i n g s  i n  a remoic* a r e a  c)f f h e  
C o a r  , Lt6iri[~r\ C/iour\t~in.~ .;uggeh t m ,  i ~ ~ l l p r  I-ha-r nkal 6prircfi.r tax ist  b u t  hclvc not yt- t 

bctan rlr t-rc. t c . 3 . l  



F'.i.g111 t+ 1. L,oc:atiorrs of repl.tr.ted t ?~~r rna l  ~priitg:- i ,  eotrthern Southcastes / r l  Alacika. 
An upen 1 ,  i n d i c a t e s  : ! \a t  e,:i.s7telice of s!~r.i.l:,kj has 1 iwen :.:!~i)--  

8 t-an!:iar i.6 rind is present1 p ;!i.scour;seii LocaL i.nn i-11lri;i-rer.: arc! k;>yt:ii ro ! : G ! . '  i- 

Elnil. t o  t h ~  Cab'l(.: oa pat:.: f r l ; .  Rase !rli$p: iicl'ku~an, 10 '75 



I . c ~ . L ) o ~ I ~ c ( * H  nrid the  i + mcbthr~dt~ of i.nvr:a t i pa t i 011, car1 clrr* m y  par t  o f  rile t , t + p o ~  i 

s e p a r a t e l y .  

The  f i r s t  rwc t io t~  i s  . I  b r i e f  dis'cusuion of hydrothermal convt~ct  ivc  
sy.4 t(*~ris.  The next ncvrsal  sect  ionis d e a l  with data acqui t r i  t i o n  and .;tmi;ll kng  
; ~ t o c e d u r r s ,  rnethocirr ,~t ld  p r ~ c i ~ i o r l  of Lr3boratory ana lyses ,  iuid gcin!hcr!i~co~;t r j c  

i t t o t l ~ l  s .  1Icta"ed d i ecus~ : i c rno  ol ericll ti i t e  i r ~ v e s r  igaeed f o l  low liext ~ ~ l t l  

r i o r  mally include for  eacll ~ i t e  the locat iorr ,  genera l  d e s c r i p t i o n ,  p,eolnt,>)v, 
s p r i n g  charac te r  i u t  j c s ,  rerrervoir  p r o p e r t i e s ,  and c o ~ m ~ n t s .  The f i n a l  s e r l  io11 
p r o v  ides a genera l  sulmnary o f  eoutliern Southeaster-11 A l  asks thermal s p r  i r i ) , ~ .  

IIYIIIIOTHEHMAI, CONVECTION SYSTEMS 

Hydrothermal. convection systcnir; c o n s i ~ t  of a heat: source ,  a f l u i d ,  a.td a 
rock medium with  tiranup11 v e r r  i c a l  perntenbil i ty to al low h o t ,  low--density f1.111 c?s 
t o  r.i.se whi le  denser, coo le r  I ' l ~ l i i ! ~  descend elsewhere i n  the systern. Ln 
hydrothermal. co~svect ion e y s  ilenrs , m o x t  of the  h e a t  i s  t r anspor ted  by convec:. i ,ve  
c i r c u l a t i o n  of f:i.uids rather. than by thermal conduc:tion through s o l i d  r.o,:!r!;, 

IIydroiher~n:aZ, sysPem.-: o r e  ( - I . j q ~ ~ i f i t l d  i n t o  t w o  rnairl types---vapor cWomin:ii.cd 
a r ~ l  ho t  water------acc3? d ing  L U  l . 1 1 ~  phase t : o ~ ~ t r ~ l l i l ~ g  hea t  and sass trclnofer i r r  
t h e  deep  thermal r e s e r v o i r  ( b h ~  i e  arid o t h e r s ,  1971). Tn vapor-dominate?. 
:iys terns, the deep  rescbrvorrs  are cont r o  l led predominantXy by stearn, usna! l y 31- 

temp~ratrnretl of 1 2 / 3 0 ° ~ .  T11r.ir u u r f n c ~  activi .%y is charac te r i zed  by furnarol6=s, 
a c i d - s u l f a t e  sprirlgr-i, and aci . i-- leachcd ;;round with hot-spr ing c h l o r i d e  level r: 
u s u a l i y  below 50 ppm. Such ~?yor-crn:, arch economicully a t t r a c t i v e  for elect  ric 
power ge t l e ra t io r~  because they a r t a  vetacrally c lean  and cheap-----they require 
l i t  tLr more klhlrnrl tlrni.lling i n t o  s t e a m  I -ceervoir  t o r  the developmc~rit of 
pow" I IJnfortun~atal  y, thr?se 8 )  s !  etns, occur only ~ l n d e r  unusual [:eo 1 og iraal 
renditions. One example of 8 vapw-domjnated system i n  the I lni teu S' ta t i .a  i s  
th i>  Geyser-s i n  uur fhe rn  Cal i f o r n  i a ,  w b i c h  huve bpen uwed to genera te  * 1ec.t 1.i 

c i t y  fo r  seve ra l  d 6 : ~ a d e a .  ho vapor-dominated systems: have ye t  'been ~ t 3 v n l  i l i e ( i  

ii, ALaska, 

Ilot--wetc:r sypjLc*rn,: ;rca r :c l jn~n:t+ c :i by  r i r c u l  lit inp; I i r i u i d ,  vh ic-lr r t  ar,#j t ~ t - ~ 4  

most  of the 1 1 e ~ r  atld i iisgely c o l r t   YO^ b W L ~ ~ I H U T ~ P I C : ~  Y ) Z . ( ? R N U ~ P H  ( o l  rhoukk: i l u a r i c r - r t ~  t 

arnotintu of eteanr may n l s o  ! a t  ~ L ~ H C I I I ) .  Thei r  t : i~rface  a c t i v i t y  i s  chal-ar . 
t e r i z e d  by presence of s-rprinp,r: \f;wc)larp;ing tlrermal. water w i t l r  r h l o r i d t .  l x  v e i  c; 
above 50 ppm and wj t h  ~let i tr i t i  t u  :tlkaTjne pH l e v e l .  Some hot-water eystc3al~i  
b o i l  at  dep th ,  and the  et?raptii&: gleam pives  r i s e  t o  ftlmaroles a~iid a c i d - b a l l a t e  
s p r i n g s ,  s i m i l a r  to  Lhr suri i e i ~ 1  lea tureq nC vapor -dominated !:ysi.eins. X o t  - 
water convection syete~ns  a l e  divided int.c~ th ree  ternpexature I -  mgeo (WhI t c. arid 
Will i s ~ n e ,  1975) : 

I )  Wi"gh-.teray,erfat~lrc: rsys,:ews: re:;cv-sr0j.r tc?rnper:atu.r-(2s a r e  ; iboire 1 5 0 * ~ .  
Slrcl~ systems cu~x l ~ r .  ancd f o r  a v a r i e t y  of: app i ica t : ionr ; ,  inc:lurlinl; f:C:e 
g ~ + ~ , e r a t i o n  of clec t r i c  i.1-:y, space ileai~in;:, and prc?cessi.ng, A t  l e s s k  
t b z r . ; ? t .  high-tt-mper;r ture c.;:. :+ tcms 11ave tkius f a r  been li.blc?nt i.fied .ivt 
rf2aska: Bai ley Hay in ij~~~.tli:>r:; Ciouthc-astern A.Ltr.ska and Geyetars ilj.g,i.!.!. 



and Hot  spring^ Cove, bo th  l o c a t e d  on Umnak I s l a n d  (Brook and o t h e r s ,  
1979) .  

2) In t e rmed ia t e - t empera tu re  sys tems:  r e s e r v o i r  t empera tu re s  l i e  I)ctt.reca 
90°C and 150°C. Such systemo can be used f o r  space  h e a t i n g ,  some 
i n d u s t r i a l  p r o c e s s i n g  pu rposes ,  and perhaps a q u a c u l t u r e .  F u t u r e  
t e c h n o l o g i c a l  advances may e v e n t u a l l y  make e l  ec  t r  i cu l  gellrrar ion  l r  orvl 
i n t e r m e d i a t e  s y s t ~ m a  p r a c t i c a l .  A t  l r t ~ ~ t  28 intermcdi:itc? temperol \Ire 
aysteme have been i d e n t i f i e d  i n  A l s s k a ;  some may prove t o  be h l g h  
t empera tu re  h o t  water  sys tems a s  more d e t a i l e t l  i r t formation is 
o b t a i n e d .  

3 )  Low-temperature syg &ems : r e s e r v o i r  t empera tu re s  l i e  below 90°C. Such 
systems can be used f o r  h o a t  and perhaps  a g r i c u l t u r e  purposes  (Lor  
exanrple, g r e e n h o u s e s ) ,  b u t  mo8t l i k e l y  o n l y  i n  l o c a l l y  f a v o r a b l e  c  i r -  
cumstances .  Over 80 low-temperature systems have y o  far  been i d c n t i -  
f i e d  i n  Alaska (Turller and o t h e r s ,  1980) .  Some of t he se  nay prove to 

have h i g h e r  t empera tu re  r e a c ~ v o i ~ - s  on c l o s e r  examina t ion .  

FIELD TECUNZQUES AND SAMPLING PROCEDURES 

A ~ t a n d t l r t i  pntLot-11 of ~arnpl t>  R I I ~  d a t a  n c q u i ~ i t i a n  wae fo1lowed a1 cbncIl 
t l ~ e r m n l  at ert V L R ~ L P ~ .  A t  a i i e ~  with mu] t i p l e  Rprrngs ,  wntt.r saol))ies wc?r- 
n o r n ~ a l l y  ob t.ained from the  chermal s p r i n g  wi th  t he  h i g h e s t  tcmpernture  and 
g r t ? a t e s t  d i s i .harge .  A t  same s i t e s  m o r r  than ont7 thermal  s p r i n g  WHY sampleti 
When c o l d  ground-water s p r i n g s  were f:~und i n  the immediate a r e a ,  samples wprc 
norma l ly  taken  f o r  s i l i c a  a n a l y s i s  needed f o r  s i l i c a - m i x i n g  models .  

Water samples were c o l l , e c t e d ,  f i l t e r e d ,  and t r e a t e d  fo l lowing  yrocedur.es  
d e s c r i b e d  i n  P r e s s e r  and Barnes (1974) .  The samples were always obtai.ned :it 

or a s  c l o s e  t o  t h e  s p r i n g  sou rce  as p o s s i b l e .  F i l t r a t i o n  was u s u a l l y  thr011gI1 
a  O.4S-micron f i . l . t e r  ( a l t hough  some samples wi?r.e f i l t e r e d  through il 0 . 0 5 -  s!!: 
0.1-micron f i l t e r  f o r  aluminum and i r o n  de t e rmi .na t ions )  . Thermal- .wnt .e~ 
samples o b t a i n e d  f o r  s i l i c a  a n a l y s i s  were normal ly  d i l u t e d  i n  a 1 :LO r a t i o  
w i th  d e i o n i z e d  d i s t i l l e d  waier  t o  p reven t  p r e c i . p i t a t i o n  and pol.ymeri.zaf i o n  n f  
s i l i c a  a s  t h e  sampled coo2ed. I Iydroc l i lor ic  a c i d  was u ~ e d  f o r  !:hose samp1.e~ 
r e q u i r i n g  e c i d i  f i c a t i o n .  

Flicilrbonnttr and pli were de ter ln i r~ed  i n  t he  Lieltl by  u s ing  met t~ods  d e -  
s c r i b e d  by Barnes (1964) .  F i e l d  pH v a l u e s  were defcrntined t o  the  rwnres t 0 . 0 5  
pll t ~ r i i t  with e i t h e r  u  Digi-serine d i g i t a l  pH m e t e r ,  rnodel 5995-40 o r  an Orion  
Kcsc~~l rch  s p e c  i f i t :  icpn meter, model 401,  The pH meter wali normilily c e l  i f ~ r i t t  ctl 
; I ) :R i n s t  xtnridard b\af t c.t  s n l u t  i ons  I)cbforr and :at t e r  each men~urement  R c l - ! J  in!:#: 
were nornlully r e p r o d u c i b l e  t o  -: 0.05  pi1 unitra.  Warem were t i t r a t e d  wit11 
0 .0  1639N s u l f u r i c  a c i d  f o r  b i c a r b u n a t o  d e t e r m i n a t i o n s .  

Water c o n d u c t a t ~ c e  wan meanured by u s i n g  an F : lec t ronics  Inutrumeut  ~ t d .  
Model MC1 MRV p o r t a b l e  c ~ r ~ d u c t i v i t y  , l ieasuring s e t .  Conductance i s  r epo r t ed  i r i  
micromhos pe r  c e n t i m e t e r  a t  25'C with  i? measurement accuracy  uf +3%.  The 
manuf ac t u i  tar's c a l i b r a t i o n  of c o n d u c t i v i t y  c e l l s  was v e r i f i e d  a g a i n s t  s t anda r  rl 
s o l u t i o n s  prior t o  d e p a r t u r e  f o r  t he  f i e l d .  



Ii,li-rr t r m p e r , ~ t u r e s  and s h a l l o w  s o i l  t empe ra tu re s  were measured wit11 
t > r i l ~ c . r  arr 1':nviro-lal9s d i g i  tar  therrni s t o r  p rube  D'T-10 1 o r  a Brooklyn d i  a 1  
t h c > r u ~ o n ~ c t ~ r .  All  meas~~re inen t  s .:1 ~3 rrpc1rted i n  degrckes ce  i s i u s  . The r e s o l u -  
t i o n  and accu racy  crf t h e  c l i ~ , i t - a l  t h (  rmonieter a r e  0.05"C and 0 .  l U C ,  r e spec -  
t i v e l y ;  f o r  the d ia l .  t h e r ~ n o ~ l l e t ~ ? ~ ~  thcay are  0.25"C and 0.5"C. Spring-temprra--  
t u r ~  nlt3anurements were ur;llall y made at t1.12 s p r i n g  o r i f  i ce  o r  as c l o s e  i-o i t  as 
poC,s113I e .  

Whrr e v e r  p o s s i b  1 e , ~ p r - i n g  t i i s cha rge  wils mt>dsured w i th  a Sr i e n t i f i c  
lnt ,?rui i tentu,  Tnc . pygmy r l o - m l ~ r t t ~ r  and s r>por ted  i n  1 i t e m  per minute  ( l p m ) .  
A c c u r t r c i c s  o l  L ~ P R P  nleao~~:-c~~lrc?ntnn wet'@ cor~mnnly impai red  by sha l l ow  ch i~r~ne l  *, , 
low w i l t ~ r  vt3l n c j  t i e ' , ,  itrlrl rr ; c  ! - i o l ~  i r i  tl~t- vane b r a r i n g s .  A,t  some sp l  i v g s  tile 
d i s c l ~ a r g c  was tlett>rinil-t~il by the tjrn:. l i c ~ d e d  t o  f i l l  a 4 - - l i t e r  bucke t .  When j r  

was not. p o s s i b l e  t o  measurca d i s c h a r g e  by e i t h e r  OF t h e s e  two methods,  an 
rt: t l ~ n a t e  of the dischar~ ,cb  was  I X I ~ ~ V .  

A rt:ronrza i s s a n c e  o f  s i  tt. n!eolo#y WiiN l lorrnally mode a t  each  thermal  a r e a ,  
'I'tlis er l tn  i l e d  e x e r n i r ~ ~ l t  ion and a'tmjrl ;rig of l u c a l  l-)edrock, d e t e r m i n a t i o n  o l  
l o c a l  f n t l l ? s  arlcl f r a c t u r e  s~y:jtcms, and examination and sampling of  ho t - sp r inp  
d e p o s i t s  ( i f  a n y ) .  

IbA140RA'1'OKY :L.L\~ J',I,Y SP:S : EqrCTHODS USEC AND PREC lS ION 

hll~rrlcver p o ~ ! ~ i h i c ~ ,  1r1hc)rdtory nnethotls of de t e rmi r r a t  ion used by DGCS wrlre 
t aken  t i o m  t h e  l i f b (  O P  111etl10dlj of choice for  each chemica l  s p e c i e s  as pre- 
.;c r  i bed  by Presvcr  t:nd liarnes ( 1974)  . Tab1 e 1 ~ c ~ n m ~ a r i z e s  t he  methods used clncl  
p r e s ~ n t  s tLhe cxpec tecl prac i s  i o n  of l a L o r a t o r y  a n a l y s e s  fo r  1 2  cons t i  client s 

c omrnor~ly found i n  wa te r  as d~.~er .mined  by U . S .  G e o l o g i c a l  S u r v ~ y  (USGS) 
1,abor.ator i t ~ s .  Atornir-absorpt ion ctilalyses were rtxn on a Perkin-Ehner  rriodcl 603 
a t  ornic.- a b s o r p t i o n  hpec trcrlrl-tr~ tomet-er u s i n g  air.--acetylerre and t l i r rous-oxide-  
ace  t ylrbnc~ f l a m e d  ulitler c t ~ n d i  t ion:. I ii:irri J I I  t h e  rnanuIac t t l r e r s  s procedtli-t* 
it1.11111? 1. ~ i ' j ~ c ~ e  t T i c  wid Cut Ljdjlnti t r i c  abso rp~ i  IIITIS were read  on ;I Bc,~.krrtan JJU 
V i s . T l V  s i n g l e  -La>:i~n spec1 rophof o m c - t c r  , r ~ s i n g  a matched s e t  of f o u r  10 Imli c c r l l s .  
Ar, Orior rnodol 709 d i g  itill pH litel-ex mid Orion s p r c i f  i c  iorr and refetc .~lcc% 
~ l e c t r o d e  were usrti  in d t c l  rttc~~lstirPmPt1t.l; of GI" ' - ,  F-, and Br".  

IlL;CS waCer a n n l y r i r  ptc~ceritrrsn i : i - ~  c u r r e n t - l y  rrndergoing it proces s  of  
..itandardi:!ation r r ,  conlo t r r t  t t s  I1ScS ect a b l i s i ~ e d   neth hods and q u a l i t y  assurance. 
'I'he IJSGS lf ranch o :  Wntcar Keeortrceq is  per forming  dupl  i c a t e  a r ia lyses  0 x 1  

s p l c c t e d  samplcr: :ad i s  se rv i r lg  o:j a r e f e r e n c e  Lab f o r  the i n i t i a l  stages of 
t h e  1)C;rf-i w a t e r  aalinlysis progriirn, Tile f i n a l  r e s u l t s  w i l l  be p r e s e n t e d  in :In 

I)GCQ; open-.f i 1 e I-el~or-t . 

Ma-:I t. of tlie p r  P r  i s  ;c;ns g i v t  1 1  i r i  i ab l  L, 1 f o r  Tl-rc vzir iou~;  me t i~ods  c ~ f  
:~rlrrly.; i!i ,Ire 1)afied crr~ i iihu ctbkai~-(id tI1rt111gh 1i111l t i  l a t )or t i to ry  ana l  y s i n  c~f 1 c c , t  

M ~ ~ I I ~ ~ , I L ~ J  11rcpnrrtl hy 11.:;. 6::3010~;:i(-i i l  Survey  I n b o ~ n t c ~ r  ic:s ( S k ~ r t ~ t ~ t r i r l  and o l l ~ c ~ s ,  
9 9 Wl~ert? l , o s ~ i h l c ,  t h e  p ~ c , c i s i o n  i n  rxpre>..ised i t 1  terms of 3  reg^ es s io r l  
ibrltrni i i ,n  ovcr a q t n t e d  rni lge. lhe p r e c i s i o ; : ,  exp re s sed  i n  !-errns of U I ~ .  
rci : if  ibc3 d e v i a t i o n  ( t h e  r:rk:'o or f-he brnrldard (levjil t-ion t o  the mean t i r n r s  100 
prrcerlt for varior3.r I ~ l , r ~ r n l . o l c y  d c ~ e r m i n o t i o n c ;  is g iven  i n  Append i x  R .  
(A1tl~tai~rl i x C l i H tr indue: i v c l  y c.tlup1 etl ergon-plrdnrn:r detcrmir~rtt i o n s  . 



a1 
r-l 
P 
m 

C.4 





Ct~emicnl  geothcrmome t r y  h a s  becomc ttn impor t an t  t o o l  f o r  e s r  irnutil~g, 
r e s e r v o i r  t empe ra tu re s  of hydrotl.lc~rmii! sys tems  and has  proved v e r y  1iseflil 11, 

tie t e rn l in ing  t h e  geothermal  i csou rce  pocen t  i a l  o f  a s p e c i f i c  r  e g i o n .  ?T)erp- 
f o r e ,  much of  t h e  DGGS assessment  work 3s aimed a t  p rov id ing  a c c u r a t e  getrtl z r -  
niorrle t r y  for. t he  i n d i v i d u a l  [:cotherma1 s i t e e  i n v e s t i g x t e d .  Surmnarics of I tir 

v a r j  orls g e o t l ~ e ~ ~ l i o m t s s  t h a t  h ~ v e  been npp l i e d  t o  geothermal  syqti>mt;  ,.an be 
t o u n d  i n  F o u r n i e r  ( 1977)  and i n  131lis and Mahon (1977) .  '%e geo the rmomc~t<~r s  
a r e  bascd on temperature- t icpendent  water - rock  r e a c t i o n s  t h a t  c o n t r o l  t he  
chemical  and i s o t o p i c  compusii-ions of t h e  t he rma l  w a t e r s .  The roost r e1  I a h l p  
and most r r e q u e ~ l t l y  rr~crl cirl:tnLi t a t  i v c  r ; r ~ o t h ~ r m n m ~ t e r ~  a r e  rclLiltt!rl I-o the. 
r; i 1 i c n  rorl t e n t  nntl I t 1  Chca r i o d  ; r t m ,  po i.i~ir i c l n r l ,  rind c n  l c :  iu~n ~ :onl .~*~r t .  o f  I l r c - t  1n8t l 
wn tc.r.l;. fieccxnt a p p l  i c u t i t  n (:I s i l ~ l f a i  e - ~ a t  e r  , oxygen- i s o t o p e  geothclrmometr y 
t o  geothermal  dys tems inrl i c a  t e s  thit; mc:thc;d nlay become a  t h i r d  irnpor,allt geo- 
thermometer , p a r t i c u l a r l y  i o ~  h; gher  terr lperature sys tems  (McKenzie and 
l ' ruesde I 1, L977). 

Assumptions in f i e ren t  ji)  uslnp; compos i t i ons  of thermal  w a t e r s  to  e s  t irntite 
subsurfac.c! t e m p e r a t u r e s  hnvr: been sulilmari zed by F o u r n i e r  (1977) : 

1 . 'Temperatt1re-depericit1:11 r e n c ~ i o n ~  i n v o l v i n g  rock  and water  t i x  tiit. 
amounts of d i s s o l v e d  " i ~ ~ d i c a t o r "  c o n s t i t t r e n t s  in  t he  w a t e r .  

2 .  There is an ad?1uatcs fiupply of a1 1 t he  r e a c t a n t ? ; .  
3 .  'l'lrt~re i s  s q u i l  i b r i r m  'rr  the' r e s e r v o i r  o r  aqui  fez  w i th  r e s p e c t  t o  t h e  

s p e c i f i c  i n d i c a t i ) ~ .  r e a c t i o n .  
4 .  iVo r t~ t lqu i  1 i b r a t  i o n  c 7 f  the i n d i c a t o r  conwt i t u e n t i i  occu r s  nF te r  t he  

watt'+ I P B V V N  t l l i *  rt'brt T V O ~  Y .  

5 .  No m i x i n g  w i th  d i f f v l . ( ~ ~ i t  wnt't:rs ocr lrra  ( l u r i n g  muvcvnttrrt t o  thc s u r -  
filre. 

'l'hi. a t  tninrnc~rt o f  V C I I I ~  L I I-IL I t i l i t  i t i  t h v  ri-' : ( ~ r v o i r  d ~ p t ~ n c l s  011 c r i i l r ~ l l > ~ t -  o f  
t :lc Lor!: sucll a s  Lhe k i t 1 ~ l . i ~ ~  of Ltle pa r  L i c u ? n r  r e a c t  i n n ,  t h r  t t * ~ i  p e r , i t u r ~  c>i' 
t h e  reservoir , t he  r e a c  t i v ~  t y o f  t h e  wal l r -ock ,  t h e  runcent ra t . i r )ns  of t l ~ t  
i n d i c a t o r  c lernents  i n  the rc. t tcr ,  and t he  r e s i d e n c e  time of t-hc 1~a t t . r  i n  r : l c ,  
reservoir a t  t h e  r r a r t i c ~ r l a r  t e m p f ~ ~ a e u r e .  Thus ,  In Rome s i  t u a t i o r l s ,  q u i - -  
l ib r i t rm In t he  reservcri ;  nlay bc a t t a i n e d  f o r  somta r e a c t i o n s  and not  f o r  
o t h e r s .  

Whether a water  r e ~ q u i l i ' u l - a t i a s  a f t e r  l e a v i n g  a r e s e r v o i r  d ~ L i n g  f l o w  tr) 

tllr s u r f a c e  depends or1 s i n i i l n r  f a c r o r s :  t he  r a t e  of f low,  the pall1 of a sce r  t , 
tht.  t y p ~  and r c r r c t i v i t y  of wall r ock  L r a v e r s ~ d ,  the  l n i t i n l  temperrairlrc. o L  lie 
xc?sct-voir,  arid t he  kincati..-s 0 5 '  t h e  ver- jous r e a c t i o n s  that: may of  < u r .  D i f -  
f t l t - t - i - i t  r-e.actiorls rimy occu r  i n  RII nR~Pl .d ing  w i l t ~ r  at d i f f e r e n t  rirlc:s. T h r r t > -  
fi)x a , ,  tlrt, iiplrartlrtt I r r R t  t c - r n p i ~ i  s ~ l l r c l  ol t u c l u  i 1 ibrrr t  i nn  mny l,t* d i f l r r  c b n t  f o r  
t l  i I I ( * -  1 . 1 1  I c * h v ~ n i  rrll gclot hcrr-r~o~nt~t r - r r i  . 

Vor t h i s  r c p u r r  tltc h i  1 i c . -  ~ . I I C I  Nu--K-Cu gc'o ther~nomet.ere have, heell used 
ctc* i cl::ivc!l y f o r  o s t i m a t i u p  subt;usEa~ca t c m y ~ > r a t u r e s .  



S i l i c a  Gec>thermometry 

'Re  s i l i c a  geothermome t e r  i s  based on the exper in lenta l ly  d e r i v e d  
r e l a t i o n s h i p  between ~ i l  i c a  ~ l o l u b i l  i t y ,  temperature ,  and p ressure  (Fournier  
and Rowe, 1966; Fourn ie r ,  1973). Dissolved s i l i c a  found in  thermal waters may 
be suppl ied  by temperature-deperldent r e a c t i o n s  between the thermal water and 
e i t h e r  q u a r l z ,  chalcedony, amorphous s i  l i c a ,  o r  c r i s t o b a l i t e .  Figure. 2 ,  Curve 
A shows t h r  s o l u b i l i t y  of quar tz  as a functioti  of temperature in equ i l ib r ium 
with s a t u r a t e d  steam. Curve B s11ows the  amount of s i l i c a  t h a t  would be l e f t .  
i n  t11c r e s i d u a l  l i q u i d  aft-ez ~naxirr~urn Loss of steam on a d i a b a t i c  cool ing to 
1 0 0 " ~  and 1 bar preHsure. S imi la r  curves can he cons t ruc ted  lor the  other 
a ~ i n e r a l o g i c  p h n ~ e n  of ~ i l  ~ C R .  

Fournier  (1973) found t h a t  above 150QC, quar tz  c o n t r o l s  t h e  s i l i c a  eclu i -  
l i b r ium and t h a t  t h r  quar tz  geothermometer g e n e r a l l y  works b e s t  in  the rallgr?. 
150-225°C. When i n i t i a l  temperatures are above 22S°C, s i l i c a  i s  l i k e l y  cn 
p r e c i p i t a t e  on ascent  to  the s u r f a c e  owing to  t-he r e l a t i v e l y  f a s t  r a t e s  of 
r e a c t  ion a t  h igher  temperatures  p,nd the a t t a inment  of s t . ~ p e r s a t u r a t i o n  w i t h  
r e s p e c t  t o  amorphou~ s i l i c a  as the s o l u t i o n  c o o l s .  For r e s e r v o i r s  below 
150°C , Fournier  (1973)  found tha t  chalcedony and sometimes c r i s t o b a l i t ( a  -.or 
amorplaous s i l  i c a ,  r a t h e r  than q u a r t z ,  may c o n t r o l  the d i s so lved  s i l i c a  con - 
t e n t .  However, i n  g r a n i t i c  rocks Yournier r epor ted  t h a t  quar tz  may be the 
c o n t r o l l i n g  minera l  down to  temperatures as low a s  90°C  rook and o t h e r s ,  
1979). Thus, ambigui t ies  i#an a r i s e  from the nppl ica t - ion of s i l i c a  geother-  
mometry i n  the  range 90"--150°C. 

Figure  2 o r  s i m i l a r  ctlrves f o r  tllc o t h e r  phases of s i l i c a  can be used t o  
r ~ t i m a t e  r e s e r v o i r  temper t ~ i . e B .  If  t he  water sample i s  l i k e l y  t o  have cooletl 
mninl y a d i a b a t i c a l l y  ( b y  b o i l  in$;) ,  Ct~rve 8 ,  h i c h  c o r r e c t s  for  the maximum 
p o s s i b l e  steam l o s a ,  i s  used.  Z f  the sample cooled mainly by c o n d t ~ c t i o t ~ ,  
Curve A i s  used. 

Filrtiica 2 ,  S o l u b i l i t y  of qrrai-tz at; R func t ion  of temperature .  Curve A shnws 
t k ~  snXubi1  i t y  in l i q u i d  water iu cquil ibriuln with ~ a t u r a t e d  steam. Cltrve 
R al.rswo the amount O F  ~ i l i c s  1-lirtt, wtrttld h e  l e f t  in the r e s i ~ l t ~ n l  l i q r r i c i  
eftcar mnxi.mum logs ~ l t ~ a n i  trli ~ t d i a b n t i r  ~ r > c t l   in^ t:r> 100U6 atrd I blir I , r .c3r l  
riui a .  Frunr Fourrric?r snrP Howo ( ? 9 6 6 ) ,  



The fol.lowing e m p i r i c a l  r e l a t i o n s h i p s  can a l t e r n a t i v e l y  be used t.o 
e s t i m a t e  r e s e r v o i r  t empera tu re s  up t o  2 5 0 ' ~ .  

Amorphous s i l i c a  

Be ta -c r i s  t o b a l i t e  

Qua.r tz  conduc t ive  

Q ~ ~ a r t z  a d i a b a t  i.c ( a f t e r  s team l o s s )  

731 
T, " C  = r -i 

---- --- - 1 , 3 -  ( 5  
4.52 - l o g  C 

T, "C = - . - - - - - - -- -- - 21'3.15 
4.78 - l o g  C 

1032 
T, "C = --- - 273 .15  

4.69 - l o g  C 

T ,  " C  = 
----.- --- - 273.15 
5 .75  - l o g  C 

"C" i.s t h e  conce r l t r a t i on  of  S i 0 2  i.n m i l l i g r a m s  per  k i l og ram oE water. 

Brook and o t h e r s  (1979) reviewed the  problems a s s o c i a t e d  wi th  i n t e r -  
prtat  ing  h igh  S i 0 2  l e v e l s  i n  hip,hly a l k a l i n e  s p r i n g  w a t e r s  ( p H  i 8 ) .  In  dIlc:i-- 
l i ne  waters, hydroxide rervcte w i t h  s i l  i c i c  a c i d  t o  reduce  t he  p r o p o r t i o n  of 
s i l i c i c  a c i d  t o  t o t a l  d i s s o l v e d  s i l i c a :  

The l o t a l  concentr i i r_i \ )n of d i  ssolvec! s i l i c a  measured i n  the I abora t  o r y ,  
however, i s  H4Si04 p l u s  H3SiO-4 and must  t h e r e f o r e  be reduced by the  
concentrat : ion of H35iO'"r, to  o b t a i n  an a c c u r a t e  e s t i m a t e  of t h e  snbsur -  
f a r e  reservoir t e m p e r n t t l r e .  

To c o r r e c t  fo7. rhe r l i s s o c i a ~ i o r i  o f  s i l i c a  i n  a l k a l i n e  w a t e r s ,  a s impl t  
c o r r e c t  ion sugges t ed  by Brook and o t h e r s  (1979) has  been adopted .in t l l i r ;  
r e n o r t .  TIlc c o n c e n t r a t i o n  o f  s i l i c i c  a c i d  i s  d e t e r m i n ~ d  a t  the s p r i n g  
temperncure  and pH. Thi s  con!.entrat ion,  r e c ~ l s t  ns S i 0 2 ,  i t  then used in  I l ~ c  
a p p r o p r i a t e  p ~ : o t l ~ ~ ~ r m o m e t e r .  There J r cons ider f ib  l e  disagreement  about  t h ~  
va 1 r~e of' the f i r ~ t  d i s s o c i n t i o t ~  cons t :~n r  of  ~j 1 i c i c  ac id  f i r  ternpernttlrea nl>ovc. 
? O U [ '  : :;c-wnrtl, 1974) . 'Il1rl v n i t r r ~  ~iscld i i l  t 1 1  it1 ~-c*port wcarrb rnktjri i r o n 1  l t y x l ~ r n k o  
( I . C o t  rrec t  ion^ tor t l t t *  r ! i : r i d i ) c i i r l  LOII o f  ' s i l  icic. ticid nrcx ~ u o t  n l ~ r l c ~  urr l t . s : i  

t l i t .  coi - recc ion  i n  I O ° C  or rrlcjrc.. 



Si ' l i ca  Mixing Models 

One of t h r  assumptions i n h e r z t ~ t  in  using geothermometry is t h s t  tnt3rtnal- 
s p r i n g  waters a r e  u n d i l u t r d .  However, the waters i s su ing  from many (ir' not 
most) thermal sp r ings  probnbly cons ib t  of mixtures  of deep hot water and ohal-  
low cold water .  Pournjer  and T r - ~ e s d e l l  (1974)  desc r ibed  two mixing nndc l s  
t h a t  may be appl i e d  to  sp r ings  w i  ~h  l arge r a t e s  of flow and temperatures below 
b o i l i n g .  These ~nodels  a r e  based on (.he r e l a t i o n s h i p  between the erlthalpy and 
s i l i c a  con ten t  CPF the  ascending thermal wa te r ,  the cold ground water ,  nrxd the 
r e s u l t a n t  mixed thermal-"spring water. I n  the f i r s t  model the enthalpy of the 
h o t  water p lus  stcam t h a t  mixes with and h e a t s  the cold water i s  the same as 
the  i n i t i a l  enthnlpy of the deep h o t  wa te r ;  t h e  deep hot  water may b o i l  belok 
mixing,  hu t  a l l  the steam condenses i n  the cold  w a t e r ,  I n  t-he second model 
t h e  enthalpy of t h e  ho t  wnter in  the  zone OF mixing i s  l e s s  than the enthalpy 
of the  hoL water a t  depth owing t o  escape of steam dur ing ascen t .  

B a r r e t t  and P e a r l  (1378) surrsnari~ed t k i r  a d d i t i o n a l  assumptionu, given 
below, which a r e  impl ic i  t i n  the uFe of these  n ~ i x i n g  models: 

1. T n i t i a l  s i l i c a  con ten t  i s  c o n t r o l l e d  by the ternperatuce-depe~derit- 
r e a c t i o n s  between the deep t l~er inal  water and the va r ious  s i l i c a  
phases.  

2 .  Addi t ional  ~i l ica  i s  n ~ i i t t e r  d i s so lved  nor deposi ted ~ f t e r  mixing. 
3.  The ternpernturt.? and e i :  i c a  con ten t  of cold s p t i r ~ g s  a r e  u i n ~ i  l a r  ti> of: 

the  ground wnt:.r t-h;it. mixen wirh U I ~  ascending liot water.  

'Truesdell and Pourriier ( 1 9 7 7 )  devised a simple. prcrcedure f o r  applying 
these  models, in  which a p l o t  of d i s so lved  s i l i c a  vs enthalpy i s  used (Ekg. 
3 ) .  For the  s i t u a t i o n  i n  which tro steam i 8  l o s t  before  mixing, tho s i l i c a  and 
h e a t  con ten t s  ( e n t h a l p i e a )  of the cold and warm s p r i n g  waters are p l o t t e d  as 
two p o i n t s ,  A and B .  A s t r a i g h t  l inl .  i s  d r a w  through these  poL~lerj 'co i n t e r -  
s e c t  the  quar tz  solubility curve (note  t h a t  below 1 0 0 " ~  the temperature i n  
degrees  Ce l s ius  i s  numerical ly  equ iva len t  to  c a l / g ) .  T'oinc C t h ~ n  g ives  t h e  
o r i g r n a l  si l i e n  content  and enthalpy of the deep ho t  watex . The ct r ig inal  
temperature oT the hot-water comporierrt i s  then obta ined from steam tab len  
(Keenan and o t l i e r s ,  1969).  'Ihe f r a c t t o n  of hot  water i n  the warrn s p r i n g  i s  
obta ined by d i v i d i n g  the d i s t a n c e  AB hy A C ,  

For the s i t u a t i o n  i n  which the ln~ximun~ ati~ortnt of steam i.8 l o e t  from the 
h o t  water b e l v r c  mixing,  the ~ i l i c ~  kind h e a t  corltc.nts o f  t.hc cold and warm 
s p r i n g  waters  srr p1ottc.a utg two  p o i n t s ,  A and 11, i n  f i g u r e  3 .  A s t ra i~: ' i1e  
l i n e  i~ drttwn thrt)~q;h t h ~ c t ~ ~  p . i ; n t ~  n.rd e x t p n d ~ d  to  the enthalpy of the 
r t2r:idual l i q u i d  wnter a t  hrc assumed temperattlre of separa t ion  and escape of 
stcam, taken he re  to  b e  100°C. Tn t h i e  case the r e s i d u a l  liqrrid water he fo rc  
mixing w i i  1 have znt c+nthsll py of 100 c a l / g ,  poilrt E of f:igure 3 .  The o r i g i n a l  
~ n t h a l p y  o t  the  ho t -wa te r  component is obta ined by  moving h o z i z o r ~ t a l l ~  a c r o s s  
the diagram from p o m t  E tu t h e  inaxim~~m steam ~ C L S  curve,  point  Y. The 
o r i g i n a l  s i l i c a  conl-cnt o f  the hot--water cornpomelrt i s  given by p o i n t  G. Tlie 
f r a s t - ion  of h o t  watet ( a f t e r  steam lous )  i n  the warm spr ing  i r  obta ined by 
t i iv id ing the  d i s t a n c e  AD hy AE.  If  stem i s  assumed t o  escape from water a t  n 
ternpenatrxre shove 100eC, Che o r i p i u a l  enthalpy of Lhcrl h o t  water w i l l  'lie a t  a 
v a l  se along ,i hor izon t t i l  I jnv, bt:Lwe2n the rnaxinlum stcam ioss  curve and tlkc 
q u a r t z  s o l u b i l i t y  curvt. (no :team i o s s ) .  



0 1 0 0  2 0 0  3 0 0  

t r ~ l h o l p y .  ~ u k / g  

F i g u r e  3 .  S r l i c ~ ~  r l l i x i l l g  1nodt.1 ~ lxamples .  The g r a p h ,  which g i v e s  c l i s s o ~ v ~ ~ d  
s i l i c a  vs .  e n t h a l p y ,  is used f o r  de t e rmin ing  the t empera tu re  of warm ~ p r i l l p  
wa te r  d e r i v e d  by mixing a hot -water  component wi th  co ld  w a t e r .  From Truen- 
d e l l  and F o u r n i e r  (1977) .  

Broolc and o t h e r s  (1979)  p o i n t e d  o u t  t ha t  t h e  problem wi th  any unexplored 
hydro the rma l  Bystem is nn p rov ing  t h a t  t h e  w a t e r  i s s u i n g  a t  t h e  s u r f a c e  i s  
indeed  mixed. One proof would be a l i n e a r  t r e n d  between measured s p r i n g  
t e m p t r t u r e s  and c h l o r i d e  c o n c e n t r a t i o n  ( f o r  example,  F o u r n i e r ,  1979) .  Nornal  
ground-water u s u a l l y  h a s  I ow c h l o r i d e  c o n c e n t r a t i o n s ,  whereas thermal  watel s 
f rom h igh - t empera tu re  systems u s u a l l y  c o n t a i n  about  s evc i  a1 hundr ed m i l l  igrnms 
pe r  l i t e r  of c h l o r i d e .  A l i n e a r  t r end  between t h e  i s o t o p i c  composi t ion  of t he  
wa te r  (deu te r ium o r  oxygen-18) and d i s s o l v e d  c h l o r i d e  is  ano the r  proof  of  
mixing  (Mar iner  and Wil lejr ,  1376) .  T t c fo r tuna t e ly ,  v e r y  few a r e a s  have 
s u f f i c i e n t  s p r i n g s  of d i f f e r e n t  chemncal and i s o t o p i c  composi t ion  t o  prove  
mixing  by suclr r i g o r o u s  c r i t e r i a .  

Sodi.um-Potass ium-(':t~lciurn Geothermometer 

T(1c1 Nn-K-Ca gtsothzrtnorncter i 3 13aeecl on an e m p i r i c a l  r e1  l i t  i o n s h i p  1 s t ~ t w r ~ t ~ 1 1  
t l ~ t a  molar  c o n c e n t r a t i o n s  of sodium, pntansjurn, and c a l c i ~ i m  ions  and water 
rcrni*er.tt:ure. Fourn i e r  and T r u e s d e l l  (1973) p r e s e n t e d  a d e t a i  3ed accouni  (lf 
thi. geochemical  t heo ry  involved  i n  the  development of t h e  Na-K-Ca genther - -  
mumet:cr, Temperature is r e l  e t e d  t o  water campos i t i on ,  i n  m o l a l i t y ,  by t h e  
f o l  I owing empir icc i l ly  derivr .1 e q u a t i o n :  

1644 
T ,  "C - ---- < - "-" - - 273.15 

log  Na --. + B l o g f 6  -. t. 2,?4 
K 1J o 



Na, K, Ca = i o n i c  concentra t ior i  i.n m l e s / l i t e r  of the    odium, p o t a s s i u n ~ ,  
and calcium ions in the h o t  wa te r .  

T ,  " C =: e s  tirnated subsurface  t en~pera tu re  in  degrees c e l s i u s  
B = 113 f o r  T > 1 0 0 " ~  
B = 4/3  f o r  T < 1 0 0 " ~  

The equat ion i s  f i r s t  t e s t e d  to  see  i f  s e t t i n g  R equal to 413 y i e l d s  a 
temperature bel.ow 100°C; i f  i t  does fiot, a value of  113 i s  used for  1% t o  

=m e r a t l t r c .  e s t i m a t e  the equ iL ihra t ion  tc. p 

B a r r e t  and P e a r l  (1978) summarized the .assumpti.ons f o r  rhe use of the 
Na-K-Ca geothermometer. 

1 ) No nrixing occutqh: hqtwtmn the ancending LhpPr_ninl water and d l t t t  l nw 
ground water .------- - - --- -- 

Mixing between the  ho t  thermal wtlter and s h a l l . ~ ~ ,  d i l u t e ,  groutid water 
w i l l  have l i t t l e  e f f e c t  on the sodi~m-potaesium r a t i o  but  may a f f e c t  the  
c a l c u l a t e d  calciurn-sodium r a t i o  because of the square  root  of calcium terra. 
I f  the  o r i g i n a l  calcium con ten t  of the undi lu ted  thermal water i s  low, mixing 
w i l l  have l i t t l e  e f f e c t  on the? geothermometer r e s u l t s .  I f  the calcium content  
of the  und i lu ted  thernlnl water i s  h l g h  ( g r e a t e r  than 50 t o  100 mg/l)  , mixing 
with d i l u t e  ground water w i l l  cause t l ~ c t  subsurface  temperature es t ima te  to  be 
too low. 

2) Sodium, potassium, and calciilsn c o n c e n t r a t i o n s  i n  the  thermal water .-- - - -- - - - -- -- - -- -- - -- ----- - ----- -- -- - 
a r e  controlled by - temperature-dependent --- - - - - -  e q u i l i b r a  with a l b i t e ,  -- 
potassirlm - -  f e l d s ~ a r  _ - _ -  - - ? _ ,  and - c a l c  i.um-bearink ----- - -  carbonatc! - . - m i n e r a l s .  -.--- ----  

l'he sodium, potassium, and calcium r ~ e i o t l  a r e  s t r o n g l y  a f f e c t e d  hy t h e  
bedrock minera l  s u i t e .  Depending on t h i c h  minera l  s u i t e  c o n t r o l s  the water 
composit ion,  a  wide range i n  temperature e s t i m a t e s  i s  p o s s i b l e .  A t  s i m i l a r  
water  temperatures ,  the sodium-potass ium-calcium r a t i o s  a r e  widely vtlriabl e i n  
s o l u t ~ o n s  e q u i l i b r a t e d  wit11 potassium feldspiar and a l b i t e ,  muscovite and 
a l b i t e ,  al ka l i -bea r ing  carbonates,  or other ~nirkeral s u i t e s .  

For exaniplt?, waters  e q u i l i b r a t e d  with minera l  s u i t e s  con ta in ing  pota::sium 
f e l d s p a r  but  no a l b i t e  (sodiunr .def ic ient  mineral  s u i t e s )  w i l l  provide exces - 
s i v e  subsurface  temperature e s t i m a t e s .  On the  o t h e r  hand, waters e q u i l i b r a t e d  
with minera l  s u i t e s  con ta in ing  a l b i t e  but no potassium f e l d s p a r  (potassium- 
d e f i c i e n t  minera l  s u i t e s )  w i l l  y i e l d  temperature e s t i m a t e s  t h a t  a r e  too low. 
Waters in equilibrium wit11 a l l ta l i -bear ing carbonates  ( e v a p o r i t e  sequences) 
g e n e r a l l y  y i e l d  excess ive  temperature es t ima tes .  However, e q u i l i b r a t i o n  w i t h  
zeo l i - t e s  may y i e l d  minrinum 1:einperature est imriteu.  

3 )  L i t t l e  o r  no r e e ~ u i l i b r a t i o n  occurs  dur ing  ascen t  
-A ---- ---- ------ . - ----- --.- 

Changes i n  the ~ o d i u m - ~ p o t a s s i u m - - . ~ ~ i ~ l c i ~ ~ r n  r a t i o s  in  thermal waters  may h e  
g r e a t  or n e g l i g i b l e ,  depending 011 the r a t e  of dscdnt and the r e l a t i v e  
I e a c t  i v i t y  OF the r r w k n  and minerals along t h e  f l o ~ ' i  p a t h ,  Low-calciu~n t h r t - m n i  



wate r s  g e n e r a l l y  y i e l d  lob srdbsurface cempera ture  est;rttat:es because  of on- 
t inued  r e n c  t i o n s  betwctw wi i l  e? dtrd w a l l r o c k  d u r i n g  aarsont ( incrpe:,eri U C ~ I ~ P C ) I I ~ ,  

ca l c ium ion concc=ntrat ic)n)  . r i igh.-r .a lc i~~sn-cnntent  watei 5, however ,  nt'2.v ylcl d 
e x c e v a i v r  geothermomreer  tcmperaturr-  e s  i ima t e s  because  of c a l c  iurn-cerbonai, ,  
d e p o s i t i o n  ( d e c r e a s e d  aqueoua c c ! r  ium ion  c o n c e n t r a t i o n )  d u r i n g  ascent. .  

F n u r n i e r  and P o t t e r  i l 9 l H )  relacrrted t h a t  the h igh  concen t r a t ; n r r  o f  
magnesium or  l a r p e  magrleqium-to-c-11cium r a r i o s  i n  some wa te r s  was i n e e r * f c r s n g  
w i th  t h e  Ns-K-Ca p,eothi*rmomr.ters. A mod i t  t c a t i o n  Lo the ru'a-.K-Ca geothpr  - 
mo~neter  used i n  t h i s  asses.~a~~:;~L was r e c e n t l y  dev i sed  by F o u r n j e r  ,md P o t t e r  t o  

c o r r e c t  FOE" these a d v e r s e  c f f ~ t  i s  of ~nagnes i l ln~ .  Graphs or e m p i r i c a l  F o , r n ~ r l ~ ~ ;  
a r e  tined Lo de t e rmine  terqper a t u r e  c o r r e c  c l a n s  w h 6 . 1 ~  w a t e r s  have Ha-K-(;a ra1 
c u l a t ~ d  t cn ipc ra tu r e s  above 7 0 ° C  c ~ n d  , r t l  i t1  r of 12. 1 t . s ~  thntr 50, whet-ca R = M ~ / ( M E  
+ Ctl  + K I  x 100 in n u ~ l a r  e q ~ i ~ ~ l ~ ~ ~ r ~ ! r .  W n i r r a  wi th  v a l r ~ e s  nf Ii g r r a t c r  t l ~ ~ ~ i  l . 0  

a r tb  t-lrotlb;l~t t o  ccme from re1 c t ~ v ~ ?  iv  C ~ C I ~  aqurferu about  equa l  to t h ~  mc>~aurcd  
~ p r i n g  t e m p e r a t u r e ,  ccgayrl . les~~ uf wnac:l~ h i g h e r  c a l c u l a t e d  Na-K-Ca tempcrritur 1 ' 8 .  

The accu racy  o f  Lhe g e o t h e r a i u ~ n ~ t  e r s  dept?uds ori the accu7-acy of t!le l ab  - 
o r a t o r y  a n a l y s e s  f o r  t h e  v a r i o u s  cc:,lstiruetit.tj used i n  ehe g e o t h e r m o m e t c r ~ .  
The f o l l o w i n g  e x a r ~ ~ p l e  i l  i u : . t ~ - ~ ~ i - e s  the p n o ~ i b l  e v a r j a t  i on5  i n  s u b s u r f a c e  t~m, 
p e r a t u r e  e s t i m a t e s  resu1tii>i! t r r r n k  i1oznlaJ 1aboratav.y 6 ~ t 4 1 y t i ~ a E  e r r b r .  ' l ' h ~  9') 
p e r c e n t  c o r r f i d e i l c ~  l i m y  t b  ( t  I ,,.re3 b h ~ .  s t a r d a r d  d e v i z t i o n )  can be deterni1nc:d 
from t a b l e  1 and Appeudjx r .  u s i n g  6, t,! Frotu B e 1  l rslanci h o t  spr ing; ,  t h e  
\ r n r i o t i o n s  i n  conntCtuer i t s  I 1 9  &i/ i n   he r i l . ; c a  and c a t i o n  #c?othermoraet~ers arc2: 

Applying th t~se  ranges of v&Tl~c's tr ,  t he  s i l i c a  arid the Na-K-Cn ge3therruo- 
m e t e r s  g i v e s  t h e  f o l l o w i ~ i g  re:,ultfi : 

Si3 i c e  g<~otl-~errnonie t cr  te1ape-i a t u r e s  ( ' C )  I,ow 
-* 

Reported -.. .---- -- Iligh 
C o n c e n t r a t i o n  (mgx)--- ---"-'"-' -----' 

-- 
LOO 108 116 

Ad i abad i c  
Concluc t i v e  
Cllalcedony 
C r i s t o h n l i t e  
I)pa l 

Car ion . C;eo thernmi\rl ter t ernper u t u r e  f; ( "  r3) Na-K-Ci4 ( ,,r-iT--'c--c------ -""-. ------.--* -.-- -*- " - Low .- R e p r  - --.- t e d  il i f:h ---- 
179 144 158 

Nu-K-Cn ( / , / ? )  103 11 1 1 30 

'Ihe Lc~w nr1.i h igh  t e t r~ l~e l a t l i r  P g j  /r?n above t o r  tile c a t  ;on geotherrno- 
m e t e r s  trrp based on usiklp Lhe r(;b:'ective* ~ l ~ i i ~ i ~ n t ~ r i l  and maximum v a l ~ l e s  i n  t h e  95 
per-cent confurlenct. range  f o r  N'i  an 1 C n ,  atid t he  r r i i p ~ c t i v e  rnaxin~rr~n .~nd 1n;ulrnlirn 
vnl  trcq ill thr. 9 5  pe rcc3n t  c , - .nf idet~ce  ranp,e ror K .  These r.ho i c e s  givt tc\t;. 

widct:t p o ~ u  i b l e  sprcnci i n  .c+rnperarrr -r e s  t i m ; i i  r e ,  



DESCK [PTLON Of+' I N D I V I D U A L  THERMAL SPRl NG STTKS 

The l o c a t i o n  of thermal s p r i n g  a r e a ;  i n  s o u t h e r n  S o u t h e a s t e r n  Alaska are 
shown i n  f i g u r e  1. T'hr numbers a r c  keyed l o  t h e  d i s c u s s i o n  of  i n d i v i d u a l  
s i t e s  arrd t o  t h e  t a b l e  on paRe 6 4 .  The exiui-ence of s e v e r a l  thermal spl-itip 
s i  t e s  tlitlt 1 1 ~ d  heen prev iucru'l y r r l , o r l r d  r n u l c l  trot: be s u b s t a n t i a t e d  and nrc 
d iscouri t f?d.  111e thi*rmaJ urc%a.as a r e  c i e ~ c r i b e d  i n  riumer ic-nl order  a ~ i  t h  thermal 
nrenR in  t he  Rttcne g r n r r ~  1 r eg ion  diwc-u,isc.d t nxe  t h e r  . 

't'tir. t o l l o w i n g  fo1.111 i s  uaed ~n d i ~ c u t l s i n ~  each thermal  s p r i n g  s l t r *  
i n v e s t i g a t e d :  

2 ,  1 ,ocat ion:  inc l i tdes  l n t i r r i d e  2nd long i tude  t o  the  n e a r e s t  t e n t h  of a 
minute  ; t h e  topogrt lpi~ir :  cjr1adx.ang1.e map and township,  r ange ,  s e c t i o n ,  
and one-quar te r  s e c t i o n  i r r  d i i c t ~  Ule s i t e  is  locatecl .  

3 .  General  descr>i iolL" I r lc i~tdc~x d i sLai,ce ancl d i r e c t  iorls LC? t-he area ---- - -- ..-- 
from t h e  n e a r e s t  iota) or o t h r r  prominent geographic  Eeatnrc ; typz  of 
s u r f a c e  a c t i v i t y ;  1ocat;on and number of s p r i n g s  ; riren o f  slrl-face 
cxpresa io t t ;  local .  rlr-.iiuage.; ~opagu'sphy and t e r r a i n ;  v e g e t ~ t i o n ;  type? 
of development i f  any ;  Lurid F; ta tus ,  

4 .  Geologx: i n c l u d e s  ciiscussiort of thermal, s p r i n g  h o s t  I-ock; l o c a l  roclc - --.. 
t y p e s  and con tuc  t t i ,  aid I oca! R L I ~  r e g i o n a l  f a u l  t s ,  f r a c t u r e s ,  artd 
photo  in te rp re te t1n : t  lineclrnent8. A g e o l o g i c  map of the  area i s  
normally p rov ided .  mapa P ~ P  u s u a l l y  adapted  from p r e v i o u ~ l y  
p u b l i s h e d  geo log ic  maps of the arcAn, modif ied  by nny findings; 
o b t a i n e d  d u r i n g  DGCS rer tmraaissancc of t h e  area. 

5 .  Sp r ing  c t r a r a c t e r i s i i i r s :  - irtclirdes ternperratrrrc? i i leasuremens;  r i s suc i a t ed  
d e p o s i t s  ; g a s e s  ; unustlal c h a r s c t e r i a t  i c s  ; water chemi .s t ry ;  wat:c!r 
t y p e ;  o t h e r  phynical.  p r o p e t t i r s ;  and conrpnrisoris with e a r l  ier. s t u d i e s .  

6 .  .-.- R e s e r v o i r  p rope r t i c r ; :  i n c l u d e s  d i s c u s s i o n  of geothermometry;  mixing 
models w b & . ~ ~ ' a p p l ; ~ A b l e ;  alrd e s t i r a a t e s  o f  r e s e r v o i r  t empera tu re ,  

Tilt? tcchni  clues tlsocr i bet1 bv ? h e  IJSGS for t.tr t irnat i nt: r e t l e r~ ro i  pee)-- 

pcartics have braen ncloptec! i n  ti-iicr report ( l i rook and o t l i e r s ,  1919;  
Mariner  and otlrer h ,  1978; Natlierisorl, 1 9 7 8 ) ,  A j~~rlgnierrt i s  trtade as t o  
t h e  niin irnum, tnt~xi.ci~_tm, and i l i c > r i t  l i kePy nubaur f:ir:e t emperat ure linsed on 
g e o l c ~ ~ y  iind gccatI~t~rmr,cnc?try, imd OII g e o l , h y ~ i c ~  and c l o w n h o l e  nren:ilrre- 
ment.s where a v a i l  a b l e .  (Strht-iurfaca ternper atcircs  de r ived  F r c m  Y il  i c a  
mixing  niodpl s ar~? ttlot used i i e s t i m a t i n g  reciervoir t e m p c r t u ~ e s  i n  
t h i s  r e p n r t  u n l e . : ~  ~ ~ i , ~ - r a h u r ; , t i v c  cwide-nc f o r  ~ n i x i r ~ g  e x  ;st::;, kor 
example,  r -hloridr-?n r h a l  rip <.?xirlyse*l or wilt c r  o ~ t y g c n  i sokopc  
a n a l y e e e .  j A meat1 ret;esvola. rrcmperatrlre and stanrlerd dev ia t i o r i  a r e  
tit-her1 c a l c r ~ l a t e d  foilowru;: l~*eeIicrds d e s c r i b e d  by Natherrson (1978). 

Esti.mates off r e s e r v o i r  volutne a r e  made from a v a i l  a b l e  geol  o ~ i c ,  geo- 
p h y s i c a l ,  and bort5-mholr: data ,  I~PW thermal  s i t e s  i n  A la ska ,  



howt.:ver, have had even cur gory geophys i ca l  explor  ai . ion and o n l y  one 
s i t e ,  P i l g r i m  S p r i n g s  ( ~ u r n e r  arrd o t h e r s ,  1980) ,  llas undergono 
exp l .o ra to ry  dl i l.l :ng.  Except  f o r  some s k a l  low se i smic  s t u d ~ e s  aL 

Bell. I s l a n d  h o t  spr.ing?: ( ~ y l e ,  1978) ,  t h e r e  has  'nee11 no geophys i t  a1 
e x p l o r a t i o n  of thermal q i t e s  i n  S o u t h e a s t e r n  Alaska .  To ot>t.aiu ;1 

s p e c u l a t i v e  P R  t i m a t e  o f  the thermal-energy c o ~ i t e n t  of unexplored  
hydro thermal  syst-em + ,  a s t a n d a r d  mean r e s e r v o i r  volume based on 
g e n e r a l  g e o l o g i c 1 1  and r e s o u r c e s - a x p l ~ o i t a t i o n  constraints was 
adopted  f o r  ouch sites (Mar iner  and o t h e r s ,  1976) .  'Ibe s t a n d a l d  
r e s e r v o i r  is t aken  t o  nave 3 c i r c u l a r  a r e a  O E  2 km2 and a thickrless  
o f  1 .7  km c e n t e r e d  a t  a depth  ok abou t  1 .5  km. 

The a c c e s s i b l e  rzAsourc.e base f o r  a hydro thermal  sys tem,  d e f i n e d  by 
Brooks and o t h e r s  11979) ao the amount of geothermal  e l iergy w i t h i n  a 
s p e c i f  iecl volunie of roclt and nt tr ~ l p e c i f  i e d  temperlator-cl r e f c r ~ n c r d  t 
15"C,  has bcerr adopted for L h i ~  r e p o r t .  The depth  l i m i t  of economic  
p r o d u c t i o n  d r i l l i a g  fo r  geothermal  r e s o u r c e s  i s  c r ~ r r e n t l y  about  3 km; 
any sys tem o r  p n l t  of ; sys tem below 3 km is t h e r e f o r e  n o t  con- 
s i d e r e d ,  

Thermal erlergy (0) of each gys t en r  i s  then c a l c n l a t e d  froln t h e  r q u a t i o ~ z :  

where: 

PC = volurrtetric s p e c i f i c  hent  of  rock  p l u ~  water 
( p c  = 7 . 7  .J/cni3 - ' c )  

3 V = mean volurne ( c o r ~ v c r t e d  t o  cm ) 
'r = mean t-cn~r,ereture ("c:) 
To a re fe rence  t empera tu re  ( 1 5 ° C )  

The v o l u m e t r i c  s p e c i f i ~  h e a t  ( p c )  is  c a l c u l a t e d  assumirlg t he  rock  
s p e c i f i c  h e a t  Lo be 2 . 5  .T/cro3 - " @  and the  r e s e r v o i r  p o r o s i t y  to be 
15 p e r c e n t .  '&e rnctbod of c a i c u l a t i n g  t h e  s t a n d a r d  dtavia&it)n i s  
g i v e n  i n  Nathcrrson (1978). 

7 .  Comment8 : th  is s c c t i u n  d i s c u s s e s  s p e c u l a t i o n s  on t h e  cau:;c of tht -- 
thermal  s p r i n g s ;  p o t e n t i a l  u s e ? u l n e s s  of t h e  geothermal  r e sou rcc  ; 
unusua l  c h a r a c  t e r i s t l c s  ; and o t h e r  m i s c e l l a n e o u s  items, 

8.  Tab le s :  ------. - 
1) E ' R Y I J ~ C H I  proprl - t i6?~ I I I ~  chernicnl rompo8i t ion  o t  thtlrmal w , ~ t t i . . , ,  

inc.ludirrl,: rlnarplc :>orrrce, c*allr!c t ior l  d a t e ,  ma lor  e lemrut  c* t r r l tn ic . :~  i 
c o m p o s i t i o n ,  ~ ~ S C ~ I R T H P  riitca o f  t ~pr ing  ~ a r n p l e s  , temperatur c l ,  ~ t c  . 

2 )  Geothk?rrnornatty, ; ~ i t l u d i n g :  r i l l  c a t i o n ,  . r l l  ~i 1 i c a ,  mixitlg rnodi~lr; 
where a p p l i c n b l e  . 

9 .  F i p r e o :  -- ---- 
1) Gt3nlogir mup g r n c r r i !  i z e d  f l n m  a v a i l a b l e  l i t e r a t u r e .  

hppertdix C prov ide ,  n t a b l e  cf mi1,or .:nd trace. elentent  c o u s ~ i t u e r i t s  0: 

t ho  thc raa l  wnl:ern as det.:r,nii~ed by i n d u c t i v e l y  cct lpled argon-plasm? 
ana1y~e .1 ,  



Locat ion ---- 
Lat i tude  56' 4 3 . 0 '  N . ;  1.ongitrlde 132' 00.3' W . ;  Petersburg C-1,  1:63,%$0 
quadrangle1 (1953) T .  59 S . ,  R .  8 5  G . ;  s e c ,  74,  SE 1/4 o f  ME 1 / 4  o f  
Copper Ri.ve~- Mrriciian. 

Genersl  Descr i p t i o n  -- -- -----. 
Chief Shakes hot  s p r i n g s  a r e  located nor th  o f  the S t i k i n e  Ri.vcr, abottl: 3 5  

km NNE of the v i l l a g e  of Wrangell, Alaska ( f i g .  1). l%e spr ings  a r e  acros-- 
s i b l e  by boat  v i a  the At ikine  River t c j  the  Ket i l  i River ( a  s i d e  slough of t h e  
§ t i k i n e ) ,  thence 3 km up a west-flowing t r i b u t a r y  located about 4  knl Prom t h r a  
mouth of the K e t i l i  ( f i g .  4 ) .  During high wa te r ,  a  shallow d r a f t  boat  cart bc 
f l o a t e d  t o  w i t h i n  200 m of the s p r i n g s .  The sp r ings  a r e  wi th in  the Tongass 
Nat ional  Fores t  and a r e  rltunagcd by the U.S. Fores t  Se rv ice .  

The S t i k i n e  Valley i a  a cipectcacular g l a c i a t e d  v a l l e y  f lanked by riumerous 
harlging v a l l e y s  rand s t e e p  g r a n i t i c  wa l l s  t h a t  a r e  nea r ly  v e r t i c a l  in place:i . 
~ l a c i e r s  s t i l l  cover much of the higher. e l - eva t ions .  Shakes G l a c i e r ,  NW oP. 
t h e  s p r i n g s ,  descends nearly  to  r i ve r  l e v e l .  

The hot  sp r ings  1 i e  aZ,,iig the b u ~ e  of (P s t e e p  g l a c i a t e d  g r a n i t i c  c. l i f f  
t h a t  forms the nor th  s i d e  OF the S t i k i n e  Val ley .  The p r i n i c i p a l  s p r i n g  
( s p r i n g  1) emerges from beneath b o u l d ~ r s  at- the c l i f f  base ,  about 15 In above 
average slough-water l e v e l .  P e r t  of the waters  frorn t h i s  sprj.ng arc! chan- 
neled through a  pipe to a large wooden tub enclosed in  an A-frame s t r u c t u r e ,  
about 100 rn downslope from the  s p r i n g  source .  The h o t  tub and enc losure  were 
cons t ruc ted  by r e s i d e n t s  of Wrangell,  who csrmnonly use the ho t  sp r ings  f o r  
r e c r e a t i o n a l  purposes.  

A t  l e a s t  wven a d d i t i o n a l  hot: s p r i n g s  a r e  loca ted  from 50 t o  200 m down- 
s lope  from the  A-f :-&me. 'X3lese spr ings  emanate from smal l  f i s s t i r e s  rn the 
~ ~ n n i t i c  c l i f f  near Ltle bas(? of t he  c l i f f  and from r l ~ e  a l luvium Cloor,  Pirrrit 
C I E  thcse  a r e  minor sp r ings  wit-h very low d i s c h a r g e .  One of the s p r i n g s ,  h o w -  
e v e r  ( s p r i n g  2 ) ,  hae a d ischarge  and temperature comparable to the  p r i n c i p a l  
s p r i n g .  The npring a t  the lowest e l e v a t i o n  in  the  s e r i e s  l i e s  about  5 111 above 
mean  lou ugh water l e v e l .  

The hot: s p r i n g s  waters d r a i n  through a g e n t l y  oloping meadow about 700 m 
by  300 m ,  l oca ted  norrth o f  the cl i . fE,  and thence i n t o  the s lough.  TZle rneadoir 
i s  surroratnded by willow snd t a l l  s t ands  of ~ i t k a  spruce and l~emlock.  

Redrock i n  the v i c i a i f - y  nf Chief' Shakes hot  s p r i n g s  has been rzpnrLed  as 
$:r .anorl jori t~ and qutlrt? clior r t:e of Ter t i a ry -Cre taceous  age ( f i g .  4 )  (Beikrnul~,  
J 9 f i ;  I$udrlirrl;ton und G h a p i ~ ~ ,  1929) .  The hedr-oc:k i s  though to be p a r t  of L\LP 

Coast Range B a t h o l i t h i c  c o ~ ~ i p l e x .  I l r e  caritact between the layercacl g n e i r ~ ~ c .  arlti 

'~%i~iFf'-fKi~-krs hot  sprir lgs a c t a t  l.ly l i e  about 3 km due e a s t  of tile posi  t i o u  
shown on the USGS tormgraphic maps. 



Fi:;ue:: , Gec*l~.r);ic L L L * ~ ~  ctt S L ~  k i n e  iliver  are;^. 
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p h y l l i t i c  s c h i s t s ,  w h i c h  a r e  1.1tlrt of t he  Wrangel l -Revi l lag igedo b e l r  o f  
r e g i o n a l l y  metamarphosrd r ~ c k s ,  with  the west margin L I E  t he  C o a t  Rangr B r 4 i i ~ t r  
k i t h  occu r s  about  15 l r n ~  t o  t h e  wesC of Chief Shakes .  

Rudd ing ton  and Ct-laprn'x mapping was compiled a t  a 1 :500,000 recunrld i t, 
sance  s c a l e .  No d e t a i l e d  qeo log ic  mapping h a s  y e t  been done i.n t h e  C l i i t t  
Shakes a r e a .  During o u r  r e c o n n a i s s a n c e ,  bedrock i n  t he  immediate vici.11 i t y of 

tkrv >lprings was found ti1 be a  f l n e -  t o  n16-dium--grained g r a n i t i c  g n e i s s  w i th  
d i t i t  i n ( - t  t t r  f a i n t  f o l  i a t  ion  d e f i n e d  by n l  i.gnment of rnafic m i n e r a l s  arid pot;lt-l- 
sium fc l t l sya r  c r y s t a l  u .  Tile rc~ckn a r e  composed primrtri 1 y of p l a g i o ~ l a n ~ ,  
po t s<<r  iuni f e l d s p a r ,  q u a r t z ,  hoznbl  ende,  and b i o t i t e .  

The basa of. t h e  c l i f f  a t  tht: spr i n ~ s  is covered  wi th  co l luvium;  t h e  vat -- 
ley i s  F loored  wi th  r i ve r  f l l l i~v ium.  

Vie Cnas t Range 1 irir!azicvnt. which ex t e n d s  a1 on:: t h e  wes t a r n  bo rde r  of the  
Cuasl Range B a t h o l i t h ,  i b J  l o c a t e d  15 lun weat of Chief Shakes h o t  s p r i n g s  
(TwenhoFel and Bainsbury ,  ? 9 5 8 )  No major  l - tnear  occu r s  a t  t he  s p r i n g s  it.sca1 t 
but t h e  rocks  of t h e  ilrea art3 l i eav i ly  f r a c t u r e d .  S e v e r a l  j o i n t  s e t s  a r e  
o b s e r v a b l e  orr a e r i a l  photos of t he  a r e a ,  The most prominent  s e t s  t r end  1V,-S.,  
E .  .W,, N .  60 E . , and N. 55 Id. The c l  i f f  face above t h e  s p r i n g s  i s  app rnx i -  
rna t t .1~  p a r a l l e l .  t o  R.hv N. 55 W .  t r e a d .  

Dur ing  o u r  reconr~:dissunc.t!, a l a r g e  f r a c t u r e  with r n l  a t t i t u d e  of N .  5 7 "  
E .  , 10' N. was noted  i n  t h 2  c 1 i Ef f a c e  ~ e v e r a !  f e e t  above t.he p r i n c i p a l  h o t  
s p r i n g .  S e v e r a l  o t h e r  j o i u t s  with t h i t ~  general .  a t t i t i l d e  occur  i n  t h e  im- 
~ n r d i a t e  v i c i n i t y  of  Lilt? h o t  s p r i n g s .  Another j o i n t  ~ e t :  observed a t  t h e  
n p r i n ~ ~  harl nxr t~ t t i tu i lc .  of s t r i k e  N .  48" E . ,  d i p  80" N. 

Spr ing  C h a r a c t e r i s t i c s  
A- " -------- -- 

'Cable 2 g i v e s  t h e  chc~nical composi t ion  and s u n m a r i ~ e s  p h y s i c a l  propei-riels 
o f  thc  two h o t  s p r i n g s  a t  Chief Shakes with t h e  g r e a t e s t  d i s c h a r g e .  E a r l l ~ r  
a n a l y s e s  are inc luded  for cornparisol). l'hc p r i n c i p a l  s p r i n g  measured 50 - 4  "c ;  
s p r i n g  2 was 45°C. ' h e  o ther  s p r i n g e  ranged from 2 6 " ~  t o  5 0 ' ~ .  

i ~ i s c i l a r g e s  f r o n ~  spx ings 1 and 2 were measured by us ing  a  pygmy E l o . w m ~ ~ c r  
and we;e determine6  f-o be 230 Zpm ( +  10%) and 1 3 5  lpm ( +  20%), r e s p e c t i v e l y .  
"I'lc Plod  F r o m  the  remaining s p r - i i ~ g a - i s  w r y  low, che combined d i s c h a r g e  
est-imatecl t o  be xtot more char. 1 %  lpm. 'l'he t o t a l  d i s c h a r g e  of thermal  s p r i ~ l g c  
a t  Chief  Shakes i s  f s t imf i ted  a t  470 Ipm, 

Wariilg (191 / )  rc .portr+~i  3 d i s z h a r g ~  of 31s0 1 pnl .md n t empera tu re  of 1 7 " ~ '  

;~ltp:art=ntly f o r  a p i i n g  ?, i t p  I:oief S ~ P L ~ ( ~ R .  Floem@ rert3ntly SIORII (1976)  rrr)orttatl 
it f l o w  o f  :I00 X prn rtnd c. &jpr ing  trmpar&trtl c! of 90.5'~. '('ho q ~ r n l  i t y  / t ~ l t i  

i ~ c . ~ ~ ~ t . r i r . y  (3I'  e l~s  earl  irt5 r l o v  rnt!dlt$ut o m p i i t s  wtir ib  n o t  H t t t t ed .  

N\Ic> ndr~ ,  14 wcrte. dcatuc. tec~ A T  A ! I ~  of t l ) t .  ( , h i c - E  Shaketi: hot ~ p r i n g w .  Slip,i.h 
!:us bubSi irlg was ~ ~ o t e c i  a; dpr ing  2 ,  probnbl y W 2 .  B r i g h t  blue-green alga. 
rnnt.4 liuc~cL s p r i n g  c1kann~~l.r where tpmpera tures  were abou t  40°C o r  h i g h e r .  
W i - t i  r. i s h  ~*irrl>oiaa~o depc?sitti v-rre~,rl~td dry p a r t s  of t h e  hot s p r i n g  c h a n n e l s ,  



Tab le  2.  Chemical composi t ion  and p h y s i c a l  proper  ties 
of Chief Shakes Hot Sp r ings .  

( P r e v i o u s  IJSGS a n a l y s e s  i nc luded  f o r  comparison;  
a l l  chemical a n a l y s e s  i n  mg / l , )  

IIEGS DGGS LISGS!> 
P - -- --- uscsa 

S p r i n g  1 Sp r fng  2 S p r i n g  1 S p r i  ag 1 

S i 0 2  
A 1  
Fe 
C a 
MR 
Na 
K 
L i  
HC03 
C03 
$04 
C 1 
F 
B r  
U 
pH, f i e l d  
D l  s s o l v e d  s o l i d s  
Hardness 
Sp conductance  
T, "C 
Flow r a t e ,  Ipm 
Date sampled 

-- --- 
"Water q u a l i t y  a n a l y s i s  f i l e ,  USGS Centra l  L a b o r a t o r y ,  l lenver ,  CO, 

col lected by C.F, Sloan. 
'>wi~r-f .n~ ( l C 1 1 7 ) -  

y s e s  pe r fo r~ncd  or1 wat.er sam[rIes F t  l trbred througl i  0.0') rnlcron 
F i t  LCY, 



Or1 Lhc h a r i ~  of rhe  r:l~einifitry giver1 i x r  t a b l e  2 t h e  wa te r s  a r e  c k n s c i f i e d  
a?; tr rnodera~te ly  concentral-c:d t;odiurn-sul f a t e  w a t e r .  The con t tmt  of ch J o r i d e  
ccrmpared t o  nulfatc? i h  11ot.aktty low, 

R e s e r v o i r  EJr.operl L ~ H  -----  ----- 
Tnblc  3 a u m ~ a r  i zerl t . 1 1 ~  appl i c a t  i on of s i l  icis and c a t  i o n  geo t11urn1omc.f-r y to 

C A ~ i e f  Shdkes hot  s p r  irjgr: ' Il,e NLI-K-C;X ( 4 / 3 )  geottrermoineter 01 66°C jricl ;c:qt.es 
subsurt.,ic.r eclui.1 ibliqt icrl ?-or)k pl i i~e  at. t e m p e r a t u r e s  below 100°C. The Na--K (:a 
( 4 / 7 )  ternperra t u r e  i:i s l  $lrt v(.ry siini l a r  t o  the c r i s  tohol  i t e  g ro th~ r rno rne t e r  
reslrlt  01. G O a C .  (!oris ide r  i n g  the g r a n z t j c  g ~ r e i ~ s  h o s t  r ock ,  however, ir. - i f ;  
d o u l s ~ f u l  ~L.car C T  i s t o b a  I i f  c vocl Id be t he  c o n t r o l l i ~ r g  n i i ne r a log i c  phaljta t a r  
9 i  B ic-a c q u i l i b r a t i t r r i .  For g r  8.n~ t i c  s o c k e ,  cha lcedony o r  q u a r t z  a r e  prc~kabl~r  
irtoti! l ike Ly to c - u r l t i - c ,  l n i l ic.3 eqli i ! i b r a t i o r l  $ h e n  reservoir  Lemperatures a r r  
be Low 1 5 0 " ~  ( ~ ' o u r n ~ c  - , Piurirrcr end o(:hero,  1979). In  v iew uf t he  
uuc:el-tainty of the roratrol i l i ly ,  in inera logy  and of t he  i n d i c a t i o n  of s u b s u r f a c e  
e q u i l i b r a t i o n  below 100" (, , the Na-84.1 ( 4 1 3 )  geothermometer  i s  chosen as  
r e p r e s e n t a t i v e  of t h e  rrail~imual r.esc?rvoir t e m p e r a t u r e ,  the cl ia lcedony as ! h e  
most Jikeiy, find Ltle qltar-,z i ; onduc t r i v~  as t he  maximum t empera tu re :  

M i n  Max - - Mohr l i k e l y  --- ------ Mc all - S t d  D e v  -- - -- - 
Subsilrfitct .  '2 ( " C )  6h I 18 9 0 9 1 10 

:hr ~ a l v ~ o  cllcscn are u t ~ s e d  on DGGS s p r i n g - ]  wa t e r  chemiq t ry  ( t a b l e  2 ) .  
l ' l l e s ~  r c ~ c i r v o i r  L - S ~  i l f l : 4 ~ 1 ~  ~ d u p e r ~ e d e  e a r l i e r  e s t i m a t e s  appea r f  ng in USGS C-ir--  
c u l a r  790 (Muff le r  , ? 9 7 Q ) ,  which were based on War i t lgss  a n a l y s e s .  Although 
t h e  q u a l i t y  of Sdar l n g ' s  chemical a n a l y s e s  i s  unknown, bo th  tile c a t i o n  and t he  
.; i l  i ( .a g e o t l ~ e r m n m ~ t c ~ ~  ,r Xjused on h i n  r e p o r t e d  a n a l y s e s  g i v e  much highel-  
r e s e r v o i r  t Prnyerat.ur;.s ehun Clie more r e c e n t  a n a l y s e s .  In i tdd i t  i o n ,  Waring 
r e p o r t e d  n s p r i n g  ternperat-\are s1jf:lltJ.y higher than  e x i s t s  now . Thi s  s t ~ g g e s t s  
t h a t  r + i i h e r  r e s e r v o i r  temperaturrar; have a c t u a l l y  BecP ined  or perhaps  mixing of 
col d p r  wa t c r  h a s  ; nc rensed ,  

'rile t w t ~  princ ipal 1 1 o ~  r4prj.ngs A L  Chief  Shakes i s s u e  from the  s b c f a c e  ar 
tenq)c.r oturt is  be LOW b o i l i n g ,  have large F l o w  r a t e s ,  and c a t i o n  ~ e o l h e r m o m e t e r  
krrn[rer3turen cortl;iderably above or i f - ic  P ~e-ernperatures . These: frac t o r s  sugges t  
r n ~  xing,  o f  c o l d e r  w,rtt:rs ; b ' o u i - n ~ e r  ntlcl T r u e s d e l l  , 1974 ) .  A co ld  spriny;  b i l  tkLP 
area  WCIH found Lo Il:wc a t e ~ ~ ~ p p r d t u r e  of 14°C and a s i l i c a  corktent of 8 i)plks 
l t c ~  1 Jowirig the met llutl of  T r t i ? ~ c l e  1 i ~ r l r l  I b u ?  n ber (19771,  a p p l i c a t i o n  o J  r - ' i~al - -  
r:edtrny ifiixing niodelr~ g i v e u  .the t o !  1 owing i . e s n l t s  : 

Parent h o t  water  
M i:.inp: model. &pf fee) t;io2 (pPnl) Frractioa (%)  

I .  M ~ ~ . i t i ~ t u n  ~ 1 : c ~ a i t i  l u : ~ ~  - (32  136 4 6 

Ikere J a  no clbser-vallia ~:i-earn Iosr, tit t h e  ground surf ,zce,  I f  s tean~  
hcpLtrai-rs iL crither. J , O C ~ O  i n  iietri i n g  W H ~ P T H  o t h e r  than t h a t  ~rncrgjnp,  a t  t he  
qp t  ~ ~ i p r :  n1.d ~ n o r l e l  1 alrrp be ~ p p i  J c a b l e ,  or t h e  steam remains  and h e a t s  co l  ti 
c : l c 8 ,  a1rs r r ~ i x i n p  w i  t i 1  f i 1 c  h o t  watctr Erac t i o n  and 1nodeJ 2 may app ly .  

' i ' e r n ~ t ? c ~ t u r ~ s  Froin t h u l c , ~ ~ ~ n t r . r .  ln ixing nrr~rlels i n l i s t  be used wrtls i i l u e j o n .  
N 1 c o~ r o h o ~ . - , r ~ i - i v ~  zvrdenre r x i e  t b  lur n ~ i x i ~ ~ g .  I u r t h ~ r  , r e s i d e n c e  tjtne i n  th.> 



g r a n i t i c  rock  of c o l d  s p r i n g  w a t e r s  sampled may have b e ~ n  r e l a t i v e l y  shor;  an? 
n o t  r e p r e s e n t a t i v e  of wa te r s  a c t u a l l y  mixing wi th  the h o t - w a t e r  f r a c t i o n ,  

No geophys i ca l  c?xplornt ion has  been done a t  Chief Shakes and t l ~ r a  e~t-en4 
of t h e  s u b s u r f a c e  r e s e r v o i r  i a  not  known. Using the I7SGS auggc?s::ed s t a r l d a ~ d  
resc?rvoi r  volume a i d  t h e  mean r e se rv0 i . r  t empera tu re  of !9l0C giver, t l lc  f c r l - -  
lowing e s t i m a t e s :  

Volume (km3) = 3 . 3 .  s t d  dev = 0 .9  
Thermal energy  ( l o i 8  J) - 0.67;  s t d  dev = 0 . 2 2  

These v a l u e s  must be viewed as h i g h l y  s p e c u l a t i v e  e s t i m a t e s .  

Comments --- -- w- 

The h o t  s p r i n g s  p robab ly  r e s i ~ l t  Erom deep c i r c u l a t i o n  nf me teo r i c  wa te r s  
a l o n g  f r a c t u r e s  and I s u l  t s  . F1~1ctua t - ions  i n  s p r i n g  d i s c h a r g e  a r c  i n d i c a t e d  by 
comparing r e p o r t e d  f low nlcasurerrtetzts For s p r i n g  1. The d i f f e r e n c e  , howevez., 
could  be a t t r i b u t e d  t o  J i f f e r e n c ~  in measur ing  t echn iques  and the  e r ror  
i n h e r e n t  i n  measur ing  wa te r  f low i n  tihal low c h a n n e l s ,  

The springs emerge a t  t he  G,c~e  of :, g r a u i t i c  c l i f f  a t  and near  t h ~  con- 
t a c t  wi th  col luviurn and r i  vey cil luvium. Some of the nstsenrl ins; thermal wnl rl 

may di.schargn h t v ~ r n t h  rhr  sltrface i n t o  r i v e r  a1 luviirla aild a l e 0  p e r h s p u  irrf i l  
t r t l t e  the S t i l c i n e  Hivtlr crntl go undetect.erl. 

Geot!lermornetry irlclicates . e s e r v o i r  t empera tu re s  a r e  w e l l  below t h a t  
r e q u i r e d  f o r  g e n e r a t  i o n  of e l e c i r i c a l  power. Chalcedony mixing r o d c l s  , how- 
e v e r ,  s u g g e s t  r e s e r v o i r  t empera tu re s  may be h i g h e r  than  t h a t  i n d i c a t e d  
s t r i c t 1  y by genthermomctsy. 

T a b l e  3 .  C:-i!.et Shakes h o t  s p r i n g s  gen~ l l t~ rmomet ry .  
jgeo~herrnornetry b;,st~ti  on  w i l t  er c h e m i s t r y  g i v e n  i n  t a b l e  1 ; 

a3. L t e m p e r a t u r e s  i n  d e g r e e s  celsl u s  .) 

C a t i o n  geothermometers  
Ma-K--@a ( 1 / 3 ) ! 23 116 1 2 7  17 5 
Na-K-Ca ( 4 / 3 )  6 6 6  6 b3  k 0 r, 

S i l i c + d  euotlre rmometc-.rs 
Ad 1 a b a t  i c  I 1  J ! 12 11 7 136 
Conductive 118 113 118 1/42 
Chalcedony '3 0 8 4 9 (1 L 1 1  
c:ri b t o b a l i  te 0 il 6 2 b8 11 
< ) p a l  0 ,  1 -4 .5 -0. 1 7 1 



2 .  BAItNKS LAKE (PARADISE) WARM SPRINGS 

3 ,oc r l  L i on - - . - 
! . r ~ t l i t u ~ i t ~  56" f i O . o Y  I ? , )  Icsngit~lde 131- 5 7 . 9 '  W.; B r a d f i e l d  Canai C.-6 
j :63,360 Q u a d r t l n g l ~  ( 1 4 5 5 )  T .  60 S . ,  8. 80 E,, nec. 9 ,  SW 1 / 4  of SW l/l4 
n f  Copper River Meridian. 

Ceni  . - P a1 Uet-1~:t-ij~tlon - - - - - - + --. 

Sarnes i,olce w a r m  s p r i n g s  ( a l s o  l o c a l  l y known as P a r a d i s e  warla s p i i n g s )  
art' i ' ic~l terl  % , L )  lun r w r t l  oj. t h e  St ik inc .  R ive r  and ahou t  2 km due w ~ s t  of 1-k~t* 
. - 3 1  t o  . 1 ) These springfi  had no t  been rc:p*rtecl i n  :my 
J i s  ompi1 a '  iois of  A1 aslran thert11~11 3pr ings and were brought  t c )  our. a t t  en- 

i o n  by r'ttr- ai.S, F'~9rest Service in  Wcangell and P e t e r s b u r g ,  Alaska ,  The 
spsjngs  are s i i u n i t t l  1 / 2  km E;NE of  B u r n c s  1,ake i i r  a narrow v a l l e y  c u t  t h r o u g h  
bedrock  ( f i g .  4 ) "  'I'hc hpriiigs SIT(% a c c e s s i b l e  by b o a t  up the S t i k i n e  River,  
thc.~rce up G u t ~ ~ i n  Yllr~ugh, <ind chrnce  o v e r l a n d  nor thward  f o r  about 1 , 5  km. A t  

vQry h igh  \fat-er, a slnal1cr~-dlcr t t  r i v e r  boat  can  be b rough t  o n t o  Barnes Lake 
v i a  K e i . j  l i  C r e t l r .  'l3-1~. r;pi.lrlru a r e  l o c a t e d  w i t h i n  t h e  Tor~gasu Nat iona l  Pores  l 
arid .2l c mantiged by 1 i , e  L? . !i . ! orest- S e r v i c e  . 

'kc; r e g i o n ' s  t.opo,:rd,jhy i:, a seqult of i n t e n s e  g l a c i e r  s c o u r .  G I . a ~ i e ~ . s  
f r ~ i  r l ren idq*  ati ?I t .  Cri.1 l a t  i n ,  ti ' 3 ,  l0I)-ft: peak d i r e c t l y  n o r t h  of Marnt?a T ,~ l t e .  
11 t1:in vaarlurr of r : c ~  l lu'v ! ixr!l qlarl r i ve r  a1 tuvium f l o n r  the: t r i b ~ l t t a r y  v a l l p y s  
~i1it.j i)i111d 4rtg R ~ r l l e ~  X.,alrc- 

l'l~cre are LVKI WRT)rl t , r ) t i n t ; d g  one (111 eit-her side c 9 f  t he  s t r e a m  that:  f l o w 5  
thi01lg11 uhe rt:irrow be l r o c k  , ? a l l ey .  The s p r i n g e  are d i  F f i c u l t  t o  f i n d  b c c a l l s e  
of t h i c k  ~ m d e r b r u r h  , a l td  low temperature.  of t h e  w a t e r s .  The Firs t :  s p r i n g  
rbrnery,es  rn H shul  low paor in  alluviclm m a r  t h e  base  of the granitic bedrack 
knc>h np (-he weGt i c ~ d s  trl the nar row v a l l e y .  Zlie pool  is about 35 m west  of 
rhr ,  q t r t ? a m  and :,t an eievation of a b o u t  75 ni ,  The secorld s p r i n g  Lies  on thc. 
ecl.lol- bank e3F  t l l ~  d t i - q ~ n t ,  ribour 2ilc! m upstream From ?he f i r s t  sprint. The 
. q i ~ ~ - ~ h i ) r ;  orcur.. . i ~  a [gaep in warc . r . - sa tura ted  [nerds and i s  l o c a t e d  or t l w  base o f  
il ,c : r ,~i , l~ L C  c l  ii i' t h a t  fur~nri the east. wal 1 of the: v a l l e y .  A c l e f t  F-n 'rI~is 
, 1 ; r i i ~out  ', krr  w i d e ,  ~ c c : ~ . ~ t ~ ~  rtirt*~ t l  y above t he  warrn s e e p ,  

1 1 , ~  mt!n r.ul l . a~u~ id  :up  p ) ; c  r p r i n g s  is t h i c k l y  v e g e t a t e d  w i t  l r  wi l lows ,  
14 7 ' , l u h ,  arrtl F c ~ s , , ~ ,  :i f:le.* r p ru re  and 11~mloc+k :~l.ao occu r  ik l  [:he :rrc3ta , 

t h * ( r i  o ~ , y  
~ ; ( d r ( ~ t : k  i.n t1-1;. rsrc; l  llas .hc~r l  rz-ported ti# Cre t aceous  g . ru r t i t i c  r o r k a :  

!q -+~iloriic)r i ti):: ~ 1 1 ~ 1  q ~ a r t z  c l j o r i t e ~  IJ~.  t h e  Coast Range R a h h o i i t h  ( f i::, 41,  
i n , ?  ; I ~ , ~ I , ~ ~ I ,  X87'i; :3111<I LrLi  :PI& and Chapin, 19201 . N r  detr- l i led g e o l o g i c  mclpp.Lrr% 

t : t +r-n dirnr J. I ch-$ i t 1  (!a. Coul-rtry rusks i n  i.he v ic i l t i  t y  (3; che s p r i l l g s  
8 . ~ x t , i ~ i ( - d  C ~ I I Y  oili- ~ .r~c:r,~~n~tisbat~t:e  w i ~ s  found t o  bc a medium-grained f o l i a t e d  
t*  t @ > r  t - . >  p , r ~ e  iss cm~trsir l  L i i ~  r dl ,ye r ~ o d u l i ! ~  of q ~ t l ~ r r - ~ .  F o l  i a t l o n  a t t i t u d e  a s  

~ . ) . ~ l r r > r i  h y  o~irtni-:$. e n  r . V ' ~ ? r f . i t ~  c r y s t a l s  w:m s t r i ~ e  N .  59"  W . ,  d i p  48" W .  
I I !; !.otj f.. * I O Y * ~ ! L  i q ,  to 11.0 pezcetlt OE t h e  rock. Other  c a n ~ t i t u e ~ n t ~  

1 . ~ C I ~ H S ~ ; E I I C ~  1 2 1 d s p ~ r ,  and p l a g i o c l a e e .  

, ' ; r  1 I L  trrhct8t . t b  , r i i i . t .  ,=il!~ \+hs rb Pppt?atr orx a e r i a l  phot ou of t h e  Barnes i,akc 
. 8 :! { . ? S t  I d ,  61)" F' . I!.  75" id., IV, GO--55" W .  . mir? N. -6. One prominent  



f r a c t u r e  trendinla N .  60" E . l i e s  jtts t nor th  o f  the sp r ingn .  'l'l~e spri11gt5 : - tq 

s e l v e s  a re  a l igned  a long N .  60" E. The W R ~ ~ H  of  tt~c1 c l e f t  ahovt? the a c t  tjnri 
s p r i n g  a lno have t h i s  twrnc? genera l  trend and a d i p  o f  66"  N. 

Spring C h a r a c t e r i g t  i c s  -.---- --- ----- 
Table 4 providec: a eilrrnnary of the p h y s i c a l  propert ies ant1 3 part i g j  

chemical arkalysis of water(, from s p r i n g  I . Tlre pool i n t o  v ~ l ~ i r h  1-his ; : , r ;ny  
i s s u e s  measures about 3 m i n  diameter and i s  l i 2  m deep. Noticaab!e g,,b lietb 
bl ing occurred ' n t e r m i t t e n t l y  a t  the pool ,  l a ~ t i n g  1-5 sec with a  per i o t l i * i t y  
of 30--60 R ~ C .  Po01 tempercltilre was 26°C: and water flow out  of the poni rd,rc, 

es t imated a t  3 0  lpm. Thie flow jo ins  c o l d  s p r i n g s  and e v e n t u a l l y  drairls l u L n  
the  main v a l l e y  ~ t r e a m .  

Flaw a t  the rei:ond s p r ~  tlg w9,3 a trickle from s a t u r a t e d  mudfi. Temlrer ,li 
a t  10 cm depth r e g i s t e r e d  27'1;. 

Oti the b a s i s  of wart>r c h e m i ~ t c y  of ~ p r i n g  I ,  the  wntet~r  a re  c l , ~ c ; t ~ j f  ~cc i  :II  

moderately concentra ted  ersdium--sul {.ate \gatex-s sirnil-ur t.o Chief Shakes h a t  
s p r i n g s .  

Reservoir  P ro2er t  jes - --" ----- - ---- -"-. 
Table  5 sr~imnnrizes t - l l c ,  r-~ppli.c--+t~.ot~ of ~ i l i c a  and c a t i o n  ~eut.heimo~nc>~ F:I - - 

Barnes I :*kt. warm s p r i n g s .  '$'lie Na-Y,-l:s ( 4 / 7 )  geothermotneter o f  6 2 ° C  in<;  6 l f  5 ,  

subsiln.fuce uqu i l ib ra t - ion  rrlolc place , ~ t  temperatures below T O O u C ,  l"ne Wee- 1: ' ; . I  

( 4 / 3 ?  tenlperature i s  nl  sc, ve ry  sirni1:ir to  the c-r istobw l i t e  geothermometei 
r e s u l t  of 6 8 ' ~ .  Tn v i c w  of the g r a n i t i c  gneisn hos t  rock,  however, c ~ i u l _ o l ) l -  
l i r e  i s  probably not  1-hc c o r ~ t r n l l i n g  miners lag ic  phase Eor s i l i c a  e q u i l i i > ~ - ~ -  
t o n .  For g r a o i t i c   rock^) ;t~aXc,edony or quar tz  a r e  more l i k e l y  to  cont r-c.: 

s i  l i c a  e q u i l i b r a i  ion when reservois- t m p e r a t u r e s  a r e  brlow 150°C ( F o d r ~ k i c a :  , 
1 9 1 3 ;  Mariner nud o t h e r s ,  1 9 7 9 ) .  Becciusc. of t$e uncer ta in t -y  in  the contmot 
l i n g  mineralogy artd thc indizbrt  i on  of o u b ~ i i r f a c e  e q u i l i b r a t i o n  below L O O "  ', 
the Na-K -Ca ( 4 / 3 )  geothernio~ne~ry is chosen as r e p r e s r c t a t i v e  of the m-iniinr o 
r e s e r v o i r  tentpcr.qture, the c t ~ a  !cedony as ~ I x c  most 1 ik.rly,  and the quar.r.3 
cunduct ive  as t h e  niaxinnurn: 

Min - - Ya:r - --- M G ? ~  l i k e l y  -- - .-L 
Mean - -- S t d  Dev ----- - 

Sul)srirfacc T ("C) 62 J 18 9 0 90 10 

The low f l o w  rdLea of thc springq suggt~s t  t h a t  ChermaL waters  cocll~t: 
dr lc t ively  on asceurL. %oms! mixing of io ldel -  water a t  ~ t l a l l o w  depths pi s,ljc*l i y 
a l s o  occurs .  

No g o o p l ~ y t ~  t ~ t j  I v x 1 ) l c ~ r r \ !  i : t l t  I I : I ~ <  t > e - ~ * t ~  t i o ~ i t *  ~ t t  881 I I C * ~ I  l,aiie~ t i t ~ , i  I I I W  t a t k  8 i 7  ? $!I 
! t i t '  H L I O ~ ~ Z \ L I - I " ~ C C  Y * ~ ! W C X ' V ( I ~  : i s  lot known , I l t r  irlg tilt? u t andard rnesti r-r.etJr\-li i r 
v u l u m c ~  arid the meilrl r e s r r v o j  K tcrnperuLtl:e of 9u°C g i v e s  the following 
e s  t-ir~1al.e~ : 

Volume (km3) = 3 . 3  - 8 L d  :iev = (1 9 
Thermal energ)  ( 1 0 ~ ~  .J) 0.67, oLd d i . ~  0.22 

Thrase valries must. bc V I C \ I I P ~ ~  ti8 Ft:-f;hiy ~pe~ ' :u l .ar ive  e s t i m a t e s .  





Comments 
These warm s p r i n g s  probably r e s u l t  from deep c i rcu la t i .on  of m e t e o r i ~  

waters  along f r a c t u r e s  and f a u l t s  in  the g r a n i t i c  h o s t  rock.  Soue of the  
ascending thermal water may discharge  beneath the  su r face  and go undetected.  
Geothermometry i n d i c a t e s  r e s e r v o i r  temperatures are well  below t h a t  r equ i red  
f o r  genera t ion  of e l e c t r i c a l  power. These s p r i n g s  a r e  a l s o  very  relnote d ~ ~ d  
have low temperatrrres and low flow r a t e s ,  making them i n ~ p r a c t i c e l  f o r  most 
geothermal a p p l i c a t  ionn . 



3 .  FOWLER 11OT SPRINGS (CANADA) 

I,oc a  t i o n  : ----- 
I . a t i t u d e  156'50' N . ,  l o n g i t u d e  1'31°45' W . ;  B r a d f i e l d  Canal. 1:%50,000 
O~rad rang le  (1955) ,  Copper River  Mer id i an .  

Cene ra l  Descr i lp t ion :  --------.---- --- - 
Fowler  Rot S p r i n g s  a r e  l o c a t e d  in Canada about  8 km froin t he  U . S . -  

Canadian bo rde r  ( f i g .  1 ) .  'fie s p r i n g s  occu r  l e s s  t h a n  112 km e a s t  of t h e  
S t i k i n e  Kiver  at t h e  ba se  of Warm S p r i n g  Mountain and d i r e c t l y  o p p o s i t e  thc 
t e rminus  of t:ht:. G r e a t  Gl .acier  ( f i g .  5 ) .  These s p r i n g s  were v i s i t e d  by DGGS 
w h i l e  a ~ s e ~ s i n g  o1:hct.r h o t  sprj..ngf; t h a t  occu r  a long  t he  Alaskan p a r t  of t:l-re 
S t i k f n e  River.. Fowler Rot S p r i n g s  were i nc luded  i n  t h i 8  s t u d y  because  of 
t h e i r  p o s s i b l e  r e l . n t i o n s h i p  t o  the. h o t  s p r i n g s  on t h e  lower S t i . k ine  :md 
because  nf t h e i r  po t en t i . a l  b e n r i n g  on i n t e r p r e t i n g  t h e  n a t u r e  and cause  o f  
hydrotlrcrmal.  nc t j .v i . ty  nlonp,  Lire ! ; t i k i n e  Hi.vcr. No o t h e r  h o t  ~ p r i . n g s  a r e  kno'wtl 
t:o exi .n t  f a r t h e r  t ipr ' iver pacat t:L~c! Pnw1.i.r s i t e .  

Fowler Hot S p r i n g s  can kt. i.cached by boa t  up the  S t i k i n e  K;ver about  2 5  
km p a s t  t h e  {IS-Canadian b o r d e r .  A s h a l l o w - d r a f t  b o a t  o r  canoe can then  be 
t aken  up a  smal l  t r i b u t a r y  creek d ~ o s e  rnoi~th l ies  n e a r l y  o p p o s i t e  a homenteari 
c a b i n  on t h e  weRt bank of t h e  S t i k i n e  R i v e r .  Th i s  c r e e k  d r a i n s  a s e r i e s  of 
beave r  ponds i n t o  which t he  ho t  s p r i n g s  e i t h e r  d r a i n  o r  i s s u e .  Wright ( c i t c d  
i n  Waring,  191 7, y .  25) r e p o r t e d  t he  e x i s t e n c e  of a s  many a s  1 8  i n d i v i d u a l  
s p r i n g s  i s s u i n g  a t  s c a l d i n g  t empera tu re s  from f i s s u r e s  i.n bedrock  a t  t he  ba se  
of a g . r a n i t i c  wal.2. Nost of tlieur, s p r i n g s  have  s i n c e  been submerged by b e a v r r  
ponds.  A t  least: Four low-discharge hc?t s p r i n g s  a t i l l  remain above water  
l e v e l .  Loca l  t r a v e l e r s  conmonly use  ehe t e p i d  w a t e r s  of t he  beave r  ponds f o r  
b a t h i n g  . 

A s  a long  i t s  lower co l l rup ,  t he  S t ik inc l  Kiver  a t  Fowler Hot S p r i n g s  f lows 
through a  apec t acu lwr  g l a c i a t e d  v a l l e y .  Higtler e l c v a t i o r l s  a r c  s t i l l  g l a c i e r  
c l a i l  and t h e  Great G l a c i e r  de scends  alrnont ro r i v e r  l e v e l .  V a l l e y  s l o p e s  are 
s t  ccp h u t  h e a v i l y  f o r e s t e d  w i th  Si t k a  up ruce ,  Tree l i n e  ranges  from 600 ni 
(2,000 f t )  t o  900 m (3 ,000 l t )  i r k  e l e v a t i o n .  

Ge o 1-o&y : - - -  
~ e ' & r o c k  i n  t.he v i c i n i t v  of t h e  h o t  s p r i n g s  was r e p o r t e d  as horlrblertde 

a n d ~ s i n e  g r a n o d i o r i t t :  of ~ e i o z o i c  age  ( f i g .  5 )  ( K e r r ,  i 9 4 8 ) .  The i n r r u s i v c  i n  
p a r t  of t he  Coas t  Range B a t h o i i t i c  complex. C o n t a c t s  wi th  Permian and P r e -  
Perminti l i i ne s tones  and sch is t : s  occu r  sevt:ral k i l o m e t e r s  no r rh  and sou th  of the 
s p r i l ~ g  l o c n t i o n .  

r i o c k ~  examined ~ t .  t h e  !3pritlgs tli r r were found t o  be mcdiuni- t o  smal l -  
g r n  i I I P ~  b i o t i  t.e horlr.hlrndc grnnocl ior i  t e s  wi th  numerous x e n o l i t h s  present .  In 
~ I ; I C ( I F I  , ni i i f i i c~  art1 30-40 ~ ) e r ~ ~ - n t ,  of: t h e  ror-k.  

A t  IcaoI. two joint- syatr*rn;: rlcc-rtr n r n r  t l l o  sipr jnzs s i t e ,  The i r  n r t i t u c l e s  
a r ~ '  n t r i k e  N o  36" W . ,  c l ip  6II" N. and strike M. 16 R . ,  d i p  88" S .  The c l i f i '  
face xhove t h ~  s p r i n g t ~  t r e n d s  N .  78' W. 



P i g u r , ,  5 .  C e o i i g i c  t i ~ ~ t p  of F*o:+lcr Hot. Sprirtga area. 



vnl  l r y  w a l l  over  a l i r l e r ~ r  zone 200 m w i d r .  T t l c *  ~ p r i n g s  i s s u e  from F ; N ~ : L I I ( Z B  
j u s t  above pond water  1cvt.l. S p r . i t l ~  tentpc:riltrlres range from 50°C to 60°C and 
t h e  combined f low of t h e  f o u r  s p r i n g s  i s  e s t i m a t e d  a t  40-50 I prn. Tab1 e h 
g i v e s  the  chemical composi t ion  and p h y s i c a l  p r o p e r t i e s  of wa te r s  o l ~ t a i n e d  troln 
t l ~ e  s p r i n g  trri t1i t he  hot- t e s t  t empera tur  d t~d  g r e a t e s t  d i s c h a r g e .  The c h l o r  i-dc. 
r o t l t ~ r i t  of  Fowler Hot Sprln,gs i s  n o t a b l y  hzg'nel- than t h a t  a t  o t h e r  S t ik in t l  
River  ho t - sp r ing  s j  t p s .  The wale,-:+ arc. c l a s s  i i-ied as  a modera te ly  con- 
c e n t r a t e d  ?odium c h l o r i d e - - s u l f a t e  w a t e r .  

Gas hubh l  i ng  wse n o t i c e a b l e  over  much of the soul l le rn  part of t h e  pond,  
i n d i c a t i n g  t h t ~  p r e s e n c r  of s e v e r : ~ l  subrr~t-rgecl s i r r i ngs .  A t  l e a s t  one zone of 
~1ywel1  ing  was observed n e a r  thda cl. i f r  Facr .  'i'kic? pc~nds cover  s e v e r a l  a c r e s  and 
su rFace  t empera tu re s  over  mtch 3f ehi.5 .qrea W C L E  2 5 ' - 2 6 ' ~ .  Wright i t r  1905 
(Flar ing,  1 9 1 7 ,  1). 25) e s t i m r e d  f h e  ccJtl11)ined s p r i n g  f low a t  Fowler a t  ahout  
3,000 lpm. Judging  from the  w a r n  pond t e m p e r a t u r e s ,  t h e  submerged spr i r lgs  arp 
sti .11 d i s c h a r g i n g  a t  :L higl i  r a t e  anri -en ipera ture .  

R e s e r v o i r  P r o p e r t i e s  : ----- - -- 
Tab le  7 fiummnrizes t h e  t - lppl icat iorr  of s i l i c a  and c a t i o n  geothcrmometry t o  

Fowler Hot S p r i n g s .  The  Na-K-Ca ( ' < / 3 >  geot  he-i-mumet-ar tempera ture  o f  85°C 
i n d i c a t e s  s u b s u r f a c e  c:qliil  l b x a t i o n  took p l ace  a t  temperat u r e s  below 100 "(:, 
The Na-K-Ca ( 4 1 3 )  teirrptbrat-urc is  v e r y  c l o s e  t o  t he  chalcedony t e m r ~ e r a t u r e  o f  
86°C. Chalcedony then  p r o l ~ a b l y  c o n r r o ~ s  s i l i c a  e q u i l i b r a t i o n  and i s  dlosen as 
r e p r e s e n e a t i v e  of t he  minimixrn and most 1 i k e l y  I - e s e r v o i r  t e m p e r a t u r e .  The 
q u a r t z  conductive.  geo thermometer Vemperriture is  taken  a s  the  m a x i m u m :  

Min --- Max 
Subsu r face  T (OC) 86 1% 

MOR t Like> --- --- Me an --- S t d  Dev - -- - - - --a 
8 6 96 7  

Fowler Hot Spr ing  i s sue  from t h r  s u r f a c e  ht t emper . l tu rps  below b o i l i n g  
and ~ R V P  A combir~~ld  l a r g e  r a t e  oj f low rind R cat i on  ~ ~ o t h e r l n o m e t e ~  tt.rnpi.raturt? 
cons  idt<rnbly above o r i f  i c e  ten tpera l t l re ,  l 'hcse f a c t o r s  suggcrtt t he  mixing of 
c o l d e r  s u b s u r f a c e  w a t e r s  ( F o u ~ n i c r  ana Truesdell, 1974) .  With a s i l i c a  con- 
t e n t  o f  10 ppnl ant1 a  tempera ture  o f  I O 0 C  as r c p r c s e n t a t i v e  of t he  s u b s u r f a r e  
co ld  w,l ters  and f o l l o w i t ~ g  ?hr ~r:eLhod of T r , ~ c s d e l l  and Fourn ic r  (1977) ,  ap-- 
pl  i c e t i o n  of  chalcedony itlixine modelf; g i v e 8  t h e  fo l lowing  r e s u l t s e  

P a r e n t  h o t  water  
Mixing model --.----....--...--,--.--- -.--..-., ".. - Max T ( ' c )  -- - - .- . .. . -- -. - - .- . .. ?,!~)L.PE!! F r a c t i o n  - . . - -" - - . (%)  -. .-- 

I .  Ma:timum steam l o s s  114 108 5 6 
2 .  No steam l o s s  I [+ 4 156 3 8 

T e m p e r a t u ~  es d e r i v e d  from t hr? cllcllcrtiony inixing raodels must b ~  t r e u  t e ~ l  
w i t 1 1  t i ~ ~ t i o n .  No c o r r o h o r a t i  v c  evic1c:ncr ex i~dt  s  f o r  mixing.  Yut-tiler, the  
s i l i c a  c o n t e n t  of tht colt1 ~ ( J A ~ C L .  f r a c r i o n  may r lnderest  imated .  A h ighe l  
s i  l i c a  c o n t e n t  would d e c r e a s e  1301 h temperat l ~ r c  e s t i m a t e s ,  

No geophys:icnl e x p l o r a t i o n  has y e t  b e ~ n  done a t  Fowler and the e x t e n t  of  
t h e  s u b s i ~ r f a c e  . r , rserv-) ir  i s  rro? itrlown, Ilsin,g thc  mean r e se rv0 i . r  ternpel-atur-r 
of 9 / , ' ~  and t h e  e t a a d a r d  1nr.m r e s e r v o i r  ~ o l u m e  yae-Ids the! follnwirap, e s t i m a t e s  : 



Table 6 .  Chemical composition and p h y s i c a l  p r o p e r t i e s  of Fowler Hot S p r i n g s . "  
(Al l  chemical analyses  i n  rng/ l . )  

S i O Z  

A 1 
F e 
Cs 
Mg 
N8 
K 
L i 
HC03 
co 3 - 
"04 
C1 
F 
B r  
B 
ph, F i e l d  
Di~f30lved  eol i.da 
Hal-dne~s 
S p Conduc t a m e  
T ,  "C 
Flow r a t e  lpnl 
Date fiampled 

%a~~~&-performed on waters  obta ined from s p r i n g  having h o t t e n t  t e m p e r a t u r e  
and l a r g e s t  d i s c h a r g e .  

T a b l e  7, F a w l e r  Hot Spring geothc!rmomet r y .  
( A l l  t e m p e r a t u r e s  are i n  degrees  c e l s i u s . )  

Surface t e m p e r a t u r e  
( n l e n ~ u r e d )  

Cat ton geothermor~~eters  
Na-K-Ca ( 1 / 3 ) 
Na-K-Cc ( 4 i 3 )  

S i l i c a  geothermorneters 
Adiaba t i c  
Conduc t-Lve 
Chalcedoc; y 
C r L ~ t o l > ~ ~ P i ~ e  
Opn 1 



Volume (krn3) = 3 . 3 ;  s t d  dev = 0.9 
Thermal energy ( l o l a  J )  = 0.72;  s t d  dev = 0.22 

'l'hese v a l u e s  must be viewet l  as h i g h l y  s p e c u l a t i v e  e s t i m a t e s .  

Commcsrz t H 
-q --*.. -- 

'I'll(* Ilot ~ p r i  I I R R  p r o l ~ a b l y  rt~stllt  I ' r o m  c * i r c t l l a t i o n  o f  metfxor i r  wntPrlr a! ott): 
d ~ c p - s ( ! ? ~ t - ~ " I  f r a c t t l r r ~ .  Gcotherrname t r y  i n d i c a t e s  r e s e r v o i r  t e n l p t t r a t u r e ~  nrrx 
w e l l  below t h a t  r e q u i r e d  For g c ~ n e r a t i o n  of e l e c t r i c a l  power. The h igh  f low 
r a t e  and r e l a t i v e l y  h igh  s u r f a c e  t empera tu re s  of t h e  h o t  s p r i n g  w a t e r s ,  how-- 
e v e r ,  make them s u i t a b l e  f o r  space  h e a t i n g  and perhaps  f o r  h e a t i n g  of green- 
h o u s e s .  



4 .  T W I N  I,AKKS (WISS'I' SIIAKES)  WARM SP1t ING!i 

1 4 0 c ,  ;I  L i or1 
-" - .---*... 

L,at i tude 56"  4 2 , O '  N.,  l o n g i t u d e  113%' 16 .8 '  W . ;  P e t e r s b ~ l r g  C - l  1 :63,060 
Quadrangle  T. 60 S . ,  R .  84 E . ,  S o f  NW. 

Genera l  D e s c r i p t i o n  -- ----, -- - 
Twin Lakes warm s p r i n g s  a r e  l o c a t e d  25 km NW of WrangelL, Alaska and 16 

km west  of  Chief Shakes h o t  s p r i n g s  ( f i g .  1 ) .  The s p r i n g s  a r e  s i t u a t e d  117. km 
n o r t h  of t h e  S t i k i n e  R ive r  a t  t he  NW end of a  Lake l a b e l e d  F i g u r e  Eighr  Lake 
on USGS topcrgraphic maps and l o c a l l y  known as  Twin Lakes ( f i g .  4 ) .  These 
s p r i n g s  a r e  be1 i eved  t o  be t he  s p r i n g s  Waring (1917) r e p o r t e d  a s  West Shakes 
Hot s p r i n g s .  The Twin Lakes warm s p r i n g s  a r e  l o c a t e d  i n  t he  'Ilongass 
N a t i o n a l  F o r e s t  and come under  t h e  management of t h e  U.S. F o r e s t  S e r v i c e .  

A s h o r t  Far-est  Serv i ( .e  t r n i  l I t . a r l n  from t l l r  no r th  bank o f  t h e  S t i k i i ~ c  
1tivt.r t o  $1 narrows bt.twt:t*n ttie t'wo I nkes and a f f o r d 8  R C C C S R  PO t11c' sp r ing f t  . 
A1 t c r t l s t e l y ,  aL h i ~ h  w a t e r ,  u ~ 1 1 ~ 1  k~)w-d~uf t  boat  can be broufr,ht clp n t r i b i i t a r  y 
s lough  a lmos t  d i rec t : ly  t o  t h e  s p r i n g s .  

'X'here a r e  two s p r i n g s .  Both l i e  cLose t o  t he  NW l a k e  s h o r e  ar. t he  ba se  
of a  g r i i n i t i c  c l i f f  that:  forms t h e  n o r t h e r n  boundary of t h e  S t i k i n e  V a l l e y .  
S p r i n g  1 emerges from under  b o u l d e r s  a t  t he  bot tom of an ava l anche  c h u t e ;  
s p r i n g  3. ernerRe5; From a l l u v i u m ,  riear Chr bafle of t h e  c l i f f .  Twin Lakes water- 
l e v e l  f l u c t u a t e s  wi th  S t i k i n c  Rive: s t age2 ,  t he  L a t t e r  a c t i n g  a s  a dam OIL 

t r i b u t a r i e s .  At h igh  wwatpr t he  s p r i n g s  ntay become submerged. 

The S t i k i n e  K i v ~ r  rou th  of 'Twin Lakes i s  m u l t i c h a n n e l l e d ,  about  1 .5  km 
wide and h e a v i l y  l aden  w i th  s i l :  d u r i n g  rurloff months.  The r i v e r  f lows  
t h r n ~ ~ g h  a  s p e c t a c u l a r  g l a c i a t e d  v a l l e y  f l anked  by s t e e p  w a l l s  and hanging  
val l e y s  . G l a c i e r s  p r e s e n t l y  cap  t he  r n o u n t a i n ~  immedia te ly  n o r t h  of Twin Lakes 
and descend  t o  a s  low a s  600 m (2,000 Ft . )  e l evc l t i on .  T ree  l i n e  i n  t he  
v i c i n i t y  ranges  from 600 m (2 ,000  f t )  i n  900 m (3 ,000  f t )  i n  e l e v a t i o n .  

Local el or:^ conr ; i s t s  o f  wll l ows ,  g r a s s e s ,  and s h r u b s  i n t e r s p e r s e d  wi th  
s t a n d s  of S i t k a  s p r u r e  and hemlock. 

%(' 1%"~ 
T I - I ~  s p r i n g s  are l o c a t e d  rwar t he  conLact between Cre t aceous  g r a r ~ i r i c  

rock6  ( b e l i e v e d  t o  be p a r t  of t he  Coast  Range B a ~ h o l i t h )  and Mesozoic and 
P a l e o z o i c  s c h i s t s  and l a y e r e d  #nc ; s se s  (f:p,. 4 )  (Beikman, 1975;  Bttddington anrl 
C a n ,  1 2 9  Recirnck i n  t he  immediate v i c i n i t y  of t h e  s p r i n g s  i.8 a  
f o l  i a t e d ,  medium-grained l ~ o r n b l e n d e - b i o t i t e  qua r t z  d i o r i t e  w j  t h  we l l -de f ined  
g n e i s s o i d  s t r u c t t ~ r e .  

The Coast: Range L ineatnent l i e s  i~nmed i a t e l  y  w ~ s  t of t he  j p r i n g s  (Twtmhofel 
and S a i n s b u r y ,  1958) .  Puedon~cnant f r a c t u r e  p a t t e r n s  as de ta rmined  from a e l - i a l  

r f : G i G d i d  not  v i s i t  t h e s e  ~ . p r j n ~ s  m1~1 re1 ieci on i n f o r n l a ~ i o n  obtalr led from 
l o c a l  i n h a b i t a n t s  i n  judp,jug thcii IucclCiorr 



photos  of t h e  a r e a  t r end  N ,  55" W .  and N .  75"--80" W .  The v a l l e y  wa l l  h e r e  
t r m d s  E.-W. 

A 3- t o  4-111 wide c l e f t  occur:r if1 t he  g r a n i t i c  wal.1 about  10 ni above thr 
warm s p r i n g s .  The c l e f t  t r e n d s  N .  50" W. and has  n e a r l y  v e r t i c a l  w a l l s .  
A t t i t u d e  of o t h e r  j o i n t s  near  t h ~  s p r i n g s  measurer1 s t r i k e  N .  70" W,, d i p  60"  
S .  and s t r i k e  N .  48" E . ,  d i p  85" S. 

The base  of t he  g r a n i t i . ~ :  wa l l  is covered  wi th  co l luv ium and a l l uv ium.  

Sp r ing  C h a r a c t e r i s t i c s  ----.--- -- 
The t empera tu re  of s p r i n g  1  illeasured 2 1 " ~ ;  s p r i n g  2 was 1 8 " ~ .  Some 

f l u c t u a t i o n  i n  w a t c r  Lempetnture was noteti  a t  s p r i n g  1. During a  p r e v i o u s  
v i s i t  wa te r s  were n o t i r ~ e a b l  y warrrler ro  the touch .  A l o c a l  r e s i d e n t  measurrd a 
w i n t e r  season  s p r i n g  t empera tu re  o f  2b°C.  Cold s u r f a c e  water  f lowing  down t h e  
c l i t f  f a c e  was noted  above t-he t:prinp,s and some mixing of t h e s e  c o l d e r  wa te r s  
p robab ly  occu r s  d u r i n g  summer months. 

Ta t r l e  8 g i v e s  the  ciremic.t*l cornposit i o n  and  summarize^ phys ica l  p rope r t  1r.s 
of s p r i n g  1 ,  t h e  warmer of the two b p r i n ~ ; s .  Samples were ob ta ined  a t  t h e  
p o i n t  where t h e  s p r i n g  i ss i res  frorn t h e  b o u l d e r s .  The combined d i s c h a r g e  of 
t h e  two s p r i n g s  measured wi t11  a pygnry f lowmeter  was 270 lpm - + 10 p e r c e n t .  

No odor8 were d e t e c t e d  at t11c ~ p r i n g  ~ i f p  nor  were t h e r e  n o t i c ~ a b l e  
hydrotllerrnal d e p o s i t s  of arvy k ind .  

Rege rvo i r  P r o p e r t  i e e  
-----------* - 

f':nble 9 summarizerr t h e  a p p l i c a t i o n  of s i l  i c a  and c a t i o n  geothermometry to  
T w i n  Lakes warm s p r i n g  1. The Na-K-Ca ( 4 / 3 )  geothermomcter  t empera tu re  o f  
4 9 ° C  i n d i c a t e s  e q u i l i b r a t i o n  took place well below 1 0 U " ~ ,  731e Na-K-Ca ( 4 / 3 )  
tempezncure i s  a l s o  s i m i l a r  tn (.he chiilcedony t empera tu re  o f  41 "C,  i n d i r a t  i ng  
t h a t  c.ilalcedony probably  c o n t r o l s  s i l i c d  equi l  i b r a t i o n .  ' k e  cha lcedony 
t empera tu re  is chosen a s  minimum r e s e r v o i r  t en lpe ra tv re ,  Wa-K-Ca ( 4 / 3 )  as  m o s t  
l i k e l  y , and quai  t z conduc t ive  as maximurn: 

Mi11 Max M o s t 1 , i l c c 1 . ~  ----- - . . Mean ---- Stci --- - Dev - . . 
Subsu r face  T ( O C )  &-cl f3- - 4 9 5 4 7  

Some rni.xing with  c o l d e r  su'trtjr~rfncc wa te r s  probably  o c c u r s .  S i  l . ~ c a  con-. 
cc!ntrut ions and ~ p r i n g  ternperaturr.8 rzrcs murlt too Low, hnwever, to allow c~c-  
c ~ r . ~ t  P ~ p p l i c a t i o r i  of N E  i icn-nlIxinK I I I O ~ ~  l N .  

No g~opkry~3 ic3nI  ~ x p l r r t  r t i  i o n  haw br-r* l l  rio~lc* fit ' r w j n  I,akc*n rrr lr l  tlcr* extcbllt o r  

t l i r *  subsrrrtnct! r e ~ e r v o i  c i ,  riot I C ~ O I J I I .  (Is ing t.he meat1 reeervoir t empera tu re  
oF 511°C and t-he 8Landar.d meon r e s e r v o i r  volunrc g i v e s  t h e  fo l lowing  e s t i m a t e s  : 

Voluma (km3) :- 3 . 3 .  r t d  llcv 0 9 
Thermal enerfiy ( l o i 8  I )  = 0.35;  s t d  rlev ; 6 .14 .  

'I'Lrc.se v a l ~ t e e  must  be viewed ao h ip ,h ly  b p e c u l a t i v e  ~ s t i r n a t e s .  



Table 8. Chemical compos i t i on  and p h y s i c a l  p r o p e r t i e s  of 
Twin Lakes (West Shakes)  warm s p r i n g s  1. 

(All chemica l  a n a l y s e s  i n  mg/l.) 

S i 0 2  
Al. 
P C  
CA 
Mg 
Na 
K 
1,i 

KC03 
co3 
504 
C 1  
F 
Br 
B 
ph, f i e l d  
D i s so lved  s o l i d s  
I lardness 
Sp Conductance 
T ,  O C  

Flow ra re  Ipm 
Uetc sampled 

.- .-.-- 
a ~ o m b i n e d  f low r a t e  f o r  s p r i n g s  1 and 2.  

Tab le  9.  Twin Lakes (West Shakes) warm s p r i n g s  geothermornetry. 
( A l l  t empera tu re s  a r e  i n  d e g r e e s  c e l s i u s .  ) 

S u r f a c e  t empera tu re  
(measured)  

Silica geo thermometers  
A d i a b a t i c  
Conduc t i v c  
Chti Lcedony 
C r i s t o b s ! i t r  
0 pa f 



Comment a -- 
These warm s p r i n g s  probably r e s u l t  from deep c i r c u l a t i o n  of meteoric 

waters  along f r a c t u r e s  and f a u l t s  i n  the g r a n i t i c  h o s t  rock.  Some of the 
ascending thermal wnter may d i s c l ~ a r g e  beneath the su r face  and go undetected.  
Geothcrmometry i n d i c a t e s  r e s e r v o i r  tenrperatures a r e  wel l  below t h a t  r e q u i r e d  
f o r  genera t ion  of e l e c t r i c a l  power. These s p r i n g s  a r e  a l s o  very  remote and 
have Low temperatures and low flow r a t e s ,  making them imprac t i ca l  f o r  most 
geothermal a p p l i c a t i o n s .  



5 .  MT. RYNnA (SOUTH STIKINE) , REPORTED WARM SPKINC; 

I.,ocat ion  -- 
(~ l . , p rox ima te )  l a t i t u d e  56" 39.T1N., l o n g i t u d e  132" 16 '  W .  ; Petersbury,  C- 1 
1  :63,360 Quadrangle (1953) map. 

Genera l  D e s c r i p t i o n  ---  ------ 
Wari.na ( 1  917) r e p o r t e d  a  thermal  s p r i n g  on the  south  bank of t he  S t  i k i n c  

River  t h a t  he  c a l l e d  South S t i k i n e  h o t  s p r i n g s .  Waring d i d  no t  v i s i t  t he  s i t e  
b u t  r e 1  i ed  on in fo rma t ion  o b t a i n e d  from p r o s p e c t o r s  and t r a p p e r s  i n  e s t i m a t  irrg 
t he  l o c a t i o n .  A l o c a l  i n h a b i t a n t  informed us t h a t  d u r i n g  h i s  w i n t e r  r x p l o r a -  
t i o n s  a t  t he  base  of Mt. Rynda ( f i g .  4 1 ,  he came a c r o s s  a  snow f r e e  a r e a  s u l - -  
rounding a  warm seep .  The 1or:ation of t h i s  zone approximate ly  f i t s  the  loca-. 
t i o n  of War ing ' s  South S t i k i n e  h o t  s p r i n g s .  The s i t e  d e s c r i b e d  by the  i n k o r -  
mant cou ld  not  be found d u r i n g  an i n t e n s i v e  s ea rch  f o r  t he  s p r i n g  made i n  
September 1979.  The t h i c k  f a l l  undergrowth,  however, could have e a s i l y  ob-- 
 cured t he  locrl t  i on .  

'The a r e a  l i e s  22  km NNE oP Wrangel l ,  Alaska nea r  t he  mouth of art tire:^ 
Creek ,  wtlicl-i can be reached  by b o a t  up the  S t i k i n e  River  ( f i g s .  1 and 4 ) .  T h t  
s e e p  was r e p o r t e d  t o  he l o c a t e d  on a  low r i d g e  south  of Andrew Creek at-. an 
e s t i m a t e d  elevation o f  30 m (100 f t )  . The a r e a  l i e s  w i t h i n  Tongass Nat iona l  
F o r e s t  and comes under t he  management of t he  U.S. F o r e s t  S e r v i c e .  

The s l o p e s  a r e  h e a v i l y  f o r e s t e d  wi th  s p r u c e  and t h i c k  un r l e r l~ rush .  

G e o l o g l  -- 
The M t .  Rvnda s i t e  l i e s  w i t h i n  a h e i t  of Mesozoic and P a l e o z o i c  s l a t e s ,  

s c h i s t s ,  and p h y l l i t e s  wi th  i n t e r l a y e r e d  beds of marble  t h a t  occur a long  !-he 
wes t  f l a n k  of t h e  Coast  Range B a t h o l i t h  ( f i g .  4 )  (Buddington and Chapin ,  1929;  
Beilcman, 1975) .  The c o n t a c t  wit.!l Cre taceous  q u a r t z  d i o r j t e s  l i e s  about  1 krn 
e a s t  of  thc  s i t e .  'fie Coost Kangr, l i nc imen t  fo l l ows  Andrew Crrelc, jut$! cAirsI 
o f  L h t *  9 i t  e ,  't't~r arc8  i u  h i g h l y  f r a c t u r e d .  Trlspec t ion 01 iler ~ o l  l~lloto9 show 
two dom~ni ln t  t r e n d s :  N .  54"  W .  and N .  12' W .  The rrgicrn has I>c*c.n interlricrl y 
g l e c  i n t c ~ d ,  wh ic l~  ~ A P  arcentc~ntec i  t11e r r g i o n a l  s t r u c  turn1 )~;r, .rin. 'rhc v i i l  1 .y ie: 
f l o o r o ~ l  wi th  n l luv ium and col luvium; t h c  l o w ~ r  mountain s lopea  artx 
wi th  a t h i n  l a y e r  of s o i l .  

Sp r ing  C h a r a c t e r i s t i c s  : -- 
The s p r i n g  i s  r e p o r t e d  t o  occu r  as  a  warm seep  in  t he  a l l u v i a l  c o v e ~ . .  I\lo 

o t h e r  i n f o r m a t i o n  is a v a i l a b l e .  

R e s e r v o i r  P r o p e r t i e s :  -.--- - -.--- 
No informati .on is a v a i l a b l e .  

Comments : ------ 
The s p r i n g  a p p a r e n t l y  has a  low s u r f a c e  temperature: and a v e r y  low (!is- 

chrirlr,ta, making i t  impract ic .nl  f o r  most g e o t h ~ r r n a l  a p p t i r n t i o n s .  Srtbsuriuco 
concli (.ions, however ,  a r e  c~tlknown. An o v e r f l i g h t  of t-he a r e a  in wintt?r corllrl 
h e l p  i n  l o c a t i n g  t h e  s p r i n g .  



6 .  VANK ISLAND, REPORTED HOT SPRING, UNSUBSTANTIATED 

Locat  i on  ------ -- 
(Approximate)  l a t i t u d e  56" 27'  N . ,  132" 3 6 '  W . ;  P e t e r s b u r g  1:250,000 
Quadrangle (1960) ;  T .  62 S . ,  R .  82 E . ,  Copper River  Mer id ian .  

Coinmen t s --- ----- 
On t h e  b a s i s  of a second-source accot ln t ,  Waring (1917) r e p o r t e d  a pos- 

s i b l e  h o t - s p r i n g  s i t e  on t h e  south  end o f  Vank I s l a n d  ( f i g .  1). The e x i s t e n c e  
of  t h e s e  s p r i n g s  could  n o t  be s u b s t a n t i a t e d  by DGGS. Local  r e s i d e n t s  who had 
l i v e d  e x t e n s i v e l y  on t h e  sou th  end of t h e  i s l a n d  were i n t e r v i e w e d .  None of 
them had any knowledge of thermal  s p r i n g s  on Vank I s l a n d .  A c u r s o r y  s ea rch  of 
t h e  s o u t h e r n  s h o r e l i n e  by DGGS d i d  no t  t u r n  up any s i g n s  of thermal  s p r i n g s .  
These s p r i n g s  probably  e i t h e r  do n o t  e x i s t  o r  have d r i e d  up s i n c e  War ing ' s  
e a r l i e r  r e p o r t .  



7 .  V I R G I N I A  LAKE, REPORTED WARM SPRING (UNSUBSTANTIATED) 

Locati.0: -.- 
T ~ ~ ~ r o x i m a t e )  l a t i t u d e  56" 28. S t  N. ,  longi tude 132' 09.5' W .  ; Petezoburg 

1:250,000 Quadrangle (1960); T. 62 S.,  K. 85 E . ,  Copper River Meridian,  

Cornm~n t R . 
A i o n a - ~  irntl r~nidcnt. r , i  Illrntlj1,t*l 1 ,  A1 a ~ k r j  rt.pnrtr!cl L l r c ~  c>xiqct cSnccs of w r i n t c b r  

wnrm-writ rr Flow near t:'tie south-centra l  s h o r e  of  V i r g i n i n  I,ctkc, lo(.ntc:c! uc.vi.ral 
km r s r l s t  of Wrangell,  Alaska (fig. 1) .  An int.ensive searr.11 of the repor ted  
locatioxi by DGGS f a i l e d  to d i s c l o s e  any thermal anomalies.  The ex i s t ence  o f  
the  warrn flow could not: be s u b s t a n t i a t e d  by o the r  a r e a  r e s i d e n t s ,  inc luding 
bush p i l o t s  and U.S. Fores t  Service  personnel f a m i l i d r  wi th  V i r g i n i a  Lalce. 



1,ocat i o n  - - -- --- 
l , ~ t i t l l d t ?  56' 13.9 '  N . ,  l o n g i t u d 6 ~  131" 16 .2 '  W . ;  I5radf ie id  Canal  A--4 
1 :Q3,360 Quadrang le  (1955) ;  T. 65 S ., R .  91 E . ,  Copper R ive r  M e r i d i a n .  

(;ener;ll D e s c r i p t i o n  - - - -- - 
n r a d f i e l d  h o t  s p r i n e s  ore  l oc :~ t ea  on Ease Fo tk  B r a d f i e l d  River about  1 5  

lun c.i let of Brad f i e l d  Canal ( f i g .  1 ) . 2%~. sp r i r i g s  1 if: on s t e e p  s l o p e  about  
300 III SE oF tlie r i v e r  lielnr i-hr con f1 r i~nc . r  of E a s t  Fork  H r a d f i e l d  River  wii.1-i :I 

I I I , I  ior  not-t-ht~t-r~ t r i 1 9 1 1  t i c r y  t o  r11.2 r i vc.r+ ( r i g .  6 )  . Tl~cs ~ p t - i  I I~ !R WPI.C 1 1  i scovr~r-c*tl 
(lill-inf< :I rt-L~*c~nt ~ I ~ ? ~ i i - - - c u t t  inr; o p t ? ~ ~ i t  itrn on t 1 . r ~  Sb1: slope o f  t l ~ r *  val l o y  an(! wet 
I>rt)~~,r,ht t o  ou r  i~ t&t jn t . ion  by ( I T S .  Fl,rthr;r  S e r v i c c  pcr ' ronnel  i n  J r  a n g e l  1, A ?  a s k a .  
The  s p r i n ~ n  ran be riaached v i a  :I 1ngt;itrg road t t i a i  b e g i n s  a t  t h ~  m n i n  l o g g i n > :  
c:tmp a t  t.he kicnd of R r ~ d f  i ~ l d  Canal anrl c r r n t i u u e ~  p a s t  t h c  s p r i n g s  s i t r .  Thc 
s p r i n g s  :Ire w i t h i n  t he  T ~ ) I I E A S ~ ~  Nncir;rral F'orcst nrrd come under  t h e  tlranago~nc-.rrl 
oS t h e  IJSI?!;. 

'Ihpr-r are  t w o  jr;t oLrps c ) t '  ' ip l - i~ i ig~ i .  ' i ' h ~  f i r x t  group is compo~ad  of t'rrrecl 
s p r i n g s  i ,rslt in# t I o m  f i s s i l r c s  txr t h t  gc- i ini t ic  tw t l rock  abor~t- 2 0  m al)ovi' I-oat( 
It.vc.1. ' l h ~  .st>i-ol~d p,!cr~tp , - o ~ i r . i s t i  oi o ~ ~ c  rlsrirlg i x s r ~ i n ) :  frorr~ n b ~ t i ~ - o t  ic fissur-t, 
;iud *acbvt*1 rrl ad j fl11(*111. L:ln,? 1 1 ..> lltt G 11111E 111)(>1it ft'j 1 1  >il>(>v(, roiid L c ~ v ~  l . 'I '~I,> 
r c > ~ p s  occ.~le. i l l  tlrc t11in v ~ ~ ~ , c ~ \ r  o f  ' i ( J i l  r:overi(~p, tiht' N ~ O ~ C S .  

'Thr. Rast  Forb. I3radf ii. Lcl  Hivc1r v:tl 1t.y i s  n 8;'Iacial-ed v < ~ l l c y ,  h e a v i l y  
forc2:rtttd on  i t s  lower 5 i o p ~ ~ a  nnci Eiultked by g l a c i n l l y  sc.oured bedrock domes a t  
11ij;h ~ ' l c ~ v a t i o n s .  S~nn l l  ~1ac;ers t ; : i l l  c a p  t h ~  mountaiiis n o r t h  and sou th  of 
tllr s p r i n g  site. Treth l i n e  r:rrkges f l o r a  600 m (2,OUO T t )  t o  '300 m (3,000 i t  ) ,  

Ceo1 ogy - 
No g e o l o p i c  mapping oi t h e  K n s t  E'r*?-lr pradfirld R i v , . ~  area has been d o n e .  

l$vr l rock  ~xami t r ed  af th,- .,pr i r lya  s r r i .  wati Fo~lrid to  be a olecl j t lm- to  coarse- 
g r a i n e d ,  ho rnb l ende  -b io t  it-e g r anod j  o r ;  t e  w i th  gn6.i sscrid s t r u c t u r e  The b ~ d -  
r o c k  c o r ~ t ~ i  ns many t o n s p  rclnous , ci,, Ir--gruy f iiic . g r n  ixied ::ri~cbli t h s ,  :iome ove r  
1 / 2  nl l ong .  ' I l l c ~  h o j t  rock Is pt o l r r : i )  I y par* of  thr Coast Ilangc* B a t h o l i t h  , 
wli i c - 1 1  ~ ( ' C I I ~ N  110t'o l l ( ~ r  t!i ' i t '  l . ' t r ~ ~ l l r  1 ) 1  tht* Rroli l i t *  111 F I T P I P .  

!>I o ~ t l i i ~ p f ~ t  I I* ,(:I { i t  c > * i  ?ire> # t i > i j , ~ t - t ~ t ~ :  1111 t i t -1"  i s 1 1  ~ ~ I O L O U  o f  t l ! ~  s l> r i~ igs  H I  t \ ? t  

711(,!1(- Lrec~d N. 1 1" I < .  , N .  '38" E . ,  tir:ci N. 7 7 "  E .  C)t<i. pr.orl~ir~cant F r a c t u r c  w i  ti1 
trc\lid o f  N .  65'' k:. r , c - c .~~ r~  ~ J L I  !-he r- idp, .  d i r e c t l v  n;)ovc> 1 1 1 ~  s p r i n g s .  'I'he a r -  
t i tutle of j o i n t s  lo rn i - r t i  3t. t i ~ c   spring^ rnea(311rcd s t  r ~ l c e  N .  (43' ' E . ,  t1 i p  l i e  S .  

Sprirtg C h ~ r a c t e r i s t : . h c t i  . . . . . . . .- - . . . . . -- . - - . . .. - . 
Water Elow Pram t l ~ r l  :;prinb:s L:: qr>i.tF. low, w i t h  tlic combined d i s c h a r g e  

e ~ t . i . m a t e d  a t  l ass  th.ili 40  ip111. Sl)ri.:;g t enpe ra tu r - e s  ranged f r o m  46" t o  5 7 ' ~ .  
1)ar.k.-grc-:en a l g ~ m a t  tc 1 ir.;: tlii: ((?per d;antie'l.s of: the h o t  s p r i n g s .  No odo r s  (>I: 

>:at; hi.;hhl.j.ng .were !jot. i.ct.!.:;$s i ., :-?.: a.17 of t:hc s~ ) r i ! i gv  ,. Tatl1.e 10 g i v e s  t he  - .  
phy s.i c a  1 prcrper t let, arid r:l-lvirric:n l c:orrip~i~; 1 . t  103 of  t\i(:rrnal waters o b t a i n e d  from 
tl:r.! spri .ngs hav i.717, t t ~ e  highes t .  t e r ~ i ~ ~ ~ ~ ~ * a t ~ ~ r t ?  and grea t e s t  tl i s c h a r g e .  ' f l ~ e  w a t e r s  
;ir:? < L H C ~ M  i.f i.ed ;$:; ;I !!totlc rid r e l y  c c 1 n c ~ n 6 r ~ t e d  sr~r f  ; . r l a ~ - . s u  l.fa'ie water  . 



F i g m e  h I cca"lni1 nna;,, ilra. F i e l d  Hot Springs, 





Table 10. Che~nicaZ composirton and phys ica l  p roper t i  e s  of 
Wrndfield hot: sp r ings .a  

( A l l  chemical ana lyses  i n  mg/ 1.3 

sio2 
AJ. 
F c  
C a  
Mi3 
Na 
1: 
Li 
HCO3 

co3 
so4 
C 1 
P 
Br 
U 
ph, F i e l d  
1)issolved s o l i d s  
Hardness 
Sp Conductance 
T ,  O C  

Flow r a t e  Ipm 
Date sampled 

--- .-- .- 
a ~ n a l y s i s  performed on s p r i n g  with h ighes t  temperature and g r e a t e s t  

d tocharee. 
b~n,lysls performed on a c i d i f i e d  0.05-micron f i l t r a t e  

'rablc 11. I l r u d f l ~ 1 . d  lloc sp r ing  geotliermometry. 
( A l l  temperaturea are i n  degrees c e l s i u s . )  

Surface  Temp,era cure 
(measured) 

Cation Geothermometers 
Na-K-Ca (1 /3 ) 
Na-K-Ca (4/3) 

S i l i c a  Geothermoineterv 
A d i a b a t i . ~  
Conduc t i  ve 
Chalcednn y 
C r i  s t o h a l i  Le 
Opal 
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. . 
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;it:!., 1 t,l,lg~ t- c q  , . P I .  .~ -  ,-! "12s E::R '1.ocnted n e a r  the s o u t h w e e t  end of Br?l  l 
~. 
; . I ,  : 5 i i l k  it' I ( f  1 , )  The p r i n c i p a l  s p r i n g s  ace. 

, 4 i i : ( ~ i ~ i . c : ~ l  oil the  ~ i o r t : l ~  hank oi: ti ~n1;~I.l. c r eek  i l l a t  dtain.8 i n t o  a narrow cove . , 
: , "L'htt npr'iriga rlr.%? c?btj?it: 4.00 >.rl from and 5 m above h igh- t ide  leve'l.. 

W:ci.ii i .j , ,  (19t.7) r + : p > i l j : i ; a c i  i;'r~:l'r ~ k ' i  i4utarr;i i .osue frorn a n a r r o w  f i s s u r e  a b o ~ ~ t  
1 i i  : : i t c  a .  : , '!:he s p r i n g s  Li?-a encased i.n f i v e  concre te  

i :  I fi rii.:rth sp r i i tX  eat ><gt?s at  ;.':I? ~ R R C  of the  val . ley  w a l l ,  about  120 m 
.li~vrrs[.i-c<oni F r o n i  t hc3  tnrl i i .2 y:i..oi~p, 

'I'h?: ! :v  i ' j 'o tr~ld 4 1 1 ~  t<<r'r- i : i . i i  kriie been iat.ense1 y gl .aciated , accen tua t ing  NE-SW 
t.eg i orn;~ l  st:^ u1: i"ur:ts k;.i,airt.. The \ Y i l  l.%ey iu which the s p r i n g s  gccur is narrow 

*~ r ~ i  !:I1 -,t.cep a l  upe l .  ,:rkj:rri:,: t,c3 I !sl:(J Ilt: i i 7  t?!evation. The s lopes  are  densely  
7 : ;  . :  v i .  I I 1 . r e  of bedrock The is  ].and i .6 
, - : ~ - r  r>u:ntit?r.l by Ir i g!-I ! ;r sc:ei,ii:.: , loiig, I ) H I I : O W  passages f lanked by s t e e p ,  heavi 1.y 
i.( j l :<:? i  3 l6.Jpc:s ,, 

i 'he d . : p $  i r ~ y s  ,Ira 10 i v a t - e l y  owucd :lad serve as u major a t t r a c t i o n  f o r  the 
l i t .  l i jt3 1 arici F ' i g : n  i-kg fii.hoxi, 7 . h ~  rc!:;ort ~ i spw the! hu t - - sp r ings  waters  to h e a t  
t l l r  r t t ; t i t ,  r,,d:,is, 14 c r r i i r l  I,rliltlir1gr; f:ad cabint i ,  arid il l a r g e  swimmi.ng pool ,  Tilr 
::11. ; 11 t : 5  lru3.t i , ~ * c 3 1  t ~ , i i a t i  ill ' 2  t 2 r i t 1  i i ' " ~  I - d ~ h i a n  p a r i o d i c a l l y  s i n c e  1902. The 
t . . I , -  1 IIC! ?PI ! i . 0 5  ac:t.tA:j : ~ u s v o ~ t ~ ~ r l i n g  tht- ~ p r i n g ~  arid 1s p r e n e n t l y  owrlrti b y  
I I !;UQ ji lt~ciit~g l i * r i r l t j  I I I C  w j  t h i n  tire 'I'ongzis~ Na t iona l  F'orcst and 
? I L - + ~  tt3a~,*k;-Qt b y  the 1 )  S ,  b ' c * ~ * v ~ j r  3 ~ r v i c e  

1%;: I l !B L.31 lc i  i:i!r1 b e  r:t:i<c:h@d hy c ? i  {:her hoiit or- f l o a t  p l a n e  from 8ctchi .kan.  
' : ' ) I . -  x : + 8 ~ ~ ~ . t .  I S & A ~ ~ I . ~ H ; . ! \ ; J  ti iit.?i::, ~ n r !  Flr,at- p l ane  ramp arid a l/z--mile--1orrg board-  
wrt!!*.  i - i ~ i i t .  ~:or~itlct.; Lfkc: d.(;c-k it,) <:he nrrri.t~ resort ax-eo and hot: s p r i n g s ,  ' 1 % ~  
. i .  : I .  I I c : 1 to l.ate spr.i.ng. 

c:t?<, l,<v&\y . . .  -.. 
: i lr i ido~ai .a~~:~ia  ::oi:k a.gl.)c=s j.1) Cite Bcil. isIa11~1. a rc  I.ir~eafrec1, p;nei.ss%c horn-. 

, , i l l  t - t t l  :,i 3 . ' )  ,* .  1 c L > I '  - f i r s  i r f  ul o ~ i  ~ndi ra i -c :  emplacement occu r r ed  
I , : 1 , U F ; ~ ' .  Tile: , t a ~ , ~ v c  r ocks  arcb cut: t)y i l I In iebroIm dikes and 

3 ~ c . ~ 8 1 :  l r C  l d ~ . : f > , ~  j , ; r<~y  \ + ~ + - : 4 t i 1 c 3 1 . i , ~ 1 . , ~  ~~~i.2~t:5--ft-1i1t3~3~r-~13~~3t:ite-~;~1rt1et) rwgi~tat i t t s~  
if),> t , i  : I  r.1 9 r c , * l i i r r s :  a a i \ ~ r n : I j t t i t  r > l  l i p ~ o i d o  l dnl-lr inclusiorae t l lot  cornmoll1 y 

2 .  I j J J L  pol i n i . i on  AI  t i t u d ~  a t  t i - n t b  >;pi. 

i , r , s l l  L - I L J I .  t x t i ~ \  ~ - t * ~ ~ ~ ~ - i ~ d  :>P gcbikt3 J V ~  35' W , "  d i p  75' N -  



Figure 7 .  Geo1ogi.c. map uF Bell Islarid and B t l i i e y  Bay H o t  S p r i n g s  a rea ,  

-4 5 - 



c ,  I l i , .  ' i  . I .  ::;prj'lt!+: I; u ;t)t:i)ti~il=~riki: 1,inearnent Chat l ~ i s e c t s  i3cbI I . l i land.  
"i'hf: ! i n e c i o l ~ l i t :  i : r y : ? ~ ~ t ! i . ~  1.4, :.,jZC ;I;. ,in3 i.r; fit lc:aet: 30 k n  lorig, extend ing :icru:in 
A 1 .  : .  i : l - ~ , a  ! ' !p .~r . t i l i . :g ; js .  i!,.:~.! I l l . i < > ~ b : i l  B'Li,ntl I ' ~ # H  t o  the snutht.re~t: (i ' i i : ,  7 ) .  
: , ! . ! + I : ( .  I !, r r j  ,.: . ,h i : .  .;.i :: i :;: il: . ' f : c ~ - . ,  eh i i ;  u rs t i n c t i v ~ .  I r.mea~t~crrt: i.5 clef i.xied by a 
: . c t ~ , ~ ~ ,  ~ , ~ J ~ ~ . ~ , , ~ , , ,  t . ; z . f ' !  ! . r .  : . i~ ; ; r .  rSl.:rla t . ' . i ~  c?r?.fsi.re Ielagth of B e l l  I s l a n d  ., The ':iri,c-:a- 
;i,.-,!r.~!. rn;.!y j ,~;, i ' a ;~  :i-t i 6 .  i i:t,et': ; \.!.a; .in;; (131.7) Eourrtl! t:v-;$ence of Y l.icliensi.d.Lr~g :f lr 

L.....,r;..: ;3earr i.l*t: : ; r > ~ . . i i ~ j ~ s ,  s t ~ g g v : . .  i ng  that: some faulting Elas occurred  in  the 
.; ! '-:l>i:l.l:y* 

,?ns.pc.lc!. :.(I(; o f  et: i. ,l rt:l ! . c i i r>+. )+  s t rowi  the s~ i r . i -nu t~d  irig ~:ee..ion to be high1 y 
- i . :~ ac irrlr-e.l L: i ;.: I LCII ' . r4i l~sis i..!'i.::i(i j;l, 60' E . , p a t a l l e l  to t he  Bell  Ls f.at1d l irrea. . .  
I ('t.i:c+r: )r!'rti;ijfii?:l~ :j<.'i.i!.!. : ~ t : - :  yis?:.i.lle on Yle phot.os t r e i l d  N .  7 5 "  E .  , h .  
tr[jt' b , ,  3 r ~ . , . ~ . ~  ., , i i ~ ~ i i  !$, 30°.-4Li' i;, k. j o i . ~ ~ ~ :  :~y~!:etn examined near the h o t  spri.rrg:; 

i s  i . I 1 5 '  i 7 N Another 1.ess promitlerlt jtsi.nt 
; ? - y j *  $;I , b L  t~n,:l i ~ c i i : .  PI <ti!> C F  60'' : < *  

' : l . t l ' ; i~r ( i- ' i: .:o f d i , \ ? ,  *,::.-:, i ir.-tfi i ! i :urt;:  I i ~ ~ s p h ~ ~ ~ , y  d i k e s  have !.rt.vaded u runnibes cil" 
i- i . 1 ~  i d  6 ' '  I i I . ,  ? + i  i t :  K:!.x;zi.ng ffrorn 20--30 cm i n  wi.dth,  tlilter; 

,. " 
: : i t  . :  k .C t - i :  d;.iic's are p r r . h a h l y  relatecl t o  pospt lyr i . t i c  
:,-V..L:: f !.I i , * c . d . !  qur1'-.;:, n-1i21\.~03.1; : , ; - i ~ : l ; : ~  !:if Mlocerle age reported by 13c.c.g and others 
; 1 " 

,p . ,, .> ,r . ! ley f.! {>ill ni-!,111. tl?e spri.rmg8 conrj;.~ ;:R pri .rntpri ly of g ranu la r  i~Yluv ia l  

arcc! J;IHc'L*A~ depouit:fi o ~ ~ e ~ ' i y i . r i g  budrciek (Pyl .a ,  1.978). on t h e  basis of shal -  
? , . +  ;.: . .  ."c.:t:itr*? ~t+:i .;t! l i i :  , r : . ~ r . t l . $ . : ~ ,  !):yli? es t i ua t~ t ed  sediment f i l l  at t4l.c head of 

t:,!~~.' C C < J ; :  I::,. .L', C ,  

7 1; $ " r , .;! c , ,!,, 4 i ~ I L !  c j , \ r ~ . . i ~ . * ! ~ ? . i j  1.r:: r ( ~ 1 4 , : : j  i: t , . s i : i . ; . ~ ~  ?:P 6;' . 4 ° ~  ?OX: [ : i l k ?  t lcllrthesstt:rr~rric~t 

(9 i ,  i ! IP~J,~.; i.;.:;; i : l O  i', ~~<i.<i:.ri:~?ai t Yin~.i:~r&t:ui.e range of 52" . - -*I%"C for d ~ e  
#. ..i..i;: ? ; . r . ~ . r ! . . j ,  wi-lii:; I J ~ : Y P ~ . ~ $ ! ; < ;  L3 7 - itl.:: H I ) F ~ I ~ ; S  have hecome h o t t e r  sirice 1.915. 
?jL, , .  -;. (.: p i) 'i f-\ t.:,:~IjL:l. i!.i);, occ. . : I  -;r. .nil. f iviis has i ~ i s  and the waters srraet. 1 ed 

. I  

I i t  I i :  'i.'irt: , i  .:f:t; .-ipring mews:lrari 4 6 " ~ ~  



s o u r c e .  The e s t i m a t e  is based on measurements of ove r f low and d i s c h a r g e  a t  
t h e  i n d i v i d u a l  c a b i n s  and swi.ming p o o l ;  t h e  e s t i m a t e  n e g l e c t s  miuor l e a k s  and 
evapora t ior l  from t h e  pool s u r f a c e .  These e s t i m a t e s  compere we l l  with o t h e r  
r e c e n t  e s t i m a t e s  of f l o w  (Baker and o t h e r s ,  1977; S l o a n ,  1976n-c).  The 
measured f low ra , t e  however,  d i f  f e r d  s u b s t a n t : i a l l y  from Warring's v i s u a l  
e s t i m a t e  o f  35 lpm i n  1915 and s u g g e s t s  t h a t  a  s i g n i f i c a n t  i n c r e a s e  i n  s ~ ~ r l n g  
disc:l.rarge h a s  occurrer l .  'Re estimat:ed f low of t he  s i x t h  s p r i n g  .is 2 l p m .  

Tab le  1 3  g i v e s  the  chemica l  composi t ior .  and p h y s i c a l  p r o p e r ~ i c s  rsf  watcJrs 
o b t a i n e d  from h a s i n  5 .  Prev ious  a n a l y s e s  i n d i c a t e  t h a t  chemical  c o m p o ~ i t i o ~ l  
of t h e  w a t e r s  had remained r e l a t i v e l y  s t a b l e .  The w a t e r s  a r e  c l a s s i f i e d  aL n 
sodium ch l o r  i de - su lpha t e  wa te r .  

R e s e r v o i r  Proper  t i e s  
Table  14 s u r n r n ~ i z e s  t he  app1. jcat ion of  s i l i c a  and c a t i o n  geothermometry . . - 

t o  B e l l  I s l a n d  Hot Spri l lgs  u s ing  t h e  DGGS water -chemis t ry  a n a l y s i s .  P rev ious  
geochemical  a n a l y s e s  g i v e  s i n r i l a r  r e s u l t s .  C a t i o n  geothermornetry i n d i c a ~ e s  
s u b s u r f a c e  e q u i l i b r a t i o n  took  p l a c e  ac tcmpera t t l res  above 1 0 0 " ~  and cha t  
t h e r e f o r e  t h e  Nri-K-Ca ( 1 / 3 )  t e rnpera turc  a p p l i e s .  T h i s  t empera tu re  i s  a l s o  
v e r y  s i m i l a r  t o  t he  qilar t z  conduc t ive  geothermome t e r  t empera tu re ,  i n d i c a t i n g  
q u a r t z  probably  c o n t r o l s  r ; u b s u r f a c ~  s i l i c a  e q u i l i b r a t i o n .  In e s t i m a t i n g  

' r e s e r v o i r  ternperiitt ire,  t h e  cha lcedony t empera tu re  is taken  as minimum, q u a r t z  
c o n d ~ i c t i v e  a s  most l i k e 1  y ,  and Na-K-Ca ( 1 /3 )  a s  maximum: 

M i 1 1  - Max -- Most L i k e l y  Mean - .".* -- -- - S t d  Dev . -- ----- 
Subsu r face  T ( " C )  11 5 144 142 134 7 

The h o t  s p r i n g s  a t  B e l l  I s l a n d  i s s u e  from the  s u r f a c e  a t  t empera tu re s  
below b o i l i n g ,  have  a combined f low r a t e  of over  100 lpm, and a c a t i o n  
geothermometer  t empera tu re  c o n s i d e r a b l y  above o r i f i c e  t e m p e r a t u r e s .  These 
f u c r o r s  sugges t  die mixing of c o l d e r  wa te r s  ( P o u r n i e r  and T r u e s d e l l ,  1 9 7 4 ) ,  
The appa ren t  inc rease  i n  s p r i n g  t e m p e r a t u r e s  during winter a l o o  s u g g e s t s  s o m e  
mixing of #:older  w a t e r s .  A c o l d  s p r i n g  i n  t h e  area was found t o  t lavc  a 
t empera tu re  s f  1 0 ° C  and a s i l i c a  c c n t e n t  of: 6  ppm. Following t h e  rnetirod o f  
T r u e s d e l l  and F o u r n i e r  (197 7 ) ,  a p p l i c a t i o n  of q u a r t z  mixing models givc s tlie 
f o l l o w i n g  r e s u l t s :  

Parenc  l ~ o t  wa te r  - - - - - - - - - - - - - - . - - - - - - - - 
Mixing model - -- - - - - - h --- - 'i ( " G I  - S i O  _2-~~?2. ( m F rac  ----- t 4 on ---- -( %) 

1.  Maximwn steam l o s s  150 125 7 3  
2 .  No steam l o s s  % J  7 330 3 1 

There i s  no obse rvab le  .steam 1 ~ ) s ~  a t  t h e  ground s u r f a c e .  I f  s team 
s(.pslr 8tr.s i t  e i t h r r  goes to  h e a t i n g  water  o t h e r  eltan t h a t  emerging a t  the 
s p r i n g s  and model i may be a p p l i c a b l e ,  o r  i t  remains and h e a t s  colt1 t7atc.r~ 
r~rixing wi th  t h e  hot -water  f r a c t i o n  and mdc:l 2 may app ly .  The maxirn~nm 
t empera tu re  of 217°C from model 2 seems Ltigh For ;I hydrotfierrnal system 
c i r c ~ i l a t i n g  in  deep  f r a c t u r e s  i n  the  g r a n i t i c .  bedrock .  The tempera ture  
prfldjct-ed by n n d e l  I ,  t~owevc r ,  is q u ~ t c  c l o s e  t o  t h a t  i.ndicat-ed by 
g(~othermometrg .  



i ' i ~ b l e  1 2 ,  riel1 I s l a n d  Not Spring temperatures, 10/5/79. 
( P i ~ l r n b t : ~ ~  tzurre:,por~rl t o  concre te  baa ins  going NE to SW.) 

'r'ablrx 1 ' 3 ,  r:hrniicat cr>;~ I i~u~l . f ic>n and phyeical properties of Bell XnLand Hot S p r i n ~ w .  
(P r  PY i o i ; ~  artalyees inc l.uded f o r  comparison; 

:iII chemical analyses in  nx/ 1. ) 

i., , i , . i i  - J f  -qi~t..ar i t  y a r r ~ t l . ~ s l ~ $  t i  1 2 ,  USGS cent-ral l abora to ry ,  Denver, CO, coElrrttsrl I)y C, I: 
:> ~ O a i ~ & ,  

b )z411*r :LIC~ ot.kw?t ( i 9 1 8 ) .  
, !I:;(;:; \ 1 .if) i+t>!3'j > 1 <jr.:\" 

r '  $ 1  i r 1 t i p ,  ! 4 tj ! i" ,' % 

id. At,,+ l JYHI-I I :,c,~*trrrrtr~icX oil m~npies  f j  Ltered through 0. 05-niii:ron f i l t e r ,  
; !'o$ j i r l  :'crl i lrr\v, :ill s p ) " l n ~ ~ .  



Table 14. Bell Island Hot Springs geothermometry. 
(All temperatures are in degrees celslus; 

hermometry is based on DGGS water-chemtt4try given in t n b l e  14,) 

SurFare temperature 
(measured)  

Cation geotkermometers 
Na-K-Ca (1/3) 
Na-K-Ca ( 4 / 3)  

Silica geothermameters 
Adiabatic 
Conductive 
Chalcedony 
Crlstobalite 
Opal 



! ' er~ i lk . - r  c i ~ t l 1 r . s  f ~ i 1 1 1 i  111*+ q t a ~ j r t  is mixirtg models must: be ttsed wi t t ~  ciiutiotr No 
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10, BAILEY BAY HOT SPRINGS 

L o c a t i o n  ------- 
I ,a t i . tude 55" 59 .0 '  N . ,  l o n g i t u d e  131" 39.8 '  W . ;  Ketchikan  D-5 1:63,360 
Quadrangle (1952); T .  68 S . , s e ~  . 9 ,  SW 114 of SW 114 of Copper R i v e r  
Mer id i an  . 

Genera l  D e s c r i p t i o n  - - - - - - - ---- - - - --- 
The B a i l e y  13tly Hot S p r i n g s  a r e  l o c a t e d  80 krn n o r t h  o f  Ketc l l ikan ,  o f f  lrc11r11 

Canal  nrld n e a r  B a i l e y  B a y  ! f i g ,  1) . The s p r i n g s  a r e  0 . 5  km up from the  rnolltt~ 
of S p r i n g  Creek ,  which d r a i n a  i n t o  Lake Shelokum ( f i g .  7 ) .  Lake Shelokum i l ~  

t u r n  d r a i n s  v i a  a s t e e p  ca scad ing  bedrock  channe l  i n t o  t he  head of B a i l e y  B,ly. 
'L'he s p r i n g s  a r e  a c c e s s i b l e  by boa t  t o  t he  head of B a i l e y  Bay, thence  ove r  :m 
u r ~ m a i l ~ t a i n e d  F o r e s t  Servil.:b t r a i l  f o r  5 k-rr~. A l t e r n a t e l y ,  a  f l o a t  plant.  c m  
be t aken  t o  Lake Shelokum Thc 3 p r ~ n g s  a r e  w i t h i n  t he  Tongass N a t i o n a l  F o r e s t  
and a r e  managed by t h e  1J.S. F o r e s t  S e r v i c e .  

'Pen p r i n c i p a l  s p r i n g e  e i n c l  a izurnber of s eeps  and s m a l l e r  s p r i n g s  ai-e 
d i s p e r s e d  over  a  12,000-rn2 sri-il on the  s t e e p  n o r t h w e s t - f a c i n g  s lope of 
S p r i n g  Creel< v a l l e y  ( f i g .  8 ) .  The s p r i n g s  l i e  between 112  m ( 4 0  f t )  t o  4 5  ~u 
(250  f t . )  above S p r i n g  Creek  and i s s u e  from f i s s u r e s  i n  t h e  g r a n i t i c  bedrock  or 
occu r  a s  s eeps  and pools  i :~ the  a l l u v i a l  c o v e r .  

The r e g i o n  h a s  been l ~ e a v i l y  g l a c i a ~ e d .  V a l l e y  s l o p e s  range  from 10" t o  
4 5 " .  I,cwnl topography rangen i ~ r  e l e v n t i o n  from 106 m ( 3 5 0  f t )  n t  1,altc. 
!;hv Iokt tm to  c,vcar 7 3 0  111 ( 3  ,400 f t  ) cit Ll~e crrHL of t he  r u ) r t l r w c s t - l r t r i ~ ~ ~ ;  slope. 
nbovcb the> s p r i n g s .  7'116~ area i s  I ~ i g h l y  R C ! P L I ~ C  w i th  ~ t e e p ,  glac i c ! r - ~ ) o l i ~ l l ( ~ d ,  
g r a n i t  i c  w a l l s  remeni scanc  of Yosemi t e  v a l l e y .  ' R I ~  so i l - cove r  ed s l o p e s  iirrcE 

v a l l e y  a r e  d e n s e l y  f o r e s t e d  w i th  s p r u c e .  The v a l l e y  bo t tom i s  f l a t  a s  a 
r ~ s u l t  of a l l u v i a l  i n - f i l l i n g  snd rnay have  once been an arm of Lake Shelolcbar 
(Baker  and o t h e r s ,  1977) .  The v a l l e y  i s  s u s c e p t i b l e  t o  f l o o d i n g .  

The s p r i n g s  were morc3 c ? x t e n ~ i v e l ~  used d u r i n g  t he  e a r l y  p a r t  of t h i s  
c e n t u r y  and were once deve loped  as a  r e s o r t  with a wagon t r a i l  t o  B a i l e y  13ay. 
The r e s o r t  c l o s e d  d u r i n g  WI l  and a  t h r e e - s i d e d  s h e l t e r  is a1 1 that  rc'mains. 

(ie_o 1 P_E.,v 
Bedrock i n  t he  Hail  cy  Ray a r e a  i s  o l i n c n t e d ,  g n e i s s i c  ho r~ lb l ende -b io r  i t ~ ,  

qtlnr-rz t l i t , r i tc?  and r n i n o r  p i  ana t l i o r i  tc. ( F i  p,. 7 )  ( ~ e r p  t~ncl o t l ~ e r n ,  107Hj. ' l ' 1 1 ~  
1)11tto11 ~ 1 1 . ~ 0  C O I X ~ P ~ ~ I I U  :tbrludr~nt v l l  i!)rioitla! nor-k i n r l  : t H l o n l n  t l ~ n t  r i r r l  I):I~ 11 1 I ( * !  I 1 1  

TI l i y , t ~ c ~ c l  I ~ o r n h  l tbudt. c l  y~ t d l s  . FO 1 I 81 t io11 a t  t i 1 trdt* ncrni- Ha i l ~ y  llrty I l c ~ t  Sit, i rlyl .  

i.4 : I L ~ . I  kc: N. '35 W .  , d i p  7 ' ;"  N .  I3ikee alrrl V P ~ L S H  of: l i & { h t - g ~ - ~ i )  wc'al-Iler ill:: 

c[uarf  z - f  e'3tlflJ)~r-(biotite-p;tlr n e t )  pegmu t i t c  r u t  t he  j r l t r u s i v e  . K-Ar sgr>!l i t  

I h r  wpsterti p a r t  of the p lu ton  i n d i c a t e  emplacement took p l ace  a b o ~ l t  7 2  t o  ;I[, 
1n.y. ago .  

I n s p e c t i o n  of a e r i a l  phrbtos shows t h e  a r e a  t o  be l l i g h l y  f r ac tu r ec t  wi1.h 
a clominarat n o r t h e a s t e r 1  y t r c t i c l .  The most prcminent: f r a c t u r e s  t r e n d  N .  bO" L ,  
k ' r a c t ~ r r e s  a t  B a i l e y  Bay Hot S p r i n g s  have t r e n d ?  r ang ing  from E t o  N .  60" P , .  
I 'hosr a t  t h e  head of B a i l e y  Bay measured s t r i k e  W .  60" E . ,  d i p  78" N .  ; 6 t r i l . c ~  
N .  50" h . ,  d i p  n e a r - - v e r t i c a l ;  a rd  s t r i k e  N-S, d i p  n e a r - v e r t i c a l .  



I -  $ 1  L tir+ . i tJy Hay Hot' S p r ~ n g s  . 



A s e r i e s  of a p h a n i t i c  t o  f i ne - "g ra ined ,  q u a r t z  porphyry d i k e s  have intat led 
many of t h e  f r a c t u r e s  t h a t  t r e n d  N .  50' E .  t o  N .  60' E .  Ranging 20 t o  40 ctn 
i n  t h i c k n e s s ,  t he  d i k e s  a r e  probably  r e l a t e d  t o  p o r p h y r i t i c  g r a n i t e  s t o c k s  and 
q u a r t z  inonzonite s t o c k s  of Miocene age r e p o r t e d  by Berg and o t h e r s  (1978) .  

Sp r ing  C h a r a c t e r i s t i c s  
*--- ---- ---- ----- -- 

Ten p r i n c i p a l  s p r i n g ~  i s s u e  from f i s s u r e s  i n  t h e  g r a n i t i c  bedrock :~rid 
from poo l s  fvrrneci i n  a l l u v i ~ m  cove r ing  t h e  s t e e p  v a l l e y  s l o p e  ( f i g .  8 ) .  Niue 
of  t h e s e  up r ings  were r e p o r t e d  p r e v i o u s l y  ( ~ a r i n g ,  1917;  Baker and other:; ,  
1977) ;  t h e  t e n t h  op r ing  was found d u r i n g  DGGS i n v e s t i g a t i o n s ,  This  newly 
r e p o r t e d  s p r i n g  emerges i n  a  gravel-bot tomed poo l ,  l o c a t e d  about  50 m SW of 
S p r i n g  3 ,  and h a s  a t empera tu re  o f  71°C. The o t h e r  s p r i n g s  range from 5 h , O 0  
t o  91 ,5"C ( t a b l e  I S ) .  

Cornpared wi th  p rev ious  muasurr~tuen t s ,  most of t he  h o t  s p r i n g s  a t  Bni l e y  
Bay appear to  have f luc t r la rer l  at: l c a ~ t  a few d e g r e e s .  Theses variance9 i l t  

measured t e m p e r a f ~ r r c ~ s  could  r e f l e c t  s l i g h t  changes i n  t h e  mixing f r a c t i o n  of 
c o l d e r  w a t e r s .  'hey could  a l s o  be due to  d i f f e r e n c e s  i n  measuring t echn ique  
and measurement l o c a t i o r ~ .  Hot s p r i n g  wa te r  t empera tu re s  can d e c r e a s e  s e v e r a l  
d e g r e e s  j u s t  a few c e n t i m e t e r s  away from the  s p r i n g  s o u r c e s .  A 1 1  ADGGS 
measurements were made by i n s e r t i n g  the  s e n s i t i v e  p o r t i o n  of t he  thermal  probe 
e i t h e r  d i r e c t l y  i n t o  t h e  s p r i n g  o r i f i c e  o r  a s  c l o s e  t o  it a s  r ea sonab ly  yos- 
s i b l e .  Probe l o c a t i o n  was always a d j u s t e d  t o  o b t a i n  a  maximum t empera tu re  
r e a d i n g .  The 20' t o  25'C i n c r e a s e s  i n  t empera tu re  a t  s p r i n g s  4 and 5 s i n c e  
1914,  however ( t a b l e  1 5 ) ,  a r e  much too l a r g e  t o  a t t r i b u t e  t o  d i f f e r e n c e s  i n  
measurement t e c h n i q u e s ,  These changes a r e  more l i k e l y  due t o  n r e a l  i n c r e a s e  
i n  t h e  t empera tu re s  of w a t e r s  a r r i v i n g  a t  t h e  s u r f a c e .  

Where p o s s i b l e ,  f low rakes were meamred  by DGGS us ing  n pygmy flow- 
m z t e r ;  u t h e r w i s e ,  f low r a t e s  were e s t i n t a t ed  ( t a b l e  1 5 ) .  Sp r ing  discharge. ;  
ranpet1 Zrom 1  t o  70 l p n ~ ,  wi th  t h e  l a r g e s t  d i s c h a r g e s  o c c u r r i n g  a t  s p r i n g s  1 ,  
7, and 5 .  The combined October  1W9 f low far a l l  apr i r tgs  is es t imated a t  100 
1 prn + 15  p e r c e n t .  Given the  l i m i t e d  deg ree  of accu racy  of f low measmrcments 
and &c i rna t e s ,  t he  r rvera l l  f low r a t e s  appear8  t o  have remained r e l a t i v e l y  
cvnHtanr .  Plow a t  t i tsee of t h e  i n d i v i d u a l  s p r i n g s ,  however, appea r s  t o  have  
changed a p p r e c i a b l y ,  with t i p r i n ~ s  8 and 9  d e c r e a s i n g  and s p r i n g  7 i n c r e a s i n g  
s i n c e  1914. 

O n e  of t h e  t h r c e ' s o u r c e s  s f  s p r i n g  3 i s s u e s  i n  a  spou t  or  j e t  of h o t  
water which measured abou t  17 cm i n  h e i g h t  on October  1 2 ,  1979. This  smal l  
j e t  o f  wate r  i s  probably  due t o  thermal  a r t e s i a n  p r e s s u r e .  P rev ious  observa-  
t i o n s  i n d i c a t e  j e t  h e i g h t  and t empera tu re  f l u c t u a t e s  w i th  time ( t a b l e  16).. 

Analyses  of  water  chcrn is t ry  were performed on thermal  w a t e r s  o b t a i n e d  
from s p r i n g s  1, 3 and 5 ( t a b l c  1 7 ) .  The s p r i n g s  a r e  n e a r l y  j -den t i ca l  i n  
c h e m i s t r y  and o t h e r  p r o p e r t i e s .  Somc modera te  changes appear  t o  have occu r r ed  
s i n c e  1915 b u t  t h e  accu racy  o f  Waring's e a r l i e r  a n a l y s i s  is not  knuwu. 

Waring ( 1 9 1 7 )  rr~pcprtcci c o n s i d c r a h l e  b r i l ~ t ~ l i n p  of gnu a t  B a i l e y  tlwy liot 
S p r i n p , ~  h u t  no bubbl  inp; wne  notisr!ahle i n  0ctclbt:r 1979. Carbotiattt. t lepon ~ t r ;  



Tab le  15 ,  Tempera tures  and flow rates, B a i l e y  Ray Hot Spr ings .  

--.-- --.-AL- &m e r a t u r e  O C  Flow, ( lpm) ---- 

A .--.- ---- 
a ,  DGGS, this r e p o r t .  
b, Baker  and o t h e r s ,  1977,  e s t i m a t e d .  
(.. WarCng, 1917 
d ,  An overall  t o t a l  fl.ow of 274 lptn for ~ p r i n g u  1-9 w t r ~  reporter1 by SLo,ln,  1 C > 7 0 .  

'Itable 16. B a i l e y  Bay Hot S p r i n g s ,  s p r i n g 3  water jet he igh t  and t empera tu re  

Date ---- Height: (cm) -- Tempera ture  ( O C )  References ------ 
1905 3 8 9 5 Wright and Wright- , 

1908 
19 15 30  86 Waring, 1917 
1976 15 9 0 Ogle ,  1976 
1977 2 8 8 5 Baker and o t h e r s ,  

1971 
1979 17 8 7 DGGS, t h i s  

r e p o r t  



Tab le  17. Chemical cornposit  Lon and p h y s i c a l  p r o p e r t  l e n  of UaS l e y  Ray Hot !ipl I I \ % : ; ,  
( P r e v i o u s  USGS a n a l y s e s  i nc luded  fo r  compurison;  

a l l  chemica l  a n a l y s e s  i n  m g / L . )  

DGGS DGGS .-- DGGS --- USGSa -. U S G S ~  ---- IJSGS" - - -- - - - 
S p r i n g  1 S p r i n g  3  S p r i n g  5 S p r i n g  3 ?  S p r i ~ ~ g  3 

S i 0 2  
A 1  
Pe 
CR 
Mg 
Na 
K 
Li 
I-1C03 
CO3 

SOL, 
C 1 
F 
Hr 
II 
pH, F i r l d  
Disso lved  S o l i d s  
Harcllless 
Sp  conductance  
T O C  

U i scha rgc  lpni 
Oate Sampled 

150 

0.01 
2.1 
2.2 

89 
4 . 3  
0.07 

1.45 
0 

43 
5 3  

0 . 0 3  
8.2 

415 
14 

444 ( l a b )  
90.0 

7/7 /76  

--- ----. - - " Wate r -qud l i ry -ana lys i s  f i l e ,  l a b  216065, USGS C e n t r a l  L a b o r a t o r y ,  Denver, CO, collcc*r hp t : , ~ ' .  

S loan .  
h ~ a r i n e r  and o t h e r s ,  1978. 
' ~ a r i a g ,  1917. 
( I ~ n n l ~ F ; e r :  performed on ac id1  F i c d  0,05-mlcron f i l t r a t e .  



o,-:~,i- a t  and near  spr i l rgs  1 - 5 .  Many of  t he  s p r i n g  c h a n n e l s  a r e  l i n e d  w i l l )  
; ; I  i i i ; a n t  and = . o l o r f u l  orar:ge-red b a c t e r i a l  mats  t h a t  change t o  b lue -  g r een  
~r Ti.:,>~r~at-.e where tPmpera turer~  d rop  below about  60 " C .  

'hi. m u l t i p l i c i t y  of s p r i n g s  a t  B a i l e y  Bay i n d i c a t e  t h a t  s i n g l e  c o n d u i t s  
ijrar rhe sr lzfsce a r e  Lao narrow t o  accommodate the  volume of ascending  h c i ~  
~ ~ i t ~ r .  Ctianncl p e r m e a b i l i t y  may have been reduced by d e p o s i t i o ~ l  o f  s i l ~ c a  a n d  
otXlt*r l lydrothermal  m i n e r a l s  on [.the c o r ~ d u i  t wal Ls as  t h e  thermal  wa te r s  coo l  or1 

as,.c~rt, Some of the thermal wa te r  must: be d i s c h a r g i n g  benea th  the sur face ,  
btac t,lsit r i~uch of t h e  s o i l  Laver i n  t he  v i c i n i t y  i s  1 5 " - 2 0 " ~  a t  on ly  a  irw ctn 
tleptil. 'I'hc : ,p r ing  w a t e r s  must t i 1  so  go t o  h e a t i n g  some of t he  l o c a l  bedrot k ;  
t h r  s ~ i r f a c c  of an area mc4;mouring s e v e r a l  squa re  m e t e r s  on a moss -covered t o c k  
f tier dix-ectl  y  above n p l  irag 5 r e g i s t e r e d  42°C.  

i l c . ~ r * r  vn i a l'r.opnr t i cea * -- -- - - - * . - . - -  " -  

T a b l e  18  sutnmtlrizcs tile n p p l i c a t i o t l  crf ~ i l i c a  and c a t i o n  geothr;t~norn:-Lry 
t o  Hailcy Bay Hot S p r i n g s  l'he Nu-*K-Ca ( 4 / 3 )  geothermometer t empera tu re  o f  
142" C i n d i c a t e s  s u b s u r f a c e  equi l l b r a t  ion  took p l a c e  a t  t empera tu re s  we1 l above 
1 0 0 ' ' ~  and t h e t  thsbrrf o r e  the  Na--K-Ca f 1 /3 )  geuthermomater tempera ture  o f  1 5 ' 9 " ~  
A R  a p p l i c a b l e .  Th i s  tamper a t n r e  i e  v e r y  s i m i l a r  to  t h e  quartz-conduc t ive  
t en~pc t - a tu re  o f  157°C.  The pH l e v e l s  r n e a ~ u l e d  by IIGGS f o r  t h r e e  s p r i n g s  at 
Eailry Hay IIot Sprilip,s ax,: i i t ? . ~ ~ l y  i d e n t i c a l  arid n o t a b l y  h i g h e r  than t h a t  
r e p o r t r d  by p r e v i o u s  inveut ig t i t .o rs .  Applying sl pH c o r r e c t i o n  t o  these cfprirlgs 
11s i n g  tlie IJCGS pIi va luks  r e t l ~ l ~ ~  in a  quar  tz-corrciuc.tive t empera tu re  of 14%'C, 
e l l  i s  L-enq>eratnre i a t aken  a s  [.he: nlininlum r e s e r v o i r  t empera tu re ,  t he  uncur -  
~ e c c ~ x l  q u a r t z  conduc t ive  teniperatrlre is t aken  as the maximum, and the  Na--I<-da 
( J / 3 )  on t h e  niast likely: 

Mitr - biax -- ---- M o e t L i k e l y  -.- Mean S t d  Dev -.--.- 
Subsu r face  T ( "c) I 4 2  157 1.53 15 1 3.4 

ilar p r i n c i p a l  t l*r t  s p r i n g s  a t  Ba i l ey  Bay i s s u e  from t h e  suv face  a t  temper 
- i k z l r  L.:J below b o i l i n g  and have a l a r g e  combined f low r a t e  and c a t i o n  geo the r -  
1~rolri*2f ,%r t s m p e r a t n r e s  c o n s i d e r a t l y  aboc~t+ o r i f  i c e  t e m p e r a t u r e s .  These f a c t o r  :; 
srl{l;ge:;r t h e  mixing of c o l d e r  w a t e r s  (F'ourriier and T r u e s d e l l ,  1 9 7 4 ) .  A ctrld 
jpr i i rg  near B e l l  Ks~ancl  Hot: S p ~ i n g s ,  Located i r i  s i m i l a r  t e r r a i n  s e v e ~ a l  ktu 
:our11 of B a i l e y  Bay 1Idt ; ; p t j n p s ,  was Found t o  have a t empera tu re  o f  8 ° C  a d  a 
:-i' r i  a rnrtf e n t  of 8 ppm. 

Using t h c s ~ c  pa rame te r s  Lo c h a r a c t e r i z e  t h e  co ld  water  f r a c t i o n  a td  f o l  
I ou j  nf: t he  method trS T r u e s d e l l  and Fot~rt-iier ( 1  9 7 7 1 ,  a g p l  i c a t  ion of cluax.1 z 
, I ~ X ; I , ~  n l t r d e l ~  given the fo l lowiu#  r e s u l t s  : 

P a r e n t  h o t  wa te r  ,--. A - . .. -- .~". -. -. .- - ---------- ---.. ---.." 
Mixing model . ----.--- --- ! f a x T C " c >  ---____ s i ~ ~ ~ ~ n )  -- F r a c t i o n  ( Z ?  

1 54 ----- 
- -- -. - -- . - - - - - . . . 

1 . Maximum steam l o s s  135 89 
, !'I3 Steam l o s s  225 370 3 6 

'I'enq,. : - ~ C Y W G +  f  rorii ~ i le  q u a r t z  mixi.li~: modeln must be uscad wi th  caut i -on .  No 
(.or L o b o ~ u a  ; v r  cw~clencrx fox  rn ix i~ ,~ :  sllcli 38 from ch l o r i d e - t e m p e r a t u r e  arlcalysis 
trr w,%!el oxygen imtopc! crnirly~eri i f :  a v a i l a b l e .  F u r t h e r ,  r e s i d e n c e  titre i r l  t-l?t. 
, 8-nii 3 i r  l o c k  o t  co11.d sp r i l i g s  watcra  which were sampled nlay have been 



Tablo 18. B a i l e y  Hay Hot S p r i n g s  geot:hermo~netry. 
(Rased on s p r i n g  3 wate r  c h e m i s t r y ,  DGGS a n a l y s e s ;  

a l l  t e m p e r a t u r e s  are Ln d e g r e e s  c e l s i u s .  ) 

S u r f a c e  t empera tu re  
(measured)  

Ca t ion  geothernrometers  
Na-K-Ca (1 13)  153 
Na-K-Ca (413) 142 

S i l i c a  geortrermometer.s 
Ad1 abat ic:  149 
Conduct ive  , 157 
Conduct ive ,  pH c o r r e c t e d  142 
Chalcedony 133 
Crls t o b a l i t e  107 
Opal  35 



~ e l a t i v e l y  s h o r t  and not r e p r e s e n t a t i v e  of waters  a c t u a l l y  mixing with the LloC 

w a t e r  f r a c t i o n .  

Although the re  is no observable  steam l o s s  a t  the ground s u r f a c e ,  steritn 
may he s e p a r a t i n g  below the stirface and h e a t i n g  waters  o t h e r  than t h a t  
i.mcrging a t  the spr ings  sumpled. The large area  o f  heated ground  atld r l ~ t .  
r 3 i m i l  inr i . ey  o F  temperature es t imated by the ateatn loija m o i 4 e l  to  ten~perat i t rc~s  
es t imated b y  geothermornetry suggest6 t h i s  may be the ca8e.  111e h i g h  ternpera- 
t u C p  p red ic ted  by model 2 seems u n l i k e l y  f o r  waters  c i r c u l a t i n g  i n  f r a c t u r e s  
i n  g ran i t i c :  bedrock. 

No geophysical  explor&ti .on 11~1s been done a t  Bai ley  and the e x t e n t  of rile 
subsurface  r e s e r v o i r  i s  not: known. Using the  s tandard r e s e r v o i r  volume and 
the mean r e s e r v o i r  temperature of 150°C g i v e s  the fo l lowing es t ima tes  : 

Volurne (km3) 3 , 3  s t d  ctev - 0.9 
Thermal energy ( l o f 8  J )  = 1.20; s t d  dev = 0.35 

'these val.ues must be viewed as h i g h l y  s p e c u l a t i v e  e s t i m a t e s .  

Conaments : - - - - ---- 
Bai ley  Bay Hot Spr ings  have both the h i g h e s t  su r face  temperature and 

h i g h e s t  es t imated r e s e r v o i r  tea~pextature of any h o t  sp r ing  s i t e  i n v e s t i g a t e d  i r r  
southern  Southeas t e r n  A1 askcl. Surface  temperatures and flow r a t e  a r e  su f f  i- 
c i e n t  f o r  a v a r i e t y  of a p p l i c a t i o n s  r e q u i r i n g  thermal energy.  The es t imated 
r e s e r v o i r  temperature i s  above t h a t  p r e s e n t l y  requ i red  f o r  genera t ion  of 
e l e c t r i c a l  power. 

Bai ley  Bay Hot Spr ings  probably r e s u l t  from c i r c u l a t i o n  of m e t e ~ r i c  
wr i t e r s  along deep-seated f r a c t u r e n ,  F l u c t u a t i o n s  i n  d i scharge  and temperature 
a t  ind iv idua l  s p r i n g s  apparen t ly  have occurred,  as  ind ica ted  by comparing 
repor ted  flow and temperature mea8urenlents ( t a b l e  15) .  



11 . SAKS , REPORTED HOT SPRINGS, IYNSUBSTANTIATED 

Loca t ion  ---- -- 
(Approximate)  l a t i t u d e  55" 52' N., l o n g i t u d e  131" 05 '  W . ;  K e t c h i k ~ ~ ~  
1:250,000 Quadrangle (1955) ;  T .  69 S . ,  R .  94 E.  

Con~mrn t R -. --.-- ? 

l i e l y i n g  on in fo rma t ion  c~b tn ined  from IfSFS i n  1915,  Waring (1917) 
r e p o r t e d  the  e x i s t e n c e  of h o t  s p r i n g s  l o c a t e d  8 kin ( 5  m i )  SE of Saks Cove o f f  
Rehn Canal  ( f i g .  1 ) .  The USPS r e p r e s e n t a t i v e  d e s c r i b e d  t h e  s p r i n g s  as s i m i l a r  
t o  Bell Tsland Hot Sp r ings  w i th  "water  i s s u i n g  i n  p a r t  a t  t he  rock shore  and 
i n  p a r t  d i r e c t l y  from a  f i s s u r e  i n  g r a n i t e  200 f t  back from t h e  shore" 
(Waring, 1917, p .  23) .  

DGGS in t e rv i ewed  s e v e r a l  pe r sons  f a m i l a r  wi th  t h e  Saks Cove r e g i o n ,  
i n c l u d i n g  r e p r e s e n t a t i v e s  f  run1 t h e  USFS and t h e  Alaska Department: of F ish  and 
Game, l o c a l  bunh p i l o t s ,  and l o c a l  m a p p e r s  and e x p l o r e r s .  Two of the persons  
i n t e rv i ewed  had searched  e x t e n s i v e l y  for  t h e  s p r i n g s  b u t  could  not  f i n d  any 
s i g n  of them: None of t he  othert i  had any kuowlcdgr! of the  s p r i n g s  o ther  t-ijan 
what. had heen r e p o r t e d  by W~r i r ig  (1917)"  The s p r i n g s  e i t h e r  probably  d id  not 
e x i s t  at  t h e  tinre of Wuring 's  r epo r t  ~ n d  Wnring was rnibiinforn~ed o r  perhaps tht. 
s p r i n g s  have  d r i e d  up  s i n c e  1915. 



12. UNUK, REPORTED THl3RMAL SPRINGS, UNSUBSTANTIATED 

Locat  i o n  ---- -- 
( ~ ~ ~ r o x i m a t e )  l a t i t u d e  56"08'  N . ,  l o n g i t u d e  131°00 '  W .  ; Bradf i e l d  Canal 
1:250,000 Quadrangle (1955) ;  T .  66 S . ,  R .  93 E .  

Comments 
Waring (1917) r eco rded  a vague r e p o r t  of thermal  s p r i n g s  l o c a t e d  about  

9 km ( 6  mi) above t h e  mouth of t h e  Unuk R ive r ,  which d r a i n s  i n t o  Burroughs Bay 
( f i g .  I ) .  The s p r i n g s  were b e l i e v e d  t o  have a small f low and t o  be n e i t h e r  
v e r y  h o t  nor  n o t a b l y  m i n e r a l i z e d .  S e v e r a l  i n d i v i d u a l s  f a m i l i a r  wi th  t h e  Unuk 
River  were i n t e rv i ewed  by DECS. None had any knowledge of thermal  s p r i n g s  
a long  t h e  Unuk R i v e r .  Carbonate s p r i n g s  l o c a t e d  n e a r  t he  i n t e r n a t i o n a l  b u r d r r  
r e p o r t e d  by Waring (1917) a s  Boundary S p r i n g s  were r e p o r t e d  t o  be now under- 
wa te r  a s  a r e s u l t  of a s h i f t :  i n  r i v e r  c h a n n e l .  The thermal  s p r i n g s  may have 
e i t h e r  met a s i m i l a r  f a t e  o r  perhaps  never  a c t u a l l y  e x i s t e d .  



13. BAKER ISLAND HOT SPKXNGS 

I ,ocat  i on  -- 
(Approximate)  l a t i t u d e  55"  17 .5 '  ; l o n g i t u d e  133" 40.5 '  ; Cra ig  1  :250,000 
Quadrangle (19571, R .  76 E., T ,  75 S .  of Copper River  Mer id i an .  

C omincan t s ------ - 
A h o t - s p r i n g s  s i t e  was r e p o r t e d  by l o k a l  f i shermen to  be l o c a t e d  O(I rh1\ 

west  c o a s t  of  Baker I s l a n d  ( f i g .  1) .  The e x i s t e n c e  of t h e s e  s p r i n g s  was 
r e cen t l y  s u b s t a n t i a t e d  by the  USFS o f f i c e  j.n C r a i g ,  Alaska .  The Fores t  :%~r 
victs r e p o r t e d  t h a t  n c l u s t e r  of s p r i n g s  i o sue  from a  s t e e p  g r a n i t i c  c l i f i ,  
s c v c r a l  me te r s  abovc* t i d e w a t e r  a t  t he  head of Veta Aay ( f i g .  9 ) .  The IJSVS 
p l a n s  t u  b u i l d  3 t r a i l  t o  the s p r i n g  from P o r t  San Antonio on tile ~ ' H H F  sidt* o i  
t l ~ r  is land. 

Dete r  i s r a t i n g  weather  c o n d i t i o n s  prevented  f i e l d  i n v e s t i g a t i o n  of th i  s 
s i t e  d u r i n g  fa11 , 1979. Tile s i t e  w i l l  p robably  be v i o i t e d  du r ing  t h e  1980 
DGGS f i e l d  season .  



F~.gur.*: '3 , l , c l i ' . a r .  l i=n ttiapa, Seker T r ;  I aud H o t  Sp r in f i s  

.-:i2-. 



SUMMARY , Z;OU'rHEKl\I SOUTHE AS'I'EKR ALASKA THERMAL SPRINGS 

L(~lctitioris of  ti.c t he rma l  ~ p r l n g  b i  t c s  i n  s o u t h e r n  Sou theas  t e r n  Alsq'in , ir  c $  

shown i n  Eigure  1. 'Table 19 p r o v i d e s  u S t - i ~ f  sunntiary of each s i t e . ,  T f ~ r e < >  
s i t p s  r e p o r t e d  i n  Warinp; ( 1 Y  1 7 )  ( ~ a n k  l'slmr~d, Saks Cove, and IInuk R i v e r )  ~ i - i t l d  
not 1 ) ~  v e r i f i e d  andl art! ] ) ~ < : t i ~ t . t l  y d i  sr:orirrted, These eprb ings  rnay httve <axl::r eti 
dt one t ime and p e r h u p ~  have t i r i ed  up .since Waring's a c c o u n t .  

The B a i l e y  Bay Hot S p r i n g s  s i t e  (No. 10) h a s  t he  h i g h e s t  s u r l a c e  w a t c ~  
temperature / L O  t o  91 . 5 ' C )  and [.llc h i g h e s t  e s t i m a t e d  r iubsurface temper . l t i l r c  
( 1 5 1  "C3 i n  saut:bcrn Sn t r t heaa t r rn  Alflskil, The l a r g e s t  f low rHte ( 4 5 0  I ~ I I I )  W F J ~ ~  

measured a t  Chic f  ,;hukes h o t  S p r i l l ~ a  (s i f .r  l ) ,  L o c ~ t ~ d  i n  Shakes Slough i l o r  t t ~  
of 1h1. Stkkirre  l i i ve r .  Bell 1 (Xentl hot: s p c i n g s  ( n i t c  9 )  has  liacl tlae mot31 
tleve Lo p e n t  . '['l~e f i v e  print 7 ttal I1:jt s p r i r l g s  tlrere , which have an averlip,c5 
t emper i i tu re  of 7 0 ° C  and r: ~ c ; ~ n l ) i n r d  f l o w  r a t e  oE ove r  100 Lpm, a r c  used h y  ,t 

f i s h i n g  r e s o r t  t o  h e a t  14 b u i l d i r , ~ ; t l  mid arr o lympic - s i ze  swimming p o o l .  71rt- 
B P I  1 [ s l a n d  Hot Spv i n g s  occur on a protnineut s o u t h w e s t - n o r t h e a s t  t r end  iizf;, J(\ 
h long  l i neamen t  t h a t  b i s e c t s  t h e  i s l a n d .  

Two thermal. s p r i r ~ g  s i t e s  r h a t  Flnrl l a ~ t  bean p r e v i o u s l y  reportred i n  thr. 
1 i tcl-atrrrc  were i r r v e s t i g a t e d  cit i i  i rrg the September-Oc tube r  f i e l d  e x c u r s  Lr I rn .  

The f i r s t  s i t e ,  Harr~es Lake warm s p r i n g s  (No. 2 ) ,  is l o c a t e d  abouL 4 km L N I  & l i  
o f  t h e  S t i k i n e  I t i v ~ r  n e a r  the Cinadian  bo rde r  and c o n s i s r s  of a  warm pool 
measu r ing  2 5 ° C  drld a wartrl src.1' ~ r l e ~ i s u r i u g  2 6 ° C .  The second site, Bradfiel t i  
Canal. h o t  s p r i n g s  (No. a ) ,  occur,% on t h e  sou th  bank af t he  East Fork Hr-adij(.l ti 
R ive r  nea r  t h e  c o n f l u e ~ r c r  of t h e  Lwo main t r i b u t a r i a ~  t o  t he  l i v e r .  The ~ 3 t . c :  
ror ls is tc i  o f  several .  s n ~ i i l  1 thermstl e p r i r ~ ~ n  i ~ ~ t l i n g  from F i s s u r e s  I n  t he  grarii t,. 

t ~ c ~ i r o c k  a t  temperat .uree r a n ~ i n p  Froni 3 3 * - S 7 " ~ .  ' ro ta1  f low is c+stirnated L j ~  20 
1 pin . 

Ex(-ept f o r  EradTie ld  h o t  sp; i ~ a g s ,  a l i  t he  p r e s e r i t l y  kl71~wn therriial i q l r  r l , ; ; s  

in s o u t h e r n  Sot~t l \eastr : r t l  4 iauka  ocLgr e i t . t i~ r  n e a r  a  majoz r i v e r  o r  ncam l id67 
w a t - ~ u .  T h i s  c o r r e l a t i o r a  1s probably  p a r t l ,  a r e f  l ec t io tk  of a c c e s s i b ~ l i t y  a1131 
o c c u r r r n C c  a long t r a v e l l e d  r o u t e s ,  The d i s c o v e r y  of B r a d f i e l d  h o t  s p r i n g .  ~n 
a i - ~ m o t c  a rea  o f  t h t ~  CoasL Range tnountailts s u g g e n ~ s  otltilx such s i  t e c  e x i s t  ? ) , I ,  

h a w  rrot y e t  been Found Payor  pltlrne.; from the rma l  s p r i n g s  a r e  most vi . ; ibl<.  
( l u r i ng  co ld  weather.. A I.rt-c-winter atrial reconnaissant :e  m i g h t  diss.:closr l i l t z  

l o c a t i o n s  o E  a d d i t  ionak c1,ermnl tsp:  l71g 8 Ltes i n  southerla  !~c,ut t leastern ALd::li.*. 

hxccy)t f o r  Baker IsLurr~i h o t  s p k i n g s ,  a l l  known thermal  s p r i n g s  i n  
soi l t l r r ru S o u t h e a s t e r n  Alaska ocr:ur U L I  o r  nea r  t h e  wetitern fl,rnk of. th+? r:tr ~ ~ $ 1  

I{angc Rathol  i t h  and plrabirl,l j o r i g i n ~ ~ t  f -om deep  s i r c u l c l t i o t i  of n~,:~:c>oric- 
wtltors : ~ I C I I I P  fr-8cl-ures and f:rui t s  i n  qrnrji t i c  h o ~ t  i -ork ,  

l ? r c *  c l l t m i c ~ ~ l  ronlpo:?? t iur~ct of  t " t ~ ~  sorrltir.r!t Gr)uthr~nvt-c~rrt Alnnli.iil rht  i . l n x t l  

&pr inp , s  ~ i r - ~ !  r o u p h l y  nimi ln l  snil f u l l  ul~tlrr the! caiegciry o t  a l k a l i - c . h  l o r ' t i ~  i . 
a l k a l r - - s u l f a t e  w a t e r s ,  'rhe c,,asl itut2nt.s ot the tliernial w a t e r s  wt-re: I,I O L ~ I I I ,  Q 

c i k l r i v ~ d  1 ?-om deep-s:.:-lterl l n ~ c r a c  i i o n  of h o t  w a t e r  wi tli rocl:. P r i v ~ o ~ l s  
cfiernical a n a l y s e s  o r e  s v a i   able foa threc L#L  t he  therm:!  - s p r i n g  s i t e s  : c,l  l<>i 
Silakefl, B e l l  I s l a n d ,  and b u i  Jcy B n ) .  Coucencrst ions  of  rlw~st,  of ti-re c l r e~s j ca l  
c o n s t i t u e n t s  appear  t o  have  ~ 1 1 c t ( . r  , f r  tre at l e a s t  x ~ ~ i n o r  vaci,-tt i o n s .  'The over a ,  ' 
chen t i s t ry  of t-hi. thermal  woi-r .1~ f r o m  &:I Z I s l a n d  and Bai ley  Say appe~tr b.o r \ - c s ~ ,  

rem; ined s n h s t t t n t i a l l j   he s~lnie. Two . t ~ g n ; f i c a n t  cnangen i n  c t len~ie i t rv ,  11o1, 





evclr ,  allpear to Ilavl* occ i~r rc -d  at  Chief Shakes .  WnringB r l  141 5 an.-l! ysi:i I S  n o  
t n b l y  h ighe r  i n  f i i l i c a  and po t a s s ium than e i t h e r  t - 1 1 ~  IJSCS 1 9 / b  e,laXysio cjr t he  
TXGS 3979 a n a l y s i s .  The highthr ccrncrn t ra t  i o n s  of t h e ~ r  t c ~ c )  c011st L t t l e r ~ ~ : ,  
1915 s u g g e s t  ,subsurface watcnrs had been e q u i l i b r a t i n g  a t  sub . i t an&ia lLy  111i:;ter 
t e rnpcrn tures  than  a t  p r e s e n t .  O n e  po.soible e x p l a n a t i o t ~  Eor ~ h r ~  c 1 1 a n ~ ~  1 6  

t l ~ n k  t h e  d e e p t ~ r  p a r t  of the  c o n d u i t  system inay have  brcorec. seccletf peril ~ p :  :il :I 
r e s u l t  of s e i s m i c  ac t i v i t j  o r  f roi~l  d e p o s i t  a'un of hydro thern id l  ~ n i t ~ ~ - a l r ; .  

F l u c ~ u a t i n n s  i n  h o t  dpririg t empera tu re s  o f  1 " - 2 " ~  was noted over  
s eve ra l . - day  pe r iod  a t  Ae1.l Xsland . Winter  t:.mperature..i of t h e s e  d1c~rrnaI w:tf.er 
can apparrni : ly  i n c r e a s e  b y  5' - !doc: above slllan~er t e m p e r a t u r e s ,  

Most o f  t he  l e v  1 1 3 ~  Hi:t Spr j t lqs  were l ~ o t l  r ? r  i n  i>ciol,ca~ iq79 lhali i r l  
t1 i i l l c~ r  .June 1977 o r  .Jcint\ 1914. '~'wo of t t ~ c *  ~ p r i t ~ y ,  tc*rnpor:at llrlaH inc.rr>ti:~c.rl H I I ~ J  - 
: ! I  :til l  i n 1  1 y ~ ~ I I C V  1 ( # 1 / 1 ;  ~ i [ ) t  i l l}! '1 i I (  r t $ s i 6 3 t b ( l  1)y Y ' J ' ' ~ !  #111(1 PIpr i l l$ :  'b i > y  ? ' ) " ( : .  

1)inc:llarge rale.4 appciir t o  haw c.iit*nt;c~d fit a l l  Ll~rtlr s L :  1.s l o r  wlj lctl 
prev rous  r e c o r d s  a r e  a v a i l a b l e ,  'I'he ~ x c u r a c y  of t he  c a r 1  i e r  mt~;isu,cmc n t s  i:, 
no t  lcrtown. Measurem~r~Ls  and < > s t  i tnates of f low r a t e s  artt o f t e n  : .ut~ jtlct l o  
l a r g e  e r r o r s  and i t  i s  o f t e n  d i f  f i c u l t  t o  judge i f  any s i g r l i f i c a r l ~  ciianges in 
d i s c h a r g e  have  ac .~ .ua l ly  occ i  r.;ed. The i n ~ n s u r e d  f low r a t e  iiz Scptelrlbcr 1919 
and d l r  r e p o r t e d  f low r a t e  of Jllne 1915 (Waring, 1917) t o r  s p r i ~ l ~  1  a t  Chicf 
Shakes are both  n o t a b l y  hl.z;llcr than t h e  rate .  r c p o r t e d  For .July 1376 ( t a b l e  5 ) '  
The o v e r a l l  d i s c h a r g e  frorn s p r i n g s  a t  B a i l e y  Bay appea r  t o  h a v ~  remained 
about  t h e  same s i n c e  1915, a l t hough  some read jus tment .  of Flow volume seems t o  
liave occrlrred among tht. sc .veral  a v a i l a b l e  c o n d u i t s .  War i n g '  s v i s u a l  e s t i m a t e s  
of d i sc l i :~rge  from t h e  Dell I s l a n d  Hot S p r i n g s  a r e  les.; than ha1 f oir tilt. rnors 
r c c c n t  tninjmum e s t  irnates of I low r a t e ,  & i c h  ind i c a t e s  t h a t  e i t h e r  f low [ l i l y  

..;ul>st an t  i : i l l ) r  i ~ l v r e ~ s e d  o r  Id,~r in!:'ir , - f i t i rnn t r s  wr1-r wrong. 

C h r m i ~ a ]  ~~~~~~~~~~~~~~~~~~~~tr s ugges t  ~ u b s u r f n c c  eempcra ru t  i::; j t r  t l l c .  r all):$. (,I 
50"  t o  llO0C; f o r  t hc lma l  L j p t i n g ~  along, t he  :i t ikinc'  and f,,lsl H ~ n c !  4 ~ 1 ~ 1  1Zi~t.r :~.  
I f  L I ~ P  t ne rma l - sp r ing  wa te r s  t lerjvc t h e l r  h e a t  s o l r l y  iron1 cleep ~ i r c  ~ l a t  i o n ,  
they rnrist r e a c h  d e p t h s  o f  1 t o  3 . 5  km, arsuming geothermal  g r a d i e n t s  o t  30" 
r o  SO°C/km. The est imatcld subs~ki - lace  tc inpera tures  f o r  13ailey Bav a:~d 131.11 I i o ~  
S p r i n g s  a r e  i n  t h e  ranee < l L  1'35"-151°C. C i r c ~ i l a t i o n  J rp t l i  for  t h e s e  w:,tc>rr, 
woerld r ange  froln 3 t o  5 k m .  

I n t c > r e s t  h a s  beekt r x p r e s s c d  i r ~  s e v e r a l  p o s s i b l e  uses  of ti1c3 Lliermll 
sp r  jngs i n  s o u t h e r n  S ~ u t t i ~ a s L ~ i - r l  Alaska ,  i n c l u d i n g  a q u a c u l t u r e  and e l e c t  r j c , i l  
p e n c ~ r a r i o n .  As ide  from B e l l  i s l a a d  HoL Spring: ; ,  however ,  rht. t i~exlnal  w a t i - 5 s  

,)i s o u t h e r n  Southeas te r11  Alaska remain unused except  f o r  oc cas~-c~rir l l  J i t -ea-  
t ior lnl  pu r f )o6~?~ .1 .  '11hc1n Eat-, our  invr . s t - iga t ions  itldlctltcl t h n t  o n l y  tllc R ~ * i l r ; ~  
tkry nntl H c . 1 1  ~ n l a i i c l  I l o t  Sptings n i t t h s  o f f e r  any pc1tt.ntirnl ic ,r fu,irre !nrde-  
c,ea l i b  c t e v ~ l  opnen t  . 

Thi s  strldy was suppor t ed  by t h e  Unitecl S t a t e s  Department ot I.;nergy !'~,OE 
c o n t r a c t  ~ ~ - ~ ~ 0 7 - 7 9 F : T 2 7 0 3 h )  and Isv the S t a t e  of Alaska .  
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nPPENDTX A: ABBREVIATIONS, UNIT SYMBOLS, AND CONVERSION FACTORS 

A 1,I: C: S - Alaska UivPsion of GeologicaL and Geophys ica l  Surveys  
X (:I\ P - Znduct.Lvcly coupled  a rgon plasma 

tt  , t i  . -- no t  deterrn.t.ned 
s r d  dev - s t a n d a r d  d e v i a t i o n  
1J:;ft'S - IJni t e d  S t a t e s  F o r e s t  Servjce 
ilSi;S .- l lni  t r d  S t a t d e  G e o l o g i c a l  Survey 

2 ,  Ilrii t symbols . 

d e g r e e s  Cel s i u s  
reiltimeter 
j o u l e  
k i  logram 
k i l o m e t e r  
l i t e r  
l l t e r  per mlnute 
meter  
rul 1 ligraul 
~ni.r:ro#ra~n 
rnfcrogrilm per l i t e r  
rriillime ter 
m i l l i o n  years 
parts p e r  m i l l i o n  

3 , Zlrrrverslon f a c t o r s  ----- 
- 5 / 9  " F a h r e n h e i t  - 32 
- S / 9  'P-32 /0.621 m i l e  
- 0,394 inches 
- 0.035 ounce 

- 0,239 c a l o r i e  ( c a l )  
-- 9.480 x II)"-'+ British thermal u n i t  (Btu)  

10j5 ~ t u  1 quad 
2 ,2  0 5  pounds 

-. 0.621 rn i lc  
.- 0,264 g a l l o t i  

- 0,260 gal Sons pe r  minute  
- 3,781 Feet- 
- 0 , 0 3 9 i n c h  



APPENDIX R. PRECISLON OF WATER ANALYSES 
(from Skougstad and o t h e r s  1979). 

KeLntS. v e  dtbv ia t  Lon 
( ~ e r c e n t )  Mean (mg/l) - -- ,. Cons t i tuen t  ------ 

S i 0 2  
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