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 ABSTRACT ‘

Informatzon has been gathered on 13 reported thermal—spr1ng artes, 12 in
southern Southeastern ‘Alaska and one in western British Columbra.' Five of the
. reported sites could not be aubatantlated by DGGS. The eight known thermal
 spring sites are assocrated thh granitic terrain jand, except for Baker .Island
Hot Springs, occur within or near 1ntena1ve1y fractured Cretaceous-age plutone
of . the Coast Range Batholxth ,

Thermal-sprxng surface temperatures range from 21°cC (Tw1n Lakes) to
1 91,5°C (Bailey Bay) The greatest discharge occurs at Chief Shakes hot ,
springs (450 lpm) Bell Island Hot Springs, which has about a 100-lpm dis-
charge and a 70°C temperature, has had the most development. "Two _previously .
unreported thermal-spring sites, Barnes Lake warm spr1ngs and Bradfield hot
. gprings, have a low rate of dxacharge and respeetlve surface temperatures of
' about 25"and 54° C : , : '

The known thermal sprlngs probably orlg1nate from c1rcu1at10n of meteoric
waters through deep-seated fracture and fault systems. The chemlcal con- ‘
stituents of the alkali-sulfate to a1ka11-chlor1de ‘thermal waters are probably

'kder1ved from interactxon of the deeply c1rcu1at1ng meteorlc ‘waters with the ,
granitic wall rocks. Chemical geothermometry suggests subsurface temperatures
of 55° to 151°C. If waters are being heated solely by conduct1on from wall

~jrocks, c1rcu1atzon deptha must be about 1,5 to 5 km, assum1ng geothermal o
‘ gradlents of 30 to 50 C/km : -

Varlatzons 1n temperature, dracharge, and chemxstry were noted at several
thermal sprlnga for ‘which previous records are available. A maJor decrease in
‘silica and potass1um concentrations at Chief Shakes hot sprzngs is suggested
by comparing recent analyses of water chemratry to Waring's (1917) original .
analysis. . The rate of d1scharge ‘at Bell Island Hot Spr1ngs may have. 1ncreased‘
by a factor of two 51nce Warrng 5 v131t to the sprrngs. -

. Subsurface reservoxrs asaocxated thh thermal Sprxnge in southern South—

" eastern Alaska are ‘of "low temperature and are probably 11m1ted in extent, com-
pared to geothermal fieldes now be1ng used elsewhere in ‘the world. Omly the:

_ Bell Island and Bailey Bay sites now offer any potential for ~generation of
,electr1c1ty, ‘these sites could also be used for a variety of direct uses such
as space heat1ng, ‘wood ‘or ‘lumber processxng, and perhaps ‘aquaculture. The .
‘other sites have léss potential but. could be uaed locally for - space heatlng or’
agrrculture enhancement. o A

| INTRODUCTION

"The Alaska vaislon of Geologxcal and Geophy81ca1 Surveys (DGGS) in co-
',operatLOn with the U.S. Department of Energy, in 1979 embarked on a 3-year
- program of assesslng the geothermal energy resource potent1a1 of thermal-
- spring sites in Alaska. Evaluation of these sites is based on geological and
. _'geochem1cal data, geothermometrzc models. and geophyaxcal data where avail-.
'-.8bleo N . ; L . :

, More than 100’ hot-aprlng artes have been reported to exxst in Alaska.»'
’The sites are d1apereed throughout the state but’ axgnrflcant concentrat1ons and
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belts of thermal springs occur along the Aleutian Range, -in Southeastern
Alaska, and across central Alaska. The first comprehensive inventory of .the
thermal springs of Alaska was publxshed in 1917 by Warlng. Since then br1ef
summaries of Alaskan thermal eprings have appeared in Waring (1965), Miller :

(1973), White &nd Williame (1975), and Muffler (1979). The most recent com_ﬁ R

prehens1ve summary of Alaske thermal epring 1nvestigatxons was compxled by
Markle (1979). . ‘ —

The scope of the initial asgessment of geothermal resources. as undertakenv;
by DGGS 1nc1udes 1) 1nvestxgat1ng all thermal~spr1ng gites prevzously reported
but not as yet visited or' studied’ by a scientific team; 2) providing up-to-'.
date data and more detalled studies of prev:ously 1nvest1gated sites; and:3) .
locating and 1nvestxgat1ng ‘additional thermal-sprlng sites not - previously
- reported. The assessment work includes ‘reconnaissance of site geology and

hydrology,'znvest1gation of thermal-spring character18t1cs 1nc1ud1ng tempera——?\r

tures and flow rates, and geochemical sampling and analysis of the rocks and
thermal waters at the site.  This information is used to describe the_ site, to
‘estimate reservoir temperature, to evaluate the extent of mixing of ‘thermal

‘waters with colder watetrs, and to determine the ‘geothermal energy potentxal of,_
the site. These data’ for ‘all the thermal spring sites of Alaska will be com- . .

piled into a geothermal atlas. The 1nformatxon is also being used to select .
sites with the highest: potent1al 'for" geothermal energy use and to’ recommend
follow-up studles at such sltes. :

This report presents the preliminary results of investigations on thermal
springs in southern Southeastern Alaska, near Petersburg, Wrangell, Ketchlkan, .
and Craig (fig. 1). Three of these sites, which had been reported by Waring -

(1917) (Vank Island, Unuk, and Sake Cove), could not be substantiated and are. fﬁz'

presently d1scounted South Stikine (Waring,. 1917) was reported by a. local
inhabitant to exist near Mt. Rynda but could not be verified by DGGS. A .
report of a thermal spring near Virginia Lake was 1nvest1gated by DGGS; -no.
thermal anomalies were found and the vericity of the report is doubted.‘ Baker
Island Hot Springs were verified by the U.S. Forest ‘Service in Craig, but .
deteriorating weather condztxons prevented DGGS freld 1nvestlgat1on of the L
gite. . g :

Field investigations were performed on seven thermal spr1ng 81tes durrng o
late September and early October, 1979. Four of the sites occur along the .

Stikine River (Chief Shakes, Twin Lakee, Barnes Lake, Fowler), one along the ,:“'

Bradfield River (Bradfield), and two on and near Bell Island (Bell Island and
Bailey Bay). Two of the sites investigated, Barnes Lake and Bradfield, have
not been reported in any previous compllatlon of thermal springs in Alaska.
The recent discovery of the Bradfield hot spr1ngs in a remote area of the
Coast Range Mountazns suggeste other thermal sprxngs exist but have not yet :
been detected. .

USE OF m*méom S

The purpose of th1s open-fxle report is to provxde a ready reference of
detailed, current data bearing on the potential uses of geothermal spring
areas of southern Southeastern Alagka. The report is organxzed ‘into -several
sections so that the reader. depending on his fam111ar1ty with geothermal
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separately.

resourcea and the1r methods of investxgatxon, can use any part of - the report

LS
+

The fxtst sectlon is a brlef d1scusslon of hydrothermal convectlve ff;
systems, The next several sections deal with date acquisition and ‘sampling -

procedures, methods and precision of laboratory analyses, and geothermometr1c R :

models. Detailed discussions of each site investigated follow next and

_normally include for each slte the locatlon, general description, geology, - o
- spring” characterxatlcs, reservoir properties, and comments, The final section

prov1des a: general summary of southetn Southeastern Alaska thermal sprlngs.

- ‘For convenxence. a llst of abbrevxetxons, unit symbols, and converslon

factors is preaented 1n appendxx A',iw

f HYDROTHERMAL OONVECTION SYSTEMS

Hydrothermal convectlon systems ‘consist of a heat source, a f1u1d and a

rock medium with' enough vertical permeability to allow hot, low~den81ty fluids

to rise wh11e denser, cooler fluide descend elsewhere in the.system. In

hydrothermal convection systems, most of the heat is transported by convect1vei i

c1rculat10n of flulds rather than by thermal conduction through 8011d rocks.

i

Hydrothermal systems are classxf1ed into  two main types---vapor dom1nated o

and hot water—-~accord1ng to the .phase controlling heat and mass transfer. 1n
the deep thermal . reservoxr (thte and ~others, '1971). In: vapor-dom1nated

systems, the deep reservoirs are controlled predominantly by steam, usually at
temperatures of 240°C.  Their surface activity is characterized by fumaroles,

acid~sulfate sprxngs, “and acxd-leached 'ground with hot-spring chloride levels
usually below 50 ppm. - Such systems are- economically attractive for electric
power generation because they are generally clean and cheap-—-they requ1re
little more than drilling into the steam reservoir for the development - of
power. Unfortunately, these systems, occur only under unusual geological
conditions. = One example of a vapor-dominated system in:the United States is
the Geysers in northern California, which have been used to generate electri-
c1ty for several decadea. No vapor-domxuated Systems have yet been 1dent1f1ed
in Alaska. S T _ _ : Ee o

Hot-~water systema are dom1nated by circulatxng liqu1d wh1ch transfers
most of the heat and largely controls uubsurfece ‘pressures (although moderate.
amounts of steam may also be present), Their surface act1v1ty is charac~- .
terized by presence of sprxngs ‘discharging thermal water with chloride levels
above 50 ppm and with neutral to alkaline pH level. Some hot-water systéms

boil at depth, and- ‘the escaping steam gives rise to fumaroles and acld-sulfatef

springs, similar to the surficial features of vapor-dom1nated systems. Hot-
water convection systems are dxvxded into three temperature ranges (Whlte and
Williams, 1975): : , S

1) ngh-temperature systems: reservo1r temperatures are sbove 150 C. ]
Such systems can:be used for a variety of applxcat1ons, including the

generation of electrlcity, gpace heating, and processlng. "At least .

three hzgh-temperature systems have thus far been identified in
Alasgka: Baxley Bay in southern Southeastetn Alaska and Geyaers Bxght

e B e



and Hot Sprlngs Cove, both located on Umnak Island (Brook and others,;
1979) B R , o

' 2)rIntermed1ate-temperature systems' reservoir temperatures lie between -
©90°C and '150°C. Such systems can be used for space heating, some .
,1ndustr1a1 proceas1ng purposes, -and perhaps aquaculture. Future -
technological advances may eventually make electrical generation from
~intermediate systems pract;cal At least 28 intermediate temperature’
. systems have been identified in Alaska; some may.prove to be high-
" temperature hot water systems as more detalled informatlon is - :
obtazned ’ . S R

3)_Low—temperature syetems. reservoir temperatures lie below 90 c. Such
- systems can be,used for heat and perhaps’ agrlculture purposes (for -

- example, greenhouses) but most likely only in locally favorable cir-
_cumstances. Over 80 low-temperature systems have so far been identi~
fied in Alaska (Turner and others, 1980).. Some of these may prove to
have h1gher temperature reservoirs on closer exam1natxon.e, Sn

FIELD TECHNIQUES AND SAMPLING PROCEDURES

A standard pattern of sample and data acquxsition was followed at each

‘thermal area visited. At sites with multlple springs, water ‘samples were

normally obtained from the thermal spring with the highest temperature and

7: greatest dzacharge., At ‘some sites more than one thermal spring was sampled. -
~When cold: ground-water ‘springs were found in the immediate area, .samples were

'normally taken for slllca analyais needed for sxl1ca-m1x1ng models.

Water samples were collected flltered ‘and. treated follow1ng procedures:

‘described in Presser and Barnes’ (1974) The samples were ‘always obtained -at
. or as close .to the spring source 'as posslble. Filtration was usually through

a 0.45-micron filter (although some samples were fxltered through a 0.05- or

- 0.,1=micron fllter for aluminum and iron determ1natlons) Thermal-water

“samples obtained for silica analysis were normally. diluted in a 1:10 ratio.

with deionized distilled water to prevent precipitation and polymerization of

silica as the sampled cooled Hydrochlorlc acid was used for those samples
:requlrxng acxdxfxcatxon. R 4 A .

Blcarbonate and pH were determxned in the f1e1d by using methods de-

Rscrlbed by. Barnes (1964) "Field pH values were determined to the nearest 0.05

pH unit with exther 8 D1gl-senae digital pH meter, model 599540 or an Orion.

‘A”Research specific ‘ion meter, model 401. The pH meter was normally calibrated..

fagaxnst standard buffer aolutxona before and after each measurement. Readings

£

were normally- teproduCLble to + 0.05 pH units. Waters: were. t1trated with -

-0, 016398 sulfurxc ac1d for bxcarbonate determxnat1ons.‘ %

Water conductanee was meaaured by uslng an Electronxcs Instrument Ltd.

 Model MCl MRV portable conduct1v1ty measuring set. .Conductance is- reported in -

micromhos per centimeter at 25°C with a measurement accuracy of +3%. The

' ‘manufacturer's ca11brat10n oﬁ conductxvxty cells was ver1£1ed agaxnst standard o
' solutlons przor to departure for the f1e1d : : , LT '



Water temperatures ‘and ‘shallow soil" temperatures were measured w1th
either an Enviro-labs digital thermistor - probe DT-101 or a Brooklyn dial
 thermometer. All measurements are reported in- degrees celszus. The resolu-

' tlon ‘and accuracy of the digital thermometer are 0.05°C ‘and 0.1° °C, respec-”
't1ve1y, for the dial thermometers: they ‘are 0.25°C and 0.5° C. Spr1ng—tempera—
ture measurements were usually made at the spr1ng or1f1ce or as close to 1t as
possxble. . ‘ :

Wherever possrble, spring dlschsrge was measured with a Sc1ent1f1c
Instruments, Inc. pygmy flowmeter and reported in liters per minute (1lpm).

" Accuracies of these measurements were commonly impaired by ‘shallow channels,

low water velocities, and friction in the vane bearings. At.some. _springs the
discharge was determined by the time needed to fill a 4-liter. bucket. When it,
was not possible to measure discharge by erther of these two methods, an '
‘estxmate of the d1scharge was made.-' :

A reconnaissance of s1te geology was normally made at each thermsl ares.
This entailed examination and sampling of local bedrock, determination of =
- local faults -and fracture systems, and exam1nst10n and samp11ng of hot-spr1ng
deposits (1f any). cha) o
L i
LABORATORY ANALYSES METHODS USED AND PRECISION

Whenever: poss1b1e, laboratory methods of determination used by DGGS were“;:rw'

taken from the list of methods of choice for each chemical spec1es as pre-~ .
scribed by Presser and Barnes (1974). Table ! summarizes the methods .used and
presents the expected precision of laboratory analyses for 12 constituents
commonly found in water as determined by U.S. Geological Survey (uses) .~ .
Laboratories. Atomic-absorption analyses were run on a Perkln—Elmer ‘model 603
_atomic-absorption spectrophotometer usxng alr-acetylene and nrtrous—oxxdef“‘
acetylene flames under ‘conditions listed in the manufacturer's procedure '
manual. Colorimetric.and turbidimetric absorpt1ons were read on a Beckman DU L

Vis-UV single-beam spectrophotometer, using a matched set of four- 10-mm cells.’ :;‘,’M

An Orion model 701 dxgrtal pH meter and Orion specific ion and reference
electrode were used in the measurements of Cl » F, and Br .:“" :

DGGS wster analysrs procedures are currently undergoing a process of
standardization to conform to USGS established methods and quality assurance.-ﬁi
The USGS Branch of Water Resources is performing duplicate analyses on" .
selected samples and is serving as a reference lab for the initial stages of
the DGGS water analysis- program. The f1ne1 results w111 be presented 1n an
DGGS Open-fxle report. o

Most of the precisions given in table 1" for the various methods of ’f:i'SV“,VGﬁ'

analysis are based on data obtained through multilaboratory analysis of. ‘test

.samples prepared by U.S, Geologzcal Survey laboratories (Skougstad -and others, "

' '1979). Where possible, the precision is expressed in terms of a regressxon
equation over a stated range.— The precision, expressed in’ terms of the

relative devzatlon (the ratio of the standard deviation to the mean txmes 100 V"fw"
- 'percent) for various laboratory determinations is ‘given in Appendxx B .

(Appendix C lists rnductzvely coupled argon-plasma ‘determinations. )



. Table 1% Methods and expected precision: DGGS water—chemistry analyées

Chemical i |
species _ Reference -
510, A p. 495,
ca  Ap.107
Mg . Ap.177
Na ‘ = Ayb.VZSS
K . Ap.229
M. Ap.ATL
Rco; . Ap.si7,

S By €
so, bip. ko6
C1 .~ A p.589

" A p. 331

F A p.523, E

Description of method

Precision

,'Colorimetric-formation ~and reduction
of cilicomolybdate

; ,AA, chelation with 8—hydr0xyqu1noline
i and extraction with MIBK
_ AAiidirect aspixation

| AA; 1aCly added

© AA; 1aCly added -

AA; direct aspiration

AA;'ditegqraspiratiqn

i AA} direct aspiration

Electtometfic titration in the field

. of alkalinity using 0.01639N HySO,

and calculation from alkalinity and

pH data

i Turbidiﬁé;tic,‘bariﬁm sulfate complex

formed-using~BaClz

Mohr: titration using AgN03

g Colorimetric - ferric thiocyamate

Direct reédiné using épeéifié ion elect-
rode, Orion TISABIIL added. (CDTA‘ad*
justor and buffer)

' Range' 2. 0 to 40 mg/l

Sp = 0.073 x + 14.97 (ug/1)
Range: 75 to 800 ug/1

Sp = 0.056 x + 23,90 (uglx)j ;

- Range: 80 to 1, 000 ug/1

Sy 0. 057 x + 0.343 (mg/1) =

Range: 0.1 to 60 mg/l

sT 0.043 x + 0.134 (mgll)

. Range: 0.5 to 36 mg/l

Sy = 0.039 x + 0,448 (mg/1)
Range: 3 to 80 mg/l1

_Appendix B

Sp = 0.068 x + 4.84 (ug/1)

Range: 30 to 500 ug/l

i 2.0 ppm (C)

Std dev 9.1 (D)

Range: 1.0 ‘to- 210-mg/1 L
Sp = 0.056 x - 0,002 (mg/1)
Range: 0.1 to 10 mg/l

Appendix B




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

,‘ Chémical

| species Reference Description of method ‘ 7 - Préciéiona
Br D p. 291 Colorimetric oxidation of bromide and
: bromination of phenol red at pH 5 to 5.4
B . . A ﬁ. 311 . Colorimetric—complexing with carmine . Sp = 0,463 x + 20,2 (ug/l)
BT o o : ‘Range-‘30 to 550=ug/1
H ' C - - © ' See Barnes, 1964 o ‘ | ‘+ 0 05 pH units |

_5i‘!.CORCentration in mg or ug/l.u Quoted precisions are ffog Skougstad and others, eds. (1979) unless
otherwise noted. - ‘

R References
Ao Skougstad and others, eds, 1979,
B.  Presser and Barnes, 1974. : ‘ IR SN ] o ‘
C. Barnes, 1964, T L Lo . ; ;
. D. Rand and others, eds., 1975. P ‘ S e e e e e ey ‘ ‘ SR
* B. Instruction manuals for Orion Ionalyzer Specific Ion ‘ r
Electrodes, 1977, by Orion Research Incorporated.
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GEOTHERMOMETRY

Chemlcal geothetmometry has become an 1mportant tool for estimating
reservoir 'temperatures of ‘hydrothermal systems and has proved very ‘useful in .
determining ' the geothermal ‘resource potent1a1 of a specific region. There~ -
fore, much of the DGGS assessment work is aimed at prov1d1ng dccurate geother-"
mometry for the individual geothermal sites’ investigated. Summaries of the "~
various: geothermometers that have been applied to geothermal systems can be
found in ‘Fournier (1977) ‘and in Ellis and Mahon (1977). The geothermometers
are based ion temperature-dependent water-rock reactions that control the
chemlcal and isotopic ccmpositxons of the thermal waters. The most reliable

- and most frequently used  quantitative geothermometers are related to the
-gilica content and to the sodium, potassium, and calcium content of thermal

waters. Recent application of sulfate-water, oxygen- isotope geothermometry

‘to geothermal systems indicates this method may become a third 1mportant geo- -

thermometer, . part1cu1ar1y for higher temperature syetems (McKenz1e and
Truesdell 1977) . : :

r Assumptxons 1nherent ‘in using compos1txons of thermal waters to estlmate
subsurface temperatures have been summarxzed by Foutn1er (1977)

1. Temperature-dependent reactions 1nvolv1ng rock and water f1x the
 amounts of dissolved "indicator" constituents in’ the water.< ‘
2. There is ‘an adequate’ supply of all the reactants. : :
‘3. . There ‘is equ111br1um in' the reservoir or aquxfer w1th reSpect to the
 specific indicator reaction. N
4. No reequilibration of the indicator constxtuents occurs after the

" water 'leaves the reservoir, = :
5. " No mixing thh different waters occura duting movement to the sur—'
;f'face. Lo 7 v '

The attalnment of equ111br1um in the reservoir depends on a number of -
factors such- as the kinetics of the particular reaction, the temperature of
the reservoir, the’ react1v1ty of the wallrock, the concentrations of the
indicator elements in the: water, - and : the re81dence time of the water in the

. reservoir at the partlcular temperature. ‘Thus, in some situations, equi-

librium 1n ‘the reserv01r may be attaxned for some reactions and not for
others.

Whether ‘a water reequllxbrates after 1eav1ng a resetv01r durlng flow to

the .surface depends on simildr factors: - the rate of flow, the ‘path of ascent,

the type and reactivity of wallrock traversed the initial temperature of the

“reservo1r, and the kinetics of the various reactions that may occur. Dif=- -

ferent reactions may occur in an ascending water at different rates, There-
fore, the apparent last temperature of equi11bration may be dxfferent for

different chemical geothcrmcmetern.

For this report ‘the" sxlxce and Na-K-Ca geothermometers have been used

l.exclualvely for estxmating subaurface temperatures.



Sllmca Geothermometry

“The ail1ca geothermometer is based on the exper1mentally derlved
.relatxonshxp between .silica solubility, temperature, and pressure . (Fournier
and Rowe, 1966; Fourn1er, 1973)... Dissolved silica found in.thermal waters may
be supplied by temperature-dependent reactions between the thermal water and
either quartz, chalcedony, amorphous gilica, or cristobalite. Figure 2, Curve
A shows the solubility of quartz as a function of temperature ‘in equilibrium
with' gsatirated steam. Curve B shows the amount of silica that would be left
‘in the residual liquid after maximum loss of steam on ‘adiabatic ‘cooling to -
‘100°C and 1 bar pressure. Similar curves can be constructed for: the other
mxneraloglc phcsea of 3111cc. : -

. Fournier (1973) found that above 150°c, quartz controls the 8111ca equi~
librium and that the quartz geothermometer generally works best in the range
150-225°C. - When initial temperatures are above 225°C, gilica 'is 11ke1y to
precipitate on ascent to the surface owing to the relatively fast rates of
~reaction at higher temperatures and the attatnment‘of,supersaturatxon,w1th
respect to amorphous silica as the solution cools. For reservoirs below
'150°C , Fournier (1973): found that chalcedony and sometimes cristobalite or
r amorphous sxlzcc, rather than quartz, may control the dissolved silica con-
" tent. However, in granitic rocks Fournier reported that quartz may be the
controllxng mineral down to temperaturee as low a8 90°C (Brook and others,
1979)-. Thus, ambiguities can arise from the application of 3111ca geother-
vmometry in the renge 90°-150° C.—

Fxgure 2 or similar curves for the other phasec of axlxca can be used ‘to’
estimate reservoir tempertures. If the water sample is likely to have cooled
mainly adiabatically (by boxl;ng), Curve B, which corrects for the maximum

‘possiblé steam loss, is used If Ehe ‘gample cooled ma1n1y by conduction,
. LCurve A is used.

- voof,

pom

Siilec in dircnomdmrctor.

s i DU |
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Figure 2. Solubxlxty of quartz es a funct1on of temperature. Curve A shows
the solubility in liquid water in equilibrium with saturated steam. Curve
B shows the amount of silica that would be left in the residual liquid
‘after maximum loss of steam on adiabatic coolln: to 100°C cnd 1 bar pres-
: *rure. From Fournier and Rowe (1966).
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e estxmate reservoxr temperatures up to 250°C.

. face reservoir temperature.

‘The followxng emp1r1ca1 relat1onsh1ps can alternat1ve1y be used to

‘Amorphousfsilica'y I R P = 273015
el : o
" Beta=-cristobalite . 0 .o T.,fC'? ‘ =273.15

S i e T e 4 51,._ log C R

 Alpha=cristcbalite .~ T, "C= o '-7272.1;1g;”
"+~ Chalcedony - - T, = - 273.15
R PIr R A o o 1039 ‘ T
Quartz conductive 0. o ot ooF, Co= S = 273,15 0

B ST S B : 5 1§'J'fg§"E,»; N

T S LIPS L LS S P R 1522 IR
~ Quartz adiabatic (after steam lose) - T, °C= __ = 273.15
' s RS T e T ,5 75 -log C:= - :

'f"C" 1s the concentrat1on of 8102 1n m1llxgrams per kxlogram of water.

k4

Brook and othera (1979) revxewed the problems assoc1ated with 1nter-

' ‘,pretlng high S102 levels in highly alkaline spring waters (pH >8). 'In alka-

line: waters, hydrox1de reacts with silicic acid to reduce the proportxon of

- 3111c1c ec1d to total dxssolved sxlzca'

’ Dxeeociated'“

Silicxc acid- Hydroxide,;ir'silicic ‘acid . . ‘Water
Hasloa B OH L. H35104 L f" * Hzo

The total concentrat1on of disaolved e111ca measured in the laboratory, '

'however, is H,5i0; plus Hj §i07, and: ‘must therefore be :reduced by the =~

concentration of H3S1O 4 to obta1n an accurate estlmate of the subsur—e’” P

, {

To correct for the dxssoclation of gilica in alkalxne waters, a sxmple :

,f.correctzon ‘suggested by ‘Brook ‘and others (1979). has been: adopted in" this
- report, ‘The concentration of silicic’ acid is determxned at.‘the spring

temperature and pH. This concentratlon, recast as’ 3102, is then used in the
appropriate geothermometer, - -There is considerable dxsagreement about’ the’
value of the first diesocxatzon constant ‘of silicic ‘acid at temperatures above -

30°C (Seward 1974). - The -valuee used in this report were taken from Ryzhenko L _
- (1967) .. Correetione for ‘the. dieaociation of nilicic acid are not made unless SR

the correctxon 13 10 C or more.,»f

«11=

- s



 gilica Mixing Models

One of the assumptions 1nherent in using geothermometry is that thermal-
 spring waters are undiluted. However, the waters issuing from many (if not
most) thermal springs probably consist of mixtures of deep hot water and “shal- "
low cold water. Fournier and Truesdell (1974) described two mixing models

that may be applied to springs with large rates of flow and temperatures below
boiling, . These models ere based on the relationship between the -enthalpy and. .
silica content of the ascending thermal water, the cold ground water, and the
resultant mixed thermal—spr1ng water, In the first model the enthalpy of the
hot water plus steam that mixes with and heats the cold water is the same as
the initial -enthalpy of the deep hot water; the deep hot water may ‘boil below :.

- mixing, but all the steam condenses in the cold water. In the second model

. the enthalpy of the hot water in the zone of mixing is less than the enthalpy
o of the hot water at depth owing to escape of steam during ascent.

Barrett and -‘Pearl (1978) aummarzzed the additional assumptlona, g1ven
below, whxch are 1mp11cit in the use of these m1x1ng models.

I. Initial silica content is controlled by the temperatute-dependent
reactions between the deep thermal water and the various sxl1ca
- phases,
2. Additional silica is nexther dzssolved ‘nor deposited after mzxzng.‘f
3.. The temperature and silica content of cold springs are similar to of R
the ground water -that mixea with the ascending hot water.' o

Truesdell and. Fournler (1977) devised & simple procedute for applylng :
these models, in which a plot of dissolved silica vs enthalpy is used (fig.
- 3). PFor the situation in which no steam is lost before mixing, the silica and
heat contents (enthalpxes) of the cold and warm ispring waters are plotted as.

two points, A and B.. A straight line is drawm through these points. to 1nter— o

sect the quartz solub1lzty curve (note that below 100°C the. temperature in |
degrees Celsius is numerically equivalent to cal/g) Point C then gives the
original silica content and enthalpy of the deep hot water. The original
temperature of the hot-water component is then obtained from steam tables
(Keenan and others, 1969). The fraction of hot water in the warm spr1ng is
obtained by d1v1d1ng the distance AB by AC.

For the sxtuatlon in which the maximum amount of steam is lost from the
hot water before mixing, the silica and heat contents of the cold and warm
sprxng waters are plotted as two points, A and D, in figure 3. A stralght R
line is drawn through those points and extended to the enthalpy of the '
residual liquid water at the assumed. temperature of separation and escape of

steam, taken here to be 100°C.  In this case the residual liquid water before"',:, v

mixing will have an enthalpy of. 100 cal/g. poxnt E of fxgure 3. . The or1g1na1

enthalpy of the hot-water component is obtained by moving hor1zontally across . vp;t:,

‘the diagram from point E to the maximum steam loss curve, point F.. The .
original silica content of .the hot-water. component is ngen by point G. The
fraction of hot water (after steam loss) in the warm spring is obtained by .
dividing the distance AD by AE. If steam .is assumed ‘to, escape from water. at a:
“temperature. above 100°C, the original enthalpy of the hot water :will lie at a.
valuye along - a horizontal ‘line, between the maximum steam loss curve and the -
quartz solubzlxty curve (no steam loss). : :

: -12—
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F1gure 3 S111ca m;xxng “model” ‘examples. The gtaph which” nges dissolved‘
‘silica vs. enthalpy, ‘is” used for- determining ‘the tempetature of warm spring

. water derived by mixing a hot*water component thh cold watet.' From Trues—
dell and Fournier (1977) BRI -

Brook aﬂd others (1979) polhted out that the probleﬁ with any unexplored

i hydrothermal gystem is in proving that the water issuing at the surface is
" indeed mixed. 'One’ proof ‘would be a linear trend between. ‘measured spring -

“tempertures and chloride concentration (for examplé, Fournier, 1979). Normal
ground-water usually has low chloride concentratxbns, vhereas thermal waters
from hxgh-temperature systems usually contain about several hundred. mxllxgrams
‘per liter of chloride. A linear trend between the 1sotop1c composition of the .
water (deuterium of oxygen-18) and dissolved chloride ‘is another ‘proof of
mixing - (Mariner and Willey, 1976). Unfortunately, very few" -areas have
‘sufficient springs ‘of different chemzcal and 150:op1c compos1t10n to prove f
m1x1ng by such rigorous cr1ter1a. - :

Sodium-Potasslum-Ca1c1um Geothermometer

The Na-K-Ca geochermometer is based .on-an- empirical relatxonsth between SRR
the molar concentrations of" ‘sodium, potassium, ‘and’ calcium ions and water -
temperature. Fournier and Truesdell (1973) presented -a detailed account of
the geochemlcal theory ‘involved ‘'in the development of ‘the Na-K-Ca geother— . :
mometer. Temperature is: related to water compos1:ion, 1n molallty, by the S

",follow1ng empxrically derlved equatxon-fi‘

1647

e e

log Na +B logvﬁi +. 2. 24
e Na

a3



where::

Na, K, Ca = ionic concentratlon in moles/liter of the sodlum, potass1um,
and calcium ions in the hot water. - '
T, C = estimated subsurface: temperature in degrees celgius
B = 1/3 for T > 100°C ' :
B =%/3 for T < 1l00° C

: The equat1on is fxrst teeted to see 1f settlng B. equal to 4/3 yields a
temperature below 100°C; if: it does not, a value of 1/3 is used for B to
estxmate the equ111bretzon temperature.u _

Barret and Pearl (1978) snmmar1zed the assumpt1ons for the use of ‘the

Na-KwCa geothermometer. : :

1) No mixing occurs between the elcendigg thermel vater nnd shallow

ground water

Mixing between the hot thermal water and shallow, dilute, ground water
~ will have little effect on the eodxum-pota381um ratio but may affect the’
calculated calc1um—sod1um ratio because of .the square root of calcium term. . -
If the original calcium content of the undlluted .thermal water -is  low, mixing
will have little effect on the geothermometer results, If the,calclum content
of the undiluted thermal water is high (greater than 50 to 100 mg/l), mixing .
with dilute ground water w;ll cause the subsurface temperature estimate to be
too low. : : S :
'2) Sodium, potassium,. and calcium concentrations in the thermal water
are controlled by temperature-dependent equilibra with albite,
potassium feldspar, and celcLum—bearxggﬁeerbonate mznerala.

The sodxum, potaseium, and calc1um ratios are strongly affected by thep
bedrock mlneral suite. Dependxng on which mlneral suite controls the ‘water: .
comp031t1on, a wide range in temperature estimates is possible, At similar
water temperatures, the sodium—potass1um—celc1um ratios are: w1de1y variable .in
--solutions. equllxbrated with potassium feldspar and albite, muscovite and.
alblte, alkelx—bearxng carbonates, or other mlnerel suites.

For example, waters equlllbrated w1th mineral su1tes contaln1ng pot3331um4

- feldspar but no albite (sodium-deficient mineral suites) will provide exces-

sive subsurface temperature eetxmates,, On -the other hand, waters. equ1l1brated,
" -with mineral suites containing albite but no potassium feldspar (potasslum—r -
deficient mineral suites) will yield temperature estimates that are too: low. .

. Waters in equilibrium with alkali-~bearing carbonates (evaporite _sequences)

rfgenerally yield excessive temperature estimates. However, equilibration. with .
zeolites may yield minimum ‘temperature estimates. :

“3) Little or no reequilibration occurs during ascent

Changes in the sodium-potassium-calcium ratios in thermal waters may be’

x. great or negligible, depending on the rate of ascent and the relative

- reactivity of the rocks and minerals along the flow path. Low-calcium thermal



"

waters generally y1e1d low subsurface: temperature - estlmates because of con-

" ‘tinued reactions between water and wallrock during .ascent (increased aqueous

calcium ion concentration).. High-calcium-content waters, however, may yield
excessive. geothermometer temperature estimates because of calczum-carbonate
depoe1t1on (decreased aqueous calecium ion concentrat1on) durlng ascent.

Fournler and Pottet (1978) reported that the. hlgh concentratxon of

‘3magne31um or large magnesium-to-calcium ratios in- some waters was interfering
‘with the Na-K-Ca geothermometers. A modification to the Na-K-Ca geother-

mometer used in this assessment -was recently devised by Fournier and ‘Potter to
correct for these adverse effects of magnesium. Graphs or empirical formulas
are used to determine temperature corrections when waters have Na-K-Ca cal-

.. culated temperatures ‘above 70°C and values of R less than 50, where R = Mg/(Mg

+ Ca + K) x 100 in molar equivalents. Waters with values of R greater than 50

- are thought to. come from relatively cool equxfers about equal to the measured

spr1ng temperature, regardlese of much hxgher calculated Na-K-Ca temperatures.
Accuracy of Geothermometry

The: accuracy of the geothermometers depends on the accuracy of the lab-
oratory analyses for the various constituents used in the geothermometers.,

The followxng example .illustrates the possible variations in subsurface tem-

perature estimates resulting from normal laboratory analytical error. “The 95
percent confidence limits (two times the standard deviation) can be determined
from table 1 and AppendixB. Using data from Bell ‘Island hot springs, the
var1at1ons 1n constituents used in the sllxca and catxon geothermometers are?

i Tempereture. ji_ SRR 74 C S

v 108109 o o vt o 0108 + 8 mg/l
o Na e o o176 14 mg/l o

S ¢ 727 1.6 mg/l

,:Caﬁwr 4;»,3 SRR 8.3»:_1 6. mg/l

Applymng these ranges pf values to the exlxca and the Na-K-Ca geothermo-
meters ‘gives the f0110w1ng resulta' , ,

silica geothermometer temperatures ( C) CLow - Reported :rHighV

Na-k-Ca (4/3) © . ;=;;'ar=-;<>..-: 03

Concentratlon (mgfl) o \.l00~-5 108 116
 Adiabadic" oo e e 133 0 136 140
' Conductlve -,4;~£'* emi Gaie e e DT 3 N2 e 146
“Chalcedony = "/ cwoooefenootho 1100 o 1150 o 120
_‘Cristobalite .- . - oo w87 .91 . g5
0Pl E T f e e s R T S
: Catxon' Geothermometer temperatures ('C) ~ Low - . Reported ~  High -
- Na-K-Ca (4/3) - B , -~,~-‘l29 SRS Y 158 :
*3117 “ ~’130 ‘-

The Iow and hxgh temperature ranges glven above for ‘the cation’ geothermo-

" meters are based on using the respective minimum. and ‘maximum values in the 95

percent conf1dence range for Na and Ca, and the respective maximum and minimum
values in the 95 percent .confidence range for K. These ch01ces g1ve the
wxdest possxble apread in temperature estimates. I I :
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' The locatzon of thermal spr1ng areag in southern Southeastern Alaska are 17

DESCRIPTION oF INDIVIDUAL THERMAL SPRING SITES

~shown in figure 1. The numbers are keyed to the discussion of individual -

. sites and to the table on page 64. -The existence of several thermal spring

" sites that had been préviously reported ‘could not be substantiated and are
"discounted. The thermal. areas are described in numerxcal order w1th thermal
areas ‘in the same general regxon discusaed together., - N T

The followxng form is used 1n discuasing each thermal spr1ng sxte

1nvest1gated
C ol Spting name

Location: includes. latitude and’ longitude to the nearest" tenth of 'a “* = "¢
~minute; the topographic. quadrangle map and townsh1p, range, sectxon, SR

and one-quarter sectxon in vhlch the szte 13 located

General descrlptxon' 1nc1udes dlstance and dxrectlons to the area
from the nearest town or other prominent geographxc feature; -type of
surface activity; location and number of springs; area of surface

“expression; local drainage; topography and terrain- vegetatzon- type :

of development if any; Iand status.

'Geologx: includes dxscuasion of thermal spring host rock- local rock
"types -and contacts; and .local -and regional faults, fractures,: and

photo interpretation of lineaments. A geologic map of the area is
normally provided. These maps are usually adapted from previously
published geologic maps of the ‘area, modified by any f1nd1ngs o
obtained dur1ng DGGS reconnalssance of the area. o

Sprxqgfcharactetzst1cs. includes temperature measurements°'assoclated
deposits; gases; unusual characteristics; water chemistry; water
-type; other physical propertxes' and comparxsons with ear11er stud1es.

Reservoir propertxes 1nc1udes d1scusslon of geothermometry, m1x1ng '
models- wvhere applicable; and estimates of reservolr temperature, e

.volume, and thermal energy content.

‘The technzques descrlbed by the USGS for estimating reservoir pro-

perties have been adopted in this report (Brook and others,: 1979;

Mariner and others, 1978; Nathenson, 1978). A judgment is made as to -

the minimum, maximum, and most 11ke1y subsurface temperature based on
geology and geothermometry, and on geophysics and downhole measure-

" ments where available. - (Subsurface temperatures derived from 8111C8 ,

mixing models are not used in estimating reservoir tempertures in
this report unless corraborative evidence for mixing exists, for .
example, chloride-enthalpy analyses or water oxygen isotope
analyses.) . A mean reservoir temperature and standard deviation are
—then'calculated following—ﬁethode described by Nathenson (1978)*

‘Estimates of teservoxr volume are made from ava1lab1e geologxc, geo-

phys1cal, 'and bore-hole data. Few thermal\sltes .in Alaska,

e



P

however, have had even cursory geophysical exploration and only one
. site, Pilgrim Springs (Turner and others, 1980), has undergone °
- exploratory: dr1111ng. Except for some shallow seismic studies at .
.. Bell Island hot springs (Pyle, 1978), there has been no geophysical ™
.,exploration of thermel sites in Southeastern Alaska. To obtain a
" gpeculative estimate of the. thermal-energy content of unexplored
hydrothermal systems, a.standard mean reservoir volume based on
general geological and resources-exploitation constraints: . was .
i ,adopted for such sites (Mariner and others, 1978). The standard
' reservoir is taken to have a circular area of 2 km2 and a thickness
of 1.7 km centered at a depth of about 1.5 km, S

The accessxble resource base for a hydrothermal system, def1ned by -
Brooks and others (1979) as the amount of geothermal energy within a-
‘specxfred volume 'of rock ‘and at a apectfxed temperature referenced to

- 15°C, has been adopted for this report. The depth limit of economic

‘hproductron drzllzng for geothermal resources is currently sbout 3 km;
any system or part of -a system below 3 Im 13 therefore not con—~'

' srdered ,

ﬁ'Thermal energy (Q). of each system is then calcuieted fromvthe equetion:'
Qe V(T -1y |
where:

‘,fpc - volumetrlc spec1f1c heat of rock plus water
o (pc - 2.7 J/cm3 -*'c)y TP
' V ‘= mean volume (converted to cm3) '
T = mean temperature (°C)
T, = reference temperature (15 ).
The VOlumetrlc spec1fic heat (pc) is calculated assumlng the rock
specific heat to be 2.5 J/cm3 °C and the reservoir porosity to be
15 percent. The,method of calculat1ng the standard devxation is :
" given in Nathenson (1978) R :

7. Comments: this section discusses speculations on the cause of the
- thermal springs; potential. usefulness of: the geothermal resource,
‘_unusual characterlstics, and other mlscellaneous items..

8. Tables: . = '
1) Physical propertres and chem1ce1 compositron of thermal waters,
including: sample source, collection date, major element chemical
e compositron, discharge rate of spring. aamplea, temperature, etc.;f
. 2) ‘Geothermometry, - including: all cation,‘all silxca. mixing models e
where appliceble. e . e

9.7‘F1 ures: = : ‘ o
1) Geologic map generalxzed from ava11ab1e 11terature.A
' 2) Photos of srte.,,‘v o C e _tx;,

o ."»,z:

. : Appendxx C provides. a table of minor and’ trace-element constltuents of
‘the thermal waters as determlned by 1nduct1ve1y coupled argon-plasma
analyses. '



, ‘15iqa:EF*sHAxEs HOT spachs‘ El

Location ' R . ' R '
Latitude 56' 43 of N., longltude 132° 00. 3" Wy Petetsburg C-l 1: 63 360
Quadranglel (1953) T. 59 S., R. 85 E., sec, 34 SE 1/4 of NE 1/4 of
Copper River Meridicn.‘w, I

General Description : v T : S

~ Chief Shakes hot springs are located north of the St1k1ne R1ver, about 35
km NNE of the vxllage of Wrangell, Alaska (fig. 1). The springs are acces-
sible by boat via the Stikine River to the ‘Ketili River (a side slough of the
Stikine), thence 3 km up a weet-flowxng tributary located sbout 4 km from the,
.. mouth of the Ketili (fig. 4). Durxng high water, .a ehallow draft boat can be
" floated to within 200 m of the springs. The springs are within the Tongass
National Forest ‘and  are managed by the u. S Forest Service. -

The St1k1ne Valley is a spectacular glacxated valley ‘flanked by numerous
hanging valleys and steep granitic walls that are nearly vertical in places.
Glaciers still cover much of the higher elevations. Shakes Glacier, NNw_of
“the spr1nga, descenda nearly to. rxver level.

. The hot springs 11e along the base of a steep glaclated gran1t1c clef

' that forms the north side of the Stikine Valley. The prinicipal. spring -
(spring 1) emerges from beneath boulders at the cliff base, about 15 m above
average slough-watet level. Pert of the waters from this spring are chan-
neled through a pipe to a large wooden tub enclosed in an A-frame structure,
about 100 m downslope from the spring source. The hot tub and enclosure were-
constructed by residents of Wrangell who commonly use ‘the hot spr1ngs for

_ recreat1ona1 purposes. : :

At least seven additional hot sprxnga are located from 50 to: 200 m down-
slope ‘from the A-frame, These springs emanate from small fissures in the
granitic cliff near the base of the cliff and from the alluvium floor. Most
.. of these are minor springs with very low discharge. One of the .springs, how-
ever (spring 2), has a discharge and temperature comyarable to the principal
spring. The spring at the lowest elevation in the series lies about 5 m above
mean slough water level.

‘The hot springs waters draxn through a gently sloping meadow about 200 m
by 300 m, located south of the cliff, and thence into the slough. The meadow
is surrounded by willow and tall stands of sitka spruce and hemlock.

Geologz‘
 Bedrock in the'vicinity”of Chief Shakes hot opringa has been'repo;ted,as‘
‘granodiorite and quartz diorite of Tertiary-Cretaceous age (fig. 4) (Beikman,
1975; Buddington and Chapin, 1929). The bedrock is though to" be part of ‘the
Coast Range Batholithic complex. The contact between the 1ayered gaeiaea and

ICh:.ef Shakes hot springs actually lie about 3 ka due east of the pos1t1on
shown on the USGS topographlc maps. Lo

-18-
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phyllitic schists, which are part of - the Wrangell-Rev1llagxgedo be1t of
regxonally metamorphosed rocks, with the west margin of the Coast Range Batho-
;. lith occurs asbout 15 km to the west of Chief Shakes. :

Budd1ngton and Chapin's mapping was complled at a 1:500,000 reconnals-
~sance scale. No detailed geologic mapping has yet been done in the Chief
Shakes area. During our reconnaissance, bedrock in the immediate v1c1n1ty of
‘the springs was found to be a fine- to- medlum-graxned granitic gneiss with
distinct to faint foliation defined by alignment of mafic minerals and potas-
~sium feldspar crystals. The rocks: are ‘composed primarily of: plagxoclase,
potasslum feldspar, quartz, horablende, and biotite.

v The base of the c11ff at the spr1ngs is. covered w1th colluv1um'rthe val-
ley is floored with river alluv1um.ivr : -

The Coast Range 11neament _which extends along the western border of the
Coast Range Batholith, is locsted 15 km west of Chief Shakes hot spr1ngs
(Twenhofel and Sainsbury, 1958). 'No major linear occurs at the springs 1tse1f
but the rocks of the area are heavily fractured. Several joint sets are
observable on aerial photos of the area. : The most promxnent sets trend N.-S.,
E.-W., N, 60 E., and N. 55 W. The cliff face ‘above  the sprlngs 1s approxx-
mately: parallel to the N. 55 W. trend, - . : : o .

» Dur1ng our reconnaxssance, a large fracture w1th an att1tude of N. 57
E., 70° N. was noted in the cliff face :several feet above the prznclpal hot -
spring. Several other joints with this general attitude occur in the im-
mediate vicinity of the hot springs. Another joint set observed at the .

- springs had an attitude of -ttike N. 48' E., dip 80' N, ‘ L

Spring Characterlstics ) :

Table 2 gives the chemical comp081t10n and summarizes physxcal propert1es
of the two hot springs at Chief Shakes with the greatest discharge. Earlier
analyses are included for comparxson. The principal spring measured 50. 4 C;
spring 2 was 45°C. The other sprlngs ranged from 26 C to 50° C

D1scharges from. spr1ngs 1 and 2 were measured by using a pygmy rowmeter
and were determined to be 320 lpm (+ 10%) and 135 lpm (+ 20%), respectively.
The flow from the remaining springs is very low, the combined discharge
estimated to be not more than 15 lpm.. The total d1scharge of thermal spr1ngs
at Chief Shakes is est1mated at 470 lpm. .

Waring (1917) reported a d1scharge of 380 lpm and & temperature of 52 c,
apparently for epring 1 at Chief Shakes. More recently Sloan (1976) reported
a flow of 200 lpm and a spring temperature of 50.5°C. 'The quality and -
accuracy of the enrlier flow mealurementn were not stated.

Mo odors were detected at- any of the Chxef Shakes hot springs.< 811ght
gas bubbling was noted at spring 2, probably C0,. Bright blue-green algo-
mats lined spring channels where temperatures were about 40°C or higher.
~Whitish carbonate deposite veneered dry parts of the hot spring channels. -
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Mg

§109
AL

- Fe

Ca

Na

K
‘L

HCO3
CO3

-804

c1
F
Br
B - ,
pH, field
Dissolved solids
Hardness .

Sp conductance
T, °C " -
Flow rate, lpm

Date oampled

filtern

3

‘338

Table 2. Chemical composition ‘and physical properties
S _of Chief Shakes Hot Springs.
" (Previous USGS analyses included for comparison,

a11 chemical analyses in mg/l )

'DGGS

70
. .<0,01¢
- <0.01

137
4.9 .
1.3 -

027

0
7,90

35

o427 o

50,4
320
9/!8/79

, ‘DGGSV o uscsa . usesP ;
Spring 2 . Spring 1 -Spring 1
B 70 108

SO L 1.2
- 0,017 .. 0,01 TSR TE
14 15 13
0.2 0 0.4

- 82 . .73 . 8T
29 . .3.0 9,3
0,01 o.oz R

50, L 45 - 43
149 140_,' 142
4.6 6.3 : 6.5
1.3 g R
0.29 - N
0 . 0.03
8.05 . 7. e
342 330 . 409

o415 . .. 390
45 50,5 . . 52
135 . 238 o 441

o8/ 111176 6/19/15

- aWater quality analysis file, USGS Central Laboratory, Denver, CO, L
- collected by C,F. Sloan. - .- : -

‘byaring (1917). =

,cAnalyaes performed on water aamples filtered through 0 05 micron
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On the basla of the chemlstry given in table 2 the waters are classzfxed
as a moderately concentrated sodxum-sulfate water. The content of chlorlde o
compared to sulfate 1s notably low.; S -

Reservoxr Propert1es

: Table 3 summarizes the applxcatxon of silica and cation geothermometry to
‘Chief. Shakes hot springs. The Na~K-Ca (4/3) geothermometer of 66°C indicates -
subsurface equilibration took place at temperatures below 100°C. The Na-K-Ca
(4/3) temperature is also very similar to the cristobalite geothermometer
result of 60°C., Considering the granitic gneiss host rock, however, it is'

- doubtful that cristobalite would be the controlling mineralogic phase for
silica equ111brat1on. For granitic rocks, chalcedony or quartz are probably

.. more 11ke1y to control silica equilibration when reservoir temperatures are

below 150°C (Fournier, 1973; Mariner and others, 1979). In view of the
_uncertainty of the controll1ng mineralogy and of the 1nd1cat1on of subsurface
equilibration below 100°C, the Na-K-Ca (4/3) geothermometer is chosen as
representative of the minimum reeervoir temperature, the chalcedony as the
most likely, and the quartz conductlve as the maximum temperature:

M1n ‘ Max g Most likelz Mean - Std Dev

_Subsurface T ('C) 66 118 - 90 i ‘91 . 10

The values chosen are based on DGGS spring~-l water chem1stry (table 2).
These reservoir estimates supersede earlier estimates appearing in USGS Cir-
cular 790 (Muffler, 1979), which were based on Waring's analyses. Although -
the quality of Waring's chemlcel analyses is unknown, both the cation and: the,
silica geothermometers based on his reported analyses gzve much hlgher )
reservoir. temperatures ‘than the more recent analysee. In addition, War1ng
reported a spring temperature slightly higher than exists now . Th1s suggests
" that either reservoir temperatures have actually declined or perhaps m1x1ng of
‘colder water has 1ncreased.

The two principal hot springs-at Chief Shakes issue from the surface at
temperatures below boiling, have large flow rates, and cation geothermometer -
temperatures considerably sbove orifice temperatures. These factors suggest
mixing of colder waters (Fournier and Truesdell, 1974). A cold spring in the
area was found to have a temperature of 8°C and a silica content of 8 ppm.

' Following the method of Truesdell and Fournier (1977), application of chal-
cedony mixing models gives the following results: '

Parent hot water

_ _Mixing model Max T (°C) 810"(ppm) Frectxon ()
1. Maximum steam loss © 132 46
2. No steam loss 186 275 24

There is no observable steam loss at the ground surface. If steam
separates it either goes to heating wateérs other than that emerging at the
~ springs and model 1 may be applicable, or the steam remains and heats cold

waters m1x1ng with the hot water fractlon and model 2 may apply.

v Temperatures from the chalcedony m1x1ng wnodels must be used w1th cautxon
No corroborative evidence exists for mixing. Further, res;dence time in the .
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granitic rock of cold spring watere sampled may heve;beenwrelatively short and
not representatlve of waters actually mixing with the hot-water fraction.

3

: No geophyszcal exploretzon has. been done at Chief Shakes and the extent

‘'of the subsurface reservoir is not known. Using ‘the USGS Suggested standard

reservoir volume and the mean reservoir temperature of 91°C glves the fol-

'-lowlng estimates:

) Volume (km3) = 3, 3i std dev = 0‘9 '
Thermal energy (10 J) s 0, 67"std dev = 0 22

'These values must be v1ewed as hlghly apeculatxve est1mates. ,r o

Comments

-‘The hot’s§r1nga probably result from deep cxrculatlon of meteor1c ‘waters

- along fractures and faults. Fluctuatlons in spring discharge are indicated by
. comparing reported flow measurements. for sprlng 1. . The difference, howeve;,

could be attributed to difference in measuring technlques and the error

1nherent in measur1ng water flow in shallow dhannels. L
ﬁ

The sprlngs emerge at the ‘base of a gran1t1c clsz at and near the con-

“tact with colluvium and river alluvium., Some of the ascendxng thermal water

may discharge beneath the surface into river alluvium and also perheps xnfxl-
trate the Stikine R1ver and ‘go undetected. :

‘ Geothermometry 1nd1cates reserv01r temperatures ;te'ﬁellfbelow that

_reQulred for generatlon of electrical power._ Chalcedony mixing models, how-
. ever, suggest reservoir temperatures ~may be h1ghet than that 1nd1cated
;Astr1ct1y by geothermometry. ;

“Table‘ﬁ.'Chief Shakes - hot'springsvgeuthetuometfi.ti -
(geothermometry based on water chemistry given in table 1;
, : all temperatures in degrees celsius.) - NS

DGES e~DGGSV " uses. USGS

. J?l rSptiqgllaw ‘spring 2. Spring } RO Spring B
Sutface”temperature 'i‘50;4'°.,i 7‘-45' =;L : 50.5 fﬁif* 52 i
_ (measuted) s EE S SR N R e , BT NS
i\ Cation geothermometers R I e R T
_Na-K-Ca (1/3) 123 o116 1270 o 1S
~ Na-K-Ca (4/3) 66 o 66 63 - 105
b’Silica geothermometers [ ;;‘ SN .

- ~-Adiabatie: . - - AV e 112 nr oo 136
Conductive 118 113 118 142
Chalcedony 90 o 84 590 . 115

~- ‘Cristobalite 68 o 62 68 : 91
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2. BARNES kLAKE (PARADISE) «WARM 'SPRINGS
Locatxon I ' - oy
Latitude 56' 40,8 N., longltude 131 52.9' W., Bradfield Canal c-6
1:63,360 Quadrangle (1955) T. 60 S., R 80 E.,,sec. 9, SW 1/4 of W 174
of Copper River Meridian. . o
General Description
Barnes Lake warm springs (alao locally known as Paradise warm sprlngs)
are located 2.5 km north of the Stikine River and about 2 km due west of the
U.S.-Canadian border (fig. 1). These" sprxngs ‘had not been reported in any
prev1ous compilation of Alaskan thermal springs and .were brought to our atten-'
~tion by the .U.S. Forest Service in- Wrangell and Petersburg, Alaska. The . = .
springs are situated 1/2 km ENE of Barnes Lake in a narrow valley cut through _
bedrock (fig, 4). The springs are accessible by boat up.the Stikine River,
. thence up Guerin Slough, and thence overland northward for about 1.5 km. At
o very high water, a shallow-draft fiver boat can be brought onto Barnes Lake
via Ketili Creek. The springe are located thhln the Tongass Natxonel Forest '
and are managed by the U.S. Forest Serv1ce.

o ‘The regxon s topography is a result of intenae gfacxer scour, G1ac1ersv
'still reside on Mt. Gallatin, a 5,100~ft peak directly north of Barnes Lake.
A thin veeneer of colluvium and river alluvium floor the tributary valleys

surround1ng Barnes Leke.

There are two werm eprxngs, one on either elde of the stream that flowe
through the narrow bedrock valley. The springs are difficult to find b‘cause
of thick underbrush and low temperature of the waters. The. first spring .
emerges in a shallow pool in alluvium near the base of the gran1t1c ‘bedrock
knob on the west side of the narrow valley. The pool is about 35 m west of
the stream and at an elevation of asbout 35 m, The second spring lies on the
east bank of the stream, about 200 m upstream from the first spring. The

;sprxng occurs as a seep in water-saturated muds and is located at the base of
a granitic cliff that forms the east wall of the valley. A cleft 1n this
cliff, about 5 m wide, occurs directly above ' the warm seep. ‘

The area surroundxng the eprings ie' thickly vegetated thh wxllows,
devxl's club, and ferns. Sitke epruce and hemlock also occur in the area.

. Geologz .

Bedrock in the area has been teported as Cretaceous granltlc rocke',
granodiorites and quartz diorites of the Coast Range Batholith (fig. 4),'
(Beikman, 1975; Buddxngton and Chapin, 1929). No detailed geologic mapp1ng
has yet been done in the area. Country rocks in the vicinity of the springs
examined dur1ng our reconnaissance was found to be a medium-grained foliated
biotite gneiss containing large nodules of quartz., Foliation attitude as-

- defined by orientation of biotite crystals was strike N. 59° W., dip 48°'N
In places, biotite forms up to 40 percent of the rock. Other_cbnetituents
include quartz, potessxum feldspar, and plag1oc1aee.

.o Major fracture patterns which appear on aerial photos of the Batnes Lake :
_area trend N 60° E.. N 75 W., N. 40-55 W., and N, -S. One prominent : - . -~
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l‘frecture trending N, 60 E. lies ‘just north of the epr1ngs. The'opriﬁgs them-
,1}'se1ves are aligned along N. 60° E. The walls of the cleft above the second
.. spring also have this same generel trend end a dip of 66' N..

.Spr1g§ Characteriet1cs‘

Table 4 provides a summary of the phy31ce1 properties and a partial

“chemxcel analysis of waters from epring 1. The pool into which this spring
issues measures sbout 3 m in dismeter and is 1/2 m deep. Noticeable gas bub-
"bling occurred intermittently at the pool lasting 1-5 sec with a periodicity

of 30~60 sec. Pool temperature was 26°C and water flow out .of the pool was

_Jestimated at 30 lpm. _This flow joins cold sprzngs and eventually drains into
«the maxn valley stream. . . :

Flow at the second sprzng was a trlckle from eetureted muds, Temperature.

“at 10 cm. -depth regxstered 27 C. '

On the basls of water chemletty of spring 1, the waters are classxf1ed as
moderately concentrated: eodxum-sulfate waters similar to Chief Shakes hot B

'sprxngs.

Reservoir Propert1es IR S B SRR K

Table 5 summarizes the applxcatxon of e111ca and. cation geothermometry to

_ Barnes Lake warm springs. The Na-K—Ca (4/3) geothermometer of 62°C indicates

subsurface equ111brat10n took ‘place at temperatures below 100°C. The Na-K-Ca

(4/3) temperature is:also very similar to the cristobalite geothermometer

result of 68°C. 1In view of the granitic gneiss host rock, however, cristoba-

.. lite is probably not the controlling mineralogic. phase for silica equilibra-~
“~tion, - For granitic rocks, chalcedony or quartz are more 11ke1y to ‘control

gilica equilibration when reservoir temperatures are. below 150°C (Fournier,
1973; Mariner and others, 1979). Because of the uncertainty in the control-

7;11ng mineralogy and the indication of subsurface equ111brat10n below 100°C,

‘the Na-K~Ca (4/3) geothermometry is chosen 4s representative of the minimum
reservoir temperature, the chalcedony as the most - 11ke1y, and  the quartz s
conduct:ve as the maximum'f' . S

M1n - Max- . - Most\likely' ‘Mean  Std Dev

Subsurface T ( C) 18 90 i %0 . 10

The low flow rates of the spr1ngs suggest that thermal waters cooled con-

. ductxvely on ascent.' SOme m1x1ng of colder water at shallow depths probably

also occurs.

“No xeophyliccl exploretién hel been done at Barnes Lake and the extant of ’
the subsurface reservoir i{s not known. Using the standard mesn reservoir - '

- volume and the meen reservoir temperature of 90 C nges the followxng
, estimatea"' .

‘Volume (km3) = 3, 3i std dev = 0.9 '
_ Thermal energy (108 1) = 0.67; std dev = 0.22

vxTheseiyalues'muEtrbe.viewedéas.h1gh1y epeculat1veyeet}uetee;f
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Table . 4 Chemical composition and physical - properties of -

. Barnes Lake warm springs waters.2
(All chemical analyses in mgl.)

510,

HCO4
Co3 - -
80,4 -
Cl
F
. Br
1 B R
© Ph, field : :
~‘Dissolved solids
. Hardness
Sp conductance
T, °C
Flow rate lpm
- Date sampled

" spring 1

Y 5 BT
- 0,06
. 0.170
0.44
72
" 3.5 .
0.02
L
~n d
110 %
13
2.3
. nd
s 0.05
6498
249
24

: 455

26
30

- 9/25/79 )

aAnalyses performed by Chemical and Geological Laboratories of Alaska.' :
bNot determined. -

Table 5. Barnes Lake (Paredise) warm springs geothermometry, spring 1.
(geothermometry based on water chemistry given in table 4;
all temperatures are in degrees Celsius.)

. Surface tehperature 26
" (measured) ‘

Cation geothermometers

Na-K-Ca (1/3) 112

Na-K?Ca'(4/3) : 62
‘Silica geothermometers

Adiabatic 118

Conductive : , 119

Chalcedony 90 -

Crystobalite 68
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Comments '

These warm spr1ngs probably reault from deep c1rcu1&t1on of meteoric-
waters along fractures and faults in the granitic host rock. Some of the o
'ascending thermal water may discharge beneath the ‘surface and go undetected. -
.?Geothermometry indicates reservoir temperatures are well below that required
for generation of electrical power. These springs are also very remote and .
have low temperatures and low flow rates, mak1ng ‘them 1mpract1cal for most
geothermal npplications.,' S
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'3. FOWLER HOT SPRINGS (CANADA)

Location: e S ' .
Latitude 56°50' N., longxtude 131 45' W.; Bradfleld Canal 1:250, 000 .
Quadrangle (1955), Copper River Mer1d1an.A o

General Descrlptxon. '

- Fowler Hot Springs are located in Canada about 8 km from the U. S.
Canadian border (fig. 1). The springs occur less than 1/2 km east of the
‘Stikine River at the base of Warm Spring Mountain and directly opposite the
terminus of the Great Glacier (fig. 5). . These springs were visited by DGGS
while assessing other hot springs that occur along the Alaskan part of the
Stikine River.  Fowler Hot Springs were included in this study because of
~ their possible relationship to the hot springs on the lower Stikine and
because of their potential bearing on interpreting the nature and cause of
hydrothermal activity along the Stikine River. No other hot springs are known
to exist farther upriver past the Fowler site, S :

Fowler Hot Springs can be reached by boat up the Stikine River about 25
km past the US-Canadian border. A shallow-draft boat or canoe can then be
taken up a small tributary creek whose mouth lies nearly opposite. a homestead
‘cabin on the west bank of the Stikine River. This creek drains a series of
beaver ‘ponds into which the hot springs either drain or issue.  Wright (cited
. in Warrng, 1917, p. 25) reported the existence of as many as 18 individual
springs issuing at scalding temperatures from fissures in bedrock at the base
of ‘a granitic wall, Most of these springs have since been submerged by beaver
ponds. At least four low-discharge hot springs still remain above water
level. Local travelers commonly use the tepid waters of the beaver ponds for
bathing.

Ag along its lower course, the Stikine River at Fowler Hot Springs flows
through a spectacular glaciated valley. Higher elevations are still glacier
clad and the Great Glacier descends almost to river level., Valley slopes are
steep but heavily forested with Sitka spruce. Tree line ranges from 600 m
(2,000 ft) to 900 m (3,000 £ft) in elevation.

Geologz .

: Bedrock in the vicinity of the hot springs was reported as hornblende
andesine granodiorite of Mesozoic age (fig. 5) (Kerr, 1948). The intrusive is
part of the Coast Range Batholitic complex. Contacts with Permian and Pre-.
Permian limestones and schists occur several kilometers norﬂu and south of the
spr1ng ﬂocatxon. : -

i ‘Rocke exam1ned at the springs site were found to be,medium— to small~- .
grained biotite hornblende granodiorites with numerous xenoliths present. 1In
places, mafics are 30-40 percent of the rock.

At least two joint syatems occur near the spt1hgs site. Their attitudes
are strike N. 36° W., dip 62° N. and strike N. 16 E., dip 88° S. The cliff
face above the sptiugs trends N 18' w.
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Spring Characteristica"

The four visible springs are dlspersed along the base of the granitic
valley wall over a linear zone 200 m wide. The springs issue from fissures
just dbove pond water level. Spring temperatures range from 50°C to 60°C and
the combined flow of the four springs is estimated at 40-50 lpm. Table 6
gives!the chemical composition and physical properties of waters obtained from
the spring with the hottest temperatures and greatest discharge. The chloride
content of Fowler Hot Springs is notably higher than that at other St1k1ne
River hot-spring sites. The waters are classified as a moderately con-
centrated sodium chlorlde-sulfate water. ' : -

‘ .

. -Gas bubb11ng was not1ceab1e over much of the. southern part of the pond,
indicating the presence of several submerged springs. At least one zone of

upwelling was observed near the cliff face. The ponds .cover several acres and

surface temperatures over much of this area were 25°-26°C. Wright in 1905

- (Waring, 1917, p. 25) estimated the combined spring flow at. Fowler at about
3,000 lpm.  Judging from the warm pond temperatures,  the - submerged sprlngs are
st111 discharging at a high rate and: temperature.

Reservoir Propert1es' . ‘ :
Table 7 summarizes the app11cat10n of silica and cation geothermometry to
Fowler Hot Springs. The Na-K~Ca (4/3). geothermometer temperature of 85°C.
indicates subsurface: equ111brat10n took place at temperatures below 100°c. *
The Na-K-Ca (4/3) temperature is very close to the chalcedony temperature of
86°C. Chalcedony then probably controls silica equ111brat1on and is chosen .as
representative of the minimum ‘and most likely reservoir temperature.  The
quartz conductxve geothermometer temperature is taken as the max1mum'--7 '

Min Max © Most L1ke12'~ “Mean Std Dev

Sub’surfaceT(’C) 8 . 115 oo 8% . 9% T

Fowler Hot Spring issue from the surface at temperatures. below boxllng
and have a combined large rate of flow and a cation geothermometer temperature
considerably above orifice temperature. These factors suggest the mixing of -
colder subsurface waters (Fournier and Truesdell, 1974). With a silica con-
tent of 10 ppm and a temperature of 10°C as representative of the subsurface
cold waters and- following the method of Truesdell and Fournier (1977), ap-‘
plication of chalcedony m1x1ng models gives the follow1ng results" :

o L L T __Parent hot water : L
Mixing model \ Max T (70) §i0y ppm Fractxon (%)

1. Maximum steam 1088 114 108 - . - TTT56

2. No stesm loss '-" 144 SR 156 oo 38

: Temperatures derived from" the chalcedony m1x1ng models must be treated
with caution. No corroborative evidence exists for mixing. -Further, the

silica content of the cold water fraction may be underestxmated A higher -
silica content would decrease both temperature estimates. R

No geophys1cal explorat1on has yet-been done at Fowler and the extent of

the subsurface reservoir is not known.» Using the mean reservoir temperature
of 96°C and the standard mean reservoir volume yields the following estimates:

~=30=- .
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Table 6. Chem1ca1 composzclon and physical properties of Fowler Hot Sprxngs a
: (A11 chemical analyles in mg/l ) S SU TP

' 8102 : ' _ . ‘ S 66
oA 3 0,05
o Fe T 0403
el T R e g
Mg . 0.25 -
Na o 206 o
K " Cd 9.8
S Li T A 0.10.
HCO3 - 29
C03, . . T S .- o
: SOa‘ : R 230 ‘
N+ S ; : L 251
R S EER TR ¥4 N
Br SR , 0495
B v o : ’ 0.1
ph, Field EE o - 7.95
Dissolved solids o . oono . 830
" Hardness o 131 -
. 8p Conductance . . 1247
T, °C SR .60
' Flow rate lpm. = ‘ S 15=20
Date sampled : ' 9/24/79

« ‘EAnalysxs performed on waters obtalned from spting hav1ng hottest temperature
. and largest dxscharge. S ,

 Table 7. Fowler Hot Spring geothermometry.
(All temperatures are in degrees celsius.)

vr"S“rface.temperatefe ‘ o 4 60
(measured) ‘ Lo

» Cation geothermometers

‘Na-K=Ca (1/3) o 139
Na-K~Ca (4/3) - 85
: Silica geothermometers L .
Adiabatic T § ¥
Conductive X } S0 115
-~ Chalcedony. L 86 -
~Cristobalite T - R
Opal : . SR -2,5



Volume' (km3) 2 3.3; sed dev = 0.9 e
- Thermal energy = (1018 J) =0, 72;‘std dev = 0. 22 '

These valuea must be .viewed as hzghly speculatlve estxmates.

Comments ’ : ' T
The- hot -springs probnbly result from circulation of meteoric waters along
deep-geated . fractures, Geothermometry ‘indicates reservoir . temperatures are
-well below that required for generation of electrical power. The high flow
~rate :and re18t1ve1y high" surface temperatures of the hot spring waters, how-
_ever, make them suxtable for Space heatlng and perhaps for heatxng of green-
houses. . ,
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b 'rw_m LAKES (WEST SHAKES) WARM SPRINGS

’Locntlon
Tatitude 56° 42.0' N., longitude 132 16 8 W., Petersburg C-l 1 63, 360

‘ Quadrangle T. 60 s., R. 84 E., 8 of NW.

.General Descr1ptzon - : W SR 2
Twin Lakes warm sprlngs are located 25 km NW of Wrangell Alaska and 16
. km west of Chief Shakes hot springs (fig. 1). The springs are situated 1/2 km
-north of the Stikine: River at the NW end of ‘a lake labeled Figure Eight Lake
"on USGS topographic maps and locally known as Twin Lakes (fig. 4). These

.“‘spr1ngs are believed to be the springs Waring (1917) reported as West Shakes
. Hot’ Sprmgs.1 ‘The Twin Lakes warm springs are located in: the Tongass

National. Forest and come under the management of the U S Forest Serv1ce;d:f"
o A short Forest Serv;ce trail leads from the north bank of the Stikine

"River to a narrows between the two lakes and ‘affords ‘access to the springs. ‘
L Alternately, at high water, a shallow-draft boat can be brought up a tr1butary'
o slough almost d1rect1y to the sprzngs. ; .

. There are two sprlngs. Both 11e close to- the Nw lake shore .at the base -
of a granitic cliff that forms the northern boundary of the Stikine Valley.-

-Spring 1 emerges from under boulders at the bottom of an avalanche chute;"
spring 2 emerges from alluvium, near the base of the cliff. Twin Lakes water
level fluctuates with Stikine River stage, the ’ latter acting as a ‘dam on
tributaries. At high water the springs may become: submerged ’

The Stikine River south of Twin Lakes is multxchannelled, about 1. 5 kmv' :
. wide and heavily laden with gilt during runoff months. The river flows =~
- through a spectacular: glaC1ated valley flanked by steep walls and hang1ng
..valleys. Glaciers presently cap the mountains 1mmed;ate1y north of Twin Lakes
and descend: to-as low as 600 m (2,000 ft) eélevation, Tree line in the =~ * '
‘vzcinlty ranges from 600 m (2, 000 ft) to 900 m (3 000 ft) in e1evat1on.»'

Local flora cons1sts of w1110ws, grasses, and shrubs 1nterspersed thh
stands of Sxtka spruce and hemlock.’ a

-Geologz o

: The"- aprings are located near the contact between Cretaceous gran1t1c ‘
.rocks (believed to be part of the Coast Range Batholith) and Mesozoic and . ..

- Paleozoic schlsts and layered ‘gneisses (flg.,4) (Belkman, 1975; Buddlngton and'l~‘
" Chapin, 1929). Bedrock in the immediate vicinity of the springs is a© ’

- foliated, medxum—gralned hornblende-b1ot1te quartz dlorxte thh well-def1ned
gnelsso1d structure.r’e IS , ‘ S

The Coast Range 11neament 11es 1mmed1ate1y west “of the ‘springs (Twenhofell
~and Saznsbury, 1958) . Predom;nant fracture patterns as’ determxned\from eerlalf

>IWar1ng dxd not visit. these springs and ‘relied-on 1nformat1on obtaxned from '
local 1nhab1tants in judglng thezr locatzon. : - »
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photos of the area trend N 55 W. and N 75'—80' W. The valieyrwall here
trends E.=-W. :

" A 3- to 4-m wide cleft occurs in the granxtzc wall about 10 m above the
warm springs. The cleft trends N. 50° W. and has nearly vertical walls. . .°
Attitude of other JOlntB near the springs measured strike N. 70° w., d1p 60
S. and strike N. 48 E., .dip 85° 8. e e e :

The base of the gran1t1c wall 13 covered w1th colluv1um and alluv1um

Sprlng Characterlstlcs : s : : ‘ S
. The temperature of spr1ng 1 measured 21 C, sprxng 2 was 18 C. Some

- fluctuation in water temperature was noted at sprxng 1, . During ‘a previous;
“visit waters were noticeably warmer to the touch. A locel resident measured a

winter season spring temperature of. 26°C. . Cold surface water flowing ‘down: the

cliff face was noted sbove the springs and some’ m1x1ng of these coldet waters -

probably. occurs durlng summer :months, .. - S : L

A ‘Table 8 gives the chem1ca1 composition'and summarizes physical properties
of spring 1, the warmer of the two springs. . Samples were obtained at-the -

_point vhere the spring issues from the boulders, -The combined discharge of
the two: sprlngs measured w1th ] pygmy flowmeter -was 270 lpm + 10 percent., i

- No odors were detected at the cpr;ng exte nor were there not1ceab1e
hydrothermal deposits of any. kxnd » ~ STt I

Reservoir Propertles o : ' -
Table 9 summarizes the. applzcetion of. s111ca and cation geothermOmetry to

Twin Lakes warm spring 1. The Na-K-Ca:(4/3) geothermometer temperature of

“49°C indicates equilibration took place well below 100°C. ' The Na-K-Ca (4/3)

* temperature is also similar to the chalcedony temperature of 41°C, indicating
that chalcedony probably controls silica equilibration.  The chalcedony -
temperature is chosen as minimum reservoir temperature, Na-K-Ca (4/3) as most

likely, and quartz conductive as maxlmum.or : ; SIS

M1n ‘ §5§ Most Likely Mean Std Dev
Subsurface T (° C) T 73 49 ‘ 54 7
~ Some m1x1ng with colder aubsurface waters probably occurs. Silica con-

centrations and spring temperatures are much too- low, however, - to ellow ac-
‘curate npplication of silica-mixing modell. < : SR

"No geophysicel exploration hns boen done at Twin Lakes and the extent of
the subsurface reservoir is not known. Using the mean reservoir temperature
of 54°C and the standard mean reservoir volume glves the follow1ng est1mates' S

Volume (km3) = 3, 3i std dev 0 9 .
Thermal energy (10 J) = 0.35; atd dev = 0 14,

These valuee must be,viewed as,highly speculativeiestimétee{~}::



v Table: 8. Chemical composition and physical ptoperties of
RN - Twin Lakes. (West Shakes) warm springs 1. =
(All chemical analyses in mg/l ) B

C 8109 sl R S IR OB | - S
Al : ' : . Lo <0, 05
“Fe ' : - 0.027:

Ca . ' 5.4
Mg o0 . S 0.3
“Na .- ‘ o 26

K . S ; 1.3

L S K001

. HCO3 Cit o B 30

€0 e R

§04 - 32

€l o ‘ o 60
CFo P SR 0428

Br - ; S 0413

B v R e 061

. .ph, field - - ‘ o 6.95
" Dissolved solids R oo 112

Hardness E : : 15
- 8p Conductance - R . 150
T, % . 21
_Flow rate lpm : 2 270+10%8

Date sampled = - ' 9/21/79

~ Fcombined flow rate for springs 1 and 2.

Ly .

Table 9. Twin Lakes (West Shakes) warm springs geothermometry.
' (A11 temperatutes are 1n degrees celsius.)

- Sutfahe'téhberature' 3 21
i (measured) o : :

‘  Cat1oh'geothefmdmétérs : :
Na-K-Ca (1/3) - = = 128
NaX-Ca (4/3) s

"’Silica geothermometers S S
. Adisbatic - 78
- Conductive R i - 73

- Chalecedony EERET 4
Cristobalite R 24
Opal : - T - =38
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o - Comments

These warm spr1ngl probably result from deep cxrculatzon of meteorxc

. waters along fractures and faults in the granitic hostirock.'  Some of the

. ascending thermal water may dzscharge beneath the surface and go undetected.
;Geothermometry indicates reservoir temperatures are well below that . required
for generation of electrical power., These springs are 'also very remote and
have low temperatures and low flow rates, making them 1mpract1cal for most’
geothermal applxcat1ons. : ; .

36~



‘5. MT. RYNDA (SOUTH STIKINE), REPORTED WARM SPRING

Locatlon : ‘
Approxxmate) latitude 56' 39.5'N., longltude 132' 16" Wi Petersburg c-1
1t 63 360 Quadtangle (1953) map.. .

.General Descrxpt1on
S Waring (1917) reported a thermal spring on . the south bank of the Stikine-
- ‘River that he called South Stikine hot sprxngs.' Waring did not visit the site
but relied on information obtained from prospectors and ‘trappers in estimating
" the location. A local inhabitant informed us that durlng his winter explora-
tions at the base of Mt. Rynda (fig. 4), he came .across ‘a snow free area sur—
. rounding a warm seep. ‘The location of thzs zone approxlmately f1ts the loca-
tion of Waring's ‘South Stikine hot sprlngs. ‘The site descrxbed by the 1nfor-
- mant could not be found during an intensive search for the spring made in
September 1979. The thxck fall undergrowth, however, could have easlly ob~
" ‘scured the locatlon. Lo

The area lies 22 km NNE of ‘Wrangell, Alaska near the mouth of Andrew
Creek, which can be reached by boat up the Stikine River (figs. 1 and 4). The
seep was reported to be located on a low ridge south of Andrew Creek at an
estimated elevation of 30 m (100 £t). The area lies within Tongass National
' Forest and comes under the management of the U.S. Forest Serv1ce.

'The‘§10pes are heavily forested—w1th spruce and,th1ck underbrush,

Geology ~
‘ _The-Mt. Rynda site lies w1th1n a belt of Mesozoic and Paleozoic slates,
schxsts, and phyllites with- 1nter1ayered beds of marble that occur along the
‘west flank of the Coast Range Batholith (fig. &) (Buddington and Chapin, 1929;
Beikman, 1975). The contact with Cretaceous quartz diorites lies about 1 km
east of the site. The Coast Range lineament follows Andrew Creek, just east
of the site. The area is highly fractured. Inspection of aerial photos show
' two dominant trends: N. 54° W, and N. 12° W. The region has been intensely
- glaciated, which has accentuated the regional structural grain. The valley is
floored with alluvium and colluvium; the lowet mountain slopes are covered
w1th a th1n layer of s011 ;

Spr1ng Characterxstlcs. : S : ,
The spring is reported to occur as a warm seep 1n the alluv1a1 cover. No

;'other 1nformat1on is avaxlable. )

fReservozr Propert1es.
No information is. ava1lab1e.f_,

g Comments. ' ‘ : —_

The spring apparently has a low surface temperature and a very low d1s-.
charge, making it impractical for most geothermal applicatxons. Subsurface
'cond1t10ns, however, are unknown. An overflxght of the -area 1n ‘winter could
help in locating the spring.



6. VANK ISLAND, REPORTED HOT SPRING, UNSUBSTANTIATED

Locatlon ' , ‘ '
Approximate) lat1tude 56' 27' . 132° 36' Wos Petersburg 1: 250 000
Quadrangle (1960) T. 62 8., R. 82 E., Copper River ‘Meridian, = -

‘Comments : o PR
On the basis of a second-source account, Warlng (1917) reported a pos-

“sible hot-sprlng site on the south end of Vank Island (fig. 1). " The exlstence";f
of these springs could not ‘be substant1ated by DGGS. Local residents: who had . -

lived extensively on the south-end of - the island were 1nterv1ewed "None . of
them had- any knowledge of thermal springs on Vank Island. A cursory search of‘
. the southern,shoreline by DGGS did not turn up any signs of thermal sprmgs.
. ‘These springs probably elther do not exxst or. have dr1ed up since War1ng s -

- ear11er report./. - : : ,



7. VIRGINIA LAKE REPORTED WARM., SPRING (UNSUBSTANTIATED)

“Location

Approx1mate) latitude: 56' 28.5' N., longztude 1327 09.5' W.;: Petersburg g
1 250 000. Quadrangle (1960) T,-62 S., R, 85 E., Copper River. Mer1dian

Comments : : o

A long-time resident of Wrangell, Alaska reported the exzstence ‘of w1nter
warm-water flow near the’ south-central shore of Virginia’ Lake. Iocated several

' km east of Wrangell, Alaska (fig. 1), An'intensive search of the reported
location by DGGS failed to disclose any thermal anomal1es. ‘The existence of
the warm flow could. _not be substant1ated ‘by other area res1dents, 1nc1ud1ng

'bush pllots and U S Forest Serv1ce petsonnel fam111ar thh V1rg1nxa Lake
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~Locat1on

1:63,360 Quadrangle (1955), I 65 S., R. 91 E:, ‘Copper River Merxdlan.
General Descr1pt10n

Bradfield hot spr1ngs are . located “on - East Fork Bradf1e1d River about 15
km east of Bradfleld Canal (fxg. 1). sprxngs lie on.a steep slope about

major northern trxbutary to the river (f1g. 6) ‘The sptxngs ‘were dlscOVered

~ during a recent clear-cuttxng opetatzon on ' the SE. llope of the valley and weréigi,::;

brought to our attention by U.S. Forest Service personnel in Wrangell ‘Alaska.
The springs can be reached via a logging road that begins at the main logging
' camp at the head of Bradfield Canal and continues past the springs-site. - The
springs are within the Tongase Nat1onal Forest and come under the management
of the USFS. _ , . S

There are two groups of spr1ngs, The first group is composed of three
springs issuing from fissures in the gtan1t1c bedrock about 20 m above road
level. The second group consists of one spring issuing from a bedrock fissure
and several adjacent small seeps situated about 45 m above road level. The
seeps occur in the thin veneer of soil covering the slopes. =

The East Fork Bradfield River valley is a glaciated valley, heavily
forested on its lower slopes and flanked by glacially ‘scoured bedrock domes at
high elevations. Small glaciers still cap the mountains morth and south of
the spring site. Tree line ranges from 600 m (2,000 ft) to 900 m (3,000 ft).

Géologz 7

No geologic mappxng of . the East Fork Bradfield River area has been done.

Bedrock examined at the sprlngs site was found to be a medium- to coarse-
grained, hornblende-biotitegranodiorite with gneigsoid structure. The bed-
" rock contains many conspicuous, dark-gray fine-grained xenoliths, some over

1/2 m long. The host rock is probably part of the Coast Range Bathol1th
wh1ch occurs both north and south of the Bradfield area, :

Prominent fractures are apparent on aerial photos of the springs area.

~ These trend N. 13° E., N, 38° E., and N, 77° E. One prominent fracture with a
trend of N. 65° E. occurs on the ridge directly above the springs. The at-
titude of'joints located at the springs measured strike N. 43° E., dip 77° s.

Spring Character1st1cs ' '

Water flow from the springs is quite low,. ‘with the combined d1scharge
estimated at less than 40 lpm. Spring temperatures ranged from 46° to 57°C.
Dark-green algomats line the upper channels of the hot springs. No odors or
gas bubbling were noticeable at any of the aprings. Table 10 gives the
physical properties and chemical composition of thermal waters obtained from'
the springs having the highest temperature and greatest discharge. The waters
are classified as a moderately concentrated sodium-sulfate water.

“Latitude 56°°13.9' N., longitude 131' 16:2' W:; Bradfield Canal A<4 = ° -

] -

300 m SE of the river near the confluence of East Fork . Bradfxeld River with a . .
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"~ Reservoir Properties

" Table 11 summarizes the application of silica and cation geothermometry

‘ to Bradfield hot springs. The Na-K-Ca (4/3) geothermometer temperature of
92°C suggests subsurface equilibration took place at temperatures below 100°C."
This temperature is also similar to the chalcedony temperatute of 102°C,: :

" indicating chalcedony probsbly ‘controls sllica equ111brat10n. -The Na-K-Ca -

- (4/3) temperature then is chosen as’ ‘minimum reservoir temperature, chsIcedony 3
: the most: likely, and quartz. conductlve as’ the maximum-? ‘ .

o ;  Min ",iﬁhr": Most kaely Mean v rfStd~beVilf’_s‘
- Subsurface T ('C) 92 130 - 102 | {f 108 :"g 87¥ i

The low rate of comb1ned flow of the hot springs suggests that the wstersjé”

" cool pr1nc1pa11y by conductzon durzng sscent. - Some m1x1ng of colder waters‘:»
may also occur, ST e ﬁ ,\fv, ERR : e

, No geophysical exploratlon hss been done at Bradfzeld and the extent of
the subsurface reservoir is not' known. Uling the standard mean reservoir . -
- volume and the mean reservoir: temperature of 108 C gives the followxng estx— P
mates of stored thermsl energy. AU A - R

Volume (km3) = 3, 3i std dev ‘- 0 9 BN
Thermal energy (10 J) = 0 83 etd dev - 0 9

'wThese values must be v1ewed as hxghly speculat1ve estxmates.

Comments ‘ 3 : : a ' “ ‘
The ‘hot sprlngs probably result from clrculatxon of meteor1c weters along -
'deep—sested fractures in the country bedrock. Geothermometry. 1nd1cates re=
servoir temperatures are well below that required for. generatlon ‘of electrical -
power. The low flow rate of ‘the springs limits their use for other appllca- L
tions such as space heating. Local inhabitants expressed 1nterest 1n : ’
developxng ‘the site for tecreatzonal and bathxng purposes. :

The recent discovery of these hot springs suggests thst other hot spr1ngs s
exist in unfrequented regions of the Coast Range Mountalns and have not &8 yet
been detected. Vapor plumes emanating from such sites would be most prominent
dur1ng winter months. Aerial reconnaissance of Coast Range draLnages dur1ng
' w1nter could ‘help locate add1t1on31 hot-spr1ng sites. . <
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Table 10, Chemical composition and physical prOperties of

Bradfield hot springs.®

(All chemical analyses in mg/l‘)

510,
Al.
Fe

- Ca .

Na

o

iph Field o
-Dissolved solids

. Havrdness . .
Sp Conductance
T, °C .

Flow rate lpm. . .
Date sempled L

512

g7
<0, 01)b
0.,02)b

13

118

5.7-,’
- 0.04
42 ARFEA NI
235
30
2.5
8415

-33

885

57
B UEE
10/2/79 :

o 5Analysis perfotmed on spring with highest temperature and greatest~

discharge,

:bAnalysis perfofmed on acidified 0 05-micron filtrate

Table 11, Bradfield hot apring geothefmometfy;

(A1l temperatures are in degrees celsius.)

" ‘Surface Temperature
- (measured)

”,Cation Geothermometers
' _Na=K=Ca (1/3)
Na-K-Ca (4/3)

S Silice Geothetmometera
.. Adiabatic - :
"’ Conductive
~ Chalcedony
Cristobalite
Opal

43~

142
92

o126
130
102

79

10



9. BELL 'ISLAND “HOT: ﬁspumc's |

Location Lo : ‘ '
Latitude 55° 56.0' N., longxtude 131° 33 4' W., Ketchikan (D-S) 1:63, 360
Quadrangle (1952); T. 68 S., R. 90 E., sec. 31, SE 1/4 of NW 1/4 of

Copper River Merldian.'

General Description : :
Bell Island Hot Sprlngs are located near the southwest end of Bell
' Island, about 65 km north of Ketchikan (fig. 1). The principal springs are
situated on the north bank of a small creek that drains into. a narrow cove
- (fig. 7). The springs are about 400 m from and 5 m above high-tide level,

Waring (1917) reported that the waters issue from a narrow fissure about
15 m lohg in b1ot1te'gran1te. The springs are encased in five concrete
basins. A sixth spr;ng emerges at the base of the valley wall,. about 120 m
downstream from the main group. -

The surroundxng terra1n has been 1ntense1y glac1ated accentuat1ng NE-SW
regional structures graxn. -The valley in which the springs occur is narrow
with steep slopes rising to 1500 ft in elevation. The slopes are densely °
forested with spruce and have numerous exposures of bedrock. ' The island is
surrounded by highly scen1c, long, narrow passages ‘flanked by steep, heav11y
forested elopes._

The springs are privately owned and serve as a major-attraction for the
Bell Island Fishing Resort. ‘The resort uses the hot-springs waters to heat
the main lodge, 14 other buildings and cabins, and a large swimming pool.  The
springs have been used in a similar fashion per10d1cally since 1902. The :
resort includes 11.05 acres surroundzng the springs and is presently owned by
Don Peterson., Surrounding lands are within the Tongass Natxonal Forest and '
are managed by the U.S, Foreat Service. :

Bell Ialand can be reached by either boat or float plane from Ketchikan.
The resort maintains a dock and float plane ramp and a 1/2-m11e-10ng board-
walk that connects the dock to the main resort area and hot springs. The
resort is closed to the public from October 1 to late spring.

. Geology o :

' Predominate rock types in the Bell Island are 11neated, gneissic horn-:
blende-biotite quartz diorites and minor granodiorites that are probably part
of the Coast Range Batholith (fig. 7) (Berg and others, 1978). "Radiometric
K-Ar ages in the western part of the pluton indicate ‘emplacement occurred
about 72 to 84 m.y. ago. The intrusive rocks are cut by numerous dikes and
veins of light-gray-weathering, quartz-feldspar-(biotite-garnet) pegmatite.
The pluton aleo contains abundant ellipsoidal dark inclusions that commonly.
are parallel to aligned hornblende crystals. Folistion attitude lt the SE,

end of Bell Island was reported as strike N. 35° W., d1p 75 N.

Bedrock examined near the spring site is a faintly - foliated ‘medium~
grained gneissic hornblende quartz diorite, Hornblende occurs 1n sub-
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-‘rihedral crystals 2-3 mm long, which are parallel to foliation., Pegmatitic

dlkes cuttxng outcrops vary in width from a few centlmeters to 30 cm.

The hot eprxngs lie on a ptomlnent 11neament that bisects Bell Island.
. The lineament trends N. 58° E. and is at least 30 km long, extendxng across -
- Anchor Pass to.the northeast and through Blind Pass to the southwest (fig. 7).
Clearly visible on aerial photos, this distinctive lineament is defined by a
_.steep, narrow valley that runs the entire length of Bell Island. . The linea-
ment may be fault related; Waring (1917) found evidence of sllcken31d1ng in
.rocks near the sprzngs, suggestzng that some . faultlng has occurred in the
v1c1n1ty. -

, Inspection of aerial photos shows the surrounding region to be highly -
fractured with a dominant trend N, 60° E., parallel to the Bell Island linea-
rment. Other prom1nent joint sets visible on the photos trend N. 75° E., N..
40° E., N-S, and S. 30'-45 E. "A joint system examined near - ‘the hot springs

- has. an attitude of strike N. 58° E., dip 77° N.; Another less prominent joint -
set trends K. 3* w. end has & dip of 60°- N. ' . T E

Aphan1t1c to fine-grained quartz porphyry dikes have 1nvaded a number of
the N. 60° E.-trending fractures. Ranging from 20-30 cm in width, the dikes
. . cut the pegmatitic dxkes. The dikes are probably related to porphyritic
. granite and quartz monzonzte stocks of Miocene age reported by Berg and. others
(1978) . : v 4

: The valley floor near the spr1ngs consists pr1mar11y of granular alluv1a1
. and glacial deposxte overlying bedrock (Pyle, 1978). on the basis of shal-
“low refractxve seismic profxlea, Pyle estxmated sedlment f111 at the head of
the cove at 12-15 m. :

Spr1g§7Character1st1cs : et ‘
Water temperatures in the enclosed concrete basins on 10/5/79 ranged from
74.1°C for the southeasternmost basin to 67.4°C for the northeasternmost
(table 12). Waring (1917) reported a temperature range of 52°-72°C for the
five basins, which suggests the springs have become hotter since 1915. )
Noticeable bubbling occurred in all five basins and the waters smelled
slzghtly sulfurous. -The s1xth sprxng meaaured 46°C. :

Spring temperatures were remeasured several times from 10/5/79 to
10/10/79 and were found to fluctuate as much as 1°C. Comparisons to measure-
ments made in recent years by other investigators (Ogle, 1976; Baker and
others, 1977) suggest spring temperatures can vary as much as 3°C durlng sum— .
mer. A temperature log was kept briefly during 1978 and ‘indicated spring
temperatures during winter may be several degrees higher ‘than during summer.
This was corroborated by the 1979-80 Bell Island Resort caretaker, who claimed
~ that spring temperatures during the winter were as much as 10°C higher than:

- during summer. These higher temperatures perhaps result from reduced wlntet
‘ 1nf11trat1on of cold surface waters, =

The total rate of discharge'from the concreted springs is estimated at
100 1pm. Waters from the concreted spr1ngs are dxtectly piped to the various
: bulldlngs and pools and no provtsxon exists for measur1ng flow d1rect1y at the

L
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. source. The estimate is based on measurements of overflow and discharge at
- the individual cabins and swimming pool; the estxmste neglects minor leaks and
. evaporation from the pool surface. These estimates compiare well with other

' recent estimates of flow (Baker and others, 1977; Sloan, 1976a-c). The

_measured flow rate. howevet, differs substantially from War1ng 8 visual

:f”‘estlmate of 35 lpm in 1915 and suggests that a significant increase in spring

" discharge has occurred.: The estlmated flow of the sixth sprlng is 2 lpm.

Table 13 gives the chemical composition and physzcal propert1es of waters
obtained from basin 5. Previous analyses indicate that chemical composition
of the waters has remained relatively stable. The waters are classified as a
sod1um chloride-sulphste water. L
: Resetv01r Propert1es » : : t
- Table 14 summarizes the app11cst10n of sil1ca and catxon geothermometry
. to Bell Island Hot Springs using ‘the DGGS water-chemistry analysis. Previous.
i geochem1ca1 analyses give similar results. Cation geothermometry indicates

‘subsurface. equxlxbrat1oa took place at temperatures above 100°C and that

" . therefore the Na-K=Ca (1/3) temperature applies.  This temperature is alsoc

~very similar to the. quartz conductive geothermometer temperature, indicating

- quartz. probably controls subsurface silica equ111bratxon.. In estlmatlng
‘reservoir temperature, the chalcedony temperature is taken as minimum, quartz
- conductive as most likely, and Na-K-Ca (1/3) as maximum:

o Min Msi,f Most Likelz Mean f ‘Std'Dev
;'Subsurfsce T(°C) . 115 - 144 142 EE

5 The hot sprlngs at Bell Island ‘issue from the surface at temperatutes
"below boiling, have a combined flow rate of over 100 lpm, and a cation

- geothermometer temperature considerably above orifice temperatures. - These
. factors -suggest the. mixlng of colder waters (Fourn1er ‘and Truesdell, 1974).

- The apparent increase in spring temperatures during winter also suggests some

“mixing of colder waters. A cold spring in the area was found to have a
- temperature of 10°C and a silica content of 6 ppm. Follow1ng the method of
. Truesdell and Fournier - (1977), appl1catlon of . quartz m1x1ng models: g1ves the :

""follow1ng results.'

Parent hot water

S S M1x1n5 model . Max T (°C) §i09 (ppm) . Fraction (Z)
1. Maximum steam loss ’ 150 o125 ,;‘,- 73" _t

2. No steam loss 217 L "330f o 31

;4; _There is no observsble steam loss st the ground surface.. If steam
.a,separstes it exther goes to heating water other .than that emerging at- the o
“gprings ‘and model 1 may be applicable, or it remains and ‘heats cold waters

. mixing with the hot-water fraction and model 2 may apply. The maximum.

" temperature of 217°C from model 2 seems high for a hydrothermal system
~ .+ circulating in deep fractures in the granitic bedrock. The temperature .
.- predicted by model 1, however, is: quxte close. to that 1nd1cated by

e geothermometry.~




_ Table 12. Bell Island Hot Spring temperatures, 10/5/79.;» ﬂ‘a‘:uz:
(Numbers correspond to concrete basins going NE to SW.)

T Y. 2 0 3 4 5 *
‘Temperature (°C).  67.4  72.0 71.8 .. 71,3, 74.1
L4

Table 13. Chemxcal compdsition and physxcal properties of Bell Island Hot}Springs; '
- : . (Previous analyses included for compatlson, Tt
: all chem1cs1 analyses 1n mg/l ) :

a,. Water-quality analysin file, USGS central laboratory, Denver

Sloan.

b. Mariner and others (1978)
c. USGS, lab 4683, 1958. -

d. waring (1917). . ' SO - : ‘o s
e. Analyses performed on samples filtered through 0.05-micron filter. oo

' f.-Combined flow, all springs.

7/6/76
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S

S  Dpees uscst - 'yses® uses® usgsd
8105 108 o TI0 125~ ‘113 - 105
Al €0,01& . . i n R L2

'Fe 0.009¢ 20,01 U L
-Ca 8.3 10 ¢ 10 9,5 "4;6f -
Mg 0.0l 0.1 .0 0.0 1.0
'Na 176 2000 197 °200 201
K 7.2 7.2 6.6 7.2 R
Li 0.15 0.15 - o
HCO4 58 - 60 53 30 37
. COq SRS 9. HS U T 15 13

80, 118 L1300 e 79 130 CT29 0
c1 197 . 2000 A 189 ‘186 188

v F' ‘W4.6' : : - L SE 4:14;4'v -
Br - .14 o . s o : '

B 0.6 © 0,46 L

_ pH, field 8,50 - 8.4 8.95 - 8.7 C
Dissolved Solids 650 702 674
Hardness 21 25
Sp Conductance 950 920 R
T, °C 74,1 14 72 71 , 72

. Flow rate lpm “100f “100f - 35 (est.)
Date sampleo 10/5/79 ? ? T 6/6/15°

00, collected by C,E.



Table 14. Bell Island Hot Springs geothermometty.a
(A1l temperatures are in degrees celsius;
t€ geothermometty is. based on DGGS water-chemistry given in table 14 )

‘Sﬁrfeee>f§ﬁ§erafﬁre;v"} R 7
(measured) s

,Caiion,gebéhéiﬁoﬁetefs,Jir‘-:';jt.*
- .Na=K=Ca (1/3) . ..~ .. 144
> ‘Na-.-Kf,-Ca 4/3) . S o117

7'5111ca geothermometets

Adiabatic T T K )
Conductive | ~ 142 .
Chalcedony = «- . »o o o: 115 o
- Cristobalite o 91
+  Opal SR 21
. S
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1

Temperatures from the quartz mixing models must be used with cautlon. No _,1

corroborative evidence yet exists for mixing. ‘Information is imsufficient to

determine spring temperature ve chloride-concentration: trends, and no informa-

tion is avaxlable on the isotopic composition of bzther the thermal or the-
.. cold weaters. Further, the silica content and temperature of the cold: sprxng

water used in the analysis may not be representatmve of waters actually m1x1ng L

‘with thermal waters. : g'

Geophysxcal exploration at Bell Island has been 11m1ted to shallow
seismic refraction investigations; the extent of & deép subsurface reservoir
is not known. Using the standard- mean reservoir volume ‘and the mean reservoir
‘temperature of 134°C gives the followxng estlmateé -of stored thermal energy

Volume (km3) = 3, .3; std dev = 0.9 A"i"
Thermal energy = (1018 ) L 06‘ std dev = 0. 51

These values must be viewed as hxghly apeculatxve estimates. :

Comments ) :

” The hot springs probably result from deep czrculat1on of meteoric waters

- ‘along fractures and possibly faults associated with the Bell Island lineament.
‘The’ caretaker at Bell Island resort reported that other hot springs exist and
lie along the lineament northeast of the resort sprlngs and southwest in Blind
Passage. Despite an intensive field search the existence of these sprxngs
could not be verified. An aerial reconnaissance during winter might aid in

.‘locating vapor plumea from these reported sprlngs.

Some of the ascendzng thermal water may be undeteCted dxscharglng
beneath the surface into the sediments overlying bedrock SW of - the spring .
‘gite. Some hot springs may also be submerged beneath the sea or under lakes
that lie along the lineament. :

Geothermometry indicates the reservoir temperatures are below the minimum
‘value required for generation of electrical power, If subsurface mixing of -
colder waters is occurring, however, mixing models suggest reservoir tempera-
~ tures may exceed 150°C, which could be enough to generate electricity.

The surface resource is presently being used: for heat1ng but much of the
water is being discharged into the sea at temperatures of 40-50°C. Additional

cascaded uses for the resource are possible, perhaps for greenhouses or aqua— ’

culture. The present owner of Bell Island Hot Sprlngs Resort has expressed
1nterest in the 1ncreased use of the Bell Island geothermal resources.

~=50-
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Geology

© 10. BAILEY BAY HOT SPRINGS

Location

™ TLatitude 55° 59.0' N., longltude 131° 39.8' W.; Ketchikan D=5 1:63,360

Quadrangle (1952); T. 68 S., sec. 9, SW 1/4 of SW 1/4 of Copper River
Meridian. o : . IR L

Generel Description

. The Bailey Bay Hot Spr1ngs are located 80 km north of Ketchikan, off Behm
Canal and near Bailey Bay (fig. 1). The springs are 0.5 km up from the mouth
of Spring Creek, which drains into Lake Shelokum (fig. 7). Lake Shelokum in

_ turn drains via a steep cascading bedrock channel into the head of Bailey Bay.-

The springs are accessible by boat to the head of Bailey Bay, thence over. an
unmaintained Forest Service trail for 5 km. Alternately, a float plane can
be taken to Lake Shelokum. The springs are thhxn the Tongass National Forest

fi and are managed by the U.S, Forest Service.

Ten prxncxpal springs and a number of-seepe'and'emaller springs are

~ dispersed over a 12,000-m? area on the steep northwest-facing slope of

Spring Creek valley (fig. 8).  The springs lie between 112 m (40 ft) to 45 m

(150 ft) above Spring Creek and issue from fissures in the granltxc bedrock or

occur as geeps and pools in the ‘alluvial cover. '

vThe reglon hae been heavxly glaciated. Valley slopes range from 30°

45°. Local topography ranges in elevation from 106 m (350 ft) at Lake

Shelokum to over 730 m (2,400 ft) at the crest of the northwest-facing slope
above the springs. The area is highly scenic with steep, glacier~-polished,

.granitic walls remeniscent of Yosemite valley. The soil-~covered slopes and

valley are densely forested with spruce. The valley bottom is flat as a -
result of alluvial in-filling and may have once been an arm of Lake Shelokum
(Baker and others, 1977). The valley is susceptlble to - flooding. :

' ‘The springs ‘were more extensxvely used during the early part of thls‘l
century and were once. developed as a resort with a wagon trail to Bailey Bay.

'.The resort closed during WWII and a three—sxded shelter is all that rema1ns

Bedrock in the Ba11ey Bay ares . 1s ‘8 11neated, gneissic hornblende—blot1te

" quartz diorite and minor granodiorite (fig. 7) (Berg and others, 1978). The

pluton- also contains abundant ellipsoidal dark inclusions that are parallel to

al1gned hornblende crystals. Foliation attitude near Bailey Bay Hot Springs
~is strike N. 35.W., dip 75° N.  Dikes and veins of light-gray weathering
'quartz—feldepar-(biotite-garnet) pegmatite cut the intrusive, K-Ar ages in
l‘the western part of the pluton 1ndicate emplacement took place about 72 to 84
- m.y. ago. ,

' Inspectxon of aerlel photos shows the area to be hxghly fractured w1th
a dominant northeasterly" trend.  The most prom1nent fractures trend N. 60° E.

Fractures at Bailey Bay Hot Spr1ngs have trends. rangxng from E to N."60° E
Those at the head of Bailey Bay measured strike N. 60° E., dip 78°. N., str1ke T

N. 50 Euy: d1p near-vertxcal- and strlke N~s d1p near-vertzcal.



559 55

;230 25'»_ o :
. N
¥SHeLOKUM  CLEVELAND

APPRETE VAR
DECLIMATION, 1952

KOTE?Y ~"!i1evnétcnu 4n faat (mters) above Spm\g Creai
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Figurevﬁ;_Bailgy Bay Hot Springs.



A series of aphan1t1c to. fine-grained, quartz porphyry dikes have invaded
7'many of the fractures that trend N. 50° E. to N. 60° E. Ranging 20 to 40 ‘em
in thickness, the dikes are probably related to porphyr1t1c granite stocks -and
,quartz monzonxte stocks of Mrocene age reported by Berg and others (1978)

Spr1m&VCharacterxstica . - :
' Ten principal springs 1ssue from frssures in the gran1t1c bedrock and
from pools formed in alluvium covering the steep valley slope (fig. 8). Nine
‘of these springs were reported previously (Waring, 1917; Baker and others, .
1977); the tenth spring was found during DGGS investigations. This newly
‘reported spring emerges in a grevel-bottomed pool, located about 50 m SW of
- Spring 3, ‘gnd has & temperature of 71 C. The -other sprlngs range from 56 0
t to 91 5° C (table 15). : . , S : C

B Compared with prev1ous meeaurements. most of the horrsprings'et Bailey

" Bay .appear to have fluctuated at least & few degrees.' These variances in

measured temperatures could reflect slight changes in the: m1x1ng fraction of
~ colder waters. They could also be due to differences in measuring technique -

' and measurement location. Hot spring water temperatures can decrease several

Vdegrees just a few centimeters away from the spring sources. All ADGGS
measurements were made by 1nserting the sensitive portxon ‘of the thermal probe
- either. dxrectly into the spring orifice or as close to it as reasonably pos--
" sible. Probe location was always adJusted to obtain a maximum temperature
‘reading. The 20° to 25°C increases in temperature at springs 4 and 5 since

1914, however (table 15), are much too large to attribute to differences. in’

, .measurement technlques. These changes are more likely due to a real 1ncrease
in the temperatures of .waters arriving at the surface, . C

Where posszble, Elow rates were measured by DGGS using a pygmy flow~ -

 meter; otherwise, flow rates were estimated (table 15). Sprlng discharges -

: ranged from 1 to 70 lpm, with the largest dischargee occurr1ng at springs 1,
3, and 5. The combined October 1979 flow for all springs is estimated at 300
lpm +15 percent. ~Given the 1imited degree of accuracy of flow measurements
-and estimates, the overall flow rates appears to have remained relatively
" constant. Flow at three of the 1nd1v1dua1 springs, however, appears to have

changed appreczebly, Vlth sprxngs 8 and 9. decreasxng and sprlng 7 1ncreas1ng
‘sznce 1914, \

_ One of the three sources of sprlng 3 issues in a spout or Jet of hot
r‘water which measured about 17 cm in hexght on October 12, 1979. ‘This small
" jet .of water is probably due to thermal artesian pressure. Previous observa-'
~rﬁt1ons 1nd1cate Jet he1ght and temperature fluctuates. wlth time (table 16)

Analyses of water chemzstry were performed on thermal waters obta1ned
- from springs 1, 3. and 5 (table 17).: The springs are nearly identical in -
.chemxstry and other _properties. Some moderate changes ‘appear. to have occurred
' sznce 1915 but the accuracy of Waring ] earller analysxs is not known.'

U Waring. (1917) reported ‘coneiderable bubbling of gas at Beiley Bay Hot \
-"Sprlmge but no bubbling was noticeahle in October 1979. Carbonate deposits
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Baker and. others, 1977 estimated. ]
Wering, 1917 - ' e S v
An overall total flow of 274 lpm for sprinsa 1-9 was reported by Sloan, 1976.
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Table 16. Bailey Bay Het‘Spfiﬁge;tspringéjiwater Jet heightﬁaﬁd tehperature

‘Date

1905

1915

1976
1977

1979

} Height (eﬁ) |
38 -

30

15
28

17

Temperature ( C)

90

55

86

85

87

=54

‘References -
Wright and wright,
1908 .
" Waring, 1917

-Ogle, 1976
- Baker and others,
--1977 0
DGGS, this

.. report ..



Table 17.: Chemical composition and: physical ptopetties of Bailey Bay Hot Springs.
L . (Previous ‘USGS analyses included for comparison, e o .
all chemical analyses in mg/l )

T Dccs't" :l DeGS v,nccé’~"~: Uscsa SR uscsbf'i USGsS
- .j?Spring 1 :Spring'B‘f ~-Spring 5 Spring 3? - g Spting;3,

'8102 :.-~139 ‘ ~,-~l40 ST ,138“ o 150 'f~~3 ©.160 : 142
A = e €0.019- el g o . B g2
“Fe o L0. ond . <001 - <0.01i 0601 e 1,5

Ca b3 3 L3 2,1 o 2,00 13
TMgo 0.0 - 0.0 0,00 2 . 0.0 2,1
Na - R (1) _ 102 102 v 89 . 78
S S T 45 4.5 4,46 4 A2
S o e 0606 w0 0,06 ol 0,060 00 B -
HCO3 o138 e 132 129 145 118 27
Co3 ol AS oo Be0 o rn 6.0 0 53
S0, AL e oo 3Bt 39U A e g g
R - e - ) TR R | I SRR ERT . & IS SRR Y AN RIS § |
Br 040 000 e s 040 :
B ';.aa,~.- S0k 046 ',~0.6 0433 SR
, Dissolved Solids NN T AN R T ) T 1407 G 415 i 453
. Hardness Coadeen 3.3 e e 03030 9303 14 pETL ey
_ Sp ‘conductance 484 . 482 479  444(lab) C T
T'°C 84,5 0 87,5 915 - 90.0 - 88. 86
B Discharge lpm o 30 60 T 80 TR 53
;. -Date Sampled SR 10/12/79 10/12/79 = 10/12/79 77/7/76 : Foa ke ‘6/17/15

.

? Water-quality-analysis file, lab 216065 USGS Central Laboratory, Denver, s collected by C.F. :
-..Sloan, : , S , , , :
bMariner and others, 1978.
CWaring, 1917, S e Sl R
g “dAnalyses performed on’ acidified 0.0S-micron filtrate.
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voccur ‘at - and near sprxngs 1-5... Many of the spring channels are lined w1th
“brilliant and colorful orange-red bacterial mats. that change to" blue-green
*‘algomats where temperatures drop below about 60°C.

The mu1t1p11c1ty of spr1ngs ‘8t Ba11ey Bay indicate that s1ng1e conduxts
-near the surface are too narrow to accommodate the volume of ascending hot
“water. . Channel permeab111ty may have been reduced by deposition of silica and’
. other hydrothermal minerals on- the conduit walls as the thermal waters cool on
ascent. ' Some of -the thermal water must be- dxscharg1ng ‘beneath the surface,
 because much of the soil cover in the v1c1n1ty is 15 -20°C at only a few cm
‘depth. . The spring waters must also go :to heating some of the local bedrock;
. the surface of an area measurxng several square. meters:on a moss-covered rock :
':face d1rect1y above spring 5 reglatered 42°C, : . :

'”Reaervoir Propertiel' oo o :
Table 18 summarizes the application of silica and ‘cation geothermometry

. to Ba11ey Bay Hot Springs. - The Na-K-Ca (4/3) geothermometer temperature of

142°C indicates subsurface equ111brat10n took place at temperatures well above
'100°C -and that therefore the Na-K-Ca (1/3) geothermometer temperature of 153°C
is appl1cab1e. This temperature is very similar to the: quartz-conductlve
temperature of 157°C. The pH levels measured by DGGS for three springs at

"~ Bailey Bay Hot Springs .are nearly identical and notably higher than that

 reported by previous 1nveatlgators. Applying a pH correction to these sprlngs
using the DGGS pH values results in a quartz-conductxve temperature of 142°C.

. This temperature is taken as the minimum reservoir temperature, the uncor-

_ ‘rected. quarte conductive tempetature is taken azs Ehe maxzmum, and the Na-K-Ca
x(1/3) as the most likely: :

W . o M1n ci !25 Mosf.Likeiy’ .ﬁean » Srd Deu
‘Subsurface T (’C) %2 - 157 . 153 o181 3.4

~ The principal hot sprxnge at Bailey Bay issue from the surface at temper-
atures below boiling and have a large. combined flow rate and cation geother-"
mometer temperatures consxderably sbove orifice temperatures. ‘These factors
sugges: the mixing of colder waters (Fournier and Truesdell, 1974). A cold
spring near Bell Island Hot Springs, located in similar terrain several km
south of Bailey Bay Hot Spr1ngs, was found to have . & temperature of 8°C. and a
silica content of 8 ppm. : '

- Using these parameters to characterize the cold water fraction and fol-
low1ng the method of Truesdell and Fournier (1977), application of quartz
.-mxxxng models gives the following results: .

' . Pareﬁt hot water '
‘Mixing model  Max T (°C)  8i0¢ (ppm) Fraction (%)

‘1. Maximum steam loss 154 .. 135 ‘ 89

2, -No steam loss o : 225 -~ 370 . 36

Temperatures from the quartz mixing models must be used with caution. No
corroborative evidence for mixing such as from chlor1de~temperature analys1s
or water oxygen isotope &nalyses is available. Further, residence time in .the
granltxc rock of cold springs waters which were sampled may have been

- =56~



‘Table 18, Bailey Bay:Hot'Spfith geothermometry,
- (Based on spring 3 water chemistry, DGGS analyses;
"~ all temperatures are in degrees celsius.)

% . o PR

i:SUtfaiéntémpetgthfe_tif | L 87¢;'
RE T

Caﬁibﬁ'gebihermométers | 8
Na‘K"C& (1/3) » 153
Na-K-Ce-(4/3) = = 142

Silica geothermometers =

. Adisbatic = ‘ 149
Conductive |, - 157
Conductive, pH corrected 142
Chalcedony " .~ § 77133

Cristobalite - 107

“opal

1.
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. 'watet fractlon.

relatlvely short ‘&nd. not representatlve of waters actually mxxlng with the hot

Pty

Although there is no'observable'steam'loee at the ground surface, steam
- may be‘separating below the surface and heating waters other than that

~ emerging at the springs sampled. The large area of heated ground - and the
similiarity of temperature estimated by the steam loss model. to temperatures
estimated by geothermometry. euggeats this may be the case. The hxgh tempera-
ture predicted by model 2 seems unlikely for waters. cxrculat1ng in fractures
in granitic bedrock. : : .

No geophysical exploratienAhas been done at Bailey and the extent of the
. subsurface reservoir is not:known. Uslng the standard reservoir volume and
.;the mean reservoir temperature of 150 C gives the follow1ng est1matee~
Volume (km3) = 3, .3, otd dev = 0.9 “ X
Thermal energy (1018 J) = 1 20, std dev = 0. 5

These‘vaiues_must be viewed—as hxghly'speculatlve estimatee;

Comments: . - ‘ :

Bailey Bay Hot Springs have both the hxgheet surface ‘temperature and
highest estimated reservoir temperature of any hot spring site investigated in
southern Southeastern Alaska. Surface temperaturee and .flow rate are suffi-

B cient for a variety of applxcetlons requ1r1ng thermal energy. The estimated

reservoir temperature is above that preeently requxred for generat1on of
-gelectr1cal power.

Balley Bay Hot Springs probably result from circulation of meteoric
waters along deep-seated fractures. Fluctuations in discharge and temperature
‘at individual springs apparently have occurred, as indicated by comparxng
reported flow and temperatute medsurements (table 15).

~58w



 11. SAKs, REPQR’TEDVHo'r”smt{cs;v.UNsuns'rANTIATEn.;~

Location ‘ ' ; L
Approximate)’ latitude 55° 52' N., longitude 131° 05'.W.;ertchikani
1 250, 000 Quadrangle (1955) T, 69 8.y R. 94 E. R [

* Comments o

' Relying on information: obtaxned from USFS in1915;° Waring (1917)
‘reported the existence of hot springs located 8 km (5 mx) SE of Saks Cove off
Behm Canal (fig, 1). The USFS representat1ve described the springs as similar
. to Bell Island Hot Springs with "water 1ssu1ng “in ‘part at the rock shore and’
'in part directly from a f1ssure 1n gtan1te 200 ft back ftom ‘the shore" .
~(War1ng, 1917, p. 23).

: DGGS interviewed aeveral persons fam11ar thh the Saks Cove reg1on,
,1nc1ud1ng representatives from the USFS and the Alaska Department of Fish and

- Game, local bush pilots, and local trappers and explorers Two of the persons

interviewed had searched extensively for the springs but could not find any
sign of them. None of the others had any knowledge of the springs other than
what had been reported by War1ng (1917). The springs:either probably did not
- ‘exist at the time of Warlng s report and Waring was mxsznformed or perhaps the
: sprxngs have drxed up since 1915.



12, UNUK,’ngORrED;THERMAL SPRINGS, UNSUBSTANTIATED
',‘Lbcétion ‘
1:250, 000 Quadrangle (1955) T. 66 S., R. 93 E.

Comments B
. Waring (1917) recorded a vague: report. of thermal spr1ngs located about

9 km (6 m1) above the mouth of the Unuk River, which drains into Burroughs Bay'

(fig. 1). The springs were believed to have & small ‘flow and to be neither .

very hot nor notably mineralized, Several individuals familiar with the Unuk

River were interviewed by DGGS. = None had any knowledge of thermal springs .

" along the Unuk River. Catbonate ‘springs located near the international border

. reported by Waring (1917) as Boundary Springs were reported -to be now under-.
- water as a result of a shift in river channel. The thermal eprlngs may have
_either met a s1m1lar fate or perhaps never actually exzsted. K ;

SR

<60~

(K;ptox1mate) lat1tude 56°08' N., longitude 131 00' W.; Bradfield Cahgl  5~""



'ngcat1on

%Comments

+13. BAKER ISLAND HOT SPRINGS  °

Approx1mate) latitude 55' 17.5"'; longitude 133 40.5'; Craig 1: 250 000
Quadrangle (1957) R, 76 E., T. 75 8. of Copper River Mer1d1an. -

‘A hot-springs site was reported by loéal f1shermen to be 1ocated on the

~ west coast of Baker Island (fig. 1). The existence of these springs was
?recently substantiated by the USFS office in Craig, Alaska.. The Forest Serf
vice reported that a cluster of springs issue from a steep granztxc cliff,
. several meters above tidewater at the head of Veta Bay (fig. 9). The USFS
" ".plans to build a trail to the aprxng from Port San Antonio on the east szde of
- ‘the island.

Detetxoraciﬁg'Véather‘cdnditioﬁs,preventedlfield'investigatibn~0f,this

- site during fall, 1979. The}site;will‘prob&bly*bé visited during the 1980
C :DGGS field season. C L S e AT e
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HSUMMARY, SOUTHERN SOUTHEASTERN‘ALASKA THERMAL SPRINGS

Locatxons of the thermal spring 31tes in southern Southeastern Alaska are

fshown in figure 1. Table 19 provides a brief summary of each site. Three
.sites reported in Waring (1917) (Vank Island, Saks Cove,and Unuk River) could
“'not be verified and are presently discounted. These springs may have existed.
at one time and perhaps have drled up gsince Warxng 8 account.

The Bazley Bay ‘Hot Sprxngs sxte (No. 10) has the h1ghest surface water

. temperature (71° to 91.5°C) and the highest estimated subsurface temperature
“(151°C) in southern Southeastern Alaska. The largest flow rate (450 lpm) was -
.measured at Chief Shakes Hot Springs (site 1), located in Shakes Slough north
of the Stikine River. Bell Island hot springs (site 9) has had the most
édevelopment. ‘The - five principal hot springs there;‘ which have an average
. :temperature of 70°C and a combined flow rate of over 100 lpm, are used by a’

‘. fishing resort to heat 14’ bu11d1ngs and an olympic-size swimming pool. The
'.Bell Island Hot Springs occur on a prominent southwest—northeast trendlng, 30 .
ka long 11neament that b1sects the island,. :

Two thermal spr1ng sites that had not been prev1ously reported in the -

:literature were investigated dur1ng the September-October field excursion.
The first site, Barnes Lake warm springs (No. 2), 'is located about 4 km north.
~of the Stikine River near the Canadian border "and consists of a warm pool
- ‘measuring’ 25°C and ‘& warm seep measuring 26°C. The second site, Bradf1e1d
~:Canal hot spr1ngs (No. 8), occure on the south bank of the East Fork Bradfield
‘'River near the confluence of the two main tributaries to the river. The site
. consists of several small thermel springs issuing from fissures in the granite
" . ‘bedrock at temperatures rsngxng from 53'-57 C. Total flow is estxmated at 20

lpm.

:}1n southern Southeastern Alaska occur- either near & major river or near tide-

_ gwater. This correlation is probably partly & reflection of access1b111ty and
~occurrence along travelled routes. The discovery of Bradfield hot springs in
}a remote area of the Coast Range mountains: suggests other such sites exist but
\have not yet been found. Vapor plumes from thermal springs are most visible
,dur1ng cold weather., A 1ate-W1nter aer1a1 reconnalsssnce might disclose the

Except for Bradfield hot springs, all. the presently known thermal springs

10cat10ns of add1t1ona1 thermal sprlng 31tee in southern Southeastern Alaska, -

Except for Baker Island hot sprlngs, all known thermal sprlngs in

?southern ‘Southeastern Alaske occur on or near the western flank of the Coast
{Range Batholith and probably origxnate from deep circulation of meteoric
;waters along fractures and faults in grsnitxc host rock. :
vE ~ The chemxcsl compositions of the southern Southeastern Alaskan thermal
'§%pr1ngs are roughly similar. and fall under the category of alkali-chloride. to-
. alkali-sulfate waters. The constituents of the thermal waters were probably
§Ber1ved from deep-seated interaction of hot water with rock. Prev1ous
'Echemxcal analyses are available for three of the thermel-spr1ng sites: Chief
‘Shakes, Bell Island, and Ba11ey Bay. Concentrations of most of the chemical
fﬁconst1tuents appear to have undergone ‘at least minor varlatxons. "The overall: :
‘§chemxstry of the thermal waters from Bell Island and Ba11ey Bay appear to have
fremaxned substantlally the same. Two srgnxfxcent changes in. chem1stry, how~
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. Table 19. Southern Southeastern Alaska theraal “springs sites

‘Nogmof  Total Spring Estimated reservoir _

Site . springs Flow (lpm) temperature(®C) _ temperature (*C) . Remarks
. Chief Shakes = . 7 450 . 50 9  Springs located in Chief Shakes Slough N. :
) O : : of Stikine River. Springs etierge from . &=~ *»
_ fissures at base of granitic cliff. LA
-+~ . Barnes Lake 2 . 30 ] 26 . ‘ 90 Springs located on either tide of creek .
3 . B : ‘ . , v -draining into Barnes Lake. ‘
. Powler_{Canada) 5  Dokmowm . .59 o e6 Located in Canada on S. side of Stikine
! A ) o o : . River, about 16 km from Alaska border. -
: : . o Springs emerge from fissuves at base of
e 8 granitic cliff, Beaver-dam impoundment
- : has submerged aeveral springs, o
Twin Lakes 2 20 21 . 1 Springs located on K. shore of Twin Lakes |
: ' : ' L. w . at base of granitic cliff near fracture . i
T zone, Mixing of cold waters probable. ;
Springs are probably the W, Shakes Springs
mentioned in Waring (1917). iR
RO g
HMt. Rynda ‘ ‘Reported by local inhabitants as warm seep near base of M. Rynda on south bank of Sti.ldm luver. This |
, iy spring 1s probably the South Stildne Spring mentiomed in Varing (1917), - ERET i
. S ‘ : « i

. Vank Island Reported by Waring (1917) to be located oa sonth end of Varnk Island but unsubstantiated. Local ;

gs 1nhsb1tanta familiar with the island know of no tl\eml springs on the island. . :

.' Virginia Lake Reported by local lnhabltanta of Wtangen Alaslm. Search of designated locat.lon d!.d not tum up any .
S ‘ ,theml ano-aliec. o . : :
Bradfield Canal 7. 20 57 - 108 Located about 150 m S. of E. Fork Bradfield -~
. ) c . o SRR © _River., Springs issuve from several small :

v ) - fissures in granitic bedrock on hillside, -
Bell Ialand . S major 100 - T4 - "~ 13 . Located on liteament which bisects-Bell
: 1 minor S : A ) Island, Terrain is gtanltic. Springa used :
: ) . " to heat resort. AN
. o . 0
" Batiley 10 major 280 . 915 .. 151 Located on’ billside S. of Spring Creek. i
. ' Lo C L Springs issue from several fissures in B
: = gtanitic terrain. ) ‘ H
Saks Cove ".Repotted by Waring (1917) but unsubutantiated. !xtensive searcheo by local reaidents could ot locate
R any sign of springs. ‘ ‘ » i :
" Unuk - Reported by Waring (1917) but unsubstantinted. Local 'trappen u‘siug tiver have no knowledge of any :
B ) spring in the general area 1nd1cated by Waring. : i : E . E
knker Is'la'm_"l‘ = ‘u.s. Porest Service from Craig, Alaska verified existence of hot: sptings on west side of Baker Island. - ~ J: )
g o Several springs were reported 1ssu1ng from granite cliff several meters above | tide water. :
. T
» - [ ] »
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ever, appear'to hauerocéurred'at’Ch1ef'Shahes}f Warxng s 1915 ana1y31s is ‘no-
tably higher in silica and potassium than either the USGS 1976 ‘analysis or the
DGGS 1979 analysis. . The higher concentrations of these .two constituents in

: -~ 1915 suggest subsurface waters had been equ111brat1ng at substant1ally hlgherh~ﬂ
' temperatures than at present. One possible explanatlon for this change is.

that the deeper part of the conduit system may have become sealed perhaps as a

result of seismic activity or from deposition of hydrothermal m1nerals.
Fluctuat1ons 1n hot sprxng temperatures of 1'-2 C was noted over a BREE

several-day perxod at Bell Island. Winter temperatures of these thermal water

: ¢ can apparently 1ncrease by 5*~10°C above summer - temperatures.

Most of the Balley Bay Hot Sprxngs were hotter Ain October 1979 than in ,
either June 1977 or June 1914.  Two of the sprxng temperatures increased sub~
stantxally since 1914; - sprzng 4 1ncreased by 23 'C and spring 5 by 25°C. :

stcharge rates appear to have changed ‘at-all three sites for whlch
previous records are available. The accuracy of the earlier measurements is
not known. . Measurements and estimates of flow ratee: are often subject to

~large errors and it is often d1ff1cu1t to judge if any s1gn1f1cant changes in

discharge have actually occurred. . The measured flow rate in September 1979
and the reported flow rate of June 1915 (Waring, 1917) for spring 1 at Chlef

. " Shakes are both notably higher than the rate reported,for July 1976 (table 5)

" The overall dxacharge ‘from springs at Baxley Bay appear to have remained .
‘about the same since 1915, although some readjustment of flow volume seems to

~have occurred among the several available conduits.. Waring's visual estimates
of d1scharge from the Bell Island Hot: Sprxngs are less than half of the more

recent minimum estimates of flow rate, which. 1nd1cates that either flow has
substantially 1ncreased or. War1ng 8 estlmates were wrong.zg,

Chem1ca1 geothermometers suggest subsurface temperatures in the range of

50° to 110°C for thermal spr1ngs ‘along the Stikine and East Bradfield Rivers.

If the thermal-spr1ng ‘waters. derlve their heat :solely from deep c1rcu1atlon, )
they must reach depths of 1 to 3.5 km, assuming geothermal gradients of 30°
to 50° C/km ' The estimated subsurface temperatures for Bailey Bay and Bell Hot

f'Sprlngs are 1n _the range at 135°*151 C. Circulation depth for’these waters

would range from 3 to.5 km.a,

Interest has been expressed in aeveral posslble uses of the thermal -

- springs in. southern” Southeastern Alaeka, including aquaculture and electrical

generation. Aside from Bell 1sland Hot Springs, however, the thermal wiaters -

. of southern Southeastern Alaska remain unused except for occasional recrea-~
‘tional purposes. Thus far, our investigations indicate that only the Bailey -

Bay - and Bell .Island Hot Sprzngs sites offer any potent1a1 for future large—

‘Vsca e development.
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APPENDIX A: ABBREVIATIONS, UNIT SYMBOLS AND CONVERSION FACTORS -

o

ADGGS

-~ IcAP
. ‘n.d.‘
- gtd dev

USPS
USGS

cm
J.
kg
km

1
lpm
o
mg

u
u/l
MeYe
ppm

Vo 1. Abbreviations

2. Unit symbols
R

Vi

RENERE

not determined. .
standard ‘deviation-
United States Forest Service

United States Geological Survey

degrees Celsius
centimeter :
joule! L
kilogram = - !

‘kilometer -
‘1liter

liter per minute
meter , _
milligram -
microgram

microgram per liter'
millimeter & -
million years -
patts per million

’Conversion factors '

mm

5/9 °Fohtenheiﬁv-’32

°C - -
°C/km - 5/9 -°F-32 /0.621 mile
cm - -~ 0,394 inches. -
gm - 0,035 ounce
joule =~ 04239 calorie (eal) - S
- 9,480 x 10°~4 British thermal unit (Btu)’
1018 J - 1013 gtu= 1 quad . , .
kg - = 2,205 pounds = . . .
km =~ 0,621 mile Lo
1 -~ 0.264 gallon .
lpm - 0.264 gallons per minute
m - 3.281 feet
- 0,039 inch

© =70-

‘Alaska Division of Geological and Geophysical Surveys
“Inductively coupled argon plasma :
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APPENDIX B. PRECISION OF WATER‘ANAEYSES‘
(from Skougstad and others 1979).

Relative deviation

. é?lf

S Number of
Constituent labs - : Mean (mg/l) (percent)
510, 12 . 5.87 9
19 36.5 3
‘A 4§ L0750 23
' 3 .433 9
Fe 17 4100 31
ca 17 126 7
. 23 - 110 8
Mg 23 1.98 9
| 20 22,0 5
Na 26 - 3.44 9
19 43.7 4
23 1 78.8 4
K 15 0.8 14
32 5.2 11
L1 10 - .054 9
- 18 484 5
1 0 1.56 26
' 9 194 4
F 13 0.62 16
6 1.1 26
9 072 78
5 .522 14
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'APPENDIX C. INDUCTIVELY COUPLED ARGON PLASMA DETERMINATIONS OF MINOR AND TRACE ELEMENTS.
' (Analyses performed by Chemical & Geological Laboratories of Alaska)
Blank indicates sample was. below detection limit.,

Element ' Lo o :

Detection Limit (mg/1) =~ Ag ~ As Au - Ba Bi cd Co. . Cr Cu Hg Mo = Mmn - Ni
- L ' - 0,05 0.05 0.0 0.05 0,05 -0.00 0,05 0.05 0,05 .0,05 0,05 0,05 0.05
 Location , o : ‘ B - . ;

Southern S E. Alaska

" Bailey H.S. #2 g o ’ '

Bailey H.S. #3. . - e ’ R 0,08
" Bailey H.S. #5 - :

Barnes Lake -

Bell Island
-Bradfield Canal -

Chief Shakes H.S. #1 _ e Tl
. Chief Shakes H.S, {2 0,19
~ Fowler : :
~Twin Lakes

Element : ‘ FEN S o S i o B o
Detection Limit (mg/l) P Pb Pt Sb - Se  Sn . . Sr T W | Zn . Zr
: , : 0.0 0.05 0,05 0.05 0.05 0.05 0.05 0,05 0.05 0.05»"0.05 ko.os

Location

Southern S.E. Alaska : . IR,

* Bailey H.S. #3 S - 0.06 - S 0407 , ‘ 0.14 -

. Bailey H.S. #5 v , : EEREEEEER ‘ - 0.05 S e - S .
Barnes Lake ‘ - 0.07 - : o 0.11 . L o L e
Bell Island , . ' . 010 0.40 L ‘ : '
Bradfield Canal v : : 0.07 : 0,46
Chief Shakes H.S. #1 0.10 _ ' BRRE " 0,19
Chief Shakes H.S. #2 0.08 - 0.08 B 0.22
Fowler ‘ o . 0.08 : 0.62

Twin Lakes : 0,08 . 0.09 : - 0.06

Ay






