June 1980

Alaska Open-File Report 127
ASSESSMENT OF THERMAL SPRINGS SITES IN
SOUTHERN SOQUTHEASTERN ALASKA-—-PRELIMINARY
RESULTS AND EVALUATION

By
Roman .J, Motyka, Mary A. Moorman, and
John W. Reader



CONTENTS

ABSEFECE = = = = = = = = = % =~ — A w m m o m = m = m e = = = -~ =
INntrodUckion — — = ~ = = = = = = = = = =~ =~ = = =~ = = = = =~ = = — = =~ -
Use of the report- — — = = — = = = = = = = = = = = ~ - - = - - - - - -
Hydrothermal convective gystems— - ~ ~ — = = = = = — = = — — — — = « ~
Field techniques and sampling procedures - — - = ~ = — = = = — = — ~ =
Laboratory #nalyses' Mathods uvsed and precision- - = = - - = = ~ - - =
Geothermometry ~ ~ = — ~ = ~ = = = = — — = ~ — = = = ~ « & = - = - - =
Silica geothermometry — — = = =~ = = — =~ = = — ~ — = ~ — — — - — —
Silica wixing wodelg~ - = = =~ = ~ = = = — = =~ = = = - = ~ « - - -
Sodium-potassium—calcium geothermometry = - — = = ~ = = « ~ ~ - -
Accurnacy of geothermomstry- — - - = = — = — = = = ~ =~ = - - - - -
Descripltion of ndividvual thermal-spring sites — - — -« — = - = - - - -
l. Chief Shakes hot Sprimgs — = = ~ ~ = =~ = = = = =~ = = = = ~ = -

2. Barnes Lake (Paradise) warm springs- — = ~ ~ - = — - - = = - =

3. Fowler Hot Springs (Canada)- ~ ~ - = = = = = = = = ~ = — =« - =

4, Twin Lakes (West Shakes) warm springg— - — = — — — = = = = - =

5. Mt. Rynda (South Stikine), reported warm spring- - - - - — — -

6. Vank Island, reported hot spring, unsubstantiated- - - - - - -

7. Virginia Lake, reported hot spring, unsubstantiated- - - - - -

8. Bradfield hot springy= = = = ~ = =~ = =~ = = — — — = — = — o - ~

9. Bell Island hot springg— - - - — = — = = — ~ = = = = = — — — =~

10. Bailey Bay Hot Springs — — — = = = — = = = = = = = ~ = « - — -

11. Saks, reported hot apringse, unsubstantiated- - - - - - - - ~ -

12. Unuk, reported thermal springs, unsubstantiated- - - = - - - -

13. Baker Island Hot Springg - — — = = = = = = = = = = = = = = — ~
Summary, souvthern Southeastern Alaska thermal springs— - -~ - - - - - -
Acknowledgments~ ~ — = = = = = — = = — — = - & - - =« & &« -~ ~ « - -~
Reforences =~ — ~ = = = = = = = = = = % m = = = = = o~ om —m oA m . o= =

P IGURES

Figure L|. Location of reported thermal springs, southern Southeastern

Alagkg~ —~ = = =~ = — = = = = = = w = = = — = = - = = = =
2. Solubility of quartz as a function of temperature- -~ - - - -
3. Silica mixing model exampies — = = - = — = = - - = = « - — -
4. Geologic map of Stikine River area ~ — — = — = = = = — - ~ —
S. Geologic map of Jowler Kot Springs area- -« ~ — - - - ~ = — =
6. Location map, Bradfield hot springs~ ~ - - = ~ = = ~ - ~ — -
7. Geologic map of Bell Igland and Bailey Bay Hot Springs area-
8. Bailey Bay Hot Springs — - = =~ = ~ = = = = = « ~ = = = - - —
9. Location map, Baker Tsland Hot Springs - - = = - - = ~ = ~ =

11l

10
13
19
29
41
45
52
62



Table 1.

IL.
12.
13.

14.
15.
16.
17.

18.
19.

Appendix
Appendix
Appendix

TABLES

Methods and expected precision: DGGS water chemistr

analyges— — = — = = = = = = = = = = = = = = =~ -~ = -~

Chemical composition and physical properties of Chi

Shakes hot springg— - — = — = = = ~ = = — = =~ = = ~ - — -

Chief Shakes hot spriangs geothermometry- - - — — -

Chemical composition and physical properties of Bar
warm springg-— — - — - - - = = - —- = - — - - - =

Barnes Lalke warm springs geothermometry- - - - - -

y

Chemical composition and physical properties of Fowler Rot

Springg = - - = = ¢ = = = = = o= - e m s == s
Fowler Hot Springs geotheyrmometry- — ~ - — - ~ — =~
Chemicel composition and physical properties of Twi

WArM 4Prings= = — — = = = ~ = w = = ~ — = — — =

Twin Lakes warm gprings geothermometry - — ~ ~ — - ~ = - - ~

—_ - = - =

Chemical composition and physical properties of Bradfield

hot springs — — — — = = = = = = =~ = = = = =~ = -~ - - -

Bradfield hot 8prings geothermometry ~ - ~ - - - ~

Bell Island Hot Springs temperatures, 10/5/79- ~ - - - -~ - -

Chemical composition and physical properties of Bel

Hot Spripmgs — — - — = = = = = = = = = = = = = = ~ = - - =

Bell Island Hot Springa geothermometry - - - — — -
Temperatures and flow rates, Bailey Bay liot Springs
Bailey Bay Hot Springe, spring-3 water jet height a

temperabture ~ — = — = = - = ~ - & — \ . - - = —~ &~ - - ~ -

Chemical composition and physical properties of Bai

Hot Springs — —~ — ~ ~ — ~ = = = = = = — = = — - - = = ~ =

Bailey Bay Hot Springs geothermometry- - ~ - — = -
Summary, southern Soutbeastern Alaskan thermsal spri
Sltes — = = = — = = =« = = e - = - e - e -~ -

APPENDIXES
A - Abbreviations,; unit symbols, and conversion fact
B - Precision of water analyges = — — = = = — = ~ o — = =« — -
C - ICAP determinations of minor and trace elements

iv

nd

ley Bay

ngs

—_ e e e —

org — = -

21
23

26
26

31
31

35
35

43
43
48

48
49
54

55
57

64

70
71
72



ARSTRACT

Information has been gathered on 13 reported thermal-spring sites, 12 in
southern Southeastern Alaska and one in western British Columbia. Five of the
veported sites could not be substantiated by DGGS. The eight known thermal
spring sites are mesociated with granitic terrain and, except for Baker Islaud
Hob Springs, occur within or near intensively fractured Cretaceous-age plutons
of the Coast Range Batholith,

Thermal-spring surface temperatures rvange from 21°C (Twin Lakes) to
91.5°C (Bailey Bay). The greatest discharge occurs at Chief Shakes not
springs (450 lpm). Bell Island Hot Springa, which has asbout a 100-lpm dis-
charpe and a 70°C tempersture, has had the wost development. Two previoasly
unreported thermal-gpring sites, Barnes Lake warm springs and Bradfield hot
aprings, have a low rate of discharge and respective surface temperatures of
about 25° and 54°C.

The kuown thermal springs probably originate from circulation of weteoric
waters through deep-seated fracture and fault systems. The chemical con-
stituenks of the alkali-sulfate to alkali~chloride thermal waters are probably
derived from interaction of the deeply circulating meteoric waters with the
granitic wall rocks. Chemical geothermometyy suggests subsurface temperatures
of 55° to 151°C. If waters are being heated solely by conduction [rom wall
rocks, circulation depths must be about 1.5 to 5 km, assuming geothermal
gradients of 30° to 50°C/km.

Variations in temperature, discharge, and chemiatry were noted at several
thermal springs for which previous records are available. A major decrease in
8ilica and potagsium concentrations at Chief Shakes hot springs is suggested
by comparing recent analyses of water chemistry to Waring's (1917) original
annlysis. The rate of discharge aL Bell Island Hot Springs may have increased
by a Eactor of two since Waring's visit to the aeprings.

Subsurface rveservoire associated with thermal springs in southern South-
eastern Alaska are of low temperature and are probably limited jip extent, com-
pared to geothermal Ffields unow being used elsewhere in the world. Only the
Bell Island and Bailey Bay sites now offer any potential for generation of
electricity; these sites could also be used for a variety of direct uses such
a8 space heating, wood or lumber processing, and perhaps aquaculture. The
other sites have less potential but could be used locally for apace heating or
dagriculture enhancement.

INTRODUCTION

The Alaska Division of Geological and Geophysical Surveys (DGGS) in co-
operation with the U.8. Department of Energy, in 1979 embarked on a 3-yeur
program of assessing the geotharmal enexrgy resource potential of thermal-
spring sites in Alaska. Evaloation of these aites is based on geological and
geochemicnl data, geothermometric models, und geophysical data where avail-
able.

More than 100 hot-aspring sites have been reported to exist in Alaska.
The gites are dispersed throughout the state but significant concentrations and
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belts of thermal springs occur along the Aleutian Range, in Southeasterp
Aluska, and across central Alaska. The first comprehensive inventory of the
therwal springs of Aluska was published in 1917 by Waring. Since then brief
sunmaries of Alaskan thermal springs have appeared in Waring (1965), Millec
(1973), White and Will{ams (1975), and Muffler (1979). The moat recent cowm-
prehensive suwmary of Alaska thermal apring investigations was compiied Sy
Mackle (1979).

The scope of the initin! nasessuent of geothermal resources as undertalken
by DGGS includes 1) investipating all thermal-gpring sites previously reported
but not as yet visited or studied by a scientific team; 2) providing up-to-
date data and more detailed wtudies of previously investigated sites; and 3)
locating and investigating additional rhermal~spring sites not previously
reported, The assessment work includes veconnaissance of site geology and
hydrology, inveatigation of thermal-spring charecteristics including tewmpera-
tures and flow rates, :ad pgenchrmuical sampling and analysig of the rocks and
thermal waters at the site. This ilnformation (s used Lo describe the site, to
estimate regservoir temperalure, to evaluate the extent of mixing of thermal
waters with colder watery, and to determine the geothermal energy poteatial of
the site. These data for a1l rthe thermal spriog gites of Alaska will Dbe cow~
pifled into a geothermal atlas. The information ts also belng used to select
situs with the highest pokentisl for geothermal energy use and Lo recommend
follow-up stundies al sucu sites,

Thig report prasent:s Ihe preliminary results of investigations on thermal
springs 1n southern Soothicastern Alaska, uear Petersburg, Wrangell, Ketchikan,
and Craig (fig. 1). Three of these sites, which bad been veported by Waring
(1917) (Vank 1Island, Unuk, and Saks Cove), could not be substantiated and are
presentty digcounted. South Stikine (Waring, 1917) was reported by a local
inhabitant to exist near Mi. Rynds but could not be verified by DGGS. A
teport of a thermal spring uear Virgionis Lalke was investigated by DGGCS,; ao
fhermal anomalics were fonud amd the vevicity of the report 18 doubted. Baker
Island Mot 8prings were veriiied by the U.5. Porest Service in Craiy, but
deteriorating weather condiltious prevented NGGS field icvestigation of the
nite.

Ficld invastipatious were performed on gevan thermal gpring sites duriag
late September anid early Octobey, 1979. Four of the siles occur along the
Stikine River (Chief Shakes, Twin fakes, Barnes Lake, Fowler), one along the
Bradfield Wiver (Bradfield), and two on and near Bell Island (Bell lsland an!
Bailey Bay). ‘I'wo of the siteer investigated, Barnes Lake and Bradfield, have
not beeun reported in any previons compilation of thermal springs in Alasgha.
The recont discovery of the Bradfield hot springs in a remote area of rthe
Consc Range Mountains wuggesty oihar thecmal springs exist but have not yel
bern detected.

ULSR OF THE CEPORT

Tha purazase of thisz open- file report is to provide a ready reference of
detuited, cucreat data bearing o (he porentinri uses of peothermal gpring
areaa of southern Southeasiwry Alasba., The report 18 organized into seveval
zectiond so thar lthe rceadny, depeading on his familiacity with gecthermal
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resources and theix methods of investipation, can use any part of the report
separately.

The first section is 2 briel discussion of hydrothermal convective
systems. The next saveral sections deal with data scquisition and sampling
proceduces, methods and precigion of laboratory analyses, ond geotheracwmuteic
modela. Detailed discussions of each site investigated follow usext and
noymally include for each site the location, general description, geolopy,
spring characteristicsg, redarvoir properties, and comments. The final sectiou
provides a general summary of southern Southeasteyn Alaska thermal springs.

For convenience, a4 list of abbreviations, unit gymbols, and couversion
{actors is presented Im appendix A,

HYDROTHERMAL, CONVECTION SYSTEMS

Hydrothermal convection syytems counsist of a heat source, a fluid, and a
rock mediuvm with enough vertical permeability to allow hot, low—dlensity flitds
to rise while denser, cooler fluids descend eclsewhere in the system. In
hydrothermal. convection syetems, woat of the heat isg transpotrted by convecrive
circulation of fluids rather rhan by thermal conduction through solid ronks.

Hydrothermal systems gre classified into two main types—~~vapor domivated
and hot water-—-accoxding to the phase controlling heat and wmass transfer in
the deep thermal reservoir (White and others, 1971}. In vapor-dominated
gystems, the deep vedervoirs are controlled predominantly by steam, asually at
tamperatures of 240°C. Their surfmce activity is characterized by fumaroles,
acid~sulfate springs, and acid-leached zround with hot-spring chloride levels
usually below 50 ppm. Such gystems are economically attractive for electric
powsy generation because they are penerally clean and cheap~——they require
little more than drilling into the ateam rescervoir for the developmeunt of
powes. Unfortunataly, thuse systems, nceur only under unuscal geologicel
conditions, One example of a vapor-dominated system in the United States iy
the Geysers im unorthern California, which have been used to generate ¢leviri-
city for several decades, No vapor—dominated systems have yet been identifl ted
iu Alasks.

Hot-water gystems zre dewinated by civeulating liquid, which rtrangievsa
most of the heat and largely controls aubsurface pressurss (although wodersale
amounts of steam may also be preseni). Their surface activity 18 charac-
terized by presence of springs diacharging thermal water with chloride leveis
above 50 ppm and with neutrnl to alksline pH level. Some hot-water sgystews
boil at depth, and the secaping steam pives rise to fumaroles and acid-sulbate
springs, similar to the surficial features of vapor-dominated wystems, Hot--
water convection systemg are divided into three temperature ranges (White and
Williama, 1975):

1) Wigh-temperature syscems: reservoir temperatures are above 150°C.
Such systems cun ba uged {ov a variety of applications, including the
geseration of elactricify, space heating, and processing. At leusl
three high—tewpecrature s stema have thus far been identilied in
Alasks: Bailey Bay in southern Southeaatern Alaska and Geysers iight



and RHot Springs Cove, both located on Umnal Island (Brook and others.
1979).

2) Intermediate~temperature systems: reservoir temperatures lie hetweeo
90°C and 150°C. Such systems can be used for gpace heating, some
industrial procesaing purposes, and perhaps aquaculture. Future
technological advances may eventually make electrical genervaiion from
intermediate systems practical., At least 28 intermediate temperalure
systems have been identified in Alsska; some may prove to be high-
temperature hot water systems as more detailed information is
obtained.

3) Low-temperature systems! reservoir temperatures lie below 90°C. Such
gystems can be.used for hest and perhaps agriculture purposes (for
example, greenhouses), but wost likely only in locally favorable cir-
cumstances. Over 80 low-temperature systems have so far been identi-
fied in Alaska (Turner and orhers, 1980). Some of these may prove to
have higher temperature reservoirs on closer examination.

FIELD TECHNIQUES AND SAMPLING PROCEDURES

A wrtandard pattern of sample and data acquisition was followed al anch
thermal area vieited. At sites with multiple springs, watur samples were
normatly obtained from the thermal spring with the highest Lemperature and
greatest diacharge. At some sites more than one thermal spring was sawpled.
When cold ground—-water springs were found in the immediate area, samples were
normally taken for silica analysis necded for silica-mixing models.

Water samples were collected, filtered, and treated following procedures
described in Pregser and Barnes (1974). The samples were always obtained at
or as close to the spring source as possible. Filcration was usually through
a 0.45-micron filter (altthough some gamples were filtered through a 0.05~ ov
O0.l-micron filter for aluminum and iron determinations). Thermal-water
samples obtained for silica analysis were normally diluted im a 1:10 ratio
with deionized distilled waler to prevent precipitation and polymerization of
silica as the sampled cooled. Hydrochloric acid was used for rhose samples
requiring acidification,

Bicarbonate and ph were determined in the field by uaing methods de-
scribed by Barnes (1964). VField pH values were determined to the nearest 0.05
pH unit with either a Digi-~sense digital pH meter, model 5995-40 or an Orien
Research specific ion meter, modael 401. The pH meter waa normally calibraied
agiainat standard buffer solutions before and after each medaurement . Read inps
were normally reproducible to + (.05 pH units. Waters were titrated with
0.01639N sulfuric acid for bicarbonate determinations.

Water conductance was meadured by vsing an Electromnics I[nstrument Ltd.
Model MCl MRV portable corductivity measuring sec. Conductance 1s reported iw
micromhos per centimeter at 25°C with 2 measurement accuracy of +3%. The
manufacturer's calibration of conductivity cells was verified against standard
golutions prior to departure for the field.

~-5-



Water tempecatureg and shallow soil temperatures were measured with
ellther an Knviro-fabs digital thermistor probe DT~101 or a Brooklyn dial
thermometer. All wmeasvrewent s zre reported in degrees celsius. The resolu-~
tion and accuracy uwf the digital thermometer are 0.05°C and 0.1°C, vespec-
tively; for the dial thermnometery they are 0.25°C and 0.5°C. Spring-tempera-
ture measurements were usvally made at the apring orifice or as close to it as
pussible.

Wherever possible, spring discharge was measured with a Scientific
Tnstruments, Inc. pygmy flowmeter and reported in liters per minute (lpm).
Accuracies of these measurements were commonly impaired by shallow channels,
low water velocities, and Cyictioe iu the vane bearings. At some springs tne
discharge was determined by the time needed to fill a 4-liter bucket. When it
was not possible to measure discharge by either of these two methods, an
estimate of the discharge was madce.

A recounnaissance of sire geology was normally made at each thermal area.
This entailled examination and sampliog of local bedrock, determination of
loca) faults and fracture systems, and examination and sampling of hot-—-spring
deposits (if any).

LANORATORY ANALYSHES: METHODS USED AND PRECISION

Whenever npossgible, laboratory methods of determination used by DGGS were
taken fFrom the List of wetliodo of cheice for each chemical gpecies as pre-
scribed by Presser and Barnes (1974). Table | summarizes the methods used and
presents the expected precision of laboratory analvees for 12 constituents
commonly found in water as determined by U.S. Geological Survey (USGS)
Laboratories. Atomic—absorption atalyses were run on a Perkin-Elmer model 603
atomic—absorption spectrophotometer using aiv~acetylene and uniltrous—oxide-
acetylene flames under conditiong listed in the manufacturer's procedure
mwanual.  Coloyimetric and turbidimetric absorphtions were read on a Beckwan DU
Vis-UV single-beam speclrophotometéec, using a matched set of four 10-mm cells.
An Oriorn wodel 70} digital pH meter and Octon specific ion and refereice
electrode were used in the measurements of CL™, ¥7, and Bx™,

DGCS water analysis procedures wre currently undergoing a procesy of
gstandardizatlon ro conform to USGS established methods and quality assurance.
The USGS RBranch of Water Hesources g performing duplicate analyses on
selected samples and is serving as & reference lab for the initial stages of
the DGGS watev analysis program. The final resulis will be presented in aa
BGCE open~file report.

Meat of the precisivas given In table } for the various methods of
nnalysis are based on dsata obtained throagh multilaboratory analysia of test
wvamples prepared by U8, Geological Survey laboratorvies {Skougsatad and others,
19/9}. Where posaible, the precision is expregsed in terms of u regression
equation over a stated vange. The precision, expressed in terwms of the
relaiive deviatiou (the ratin of the standard deviation to Lthe mean rimes 100
percent) for variour igharatnyvy determinations is given in Appendix R.
CAppendix G Lists inductively cuupled argon—-plasma determinations.)
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GEO'THERMOMETRY

Chemical geothermometyy has bHucowm: un important Lool for estimating
reservoir temperatures of hydrothermal syytema and has proved very useful u
determining the geothermal resource pocential of a specific region. There-—
fore, much of the DGGS assessment work 1s aimed at providing accurate geother-
mometry for the individual geothermal sites investigated. Sumnaries of iLhe
various geothermometers that have been applied to geothermal systems can be
found in TFourniler (1977) and in Ellis and Mahon (]977). The geothermomefors
are based on temperature-dependent water-rock reactions that control the
chemical and isotopic compostiitions of the thermal waters. The most reliable
and most Frequently used quantitative geothermometera are related to the
gilica content and 1o the sodium, potassiom, and caleium content of thiermal
waters. Recent applicaticn of sulfate-wacer, oxygen~ isotope geothermometey
to geothermal aystems indicates this method may become a third imporZant geo-
thermometer, particularly for higher temperature systems (McKenzie and

Truesdell, 1977).

Assumptions inherent In using compositions of thermal warers Lo estimate
subsucrface temperatures bhave been swmmarized by TFournier (1977):

L. ‘Temperature-dependent reactions involving cock and water [ix the
amounts of dissolved ‘“indicator" constituents in the water.

2. There is an adequatce supply of sgll) the reactants.

3. There is equilibrium in the reservoir or aquifer with respect to the
apecific indicator reactlon.

4. No reequilibration of the indicator conatituents occurs after the
water leaver the reservoir.

5. No mixing with different waterg occurd during movemaul to the sur-
face.

The attainment of equiblibrium in the reaserveolr depends on a2 numbhev of
factors auch as the kinetics of the particular reaction, the temperature of
the reservolr, the reactivity of the wallrock, the concenirations of the
indicator elements in the water, and the residence time of the water in the
reservoly at the particular temperature. Thus, in some situatious, equi-
librium in the reservoic way be attained for some reactions and not for

others.

Whether a water reequilibrates after leaving a reservoir duving flow to
the surface depends on similar factors: the cate of flow, the path of ascent,
the type and reactivity of wallrock traversed, the initirl tempevature ol ihe
vegervoir, and the kinetias o the various reanctions that may occur., Dif-
feren. venctions may occur 1o an ascending water al differvent rates. Theye-
Core, the apparent tant temporvature oi equilibration may be differeant For
difteveat chemival gonlhermomet er.,

Mor thig report the silica ad Ra~-K~Ca geothermometers have been used
exclugively for estimating subsurface temperatures,

~Qu



Silica Geothermometry

The silica geothermwometer is based on the experimentally derived
relationship between sflica solubility, temperature, amd pressure (Fournier
and Rowe, 1966; Fouraier, 1973). Digsolved silica found in thermal watevs may
be supplied by temperature-dependent reactions between the thermal water and
either quartz, chalcedony, amorphous silica, or cristobalite. Figure 2, Curve
A shows the solubility of quartz as a function of temperature in equilibrium
with saturated gteam. Curve B shows the amount of silica that would be left
in the residual liquid after maximum loss of steam un adiabatic cooling to
100°C and 1 bar pressure. Similar curves caan be constructed for the othev
mineralogic phases of silica.

Fournier (1973) found that above 150°C, quartz controls the silica equi-
librium and that the quartz geothermometer generally works best in the range
150-225°C. When initial temperatures are above 225°C, silica is likely co
precipitate on ascent to the surface owing to the relatively fast rates of
reaction at higher tewperatures snd the attainment of supersaturation with
respect to amorphour silica ag the solution cooals. TFor reservoirs below
150°C , Fournier (1973) found that chalcedony and sometimes cristobalite or
amorphous silica, rather than quartz, may control the dissolved silica con:
tent. However, in granitic¢ vocks Fournler reported that quartz may be the
controlling mineral down to temperatures as low as 90°C (Brook aund others,
1979). Thus, ambiguities can arise¢ from the application of silica geother-
mometry in the range 90°-150°C.

Figure 2 or 4imilar curvea for the other phases of silica can be used to
estimate reservoir tempertures. If the water sampie is likely to have cooled
mainly adiabatically (by boiling), Curve B, which corrects for the maximum
possible ateam loss, is used. T€ the sample cooled mainly by conduction,
Curve A is used.
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Figore 2. Solubility of quartz ss a function of temperatuare. Curve A shows

thr solubility in liquid water in equilibrium with seturated steam. GCurve
B shows the amount of asilica that would be laft in the regidual Jiquid
after maximum Toan of 4taam on adiabatic cooling to 100°C and | bar prew-
sure. From Fouarnier and Rows (1966),
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The rollowing empirical relationships can alterpatively be used to
estimate reservoir temperatures up to 250°C.

. 731
Amorphous silica T, °C= _ T 27303
4,52 - log C
781 .
Beta-cristobs)ite T, °C = . =273.15
4.5% - log C
1000
Alpha-cristobalite T, °C~ = 27315
4.78 - log C
1032
Chalecadony T, °C = - 273.15
4,69 ~ log C
1039
Quartz conductive T, °C» - 27315

5.19 = log €

1522
Quartz adiabatic (after steam loss) T, °C= = 273.15
5.75 - log C

"C'" ig the conceuntration of Si0, in willigrams per kilograwm of water.

Brook and others (1979) reviewed the problems associated with intex-
preting high Si0, levels in highly alkaline spring waters (pH >8). In slka-
line watera, hydroxide reacta with gilicic acid to reduce the proportion of
silicic acid to total dissolved silica:

Diasociated
Silicie ncid Hwdroxide ail icle acid Waler
H[‘_‘}iLO[4 4 OH™ = H3Sl04 + ”20

The total concentration of dissolved gilica measured in the laborarory,
however, is H,8i0, plus H48i07, and must therefore be reduced by the
concentrarion of H4q8i07, to obtain ao accurate estimate of the subsur-
face reservoir temperature.

To correct for the dissociation of silica in alkaline waters, & simple
correction suggested by Brook and others (1979) has been adopted in this
report. The concentracion of silicic acid ia determined at rhe spring
temperature and pH. This concentration, recast a&s Si0,, is then used in the
appropriate goothermometer. There (s considerahle disagreemen): about the
value of the first dissociation conutant of gilicic acid 4t tewnperatiures asbove
WU (Seward, 1974),  The values vxod In Ehin report were taken from Ryzhenko
(1967) . Corrections lor the dlavocintion of 'ailicic acid are not made nl-sn
the covrection is 10°C or wore.
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Silica Mixing Models

One of the assumptions inherent in vsing 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 ghal-
low cold water. Fournier and Truesdell (1974) deacribed ewo mixing models
that may be applied to springs with large rateas of flow and temperatures below
boiling. These iodelg ave based on the relatiounship between the eunthalpy and
silica content of the agcending thermal water, the cold ground water, and the
regultant mixed thermal--spring water. In the first model the enthalpy of the
hot water plus gsteam that mixes with and heats the cold water is the game as
the initial enthalpy of the deep hot water; the deep hot water may hoil below
mixing, but all the stcam condensges in the cold water. In the second mode!
the enthalpy of the hot water in the zone of mixing is less than the enthalpy
of the hot water at depth owing to escape of steam during ascent.

Barrett and Pearl (1978) summarized the additional assumptions, given
below, which are implicilt in the use of these mixing models:

1. Initial gilicn coutent ig controlled by the temperature—depeandent
reactions between the deep thermal water and the various silica
phases.

2. Additional silica is neither dissolved nor deposited after mixing.

3, The temperature and silica content of cold springs are aimilar to ot
the ground water that wmixen with the ascending hot water.

Truesdell and Fournier (1977) deviaed a simple procedure for applying
thege models, in which a plot of dissolved silica vs enthalpy 18 used {(fig.
3). For the aituation in which no steam is lost before mixing, the silica and
heat contents (enthalpiea) of the «old end warm spring waters are plotted as
two points, A and B. A straight linc 1s drawn through these points to inter-—
sect the quartz soludbility curve (note that below 100°C the temperature in
degrees Celsius 1s numerically equivalent o cal/g). Point C then gives the
original gilica content and enthalpy of the deep hot water. The original
temperature of the hot-water component is then obtained from steam tables
(Keenan and othiers, 1969). 7The fraction of hot water in the warm spring is
obtained by dividiag the distance AB by AC.

For the sitceation in which the maximum amouut of steam is loat from the
hot water before mixing, the silica and heat contents of the cold and warm
spring watera are plotted as two points, A and D, in figure 3. A straight
Line ia drawa through thoue points and exteaded to the enthalpy of the
rasidual liquid water at the assumed temperature of separation and escape of
ateam, taken here to be lO0O°C. In this case the residual liquid water before
mixing will have au cathalpy of 100 cal/g, point E of figure 3. The originn)
enthalpy of the hot-water component is obtained by moving hovizontally across
the diagram from point E to the maximum steam lces curve, poiat ¥. The
original silica content of the hot-water component 18 given by point G. The
fraction of hot water (after stesm logs) in the warm spring is obtained by
dividing the distance AD by AE. If steam is assumed to escape from water at a
temperature ahove 100°C, the original eathalpy of the hot water will Jie at a
value along 2 horizontal line, between rhe maximun steam loss curve and the
quartz solubility curve (no steam tosa),
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Figure 3. Silica wixing wodel ~xamples. The graph, which gives dissolved
silica va. enthalpy, is ueed for determining the temperature of warm spring

water derived by mixing a hot-water component with cold water. From Tyrues~
dell and Fournier (1977).

Brook and others (1979) pointed out that the problem with any unexplored
hydrothermal syatem 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 example, Fournier, 1979). Normal
ground-water usually has low chloride concentrations, whereas thermal waters
from high~temperature syatems usually contain about several hundred milligrams
per liter of chloride. A linear trend between the isotopic composition of the
water (deuterium or oxygen—~18) and dissolved chloride is another proof of
nixing (Mariner and Willey, 1976). Unfortunately, very few areas have
sufficient springs of different chemical and isotopic composition to prove
mixing by such rigorous criteria.

Sodium-Potassiuvm~Calcium Geothermometer

The Na~K~Ca geotharmomelter is based on an empirical relationship butwewn
the molar concentrations of aodium, potassium, and calcium 1ons and water
temperature, Fournier and Truesdell {1973) presented a detailed account of
the geochemical theory invalved in the development of the Na-K~Ca geother--
mowmeter, Temperature is related to water composition, in molality, by the
following empirically derived equation:

1647
T, ‘C= T 273.15
tog Na + B 15§\TC‘E +2.24
X~ Na
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where:

Na, K, Ca = ionic concentration in moles/liter of the sodium, potassium,
and calcium ionas in the hot water.

T, °C = egtimated subsurface temperature in degrees celgius

B = 1/3 for T > 100°C

B '4/3 for T < 100°C

The equation is first tested to see if setting B equal to 4/3 yields =
temperature below 100°C; if it does not, a value of 1/3 is used for B to
eatimate the equilibration temperatare.

Barret and Pearl (1978) summarized the assumptions for the use of the
Na-K-Ca geothermometer.

1) No mixing occurs batween the awcending thermal water and shaliow
ground water

Mixing between the hot thermal water and shallow, dilute, ground water
will have little effect on the sodium~potassium ratio but may affect the
calculated calcium—sodium ratio because of the square root of calcium terwm.

If the original calcium content of the undiluted thermal water is low, mixing
will have Iittle effect on the geothermowmeter results. If the calciuwm content
of the undiluted thermal water is high (greater than 50 to 100 mg/l), mixing
with dilute ground water will cause the subsurface temperature estimate to be
too low.

2) _Sodlumepot3891um and calcium concentratlons in the thermal water

are controlled by te@Eerature—dependent equilibra with elblte,

pofassxum feldggpr, and calcium~bearing carbonate mlnerals

The sodium, potassium, and cslcium ratios are gstroungly affected by the
bedrock mineral suite. Depending on which mineral suite controls the water
composition, 8 wide range in temperature estimates is possible. At similar
water temperatures, the sodium~potassium-calcium ratios are widely variable in
solutions equilibrated with potassiun feldspar and albite, muscovite and
albite, alkali-bearing carbonates, or other mineral suites.

For example, waters equilibrated with mineral suites containing potassium
feldspar but no albite (sodium~deficient mineral suites) will provide exces-
sive subsurface temperature estimates. On the other hand, waters equilibrated
with mineral suites containing albite but no potassium feldspar (potassium-
deficient mineral suites) will yield temperature estimates that are too low.
Waters in equilibrium with alkali-bearing carbonates (evaporite sequences)
generally yield excessive temperature eastimates. However, equilibration with
zeolitey may yield minimum temperature estimates.

3) Little or no reequilibration occurs during ascent

Changes in the sodium-potssgium-calcium ratios in thermal waters may be
great or negligible, depending ou the rate of ascent and the relative
reactivity of the rocks and mineraie glong the tlow path. low-cafcium thermal
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waters generally yieid low subsurface temperature estimates becauvse of con-
Linued reactions betwecn water and wallvock during ascent (increasned squeous
calcium ion councentraticn). High-calcivw—content wateyry, however, may yleld
excesgsive geothermometer temperature entimates because of calcium~carbonat.
deposition (decreased agueous czlcium ion concantration) during ascent.

Fournier aud Potter (1978) reported that the high concentration of
magnesgium or large magnesium—to-rcalelum ratios in some waters was interfering
with the Na-K-Ca geothermomaters. A modification to the Na~-K-~Ca geother-
mometer used in this assessment was recently devised by Fournier and Potrer fo
corgect for these adverse effects of magnesinm. Graphs or empirical Lorxmulas
are used o determine tewmperature correcilous when waters have Na-K-Ca cal-
culated temperatures above 70°C and ~aduew of R legs than 50, where R = Mg/{Mp
+ Ca + K) x {00 in molar equivalents. Waters with valuea of R greater than b0
arc thought to come from relztively cool aquifers about equal to tlie meaauced
spring temperature, cegavdlesx of much higher calculuted Na-K-Ca temperatures.

securacy of Geotherwomectry

The accuracy of the geotherwowmeters depends on the accuvacy of the lab-
oratory acralyses for the various constifuents vged in the geothermowelers.
The following example illust(rates the pnpgible variations in subsurface tem-
perature estimates tesulting firom normal taboratory analytical error. Tthe Y5
percent confidence limits {two {l.aea the standard deviation) can be determined
from table 1 and Appendix B. \Uging aota frow Bell Tsland hot spriags, the

variations in congtituents us.d in the silica and cation genthermometers are:
Temperature: __Jac
510, 108 + 8 mg/1
Na 176 + 14 mg/l
¥ 7.2 % 1.6 mg/1
Ca 8.3 % 1.6 mg/1

Applying these ranges of valoues to the silica and the Na-K-Ca geothermo-
meters gives the following resulty:

Silica geothermometer tewperatures ("¢) Low Reported High
Concentration (ug/1) 100 108 116
Adiabadic 133 136 140
Conductive 137 147 146
Chalcedony 110 115 [20
Cristobalite 87 91 a5
Opal 17 71 25
Cation:. Geothermometer temperatures (°C) Low Repoxted i ph
Na-K-Ca (4/73) T 129 BV SR
Na-K-Ca (4/3) 101 117 130

The low aal high tewmperature ranzas given above for the catvon geothermo-
meters are hased on using the respective minimum and maxinum values in the 95
percent confidence range for Na ani Cr, and the regpeclive maximum and minimum
valoes in the 95 percent confidence range for K. Thesa chuices give tae
widest possible spread in feuperacure vstimialey,
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DESCRIPTION OV INDIVIDUAL THERMAL SPRING SITES

The location of therma) spring areas in southern Southeastern Alaska are
shown in figure 1. ‘The numbers are keyed to the discussion of individual
sites and to the table on page 64. The existence of geveral thermal spriig
giteg that had been previously reported coulrdl not be substantiated and ave
discounted. The thermal aress are described in numerical order with thermal
areas in the game general region discusgsed together.

the following forw ts used wn discusging each thermal spring site
investigated:

. Spring name

2. Location: includes latitude and longitude to the nearest tenth of a
minute; the topographic gusadrangle map and township, range, section,
and one-quarter section in which the site is located.

3. General) description: incliudes distance mul directions Lo the areca
from the nearest town or other prominent geographic feature; type of
surface activity; location and number of springs; area of gurface
expresgion; local draiuage; topography and terrain; vegetation; type
of development if nay; land atatus.

4. Geology: includer «iscugnion of thermal spring host rock; local rock
types and contacts; and local aud regional faulta, fractures, and
photo interpretation of lineusnents. A geologic map of the area 1is
normally provided. These mape are uvsually adapted from previously
publighed geologic maps of the area, modified by any findings
obtained during DGGS reconnaissance of the area.

5. 8pring characteristics: includes temperature weasurements; associated
deposits; gases; unusual charactevistica; water chemistry: water
type; other physical propertics; and comparisons with earlier rtudies,

6. Reservoir propertics: includas discussion ot geothermometry; wmixing
models where applicable: aad estimates of reservoir Lemperature,
votume, and thermal energy content.

The techniques deacyibed by (he 08GS for catiwatiog reservoir pro-
perties have been adopted in this report (¥rook and others, 1979;
Marinar and others, 1978; Nachenson, 1978). A judgment is umade as to
the minirmum, maxiaum, aond mos( likely nubeurface tempevature Lased on
geology and geothermometry, and on geophysics and downhule messure-
ments where available. (Subsurfacs tempevatures derived Frem silica
mixing models are aol used Jjiu estimaling reservoir tempertures 1in
this report unleus corraborelive evidence for wmixing exisis, for
example, rhloride~anthalpy malyses or waker oxygen isotope
analyses.) A wmean reservoir temperature and etsndard deviation are
then calculated failtowing wethods described by Natherson (1978).

Estimates of reservoir voluwe are made from availsble geclogic, geo-
physical, and bore-hole data. ¥Vew thermal sites in Alaska,
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however, have had even cursory geophysical exploraiion and only one
site, Pilgrim Springs (Turner and othera, J980), has undergone
exploratory drilling. Except for some shallow geismic studies at
Bell Igland hot aprings (Pyle, 1978), there has been no geophywical
exploration of thermal sites in Southeastern Alaska. To obtaln
speculative estimate of the thermal-energy content of unexplored
hydrothermal systewx, a standard mean regervoir voluwe based on
geoeral geological and resourceg-cexploitation constralnts was
adopted for such sites (Mariner and others, 1978). The standard
reservoir is taken to nave a circular area of 2 km? and a thickuess
of 1.7 km centered at a depth of abdboufr 1.5 km.

The accessible resource base for a hydrothermal system, defined by
Brooks and others (1979) ag the amount of geothermal energy within a
specified volune of rock and al & gpecified tempexature referenced to
15°C, has beea adoprted for this report, The depth limit of economic
production drilling for geothermal resources 1is currently about 3 lu;
any system ox part of g system below 3 km is therefore not con-
gidered,

Thermal energy (Q) of zach system is then calculated from the equation:
Q=pc Vv (T- 1T,
where:

pe = volumetxic gpecific heat of rock plus water
(pc = 2.7 Iems - ‘c)

¥ = mean volume (converted to cm3)

T = mean tempecuature (°C)

T, = reference temperature (15°C)
The volumetric specific heat (pe) is calculated assuming the rock
specific heat Lo be 2.5 J/em3 - °C and the reservoir porosity to be
15 percent, The mcthod of calculating the standard deviation is
given in Nathaerson (1978).

7. Comments: this section discusdes sgpeculations on the cause of the
thermal spriugs; potential usefulness of the geothermal resource;
unusual characteristics; and other miscellaneous items.

ijnﬁﬁysical propectins and chemical compogition of thermal wators,
including: sample source, collection date, major element chewical
composition, discharge rate of apring samplen, temperature, anc.

2) Geothermometry, including: xil cation, all silica, mixiag models
where applicable.

9. fiTSP}.‘_“f’_‘
1) Geologir wmap geuarralized frowm available literature.
2) TPhotos of uire.
Appendix C provide. a table of minor and trace-element counstituents of
the thermal wafters as detzrmined by inductively coupled argon-plaama

analyses,
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1. CHIFF SHAKES HOT SPRINGS

Location

' Tatitude 56° 43.0' N.; longitude 132° 00.3' W.; Petersburg C-1, 1:63,360
Quadranglel (1953) T. 59 S., R. 85 £.; sec. 34, SE 1/4 of WE 1/4 of
Copper River Meridian,

General Description

Chief Shakes hot springs are located north of the Stikiune River, about 35
km NNE of the village of Wrangell, Alaska (fig. 1). The springs are acces-
gible by boat via the Stikine River to the Ketilt River (a side slough of the
Stikine), thence 3 km up a west-flowing tributary located about 4 km from the
mouth of the Ketili (fig. 4). During high water, a shallow 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 Sexvice,

The Stikine Valley is a apectacular glaciated valley flanked by numerous
hanging valleys and steep granitic walla that are nearly vertical in places.
Glaciers still cover much of the higher elevations. Shakes Glacier, NNW of
the springe, deacaends nearly to river level.

The hot springs lie along the base of a steep glaciated granitic cliff
that forms the north wide of the Stikine Valley. The prinicipal spring
(spring 1) emerges from heneath boulders at the cliff base, about 15 m above
average slough~water level. Part of the waters from this spring are chaa-
neled through a pipe to a large wooden tub euclosed in an A-frame gtructure,
about 100 m downslope from the spring source. The hot tub and enclosure were
constructed by residents of Wrangell, who commonly use the hot springs for
recreational purposes.

At least geven additional hot springs are located frow 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 {loor. Most
of these are minor springs with very low discharge. Ome of the gprings, how-
ever (gpring 2), has a discharge and temperature comparable to the principal
apring. The gpring at the lowest elevation in the series lies about 5 m above
meaa slough water level.

The hot springs waters drain through a gently sloping meadow about 200 m
by 300 m, located south of the ¢liff, and thence into the slough. The meadow
is surrounded by willow and tall atands of aitka gpruce and hemlock.

Geology

Bedrock in the viciaity of Chief Shakes hot springs has been reported as
granodiorite aad quartxz diorite of Tertiary-GCretaceous age (Fig. 4) (Beikman,
1975 Meddivgton and Chapin, 1%29). The bedrock ig though to be part of Uhe
Coant Range Batholithic¢ complex. The contact between the layered gneisex and

Ichief Shakes hot aprings actuslly lie about 3 km due east of the position
shown on the USGS tovographic wnups.
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phyllitic schists, which are part of the Wrangell-Revillagigedo belir of
regionally metamorphoscd rocks, with the west margive of the Coast Range Batho-
lith occurs about 15 m to the west of Chief 3hakes.

Buddington and Chapin's mapping was compiled at a 1:500,000 reconnais-
gance scale. No detailed geologic mapping has yet beeun done in the Chief
Shakes area. Dnring our recomnaissance, bedrock in the immediate vicinily of
the springs was found te be a fime~ to medium—-grained granitic gneigs with
distinct to faint foliation defined by alignment of mafic minerals and potan-
alum Celdapar crystals. The rocks are composed primarily of plagioclase,
potassium feldspar, quartz, hornblende, and biotite.

The base of the cliff at thce aprings is covered with colluvium; the val-
ley is floored with river alluvium,

The Coast Range liuerame¢ot, uwliich extends along the western border of the
Coast Range Batholith, is located 15 km west of Chief Shakea hot springs
(Twenhofel and Sainsbury, !958). No major linear occure at the springs itself
hur the rocks of the area are lheavily fractured. Several joint sets are
observable on aeriusl photos of the area, The most prominent sets trend N.-§S.,
E.-W,, N, 60 E., and N. 55 W. The cliff face above the gprings is approxi-
wately parallel to the N. 55 W. treud.

During our rveconnaissauncv, a large fracture with an artitude of N, 57°
£., 70° N. was noted in the cliff face several feet above the principal hot
spring. Several othec joints with this general actitude occur in the im-
mediate vicinity of the hot eprings. Another joint set observed at the
aprings had an attitude of strike N. 48° E., dip 80° N.

Spriny Characteristics

77T {able 2 gives the chemical composition and sunmarizes physical propercies
of the two hot gprings at Chief Shakes with the greatest discharge. Earlier
analyses are included for comparison. The principal spring measured 50.4°C;
apring 2 was 45°C. The other springs ranged from 26°C to 50°C.

Ischarges from spriogs 1 and 2 were measured Ly using a pygmy {lowmeter
aud were determinad fo 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 chan 15 lpm. The total discharge of thermal springs
at Chief Shakes is estimated at 470 lpm. ‘

Wacing (19]/) reported a discharge of 380 lpm and a temperature of 572°C.
apparently for speing i ar Chief Shakes. More recoently Sloan (1976) reported
w Flow of 200 lpm and & spring tempecsturve of 50,5°C. ‘The quality and
avenrrey of the eavlier Flow measuraements were not stated,

No odocs were derected ar auy of the Chieaf Shaken hot mpringa. Slighl
pas bubbling was noted at spring 2, probahty €04 . Bright blue-green algo-
mats linad epring channels where temperatures were about 40°C or higher.
Whitish carbonate deposity vaneered dey parts of the hot spring channels.

=20



Table 2. Chemical composition and physical properties
of Chief Shakes Hot Springs.
(Previous USCS analyses included for comparison;
all chemical analyses in mg/l.)

DGGS DGGS USGs?® usGs®
Spring 1 Spring 2 Spring ! Spring 1

5109 70 63 70 108
Al <0.01¢ 1.2
Fe <0.01 0.017 0.01
Ca 14 L4 15 13
Mg (1,098 0.2 0.1 0.4
Na 85 82 73 87
K 3.0 2.9 3.0 9.3
Li 0.01 0.01 0.02
HCO4 49 50 45 43
CO3 18
50, 137 149 140 142
Cl 4.9 4.6 6.3 6.5
It 1.3 1.3
Br 0.27 0.29
B 0 0 0.03
pH, fileld 7.90 8.05 7.1
Digsolved solids 338 342 330 409
Hardness 35 38
Sp coaductance 427 415 390
T, °C 50.4 45 50.5 52
Flow rate, lpm 320 135 238 441
Date sampled 9/18/79 9/18/79 7/7/76 6/19/15

dater quality analysis file, USGS Central Laboratory, Denver, €O,
collected by C.F. Sloan.

byaring (1917).

Canatyses performed on water samples filtered through 0.05 mlcron
Eilter.
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On the basig of the chewistry given in table 2 the waters are classified
as a moderately concentrated sodium~sutfate water, The content of chloride
compared Lo pulfate is wotably low.

Reservoiy Properties

Table 3 summarizes the application of silica and cation geothermomefry to
Chief Shakes hol springs. '(be Na~K~Ca (4/3) geothermometer of 66°C indicates
subsurface equilibration zook place at temperatures below 100°C. 'The Na~-K-Ca
(4/3) temperanture is aleo very similar to the cristobalite geothermomecer
result of 60°C. Considering the granitic gneiss hoat rock, however, it is
doubttal chat crigtobalite would be the controlling mineralogic phase for
stlica equilibration. For granitic rocks, chalcedony or quartz are probably
wove likely to contyul asilica equilibration vhen yeservoir Lempecatures are
below 150°C (Fourniew, 19/5; Mariner aad others, 1979). In view of the
uncertainty of the controlling mineralogy and of the indication of subsurface
equilibration below 100°C, the Na~K-Ca (4/3) geothermometer is chonsen as
representative of the minioum reservoir temperature, the chalcedony as the
most likely, mad the quaviz conductive as the maximum temperature:

Min Mast Most likely Mean Std Dev

Subsurface T (°C) 66 116 90 91 70

The values chosen ure based on DGGS apring-1 water chemistry (table 2).
These reaerveic estimabes supersede earlier eatimates appearing in USGS Cir-
cular 790 (Muffler, 1979), which were based on Waring's analyses. Although
the quality of Wariung's chemical anslyses is unknown, both the cation and the
gilica geothermometars L ased on his reported analyses give much higher
veaservoir ftemperalLurcs thap Che more recent analyses. In addition, Waring
reported a apring temperature slightly higher than exists now . This suggests
that cither reservolr temperatureg have actually declined or perhaps mixiug of
colder weter hag increased,

The two principal hot eprings &t Chief Shakes issuwe from the surface at
tempevaturey below boiling, have large flow rates, and cation geothermometer
temperatures conuiderably above orifices temperatures. These factoru sugpest
wixing of colder waters (Fournier aad Truesdell, 1974). A c¢old spring in the
area was found to have & temperature uf 8°C and a silica content of & ppm.
Yollowing the method of Tvuesdel! and lournier (1977), application of chal-
cedony mixing wmodels gives the flollowing reaults:

Parent hot_w%gqr

Mixing model Mue T 0CY Qiqufﬁpﬁi" Fraction (%)
1. Marxiwum steam losas 132 136 46
2. No steam tuns 186 275 24

1There is no obgervable steam loas ut the ground surface. If steam
aeparates it either poed o nerlting waters other rhan that emerging at the
springs and model 1 may be applicable, or the gteam remains and heats cold
wy. Ty miging witb the hot water fraction and wmodel 2 may apply.

Teamgperatures from he chalesdony nixing models wust be used with caution.
No corrohorative avideace oxiatw for mixiug. Further, residence time in the
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granitic rock of cold spring waters sampled may have been relatively shorit and
not representative of waters ectoally mixing with the hot-water fraction.

Nc geophysical exploration has been done at Chief Shakes and the exteas
of the subsurface reservoir 1s not known. Using the USCS suggested standard
reservoir volume and the mean regervoir temperature of 91°C givec the fol-
lowing estimates:

Volume (km3) = std dev = 0.9
Thermal energy (10i J) = 0.67; atd dev = 0,22

These values must be viewed as highly speculative estimates.

Comments

The hot springs probahly result from deep circulalion of meteoric witers
along fractures and taults. Fluctuations in spring discharge are indicated by
comparing reported flow measurements for spring 1. The differeace, however,
could be attributed to difference in measuring techniques and the error

inherent in measuring water flow in shallow channels.

The springs emerge at the base of & granitic cliff at and near the con-
tact with colluvium and river alluvium. Some of the ascending thermal watev
may discharge beneath the aurface into river alYuvium and also perhaps ialii-
trate the Stiliine Niver and go undetected,

Geathermometry indicates cegervoir remperatures are well below that
required for generation of eleclrical power. Chalcedony mixing models, how-
ever, guggest reservoir temperatures may be higher than that indicated
strictly by geothermometry.

Table 3., Chlef Shakes hot springs geothermometry.
{geothermometry based on water chemlstry given in table 1;
all temperatares in degrees celslus.)

DeGS 0668 U5C USGS
spelng 1 Spring 2 Spvlng 1 Spring |1
Surface tempevrature 5004 45 50.5 h2
(measured)
Catlion geothermometers
Na-K—-Ca (1/3) 223 116 127 175
Na-K-Ca (4/3) 66 66 63 105
Silica geothermometers
Adiabatic 17 {12 117 136
Conductive 118 113 114 142
Chalcedany 90 84 90 I3
Cristoballite 63 62 68 2t
Upal 01 4.5 0.1 21
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2. BARNKS LAKE (PARADISE) WARM SPRINGS

TLocalion
©Latitude 56° 40.8° W., tougitude 131° 52.9' W.; Bradfield Canal C-6
1:63,360 Quadrangle (1955%) T. 60 S., R. 80 E., sec. 9, SW /4 of Sw 1/4
of Copper River Mericdian.

Genryal Descviption

darnes Lake warwm springs (also locally known as Paradise warm springs)
are located 2.5 km north of the Stikine River and shout 2 km due west of the
U.5.-Canadian border (fig. !). These gprings had not been reported in any
peevious compilation of Alagkan thermal springs and were brought to our abten-
Lion by the U.S. Forest Service in Wrangell and Petersburg, Alaska. The
gprings are Bltuated 1/2 km ENE of Barues Lake in a narrow valley cut through
bedrock (Fig. 4). 'The springs arc accessible by boat up the Stikine River,
thence up Guerin Slough, and thence overland northward for about 1.5 km. At
very high water, a shallcw-draft river boat can be brought onto Barnes Lake
via Kekili Creek. 'fhe sprinus ove located within the Tongass National Forest
and are managed by whe 0.8, fForeal Service.

The region's topogtaphy i3 a reault of intense glacier scour. Glaciers
atill reside on Mt. Gallatin, u 5,100~ft peak directly north of Barnes Lake.
A thin veencer of colluvia and river alluvium floor the tributary valleys
survovnding Rarnes Lake,

There are Lwo warwm springe, one on either side of the stream that flows
through the aarrow bedrocit valley. The springs are difficult to find because
of thick underbruch and Jow temperature of the waters. ‘The first spring
emerges in a shallow pool in alluviuan near the bawe of the granitic bedrock
knoh nan the west side of the narrow valley. The pool is about 35 m west of
the stream and at an elevation of about 3% m., The second spring Lies on the
eaar bhank »f the stresam, about 200 m upgtream from the first spring. The
spring occurs a8 4 yeep in water~saturated muds ard is located st the base of
a granitic ¢l ifl that forms the easl: wall of the valley. A cleft in thisg

~

CLLEE . about 5 m wide, occurs directly above the warm seep.

The aces cuvvoeonding the rprings is thickly vegetated with willows,
dive i)'y club, and foprws. Swtka opruce and hewmlock alao occur in the area.

oo i.ny.;_y

' Sedrvock in the arca has 'been roeported am Cretaceous granitic rocks:
wramodlorites and guartys diorites of the Coast Range Batholith (fig., 4),

(Bar Win-n, 1975 Anddycgtou and Chapin, 1929). Ne detailed geologic mapping
Yert yet seen done Ly che avea.  Country rocks in the vieinity of che springs
aramined duying oni recovnaigsance was found €o be a medium-grained foliated
biar il wneiss coutajning wuvge nodules of quartz. Poliation attitude as
dstinmd by ouientarizn of biotite cryetals was strike N. 59° W., dip 48° N.
“oopeares, hiobtite Corvas up £o 40 percent of the rock. Other constituents
Dloiude yuiets, potasetiun Leldspar, and plagioclasc.

Ea e fractava patteras which appear on aexial photoa of the Barnes Lake
er o tread W 60° %, 3. 7R° ., N. 40-55° W., and N.-§. One prominent
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fracture trending N. 60° E. lies jusf north of the apringa. The aprings chomw
selves are aligned along N. 60° BE. 7The wallw of the claft above the werond
spring also have this same peneral trend and a dip of 66° N.

Spring Characteristics
Table 4 provides a summary of the physical properties and a partiaf

chemical analysis of waters from spring ). The pool into which this syring
igsues meagures about 3 m in dizmeter and is 1/2 m deep. Noticzable gas bub-
bling occurved intermittently &t the pool, lasting 1.5 sec with a periodinrity
of 30-60 sec. Pool temperature was 26°C and water flow out of the pool was
estimated at 30 lpm., This flow joins cold aprings and eventually draius ‘ato
the main valley stream.

Flow at the sccond gpring was a trickle from datuvated muda. Tempevaiu«:.
at 10 cm depth registered 27°C,

Oun the basis of warecr clhiewmistcy of spring |, the waters are classified as
moderately concentrated sodiuvm—aul fate waters similur to Chief Shakes hotk
springs.

Reservoir Properties

Table 5 summarizes tho application of silica and cation geothermometey bo
Rarnes lake warm gprings. “he Na-X-Ca (4/3) geothermoneter of 62°C indivstes
subsurface eguilibration tok place at remperarfures below 100°C. The Na-¥ La
(4/3) tempermture is alsoc very similar to the cristobalite geothermometer
reault of 68B°C. 1Iun view of the granitic gneiss host rock, however, cvistoba-
lite is probably not the controlling minerslogic phase for silica equilibra-
tion. For granitic rocks, chalcedony or quartz are more likely to contrel
silica equilibration when reservolyr temperatures are below 150°C (Fournier,
1973; Mariner and others, 1979). Because of the uncertainty in the cantyol--
ling mineralogy and the iodication of gubsurface equilibration below 100°C,
the Na-K~-Ca (4/3) geothermowmetry 1s chosen as represeutative of the minimum
reservoir tempersatare, the chalcedony as ihe most likely, and the quarxz
conductive as the maximum:

Mip  Max  Host likely ~ Mean  8td Dev
Subsurface T (°C) 62 138 90 90 10

The low flow rates of the springs suggest that thermal waters couled .on
ductively on ascent. Some mixing of colder water at shallow depths probsoly
also occurs.

No mouophysteal explorss o kas beon done al Barnan Lake aud Lha ontod ol
the submurface rasvrvolr La ot known, Using the standard mean reservoir
volume and rthe mean resevvoir temperstuve of 90°C gives the following
estimates:

Volume (km3) = 1.3 sLd dev = 0.9 |
Thermal energy (10 § 5 = 0.67;, atd dev = (0,22

These values muat bSe viewed ue highly speculalbive estimates.



Table 4. Chemical composition and physical properties of
Barnes Lake warm springs waters.?
(All chemical analyses in mgl.)

Spring 1
§10y 71
Al 0.06
Fe 0.17
Ca 8.9
Mg 0.44
Na 72
K 3.5
Li 0.02
HCO4 ol db
204 n d
S0y 110
Cl 13
F 2.3
Br n d
B 0.05
Ph, fleld H.9%
Digsolved solids 249
Hardness 24
Sp conductance 455
T, °C 26
Flow rate lpm 30
Date sampled 9/25/79

EKHET;EEEMperformed by Chemical and Geologlcal Laboratories of Alaska.
bNot determined.

Table 5. Barnes Lake (Puradise) wara springs geothermometry, upring L.
(geothermometry based on water chemlstry given in tahle 4;
all temperatures are in degrees Celsius.)

Surface temperature 26
(measured)

Cailion geothermometers

Na~K~Ca (1/3) 112
Na~K~Ca (4/3) 62
Silica grothermometers
Adiabatic 118
Conductive 119
Chalcedony 90
Ursstobalite 68
Opal 0.76
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Comments

These warm springsa probably result from deep circulation of meteoric
waters along fractures and faults in the granitic host rock. Souwe of kthe
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. Thege 9prings are also very remote and
have low temperatures and low flow rates, making them impracticat €for most
geothermal applicatioas,
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3. FOWLER HOT SPRINGS (CANADA)
Location: :
Latitude 56°50' N., longitude 131°45' W.; Bradfield Canel 1:250,000
Quadrangle (1955), Copper River Meridian.

General Description:

Fowler Rot Springs are located in Canada about 8 km from the U.S.~-
Canadian border (fig. 1). The aprings occur less than 1/2 km east of the
Stikine River at the baase of Warm Spring Mountain and directly opposite the
terminus of the Creat Glacier (fig. 5). These aprings were visited by DGCS
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 relationsbip to the hot springs on the lower Stikine and
because of their potential bearing on interpreting the nature and ceuge of
hydrothermal activity along (he Stikine River. No other hot apringa are knownu
to exint farther upriver past lthe Fowler site.

Fowler Hot Springa can bhe reached by boat up the Stikine River about 25
km past the {8-Canadian border. A shallow~draft boat or canoe can then be
taken up a small tributary creek whose mouth lies nearly opposite a homestedd
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 Waring, 1917, p. 25) reported the existence of 48 many as 18 individual
aprings issuing at scalding tewperatures from fissures in bedrock at the base
of a pranitic wall. Most of cthese springs have since been submerged by beaver
ponds. At least four low-discharge hot ¢prings still remain above water
level. Local travelers commonly use the tepid waters of the beaver ponds for
bathing.

As along its lower course, the Stikine River at Fowler Hou Springs Elows
through a apectacular glaciated valley. Higher elevations are still glacier
clad and the Great Glacier descends almoat to river level. Valley slopes are
ateep but heavily forested with Sitka spruce. Tree line ranges from 600 m
(2,000 ft) to 900 m (3,000 Ft) in elevation.

Geology:

Bedrock in the vicinity of the hot gprings 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 schiets occurw several kilometers noxrth and south of the
apring location.

Rocks examined &t the springs sitc were found to be medium~ to small~
grained hiotite hornblende granodiorites with numerous xenoliths preseat. In
places, mafics are 3(~40 perceal of the rock,

At least two joint systews occar near the aprings site, Their artitudes

are ntrike N. 36° W., dip 62" N. and strike N. 16 %., dip 88° §. The clif¥
face above the springs trends N. 1B° W,
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Spring Gy acterinticH:

T Ihe four vigible aprings are dispersed along the base of the granitic
valley wall over a linear xone 200 m wide. The springs issaue from fissuves
just above pond water level. Spriug temperalures 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 frowm
the spring with the hottest tewperatures and greatest discharge. 'the chloride
contenl of Fowler Holt Springs is notably higher than that at other Stikine
River het-spring sites. 'The waterd are classified as a woderately con-
centrated aodium chloride—~aulfate wauter.

Gaa bubbling was noticeable over much of the southern part of the pond,
indicating the presence of sevaral submerged springs. At least one zone of
upwelling was observed near the clifc¢ face. The ponds cover several acres and
surface temperatures over much of this area were 25°~26°C. Wripht in 1905
(Waring, 1917, p. 25) estimsted the combined spring flow at Fowler ab about
3,000 lpm. Judging from the warm pond temperatures, the gubmerped springs are
still discharging at a high rate and temperature.

Reservoir Properties:

Table 7 summacizes the application of silica and cation geothermometry to
Fowler Hot Springs. 'The Na~K-Ca (%/3) geothermometer temperature of 85°C
indicates subsurface ¢quitibration rook place at temperatures below 100°C.

The Na-K-Ca (4/3) tempevature is very close to the chalcedony temperature of
86°C. Chalcedony then probably controis silica equilibration and is chosen as
representative of the minimum and moat likely reservoir temperature. The
quartz conductive gecthermometar temperature is taken as the maximum:

Min Ma

Most Likely Mean Std Dev

xX
Subsurface T (°C) 86 115 86 96 7

Fowler Hot Spring issue from the surface &t temperatures below boiling
and have a combined large rale of flow and a cotion peothermometer tewperature
cousiderably above orifice temperature. These factoras suggest the wmixing of
colder subsurface wacers (Fournier and Truesdell, 1974). With a silica con-
tent of 1O ppm and a temperature of 10°C as representative of the subsurface
cold waters and following the wethod of Truesdell and Fournier (1977), ap-
plication of chalcedony mixing models gives the following results:

... Mixing model Max T (“CY 7510, ppm Fraction (%)
t. Maximum steam loss 114 108 56
2, No steam loss 144 156 38

Temperatures derived from the chalcedony mixing models must be treated
with caution. No corroborative evidence exists for mixing. Farther, the
gilica conteat of the cold water fraction may be underestimated. & higher
stlica content would decrease both temperature eutimates.

No geophysical exploration bhas yet been done at Fowler and the extent of

the subsurface vaservoir iy not known. Using the mean reservoir temperature
ot 9A°C and the atandard mesn reservoic volume yields the following estimates:
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Table 6. Chemical composition and physical properties of Fowler Hot Springs.?2
(A1l chemical analysea in mg/l.)

Al <0.05
Fe 0.03
Ca 52

Mg 0.25
Na 204

K 9.8
Li 0.10
HCOA 29
()'03 - -

50y 230

Cl 251

F 1.6
Br 0.95
B 0.1
ph, Field 7.95
Diggsolved eolids 830
Hardness 131

Sp Conductance . 1247

T, °C 60
Flow rste lpm 15-20
Date sampled 9/24/7%

HAnafygfg—performed on waters obtained from spring having hottest temperature

and largedt discharge.

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

Surface cemperature 60
(measured)

Cation geothermometers
Na-K~Ca (1/3) 139
Na~K~Ce (4/3) 85

Sitica geothermometers

Adiabatle L4
Conductive 115
Chalcedouy 86
Cristobalice 65
Opal ~2.5

-31-



Volume (km3) = 3,3; std dev = 0.9
Thermal energy = (108 J) = 0.72; std dev = 0.22

These values must be viewed as highly speculative estimates.

Comments
The hot aprings probably result from circutation of meteoric waters alouy

dcep~acated fractures., Geothermometry indicates reservoit temperatures are
well below that required for generation of electrical power. The Ligh flow
rate and relatively high surface temperatures of the hot spring waters, how-
ever, make them suitable for space heating and perhaps for heating of green-

houses.
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4, TWIN LAKES (WEST SNAKKES) WARM SPRINGS

Jocation
“"Latitude 56° 42.0" N., longitude 132° 16.8' W.; Petersburg C-1 {:63,360

Quadrangle T. 60 S., R. 84 E., S of NW.
General Description '

Twin Lakes warm springs 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
springs are believed to be the springs Waring (1917) reported as West Shakes
Hot Springa.l The Twin Lakes warm springs are located in the Tongass
National Foregt and come under the management of the U.S. Forest Service.

A short Foreat Service trail leadr trom the north bank of the Stikine
River to a narrows between the rwo lakes nnd affords access to the springs.
Alternacely, at high water, a shallow~druft boat can be brought wvp a tributary
slough almoat direcrly to the gprings.

There are two springs. Both lie close to the NW lake shore at the base
of a granitic cliff that forms the aorthern boundary of the Stikine Valley.
Spring I emerges from under boulders at the bottom of an avalanche chute;
spring 2 emerges from alluvium, near Che base of the cliff. Twin Lakes water
level fluctuates with Stikine River stage, the latter actiang as a dam on
tributaries. At high water the springs may become submerged.

The Stikine River south of Twin lLakes is multichannelled, about 1.5 km
wide and heavily laden with si1lt during runoff months. The river flows
through a spectacular glaciated valley flanked by steep walls and hanging
valieys. Glaciers presently cap the wountains immediately north of Twin Lakes
and descend to as low as 600 m (2,000 Ft) elevation. Tree line in the
vicinity ranges from 600 m (2,000 ft) to 900 m (3,000 ftr) in elevation.

Local flora consists of willows, grassey, and shrubs Interspersed with
stands of Sitka spruce and hemlock.

Geolopy
The aprings are located near the contacht between Cretaceous gravitic
rocks (believed to be part of the Coast Range Batholith) and Mesozoic and
Paleozoic schists and layered gneisses (fig. 4) (Beikman, 1975; Buddington and
Chapin, 1929). Bedrock in the immediate vicinity of the springs is a
foliated, medium—grained hornblende-biocLite quartz diorite with well-defined

gneissold structure.

The Coast Range lineament lies iLomediately west of the bprings (Twenhofel
and Sainsbury, 1958). Predominant Fracture patterns as determined from aerial

Waring did not visit thede springs and relied on information obtained from
local inhabitants is judgiong theiv locution.
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photos of the area trend N. 55° W. and N. 75°-80° W. 7The valley wall here
trends E.-W,

A 3~ to 4-~m wide cleft occurs in the granitic wall about 10 m above the
warm springs. The cleft trends N. 50° W. &nd has nearly vertical walla.
Attitude of other joints near the springs measured strike N. 70° W., dip 60°
S. and strike N. 48° E., dip 85" §,

The base of the granitic wall is covered with colluvivm and alluvium,

Spring Characteristics

The temperature of spring 1 weasored 21°C; spring 2 was 18°C. Some
fluctaation in water temperature was nolted at gpring 1. During a previous
visit waters were noticeably warmer to the touch. A local resident measured a
winter season 8pring temperature of 26°C. Cold surface water flowing down the
clitf face was noted above the springs and some mixing of these colder waters
probably occurs during summer months.

Table 8 gives the chemical compogition &nd summarizes physical properties
of spring 1, the warmer of the two springs. Sawples were obtained at the
point where the spring issues frow the boulders. The combined discharge of
the two aprings measured with a pygmy flowmeter waa 270 lpm + 10 percent.

No odors were detected at the spring site nor were there noticeable
hydrothermal deposits of any kind.

Regervoir Properties

Table 9 summarizes the application of silica and cation geothermometry to
Twin Lakes warm spring 1., The Na-K~Ca (4/3) geothermometer temperature of
49°C indicates equilibraction took place well below 100°C. The Na-K-Ca (4/3)
temperature i8 also similar to the chalcedony temperature of 41°C, indicating
that c¢walcedony probably controls milica equilibration. The chalcedony
temperature 18 chogen ag minimum reservolr temperaturce, Na-K-Ca (4/3) as most
likely, and quartz conductive as maximum:

Min Max Moat L%EE!Z Mean Std Dev

Subsucface T (°C) 41 73 49 54 7

Some mixing with colder subsurface waters probably occurs. Silica con-
centrations and spring temperatured are much too low, however, to allow ac-
carake application of sitica-mixing modals.

No geopleyrical sxplorsiion has bewn done at Twin Lakes asad the extent of
the subsurface reservoic t not knows. Using the mean regervolr temperature

of 54°C and the.standard meun reservoir volume gives Lhe following estimates:

Voluma (km3) = 3.3 std dev = 0.9
Thermal energy (1018 1) = 0.35; std dev = 0.14.

These values must be viewed as highly speculative estimates.
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Table 8. Chemical composition and physical properties of
Twin Lakes (West Shakes) warm springs l.
(All chemical analyses in mg/l.)

510, 26

Al {O0.0Y
ke 0,027
Ca 5.4
Mg 0.3
Na 26

K 1.3
L1 <0.01
HCO4 30
€03 - -

S04 32

Ccl 60

F 0.28
Br 0.13
B 0.1
ph, fleld 6.95
Disgolved solids 112
Hardness 15

Sp Conductance 150

T, °C 21
Flow rate lpm 270+ 0%
Date sampled 9/21/179

8combined flow rate for springs 1 and 2.

Table 9. Twin Lakes (West Shakes) warm springs peothermomelry.
(All temperatures are in degrees celsius.)

Surface temperature 21
(measured)

Catlon peothermometers
Na-K-Ca (L/3) 128
Na-K-Ca (4/3) 49

Silica geothermometers

Adiabatlc 718
Conductive 73
Chalcedony 41
Cristobalite 24

Opal -38



Comments

These warm eprings probably resclt from deep circulation of meteoric
waters along fractures and faulta in the granitic host rock. Some of the
ascending thermal water may discharge beneath the surface end go undetected.
Geothermometry indicates reservoir temperatures are well below that required
for generation of electrical power. These springs are 2also very remote and
have low temperatures and low flow rates, making them impractical for most
geothermal applications.
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5. MT. RYNDA (SOUTH STIKINE), REPORTED WARM SPRING

Location
Approximate) latitude 56° 39.5'N., longitude 132° 16' W.; Petersbury C-!
1:63,360 Quadrangle (1953) map.

General Description

Waring (1917) reported a thermal spring on the south bank of the Stikine
River that he called South Stikine hot springs. 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 during his winter axplora-
tions at the base of Mt. Rynda (fig. 4), he came across a spnow [ree area sur-—
rounding 8 warm seep. The location of this zone approximately fils the loca-
tion of Waring's South Stikine hot springs. The site described by the infor-
mant could not be found during an intensive search for the spring made in
September 1979. The thick fall undergrowth, however, could have easily oh-
scured the location.

The area liece 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
saep was reported to be located on a low ridge south of Andrew Creek at an
estimated elevation of 30 m (100 ft). The area lies within Tongass National
Forest and comes under the management of the U.S. Forest Service.

The slopes are heavily forested with spruce and thick underbrush.

Geologz

The Mt. Rynda site lies within a beit of Mesozoic and Paleozoic slates,
schistg, and phyllites with interlayered beds of marble that occur along the
west flank of the Coast Range Batholith (fig. 4) (Buddington and Chapin, 1929;
Beikman, 1975). The contsct with Cretaceous quartz diorites lies about 1 km
east of the site. The Coast Range lineament follows Andrew Creck, jugt cnal

of the gite. The area is highly fractured. JTaspection ol nerial photos show
two domjnant trends: N. 54" W. and N, 12° W. The region has been intenscly
glaciated, which has accentuated the regional astractural urain, The valley i

floored with altuvium and co)luvium; the lower mountain alopes are covered
with a thin layer of soil.

Spring Characteristics:
The apring is reported to occur as a warm seep in the alluvial cover. Mo
other information is available.

Reservoir Properties:
No information is available.

The spring apparently has a low surface temperature and a very low dix-
charge, making {t impractical for most geocthermal applications. Subsurface
conditiona, however, are unknown. An over{light of the area in winter could
help in locating the epring.
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6. VANK ISLAND, REPORTED HOT SPRING, UNSUBSTANTIATED

Location .
(Approximate) lstitude 56° 27' N., 132° 36' W.; Petersburg 1:250,000
Quadrangle (1960); T. 62 S., R. 82 E., Copper River Meridian.

Comments

"7 ""On the basis of a second-source account, Waring (1917) reported a posa-
sible hot-spring site on the south end of Vank Island (fig. l). The existence
of these springs could not be substantiated by DGGS. Local residents who had
lived extensively on the south end of the island were interviewed. 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 springs.
These aprings probably either do not exist or have dried up since Waring's
earlier report.
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7. VIRGINIA LAKE, REPORVED WARM SPRING (UNSUBSTANTIATED)

Location
(Approximate) latitude 56° 28.5' N., longitude 132° 09.5' W.; Petersburg
1:250,000 Quadraengle (1960); T. 62 S., R. 85 E., Copper River Meridian,

Comments
) “—debng-time reaident of Wranpell, Almska reported the exiatence of winter
warm-waler flow near the south-crntral ashore of Virginia Lake; located aecveral
km cast of Wrangell, Alaska (fig. 1). An intensive 6earch of the reported
location by DGGS failed to disclose any thermal anomalies. The exiatence of
the warm flow could not be subdtantiated by other area residents, including

bugh pilots and U.S. Forest Service personnel familiar with Virginia Lake.
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8. BRADFIELD BOT SPRINGS

lL.acation

Latitude 56° 13.9' N., longitude 131° 16.2
1:63,360 Quadrangle (1955); T. 65 §., R. 91

W.; Bradfield Canal A-4
E., Copper River Meridian,

Generﬁ}»pescriptipn

" Wradfield hot gprings are located on East Fork Bradfield River sbout 15
Jon east of Bradfield Canal (iig. 1). 7The springs lie on # steep slope abnut
300 m SK of the river near the confluence of Easlt Fork Bradfield River with a
wejor novthern tribotary to the viver (fig. 6). The apringa were Jdiacoveraed
during o recent clear—cutling opetration on the SE slope of the valley and wecrn
brought to our attention by 0.S. Foresk Service personnel in Wrangell, Alaska.
The springs can be reached via o logging road that begins al the main logginy
camp at the head of Bradflield Canal and continues past the springs gite. The
springs are within the Tongass Naticunal Fovest and come under the management.

of the USTS.

There are Lwo groups ob springs. The {irst groop is composed of ihree
aprings issuing {vom fissures in the peanitic bedrvock about 20 m above yoad
level, The second aruup congists ol one gpring issuing From a bedroclk fissure
and several adjacent small <oapn gcinatnd about 45 m above road level. 7The
aeaps occur in the thin venesr of soil covering the slopes.

The Fast TFork Bradfield River valtey in a glaciated valley, heavily
forested on its lower slopes and ftanked by glacially scoured bedrock domegs at
high elevations. Swall glacYevs still cap the mountains north and south of
the gpring site. Tree line ranges from 600 m (2,000 ft) to 900 m (3,000 ).

Geolopy

T No geologic mapping of the Eant Fork Aradfield River area has been done.
Bedrock examined ak the springa site was found Lo be a medium- to coarse-
grained, hormblende-biotite granodiorite with gneissoid structure. The bed-
rock contains many conspienous, duavk-gray fine-grained xenoliths, some over
1/2 m long. The hoat rock ja probably part of rhe Coaast Range Batholith,
which oaccurs both nocth aerd goallh of Lhe Brad(ield area.

Promivent. {racturchi dare apprareatl on werial photon of the aprings avoa,
Thene Cread N. 137 8., N, 38” ¥., and N. 77° &. One prowdinent Fracture with 2
trand of N. 65° £. occure on the ridge directly shove the springs. ‘The ar-
titude of joints located al the apringas weasured stirike N. 43° B., dip 77° 8.

Spring Characteristics

" Water flow frum the springs is guite low, with the combined discharge
estimated at fess thau 4) Lpe.  Spring tewpervaturea ranged from 46° to 57°C.
Dark-preen algomats lire e unper ciianvels of the hot springs. No odors or
2as bubhling were noticesblr a1 any of the sprivgs. Table )0 gives the
physical propexries aud chemical composition of thermal waters obtained Ffrom
the eprings having the highest temperature and greatest discharge. The waters
ira clansified o3 a aoderately coacentrared god ium-sulfale waterv.

Bt~
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Reservoir Properties

T 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 alsgo similar to the chalcedony temperature of 102°C,
indicating chalecedony probably contrnls silica equilibration. The Na-K-Ca
(4/3) temperature then is chosen ag minimum reservoir temperature, chalcedony
the most likely, and quartz conductive as the maximum:

Min Max Most Likeiz Mean Std Dev

Subsurface T (°C) 92 130 T2 108 8

The low rate of combined flow of the hot springs suggests that the waters
cool principally by conduction during ascent. Some mixing of colder waters
may also occur.

No geophysical exploration has been done at Bradfield and the extent of
the subsurface reservoir in not known. Using the standard mean reservoir
voluwe and the mean reservoiv temperature of 108°C gives the following esti-
mates of storad thermal enevgy:

Yolume (km3) = B,Bi sid dav = {},9
Thermal energy (1078 1) = 0.83; scd dev = 0.9

These values must he viewed as highly speculative estimates.

Comments

The hot springs probably result from circulation of meteoric waters along
deep-~seated fractures in the country bedrock. Geothermometry indicates re-—
servolr temperatures are well below that required for generation of electrical
power. The low flow rate of the aprings limits their use for other applica-
tions such as space heating. Local inhabitants expressed interest in
developing the site for recreational and bathing purposes.

The recent discovery of these hot springs suggests that other hot springs
exist in unfrequented regions of the Coast Range Mountains and have not as yet
been detected. Vapor plumes emaaating from such sites would be most prominent
during winter monthsg, Asrial recounalssance of Coast Range drainages during
winter could help locate additional hot-gpring sites.
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Table 10. Chemical composition and physical properties of
Bradfield hot springs.®
(A1l chemical analyses in mg/l.)

8102 87

Al <0.01)d
Fe 0.02)b
Ca 13

Mg 0.04
Na 118

K 5.7
Li 0.04
HCO3 42

CO3 - -

504 235

cl 30

K 2.5
Br 22

B 0.1
ph, Field 8.15
Dissolved solids 512
Hardness 33

Sp Conductance £85

T, °C 57
Flow rate lpm 14

Date sampled 10/2/79

aAnaf}EIE performed on spring with highest temperature and greatest
dlscharge.
bAnalyais performed on acldified 0.05-micron filtrate

Table ll. Bradfield hot spring geothermometry.
(A1l temperatures are in degrees celsius.)

Surface Temperalbure 57
{measured)

Cation Geothermometers

Na~K-Ca (1/3) 142
Na-K-Ca (4/3) 92
Silica Geothermometers
Adiabatic 126
Conductive 130
Chalcedouny 102
CristohaliLe 79
Opal 10

—43



9. TLL ISLAND HOT SPRINGS

LGU d e LT

e ficade 55° 56 .0° M., leagitude L31° 33.4' W.; Ketchikan (D-5) 1:63,360
guadeaagle (X952 ¢, 58 S, R, 90 L., sec. 31, SE 1/4 of W 1/4 of
Copprr River Mectdian,

Genci al PDedeyiption

T qeiL fedand Mot Springs ave located near the southwest end of Bell
fa b, about 65 kn aorth of Ketehikan (fig. 1). The principal gprings ace
Jiltunced on the worth bapk o a small creek rhat drailns into a narrow cove

&

(fip. 73. ‘the gprings sve about 400 w from and 5 m above high-tide level.

Waping (1917) reported that the wabers lgeue from a narrow fissure about
I5 w loug in bioritLe grasiic. ‘The springs uave encased in five concrete
pasins. M oixth gpring ew- rges at the base of the valley wall, about 120 m
dowag{vear from e agtn eronp.

The eurvounding fercain hag been intensely glaciated, accentuating NE-SW
vepional grructuras yyain., The valley in which the springs occur is narvow
with akeep slopes ciginyg Lo 1560 €t in elevation. The slopes are densely
Forcates with spyvuce and haoie mmercus expoaures of bedrock. The island is
scrnsmled by highly sceate, long, warrow pasgages flanked by steep, heavily
lurested agiopes.

The aprings are privately owned und serve as a major attraction for the
Brll Island Fighing Resort. 7The resori used the hot-gprings waters to heat
the wwin lodge, L& ovher hvildings sad cabins, and a large swimming pool. ‘The
apvsnes haves been uzed fu g simiior fushion periodically gince 1902, The
vegart inslades 135,05 scres surrounding the springs and i3 presently owned by
Don Uetexwon  Susesanding teods ave within the Tongasa National Forest and
are speagod by the 0.8, floresi Service.

Katt falspd zan be reached by wvither boal or float plane from Ketchikan.
e pagorl welntams a dock and {lear plane ramp and a l/Z-mile-long board-
walle IMhat connects the dock to ihe main resort erea and hot springs., The
couoct o closed o il public from Uctober | to late spring.

Ceo rony

fredomiorre vock types in the Bell Tsland ave lineated, gneissic horn~
Slande~biotitr aumia diovites and minor granodiorites that ere probably part
¢ the Coart koge Hutheliche (fFip. 7) (Bevg and othere, 1978). Radiometric
K40 ages i the weslewn porr of e pluron indicate emplacement occurred
abcui. 72 ©o 84 w oy, wge.  The inirusive rocks are cut by numerous dikes aad
veime 6f Tighopray~weatbering, guarty-Feldopar-{(biotite-garnet) pegmatite.
The protos dldn conteian gbandunt ollipsoidal dark inclusions that commonly
awroceaea ttal e a)rgued hrernblende ceystals. foliabion atbitude st the SR,
codond sl srtend @won veported we scrike N. 35° W., dip 75° W,

dedrocl, wapuzaed vegy the «ooiug site s a faintly folisted, mediam-—
grotired grelos o homblends guart? diorite. Hornblende occuxs im sub-

Y-
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viveal ot yrtals -3 e Lomg, Wiclo are parallel to foliation. Pegumotitic
dikas cutiieg outcraps vary e width from a few centimeters fo 30 v,

Yhe bl gpeiups lis o a prowinent lineament that bisects Ball taland.
The tigeawsar rveuds H, 58% 4. aad is at leaet 30 km loug, extending acruus
Avclior Pauad re Lthe novipeaas, atxd throuph Blind Puxs to the asouthwest ({ipg. 7).
Uity vigoble sa o iz pholon, this discinctive lineament is defined by a
rreayy anccow vallos diat rens e entixe leugth of Bell Island. The linca~
weal way bo Fault velaced; Wasing (1917) found cvidence of glickensiding in
ikt pedr ithe snrings supge:ling that some faulting haa occurred ia the
G LTINANY,

funpent o of scrral

whntaa ahows the surrounding repion to be highly
fractwre) winh & CJemlend i

fawnd N. 60° E., parallel to the Bell Island lineu-
i, Orher pradineal jelut ceks vigible on the photos trend N. 797 E., N.
A40° &, 8~8, and §. 307 <457 . A joint syutem examined near the hot springs
lims an at) Lhade of styike o, 58° 4., :1ip 77° N. Another less promiuent joiot
el Frendr NoO3T W and b a dip of 608° .

sphae i E e <o €3 pvadnett geartz porphyry dikes have invaded o rumber of
the . 60" E.-irerding & wchures Ranging trowm 20-30 cm in widilh, the dikes
vk e peppeal i ie dikss.  ite dikes are probably related to porphyritic
peapi e cod gquacte monzowine coocks 3f Miocene age cveported by Bevg and octhers
{19780,

Chay wailey fionr snear he gprings conglgés primarily of graaular alluvial
aud yplacind deposits cvecdying bedrock (Pyle, 1978). on the basgis of ghal-
low rfrictive geiosmic grorilrs, £yle estimated sediment £ill at the head »of
the covo at 12+ 15 .

a3

Aoy {.'2'1/..'9 IS

e e

Juier tempersloreu ia the anelosed concrete basing on 10/5/79 reaged frow
4 170 For the nourhedgbanim gt osain Fo 67.4°C for the northessteraucst
yubia 120 0 Waeler (19100 reypeorted n temperature cange of 52°-72°C for the
Ciee woocns, which suggests (he gprings have become hotter since 1915.
Nucinenble Labbling vecwr:x? m all five basins and the waters swe'led
ntighiy by sul ¥ asoun W acids gpring meapured 46°C,

N e

Culivg Hemper Alasss w sre remeveured several times from 10/5/79 (o

U/1/79 enn weri vouad b fluciusve s much sg 1°C,  Comparisons (0 measuyes
mome 3 made Wiocecenl yesasa By ovher dnvestigatere (0zle, 1976 Raker and
cuterd, P77 muep st syoiar vomperatures can vary as much as 170 auriog sow
&L A e rebuge 2oy owa o nepl birlefly duriay 1978 kud indicated spring
Peapacatovey duricos wiosie way we severzi degrecs bhisher thaon duving zummey |
Tooe uns coxvebo.atzd by the 19/%-80 Rell 1sland Resort caretaker, who claiwed
ooy Eemperaktures dusing the wintew were as wmuch us 10°C pigher than
Tap cumver, These bigher cawperatares perhaps resulc from reduced wintex

Laterai e o enld nurisace WAaLers.

Tree tenzl i 0 Gescnuren lyog the concreted spyings 1s escumated at
W b Weleve fvow che comtge ! gprings are directly piped to the various
pocha wrlowa v iop exists for weasuring flow directly at o

N SO . B
TR T G
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source. The estimate i8 based on measuvements of overflow and discharge at
the individual cabins and swimming pool; the estimate neglects minor teaks and
evaporation from the pool surface. These estimates compare well with other
recent estimates of flow {Baker and others, 1977; Sloan, 1976a-c). The
measured flow rate however, differy substantially from Waring's visual
estimate of 35 lpm in 1915 and suggests that a significant increase in spring
discharge has occurred. The estimated flow of the sixth spring is 2 lpm.

Table 13 gives the chemical composition and physical properlies of waters
obtained from basin 5. Previous analyses indicate that chemical compogitiom
of the waters has remained relatively stable, The waters are classified as a
sodium chloride~aulphate water.

Reservoir Properties

Table 14 summarizes the application of siiica and cation geothermometyry
to Bell Island Hot Springs using the DGGS water-chemistry analysis. Previous
geochemical analyses give siwilar results. Cation geothermometry indicales
gubsurface equilibration took place at temperatures above 100°C and that
therefore the Na-K-Ca (1/3) tewmperature applies. This temperature 18 also
very similar to the quartz conductive geothermometer temperature, indicating
quartz probably controls subsurface silica equilibratioa. In estimating
‘reservolr temperature, the chalcedony temperature 1is taken as minimum, quartz
conductive as moslk likely, and Na-K-Ca (1/3) as maximum:

Min Max Most Likely Mean Std Dev

Subsurface T (°C) {15 144 142 134 T

The hot springs at Bell Island issue from the surface at temperatures
below boiling, have a combined flow rate of over 100 lpm, and a cation
geothermometer temperature congiderably above orifice temperatures. These
factors suggest the mixing of colder waters (Fournier and Trovesdell, 1974).
The apparent lncreagse in spring temperatures during winter also guggests 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. Following the method of
Truesdell and Fournier (1977), application of quartz mixing models gives the
following results:

Parent hot water

Mixing model Max T (°C)  S8i0, (ppm)  Fraction (%)
1. Maximum steam loss 150 125 73
2. No steam loss 297 330 31

There 1a no observable steam loss at the ground surface. If steanm
geparates it either poes to heating watev other Lhan that emerging at the
gprings and model 1 wmay be applicable, or i{t remains and heats cold waters
wixing with the hor-water fraction and model 2 way 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, tiowever, is quite close to that indicated by
geothermometry.
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Table 12. Ball Tleland Hot Spring temperatures, 10/5/79.
(Mumbers curcespond to concrete baalns going NE to SW.)

A 2 3 A =
Tempe catuve (UC) G/ al 72.0 71.8 71.3 7401

Table 3. Chemicat compoaition and physical properties of Bell Island liot Springs.
' (Previove aualyses included for comparison;

#11 chemical analyses in mg/l.)

d;”wﬁrét3duutity analysly file, USGS central Ltaboratory, Denver, CO, collectwed hy C..

Sloan.

bho Moriuer sad othewr (1978).

v UGS daly 48R3

Wayting (1917},

t. Analyses

(948,

T Conb)ved tlow, all spylozs.

O fl -

s fovied oa ganples filtered through 0.05-miaron filter.

9668 UsSGs? usesP USGSS uscs®
510, 108" 110 125 113 165
Al <0,01¢ 1.2
e 0. 009¢ 0.0)
;) i3 10 10 9.5 4,06
Mg (.0} 0,1 0 0.0 1.0
Wa /6 200 197 200 201
K /a2 7.2 6.6 7.2
K| 0.15 0.15
HOO. 58 60 53 30 37
Tty 1.5 L4 15 13
50, 118 130 79 130 129
1 197 200 189 186 183
o b 4.4
By 0.4
6 0.6 0.46
pll, tleld 8.50 8.4 8.95 8.7
Biasnlvig Solide 650 102 u/l4
Hardozss 2 25
-$p Conductance Y50 920
v, %G Th.) 74 72 71 72
Flow cate oot 100f 35 (est.)
Bate admplod 10/%/79 1/6/76 7 7 6/6/15



Table 14. Bell Island Hot Springs geothermometry.
(All temperatures are in degrees celsius;
geothermometry is based on DGGS water~chemistry glven in table 14.)

Surface temperature T4
(measured)

Cation geothermometers

Na-K-Ca (1/3) 144
Na-K-Ca (4/3) 117
Silica geothermometers
Adiabatic 137
Conductive 142
Chalcedony 115
Cristobalite 91
Opal 21
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Tenmperatures Fvom Che guartz mixing models must be used with caution., No
v chorniiee avidence yet exists for wmixing., Information is insufficient o
detormineg apclng lewporeilvre ve chloride~concentration trends, and no ivnforme-
trou iy avuiluble on the Twutopic compogition of either the thermal or the
cold watecs., Purther, the silica content and temperature of the cold spriy
water uzerd iu the analyeie way not be representative of waters actually wixing
wlU thavwal wotes 6.

Joophyisical eesisration st Bell Istaud has been iimited to shallow
astpnic celyackion investigations; the extent of a deep subsurface reservoir
v ouet hnown. O2ing the standsrd mean resexvoir volume and the wmean reservoir
Ltenpeestoee of LIA°C gives the Yollowing estimates of stored thermal enevgy:

Yolone (kn?) = 3005 sid ey = 0.9

Therusl energy » SGIEARY 1.06; std dev = (.31
These valaey wonl be viewed 49 higlily speculative estimates.

Congie "«

C e hot apriugn probably sesult frowm deep circulation of meteoric waters
aleng Crgetnies and porsibly faults associated with the Bell Island lineument.
The carelaker ot Bol)l Tsiand reasort reported that other hot springs exist and
i along the Liueasrent aoviheist of the resort springs and socthwest in 8lind
Poguape.  Demgite an wlenzive field search the existence of these springs
could pot he vagified, A1 wecial reconnaissance during winter might aid in
locating vupo¢ plumes From these reported springs.

Some at the gscend hy thermal watec way be undetected, dischurging
beav.th {he surtace into the eediments overlying bedrock SW of the spring
dite. Same hot aprings mey 2lao be submerged beneath the sea or under lakes
Sdiev Uie adlowm: the Jineawent .

Gevihermomelyy indionken the veseirvoir temperatures are below the mivimum
ot veqoired fox generation of electrical power. If subsurface mixing of
coldar wniees 1w occurviag, however, mixing models gugpest reservoir tempera-
Lcns ommy exceed J50°C, which could be enouph to generate electricity.

the way caee rescucn s peerently being used for heating but mueh of thc
waroa ik besuy discharped into the ses at temperatures of 40~50°C. Additional
cascsded usen for thie yeuouvee 1 posgible, perhaps for greenbouses or agua-~
culivee,  The present owoey of Bell JTaland Hot Springs Resort has expresned
iabeseast w the Wnereased cvuar of the Lell Tseland geothermal resources.
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10. BAILEY BAY ROT SPRINGS

Location
Tatitude 55° 59.0' N., longitude 131° 39.8' W.; Retchikan D-5 1:63,360
Quadrangle (1952); T. &8 S., sec. 9, SW 1/4 of 3W 1/4 of Copper River
Meridian.

General Description
The Bailley Bay Hot Springe are located BO km north of Ketchikan, off Behm
Canal and near Bailey Bay (Eig. 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 greep cascading bedrock channel into the head of Bailey Bay.
The springs are accessible by boat to the head of Balley Bay, thence over an
unmaintained Forest Serviee trail for 5 ki, Alternately, a float plane can
be taken to Lake Shelokwn. The springs ere within the Tongass National Forest
and are wmanaged by the U.5. Forest Service.

Ten principal springe and a uumber of seeps and smaller springs are
dispersed over a 12,000--rn2 rrea on the steep northwest-facing slope of
Spring Creek valley (fig. 8). The springs lie between 112 m (40 Ft) to 45 w
(150 ft) above Spring Creek und iseue from fissures in the granitic bedrock or
occur as seepy and pools in the alluvial cover.

The reginn has been heavily glaciated. Valley slopes vange from 3(G° to
45°. Local topography rangea in elevation from 106 m (350 ft) at Lake
Slee lokum to aver 730 wm (2,400 fi) at the credat of the northwest-Ffacing alupe
above the springs. The avea 18 highly acenic with ateep, glacier-polished,
granitic walls remeniscent of Yosemite valley. The soil-covered slopes and
valley are denaely forested with spruce. The valley bottom is flat as a
result of alluvial in-filling &and may have once been an arw of Lake Shelokuw
(Baker aand others, 1977), The valley is susceptible to flooding.

The springs were more extensively used during the early part of thisg
century and werxe once developed as a resort with a wagon trail to Bailey Bay,
The resgort closed during WWI[ and a three-sided shelter is all that remains.

Geology

Bedrock in the Bailey Ray area is a linested, gneiasic hornblende~biotire
quartz diorite and mieor granodivrite (Fig. 7) (Berp and othera, 1978). ‘ue
pluton also containa aAbundant wllipnoida! dark inclusiona that ace parallc! o

Migned lwrnblende crystals.  Foliation attitude uear Bailoy bBay ot Spyrings
ia strike N. 35 W., dip 79° N. Dikes and veins of lipht-gray weatheriig
quartz-feldapar-(biotite-garnet) pegmatite cut rhe intrusive. K-Ar sges 1.
the western part of the pluton indicate emplacement took place abont 72 to 34
m.y. ago.

Inspection of aerial photos shows the area to be highly fractured with
a dominant northeasterty trcend. The wost prominent fractures trend N. 60° E.
[‘ractures at RBailey Bay Hot Springs have trendg ranging from E to N. 60° E.
Those at the head of Bailey Bay measured strike N. 60° E., dip 78° N.; strike
N. 50° E., dip near-vertical; and strike N-8, dip near-vertical.
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A series of aphanitic to fine~grsined, quartz porphyry dikes have invaded
many of the fractures that trend N. 50° E. to N. 60° E. Ranging 20 to 40 cm
in thickness, the dikes are probably related to porphyritic granite stocks and
quartz monzonite stocks of Miocene age reported by Berg and others (1978).

Spring Characteristics

Ten principal springs issue from fissures in the granitic bedrock and
from pools formed in alluvium covering the steep valley slope (fig. 8). Nine
of thege springs were reported previouslty (Waring, 1917; Baker and others,
1977); the tenth spring was found during DGGS investigations., This newly
reported spring emerges 1ln a gravel-bottomed pool, located about 50 wm SW of
Spring 3, and has a temperature of 71°C. The other springs range from 56.0°
te 91.5°C (table 15).

Compared with previoua mesdurements, most of the hot springs at Bailey
Bay appear to have fluctuated at least a few degrees. These variances in
meagured temperatures could raflect slight changes iIn the mixing fraction of
colder waters. They could alsc be due rto differences in measuring Ctechnique
and measurement location. Hotf spring water temperatures can decreage geveral
degreas just u few centimeters away from the spring sources. All ADGGS
measurements were made by inserting the sensitive portion of the thermal probe
either directly inkto the spring orifice or as close to it as reasonably pos-
8ible. Probe location was always adjusted to obtain a maximum remperature
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 techniques. These changes are more likely due to a real increase
in the temperatures of waters arriving at the surface.

Where posaible, flow rates were measured by DGGS using a pygmy flow-
meter; otherwise, flow rates were estimated (table 15). Spring discharges
ranged from 1 to 70 lpm, with the largest discharges occurring at aprings 1,
3, and 5. The combined Octoher 1979 flow for all springs is estimated at 300
Ipm + 15 percent. Given the limited degree of accurscy of flow measurements
and catimates, the overall flow rates appears to have remained relatively
constant. Flow &t three of the individual springs, however, appears to have
changed appreciably, with springs 8 and 9 decreasing and spring 7 increasing
since 1914,

One of the three ‘sourcea of spring 3 igsues in a spout or jet of hot
water which measured about 17 cm in height on October 12, 1979. This small
jet of water is probably due to thermal artesian pressure. Pravious ohserva-
tions indicate jet height and temperature fluctuates with time (table 16).

Analyses of water chemiatry were performed on thermal waters obtained
from springs 1, 3 and 5 (table i7). The springs are nearly identical in
chemistry and other properties, Some moderate changes appear to bave occurred
since 1915 but the accuracy of Waring's earlier analysis is not knowu.

Waring (4917) reported considsrable bubbling of gas at Bailey Hay Hot
Springs but no bubbling was noticeahle in October 1979, Carbonate deposits
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Table 15, Temperatures and flow rates, Balley Bay Hot Springs.

Spring Tempersture °C
10/792 6/77° 7/14%

! 84.0 84 82
2 83.0 ~ 81
3a 87.0 85 86
3b 84.5 84

3e 84.5 82

4 86.5 84 63
5 91.5 90 66
6 72,5 72 67
7a 81.0 75 76
b 77.5 77

7e 56.0 45

8 89.5 89 83
9 88.0 83 88
10 71.0

Totald

a. DGGS, this report.
b, Baker and others, 1977, escrimated.
¢. Waring, 1917

.
.

Flow, (lpm)

10/798

70
20

60
10
50

1
40
35

10
300 + 15%

6/77° 7/14°
75 87
30 34
35 53
20
15
10 15
55 57
4 4
4 11
15
4
65 42
40 15
398 318

d. An ovarall total flow of 274 lpm for upringa L-9 was veportad by Sloaw, (976,

Table 16. Bailey Bay Hot Springs, spring~3 water jJet height and temperature

Temperature (°C)

Date Retght (cw)
1905 38
1915 30
1976 15
1977 28
1979 7

95
86
950
85

87

References

Wright and Wright,
1908

Waring, 1917

Ogle, 1876

Baker and others,
1977

DGGS, this

report



Tabhle 17. Chemical composlitlon and physical propertles of Balley Bay Hot Spriagu.
(Previous USGS analyses Lncluded for compurison;
all chemical analyses in mg/l.)

DGGS __DGGS DGGS UsGSs3 usGsP SCs<

Spring 1 Spring 3 Spring 5 Spring 3? Spring
$10, 139 140 138 150 160 142
Al <0.01d 2.2
Fe <0.014 <0,01 0.0} 0.01 1.5
Ca 1.3 1.3 1.3 2.} 2.0 13
Mg 0.0 0.0 0.0 2.2 0.0 20
Na 10} 102 102 89 78 4
K 4.5 4,5 4.4 4,3 4,2
Li 0.06 0.06 0.06 0.07
HC03 138 132 129 145 118 27
COy 4.5 8.0 6.0 0 53
504 41 38 39 43 44 32
Cl 51 53 49 53 47 11
F 3,2 3.2 3.1
Rr 0.0 0.0 0.0
B 0.4 0.6 0.6 0.33
pi, Fiold 8.80 8.85 8.85 8.2 7.2
Dissolved Solids 414 414 407 415 453
Hardness 3.3 3.3 3.3 14
Sp conductance 484 482 479 444 (1ab)
T °C 84.5 B7.5 91.5 90.0 88. 86
Discharge 1pm 70 60 50 53
Date Sampled 10/£2/79 10/12/79 10/12/79 7/7/176 6/7/1%

A Yater-quality-analysis file, lab 216065, USGS Central Laboratory, Denver, G0, collacted by C.F.
Sloan.

bMariner and others, 1978.

CWaring, 1917.

dAnalyaes performed on acidified 0,05-micron filtrate.



oceuwy at and near aprings 1-5. Many of the spring channels are lined wiih
byilliant and colorful orauge-red hacterial mats that change to blue-green
wlpomats where tempevatures drop below about 60°C.

The multiplicity of springs at Bailey Bay indicate that single conduits
oear the surface are Loo narrow to accommodate the volume of ascending hot
witer., Channel permeability may bhave been reduced by deposition of gilica aund
other hydrothermal minerals on the conduit walls as the thermal waters cool on
ascent. Sowe of the thermal water must be discharging beneath the surface,
because much of the s0il cover in the vicimity is 15°-20°C at only a few cn
depth. The spring waters wust algo go to heating some of the local bedrock;
the suvface of an area meapuring several gquare meters on a moss—~covered vock
face directly above spring 5 vegistered 42°C.

Renecvoir Propurtien:

Table 18 summarizes the application of silica and cation geothermomztry
to Bailey Bay Hot Springs. The Na-K~Ca (4/3) geothermometer temperature of
142°C indicates subsurface equilibration took place at temperatures well above
W0C and that therefore the Na~X~Ca (1/3) geothermometer temperature of 153°C
ts applicable, This tewmpersature is very gimilar to the quartz~conductive
tempavature of 157°C. “The pH levels messured by DGGS for three aprings at
Bailey Way Hot Spriugs are nearly identical and notably higher thawn that
ceported by previous investigators. Applying a pH correction to frhese gprings
uging the DGGS pH values resulis in & quartz-conductive temperature of 142°C.
This temperature 13 taken as the minimum reservoir temperature, the uncor-
rected quartz conductive temperature is taken as the maximum, and the Na-X~Ca
(1/3) aa the most likely:

Min Max Moet Likqﬁx Mean Std Dev
Subsurface T (°C) 142 157 153 15] 3.4

The principul hot springs at Bailey Bay issue from the surface at temper-
aturvs below boiling and have a large combined flow rate and cation geother-
acuieter temperatures considerably above orifice temperatures. These factors
gsuggest the mixing of colder waters (Fournier and Truesdell, 1974). A cold
gpring near Bell {sland Hot Springa, located in similar terrain several km
south of Bailey Bay Mot 3prings, was found to have a temperature of 8°C and a
$1lica content of 8 ppu. ‘

Using these parawmetcevs to characterize the cold water fraction and fol-
lowing the method of Truesdell and Fournier (1977), application of ¢uariz

miving models gives the following vesults:

_Parent hot water

Mixing model Max T (°C)  5i0% (ppm) Fraction (%Y
., Maximum steam los3 154 135 89
7. Mo asteam loss 225 370 36

Tewperstures fron the quartg mixing wodels must be used with caution. No
corroborative evidence for mixing such as from chloride~temperature analysis
01 watey oxygen isotope anslyses ir available. Further, residence tiwme in the
wranttie rocit of eold springs waters which were sampled wmay have beea
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Table 18. Bailey Bay Hot Springs geothermometry.
(Bagsed on apring 3 water chemistry, DGGS analyses;
all temperatures are Iin degrees celsius,)

Surface temperature 87
(measured)

Caclon geothermometers

Na~K~Ca (1/3) 153
Na-K-Ca (4/3) 142
Siltca geothermometers
Adiabatic 149
Conductive . 157
Conduvetive, pH corrected 142
Chalcedony 133
Cristobalite 107
Opal 35



relatively short and not representative of waters actually mixing with the hot
water fraction,

Although there 1s no observable steam loes at the ground surface, sLeam
imay he separating below the surface and heating waters other than that
emerging at the springe sampled. The large area of heated ground and the
aiwi tiarity of temperdature estimated by the eteam loss model to temperatures
estimated by geothermometry sBuggestds this may be the case. The high tempera-
ture predicted by model 2 geems unlikely for waters circulating in fractures
In granitic bedrock.

No geophysical exploration has been done at Bailey and the extent of the
subsurface reservoir is not known. Using the standard reservoir volume and
the mean reservolr temperature of 150°C gives the following estimates:

Yolume (km3) = 3.31 gtd dev = 0.9
Thermal energy (108 J) = 1,20; std dev = 0.35

these values must be viewed ns highly apeculative estimates,

Comments: .

B Bailey Bay Hot Springs have both the highest surface temperature and
highest estimated reservoir temperature of any hot spring site invesgtigated in
southern Southeastern Alaska. Surface temperatures and flow rate are guffi-
cient for & variety of applications requiring thermal energy. The estimated
reservoir temperature js above that presently required for generation of

electrical power.

Bailey Bay Hot Springs probably result from circulation of meteoric
waters along deep-seated fractures. Fluctuations in discharge and temperature
at individual gprings apparently have occurred, as indicated by comparing
reported flow and temperature measurements (table 15).
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i11. SAKS, REPORTED HOT SPRINGS, UNSUBSTANTIATED

Location
(Approximate) latitude 55° 52' N., longitude 131° 05' W.; Ketchikan
1:250,000 Quadrangle (1955); T. 69 S., R. 94 E.

Commenta

“Relying on information obtained from USFS in 1915, Waring (1917)

reported the existence of hot gprings located 8 km (5 mi) SE of Saks Cove off
Behm Canal (fig., 1). The USFS representative described the springs as similar
to Bell Island Hot Springs with "“water issuing in part at the rock shore and
in part directly from a fissure in granite 200 ft back from rthe shore"

(Waring, 1917, p. 23).

DGGS interviewed geveral persons familar with the Saks Cove region,
including 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 gearched 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 Waring (1917). The springs either probably did not
exist at the time of Waring‘s report und Waring was misinformed or perhaps the
springs have dried up since 1915,

~59-



12. UNUK, REPORTED THERMAL SPRINGS, UNSUBSTANTIATED

Location
(Approximate) latitude 56°08' N., longitude 131°00' W.; Bradfield Canal

1:250,000 Quadrangle (1955); T. 66 S., R. 93 E.

Waring (1917) recorded a vague report of thermal sgprings located about
9 km (6 mi) above the mouth of the Unuk River, which drains into Burroughs Bay
(Eig. 1). The asprings were believed to have a 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. Carbonate springs located near the international border
reported by Waring (1917) as Boundary Springg were reported to be now under~
water as a result of a ghift in river channel., The thermal springs maey have
either met a similar fate or perhapa never actually existed.
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17. BAKER ISLAND ROT SPRINGS

Location
(Approximate) latitude 55° 17.5'; longitude 133° 40.5'; Craig 1:250,000
Quadrangle (1957), R, 76 E., T. 75 S. of Copper River Meridian.

Commenty

A hot-springs site was reported by loéal fishermen to be located on the
west coast of Baker Jaland (fig. 1). The existence of these springs was
recently substantiated by the USFS office in Craig, Alaska. The Forest Ser-
vice reported that a cluster of springd issue from & steep granitic cliff,
soveral metars above tidewater at the head of Veta Bay (fig. 9). The USFS
plans to build »a zrail to the spring frowm Port San Antonio on the ecast side of
the 1island.

Deteriorating weather conditions prevented field inveatigation of this

site during fall, 1979. The site will probably be viaited during the 1980
DGGS field season.
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SUMMARY, SOUTHERN SOUTHEASTERN ALASKA THERMAJ, SPRINGS

Locations of the thermal spring sites in southern Southeastern Alaska arc
shown in figure 1. Table 19 provides u beief sumnary of each site. Three
sites reported in Waring (1917) (Vauk {sland, Saks Cove, and Unuk River) cuould
not be verified and are presextly discounted. These spriangs may bhave existed
at one time and perhaps have dried up gince Waring's account.

The Bailey Bay Hot Springs site (No. 10) has the highest surface water
temperature {(71° to 91.5°C) and the highest estimated subsurface tempevaturc
(151°¢) in southern Southeastern Almska. The iargest flow rate (450 lpwm) wae
measured at Chief Shakes Hot Spriuge (site {), located in Shakes Slough worth
of thr Stikine River. Bell Twland hot speings (aite 9) has had the most
development. The five principal bot springs there, which have an averape
temperature of 70°C and & combined flow rate of over 100 lpm, are uged by a
fighing resort to heat 14 buildingn aud an olympic-size swimming pool. The
Rell [sland Hot Springs occur on a prominent southwestwnortheast trendwng, 30
km long lineament that bisects the ialand.

Two thermal gpring sites that had not been previcusly reported ian tho
literature were investigated duriag the September~October field excursion.

The First site, Baraes Lake warm springs (No. 2), is located abuout 4 lm nosth
of the Stikine River near the Canadian border and consigts of a warm pocl
measuring 25°C and a wapm seep weasuring 26°C. The second gite, Bradfield
Canal hot springs (No. 8), ovccurg on the south bank of the East Fork Bradfield
River near the confluence of the Lwo wain tributaries to the river. The site
consists of several amall thermal aprings issuing from fisasures 1in the granito
bedrock at temperatures ranging from 53°-57°C, Total flow is estiwated at 20
1.

Except for Eradfield hot spiiugs, ali the presently known thermal spyivigs
in southern Southeastern Alacka occur either near a major river or aemp tide--
water. This correlation is yprobably partly e reflection of accessibility and
occurrence along travelled routes. The discovery of Bradfield hot sgprings in
a remote area of the Coasl Range mountains suggests othey such sites exist bur
have not yet been Found. Vapor plumes from thermal springs are wost visible
daving cold weather. A late-winter acrial reconnaiassance might digclose inhe
locationg of additiongl tliermal spring sites in southern Southeastern Alasks,

fixcept for Baker Island hot aprings, all knowa thermal springs in
southern Souftheastera Alagka occur on or near the wesstermn flank of the Coust
Range Barholith and probably originnce from deep civcutation of meteoric
waters aloap fractures and faults in grapitic host rock.

The chemical compositions of the soathern Southeastern Alaskan rhermal
gpriags ave rouphly simitar and tall uoder the category of alkali-chlovide Uty
alkali—-sulfote waters. The coastituents of Lhe thermal waters were probat)y
devived {vom desep-seated interactiom of hot werer with rocl, Pravions
chemical analyses ere svailable for three ol the thermal-spring sgites: oot
Shakes, Bell Island, and Bailey Bay. Concentrations of most of Lhe chenical
constituents appear to have undereune at least minor variations. The overail
chemistry of the thermal waikers from Bell Island and Bailey Ray appeur o hive
rem:ined substanrially vhe same. Two significaut cnanges in chemistry, how-
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ever, appear to have occurred at Chief Shakes. Waring's 19(5 analysis (g no-
tably higher in gilica and potassium than either the USGS 1976 analysis ur the
DGGS 1979 analysis., 9Yhe higher concentrations of these two consrituents in
1915 suggest subsurface waterr had been eguilibrating at substantfally bLigher
temperatures than at presenl. Oue pogsible explanation for this change s
that the deepor part of the conduit syataem way have become gealed perhaps aa &
result of seismic activity or frowm deposition of hydrothermal minarals.

Fluctuations in hoL gpring kemperatures of 1°-2°C was notcd over a
several-day period at Bell Ygland. Winter temperatures of these thermal water
can apparently increase by 5'-10°C above sumner Lemperatures.

Most of the Bailley Buay Het Spriugs were hotler in October 1979 than in
either June 1977 or June 1914, Two of the apring temperatarns inereascd sub-
mtanteally sinee 19145 wpriag 4 increascd by 28°C and apring 5 by 25°¢,

Dirclhiarge rates appear to have chnnged at all three sitves lor which
previous records are avallable. The accuracy of the earlier measucements La
not kaown, Measurements and estimates of flow rates are often subject to
large errors and it 1is often difficult to jodge if any significanc changes in
discharge have actually occurred. The measured flow rate in Septewber 1979
and the reported flow rate of June 1915 (Waring, 1917) for spring 1 at Chief
Shakes are¢ both notably higher than the rate reported For July (976 (table 5).
The overall digcharge from springs at Bailey Bay appear to have remained
about the same since 1915, glthough some readjustment of flow volume seems tao
have occurred among the several available conduits. Waring’s visual estimates
of discharge from the Bell Ysland Hot Springs are ledas than half of the moce
recent minimum estimates of 1low rate, which indicates Lhat either flow has
substantialtly increasad or Waring'n eatimates were wrong.

Chewmical geothernometersa suggest subsurface Lemperafares in the pange of
50° to 110°C for thermal springs along the Stikinc and EasL Bradfield Rivers.
LL the thermal~spring waters derive their heat sgolely from deep civcalation,
they must reach depths of L to 3.5 km, assuming peothermal gradiencs ot 30°
to 50°C/km. The esatimated subsurface temperatures For Bailey Bay and Bell Not
Springs sre in the range at 135°-151°C. Circulation depth For these waters
would range from 3 to 5 km.

Interest has been expresaed in several possible uses of the thermal
spraings in southern Southeuasitern Alaska, including aquaculture aund eleccrical
generation. Aside from Bell Lsland Hot Springs, however, the thermal waters
of southern Sodtheastern Alaska remain unugsed except for occasional »curea-
tional purposes. Thun fayv, our investigations ndicate that only the Ballny
Bay and Bell Twland Hobt Springs mites offer any potential Loy forure favge-
scale development.
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APPENDIX A: ABBREV(ATIONS, UNIT SYMBOLS, AND CONVERSION FACTORS

1. Abbrevlations

AVGGS ~ Alaska Divigion of Geologlical and Geophysical Surveys
1CAP ~ Inductively coupled argon plasma

u.d, ~ not determined

std dev - gtzndard deviation

USFS — {Inited States Forest Service

HsGs ~ United States Geologfical Survey

c® - degrees Celsius
el - cantimeter

J - joule

kg - kilogram

! ~ kilometer

1 - liter

Ly - liter per minute
m ~ metetr

mgy ~ milligram

u ~ mlcrogram

u/ . - microgram per liter
i - millimeter

n.y. ~ million years

P pat - parts per million

ﬂdiggyversion factors

°C ~ 5/9 °Fahrenheit - 32
Y0 ke - 5/9 °r-32 /0,621 mile
om ~ 0.394 inches

i - 0.035 ounce

junle - 0.239 calorie (cal)

~ 9,480 x 10°~* gritish thermal unit (Btu)
1ol8 5y - 10!% gey = 1 quad

(NS4 - 2.205 pounds

lem ~ 0.62) wmile

L «~ 0,264 gallon

1 ~ 0,264 gallons per minute
n - 3,281 feet

i - 0,039 fnch
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APPENDIX B. PRECISION OF WATER ANALYSES
(from Skougstad and othevrs 1979).

Numher of Relat{ve deviation

Constituent labs Mean (mg/1) (percent)
S104 12 5.87 9
19 36.5 3
Al 4 . 0750 23
3 433 8
Fe 17 .100 31
Ca t7 12.6 7
23 t10 !
Mg 23 1.98 9
20 . 22.0 5
17 35.6 L7
Na 26 3.44 9
19 43.7 4
23 78.8 4
K 15 0.8 14
32 5.2 1)
Li 10 .054 9
18 484 5
Gl o L0 1,56 26
9 194 4
I3 13 0.62 16
6 1.1 26
14 3.8 1t
B 9 .072 78
5 2522 14
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