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Ab8tract.-Numerous hot springs occur in a va'riety of ge0-

logic provinces in west-central Alaska. Granitic plutons are 
common to all the provinces, and the hot springs are spatially 
associated with the contacts of these plutons. Of 23 hot springs 
whose bedrock geology is known. all are within 4.8 km (3 mi) 
of a granitic pluton. The occurrence of hot springs, however, 
appears to be independent of the age, composition. or mag­
matic history ot the pluton. lIost of the analyzed hot springs 
appear to have chemical and isotopic compositions indi­
cating that they were derived from deeply circulating meteoric 
water. About 25 percent of the analyzed hot springs show a 
distinct saline character with high concentrations of chloride, 
sodium, potassium. and calcium indicating either much more 
complex water-rock reactions than in the other hot springs or 
the addition of another type of water. Chemical geothermom­
eters suggest suvsurface temperatures in the general range 
of 70· to 160·C. If the hot spring waters have derived their 
heat solely from deep circulation, they must have reached 
depths of 2 to 5 km (6,000-15,000 tt), assuming geothermal 
gradients of 30· to 5O·Clkm. If a shallow igneous heat source 

EXPLANATION 

exists in the area or if dilution or mixing has occurred, these 
depths may be shallower. The geologic and chemical data, 
although preliminary, suggest that most of the hot springs ot 
west-central Alaska have relatively low suvsurlace tempera­
tures and limited reservoir capacities in comparison "\\ith geo­
thermal areas presently being utilized for electrical power 
generation. The springs may, however, have some potential for 
limited power generation locally, if and when heat-exchange 
technology becomes availavle, as well as for space heating and 
agricultural uses. 

Hot springs have long been known to occur in west­
central Alaska but have received little study since they 
were discussed ·by Waring (1917) who visited 6 of the 
15 hot springs known in 1915. At least 27 hot springs 
are now known in this area (fig. 1), and these springs 
constitute about 30 percent of the presently known hot 
springs in Alaska (Miller, 1973). Because the occur-
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GEOLOGIC PROVINCE 

Hot apring; number refers to table I. . D 
Granitic pluton 

Conta.ct between geologic provinces 

SP Seward Peninsula 
YK Yukon-Koyukuk 
KH Kaiyuh Hills 

KHH Kokrine-Hodzana Highlands 
YT Yukon-Tanana 

FIGURE 1.-Distribution of known hot springs and major granitic plutons in west-central Alaska. 
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rence of hot springs suggests possible geothermal re­
sources and because interest in such resources as 
sources of energy is increasing, an upd.ated report on 
these springs is warranted. Recent studies (Mufiler, 
1973; Combs and Mu1Her, 1973; White, 1973; Mahon, 
1966; Fournier and Rowe, 1966; Fournier and Trues­
dell, 1978) have shown that knowledge of the geologic 
setting of hot springs and the composition of their 
Waters can give clues to conditions at depth such as 
subsurface temperatures, source of heat, and type of 
hot-spring system. This report, therefore, discusses the 
geologic setting 1Llld chemical composition of known 
hot springs in west-central Alaska with regard to their 
potential as a geothermal resource. 

This study should be regarded as preliminary since 
only 19 of 27 presently known hot springs within the 
study area have been visited by us and chemical data 
are available for only 16; indeed, fairly complete 
a.nalyses are availahle from only 5 springs. Mea.sured 
temperatures are available on 13 hot springs, and no 
information of temperatures is available from 5 of the 
remaining 14. In a few places, geologic mapping of 
the general spring site is not complete, and none of the 
hot springs has been studied in detail. Additional hot 
springs probably occur in the area but are unreported 
because it is sparsely populated and geologic mapping 
has been chiefly smaU-scale reconnaissance. 

White (1957a) !has classified springs as hot, or ther­
mal, if their temperature is more than 6°0 (15°F) 
above the mean annual temperature of the aTea. Prob­
lems arise in applying White's definition to this part of 
Alaska because the mean annual temperature for much 
of the region is -4° to -7°C (Johnson and Hartman, 
1969), which means that springs with temperatures 
barely above freezing would be considered thermal. We 
have therefore restricted this report to springs with 
temperatures of at least 15°C (59°F).1 

Acknowledqments.-We are indebted to our Geo­
logical Survey colleagues R. L. Elliott, D. G. Grybeck, 
and H. L. Heyward who assisted us in the sampling of 
hot springs and J. B. O'Neil for oxygen and hydrogen 
isotopic analysis. R. B. Barnes, J. B. Rapp, T. S. 
Presser"and L. M. Willey provided chemical analyses 
of water samples. T. B. Hudson provided water sam­
ples and temperatures from Serpentine Hot Springs, 
and M. L. Olson of Golovin, Alaska, supplied informa­
tion on the location of seyera1 hot springs in south­
eastem Seward Peninsula. R. M. Chapman provided 
data on several hot springs in the Yukon-Tanana Up­
land and Kokrine-Hodzana Highlands in the eastern 
part of the area. 

GENERAL DESCRIPTION 
The part of Alaska considered in this report includes 

the area. between lat 64° and 66 ° N. and from the 
Bering Straits east almost to Fairbanks (fig. 1). This 
area. is part of the Intermontane ~lateaus physio­
graphic division (Wahrhaftig, 1965) and includes 
parts of the Northern Plateaus, Western Alaska, and 
Seward Peninsula physiographic provinces. It consists 
of low mountain ranges, uplands, and alluvium-filled 
lowlands; altitudes of the mountains and uplands 
range from over 1,500 m (5,000 ft) in the east to gen­
erally less than 1,200 m (4,000 ft) in the west. Much 
of the region lies within the zone of continuous perma­
frost (Fenians, 1965). 

The hot springs of west-central Alaska generally are 
found along valley margins and at low altitudes on 
mountain and hill slopes. Only Pilgrim Hot Springs 
(No.1, fig. 1) in the Seward Peninsula is in the middle 
of a large alluvium-filled valley more than 2 km wide; 
all others are either in smaller valleys or along the 
fronts of mountain r8Jlges. A few looalities show con­
siderable differences in altitudes of individual springs; 
at Clear Creek (fig. 1, No.6), for example, there is as 
much 1I.S 62 m (200 ft) difference in altitude between 
hot springs 400 m (1;4 mi) apart. 

Most of the hot springs are in forested areas; the 
exceptions are Pilgrim, Serpentine, Lava Creek, and 
Granite Mountain hot springs (Nos. 1, 2, 3, and 7, fig. 
1) on the Sewa.rd Peninsula, which are beyond tree 
line. Although the immediate area around the springs 
is commonly marked by open grass-covered meadows 
and bare ground, the margins of hot-spring areas sup­
port a variety of lush vegetation. The lush vegetation 
aids in locating hot springs, particularly in late spring 
or fa;}l when the green coloring is most conspicuous 
against the gray and brown of the surrounding area. 
On cooler days in the summer, low clouds of vapor 
commonly form over many springs. 

Thick growths of algae including red, white, and 
green varieties are common on the bottom of hot 
springs and their runoff channels, as are long streamers 
of white bacteria (Brock and Brock, 1971). 

Measured temperatures are available from 12 hot 
springs and raIle0'8 from 17° to 77°e with only one 
spring below 40°0; estimated temperatures are avail­
able from another 7 localities and range from 15° to 
60°C. Data on the daily temperature fluctuation are 
almost nonexistent. T. B. Hudson (written commu.n., 

1 Waring (1917) mentlont>d Il possible warm apring on tbe bead­
waters of tbe Inms('buk River In thp north-{'f'ntrnl Seward Ppnlnsula: 
from a later Inspection. Gordon Herreid (oral commun., 1973) stated 
tbat tbe waters of tbe spring were not noticeably warm to tbe toucb. 
Tbe spring bas not been Included In tbls report. 
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1969) kept daily temperature records over a 6-week 
period in the summer of 1969 at Serpentine Hot 
Springs and reported a range of only 3°C from 74° to 
77°C. Seasonal data are not awilable. Temperatures 
measured in recent years are generll'Hy similar to those 
reported by Waring (1917) over 50 yr ago from the 
same springs. 

The amount of warm ground (insofar as indicated 
by vegetation patterns) at individual hot springs 
ranges from a few -tens of square metres to as much as 
te~ of thousands of square metres at Division hot 
Spl'ings (No. 11, table 1, fig. 1). Judging from the lack 
of change in vegetation patterns, the area of high heat 
flow at individual hot springs appears to be relatively 
stable. , 

Infonnation regarding discharge rates is also sparse. 
Waring (1917) reported discharges ranging from a 
few gallons per minute to as much as a few hundred. 
Estimates made by us at springs not visited by Waring 
are in the same range. These are minimum estimates 
since it is not known how much hot water seeps unde­
tected into bhe unconsolidated material overlying bed­
rock at many of the springs. 

Current and historical use of hot-spring waters in 
west-central Alaska has been for bathing and limited 
agricultural purposes; cultivated areas have not ex­
ceeded 0.24 km2 (60 acres) at any hot-spring locality. 

REGIONAL GEOLOGIC SEmNG 

About 80 percent of the area discussed in this report 
is covered by modern geologic mapping at a scale 
1 :250,000 or larger. Topical studies on many of the 
plutonic rocks and mineral deposits of the region have 
been carried out in recent years. Regional aeromag­
netic surveys have been made of parts of the area but 
at flightpath spacings too large (greater than 1 km) 
to provide much information on the relatively small 
hot-spring areas. Gravity maps are not available at a 
scale larger than 1: 1,000,000. 

The hot springs of west-central Alaska occur in 
several geologic provinces (table 1, fig. 1). From west 
to east, these are the Seward Peninsula, the Y ukon­
Koyukuk, the Kokrine-Hodzana Highlands~ the 
Yukon-Tanana Upland, and the Kaiyuh Hills. 

The Seward Peninsula is underlain chiefly by a 
thrust-faulted sequence of regionally metamorphosed 
pelitic and carbonate rocks of probable Precambrian 
age a.nd by lesser amounts of Paleozoic carbonate rocks. 
Numerous stocks and plutons of granitic rocks of Cre­
taceous and possibly Tertiary age -intruded this as­
semblage, particularly along the arcuate trend defined 
by the Kigluaik, Bendeleben, and Darby Mountains 

(fig. 1). Basalt of Quaternary age covers large parts 
of the north-central part of the peninsula. 

East of the Seward Peninsula is the Yukon-Koyu­
kuk province, a large wedge-shaped tract- of volcano­
genic sedimentary and andesitic volcanic rocks of 
Early and late Early Cretaceous age (Patton, 1973). 
Locally this assemblage is overlain by Late Cretaceous 
and Tertiary subaerial volcanic rocks and intruded by 
Cretaceous granitic rocks along the east-west Hogatza 
plutonic belt. Quaternary basalt covers several hun­
dred square kilometres in the western part of the 
province. The province is bounded by narrow belts of 
mafic volcanic and intrusive rocks that probably be­
long to an ophiolite sequence. 

The ignoous and metamorphic complex of the Kok­
rine-Hodzana Highlands lies east of the Yukon-Koyu­
kuk province and consists of a thick sequence of pelitic 
schists. quartzites, and cILl"bonate rocks of Paleozoic 
and perhaps Precambrian age intruded by late Meso­
zoic granitic plutons. The metamorphic grade is chief­
ly greenschist facies with high-temperature thermal 
aureoles around the plutons. 

The Yukon-Tanana Upland and Kaiyuh Hills areas 
consist chiefly of sedimentary and low-grade metamor­
phic rocks ranging in age from Precambrian ( ~) to 
Mississippian and overlain by Cretaceous and Tertiary 
sedimentary rocks (Foster and others, 1970; Mertie, 
1937a.b). mtramafic and mafic volcanic rockB of proba­
ble Devonian age and Pennian-Triassic age are also 
present, and the entire sequence is intruded by granitic 
plutons of Cretooeous and Tertiary age. 

Wit.hin this large area of about 155,000 km2 (60,000 
mi2), a variety of geologic features and structural 
trends is found; some are confined to a single province, 
whereas others are in two or more provinces. A feature 
that is common to all the provinces, however, regard­
less of geologic or structural setting, is the occurrence 
of granitic plutons of late Mesozoic ILnd early Cenozoic 
age, and it is with these plutons that the hot springs 
are spatially associated (fig. 1). This association, first 
noted by Waring (1917), is a close one; all 23 hot­
spring loc9Jlities where the bedrock geology is known 
are within 4.8 km (3 mi) of the contact of a granitic 
pluton. Of these 23 hot springs, 11 are inside the pluton 
within 2.5 km (1.5 mi) of the contact, 2 are approxi­
mately on the contact, and 10 are outside the pluton 
within 4.8 km (3 nii) of the contact. The local geo­
logic setting of each hot spring, insofar as it is known, 
is given in table 1. 

There appears to be no relation ootween the abso­
lute age or composition of the plutonic rocks and the 
occurrence of hot springs. Plutons with associated hot 



152 OHEMICAL OHARACTERISTICS OF HOT SPRINGS IN WEST·CENTRAL ALASKA 

LoealItJ No. 
and name Loeation 

TABLE l.-Ducription and geologic letting 

General description 

1. Pilgrim (formerly 
Kruzgamepa) . 

Bendeleben A~ quadrangle; 65°06' N., 164°55' W.; 
65 km (40 ml) north of Nome, 0.8 km (0.5 ml) 
80uth of Pllgrim River. 

Several springs are found within a distance of a few hundred 
feet in middle of 8-km(5-mi)-wide alluvium-filled valley of 
PUgrim River. An area 100 by 800 m appears to be under­
lain by warm ground. Dlacharge Is small, less than 0.6 lis 
(10 gal/min) according to Waring (1917). Recorded tem­
peratures range from 69° (1915) to 60°C (1972). Chemical 
analYSis avaUable. Classified as "Known Geothermal Resource 
Area" (Godwin and otbers, 1971). 

, 2. Serpentine (Arctic) _ 65°51'·N., 164°42' W.; Bendeleben D-6 quadrangle; 
150 km (95 ml) north of Nome on Bot Springs 
Creek. 

8. Lava Creek _______ _ 65°13' N., 162°54' W. ; Bendeleben A-2 quadrangle; 
80 km (50 ml) north of Golovin on south side of 
Bendeleben Mountains. 

4. Battleship Mountaln_ 64°48' N., 162°55' W.; Solomon D-2 qnadrangle; 
80 km (20 ml) north of Golovin. 

5. Kwlnluk ___________ 64°42' N., 162°28' W.; Solomon C-l quadrangle; 
14 km (9 ml) northwest of Ellm. 

6. Clear Creek ________ 64°51' N., 162°18' W.; Solomon D-l quadrangle; 
26 km (16 ml) north of Ellm. 

7. Granite Mountain 
(Sweepstakes). 

65°22' N., 161°15' W.; Candle B-5 quadrangle; 65 
km (40 ml) southeast of Candle on south Side of 
Granite Mountain. 

8. Bawk River _______ 66°14' N., 157°35' W.; Shungnak 1:250,000 quad-
rangle; 80 km (50 ml) south-southwest of Kobuk. 

9. Soutb _____________ 66°09' N., 157°07' W.; Shungnak 1:21\0,000 quad-
rangle; 84 km (52 ml) south of Kobuk on south 
Bide of Purcell Mountains. 

10. Purcell Mountain __ _ 

11. Division __________ _ 

66°23' N., 157°32' W.: Shungnak 1:250,000 quad­
rangle; 71 km (44 ml) south-southwest of Kobuk. 

66°22' N., 156°44' W.; Shungnak 1 :250.000 quad­
ranglE'; 61 km (38 mi) BOuth of Kobuk on north 
Bide of Purcell Mountain. 

12. Deniktow Ridge ____ M054' N., 155°00' W.; Melozitna D-4 quadrangle __ 

13. Tunalkten Lake ___ _ 

14. Reported hot Bprlng _ 

66°11' N., 154'01' W.; Bughes A-3 qundrangle; 19 
km (12 ml) northeast of Bughes 2.4 km (1.5 ml) 
from Koyukuk River. 

General location: east Bide of Kat yuh Bills _____ _ 

15. Borner ____________ 64°55' N., 154°47' W.; Ruby 1>-4 quadrangle; 40 
km (25 mi) northeast of Ruby on north side of 
Yukon River. 

16. Dulbl _____________ 65°16' N .. 155°16' W.; Melozitna B-5 quadrangle; 
31 km (19.5 ml) N. 61° W. of Melozl Springs. 

17. Melod Hot Springs 
(Melozltlln) . 

18. Little Melozltna Bot 
Springs. 

19. Manley Bot Springs 
(Baku Bot 
Springs). 

65°0S' N., 154°40' W.: lIfelozitnn B-1 quadrangle; 
on Bot Springs Creek 48 km (30 ml) northeast 
of Ruby. 

65°28' N., 153°20' W.: ME'lozltna B-1 quadrangle; 
64 km (40 mI) weat of Tanana. 

MOOO' N., 150'38' W.; Tanana A-2 quadrangle; at 
north edge of Manley Bot Springs. 

20. Butllnana _________ M013' N., 149°59' W.; Livengood A-6 quadrangle; 
about 110 km (70 ml) west of Fairbanks. 

Springs in t .... ·o main arens about 800 m (0.5 ml) apart on Bot 
Springs Creek. Dlschnrge at eastern spring estimated at 
about 2.2 lis (35 gal/min) and temperature mE'asured as 
77'C. (T. B. Budson, written commun., 1970). Chemical 
anRI~'sls available. 

One principal spring on east side of Lava Creek about 30 m 
(100 ft) above valley floor. Strong fiow; temperature esti­
mated at 6O°-65°C. Noticeable B.S odor. Chemical analysiS 
avaUable. 

One spring on east side of east fork of CUff Creek on small 
bedrock terrace about 25 m (75 ttl above creek. B.S odor; 
temperature of 17°C. meaaured In 1970. Chemical analysis 
available. 

One principal spring about 100 m (100 yd) north of Kwlnluk 
River. Temperature estimatE'd at 40°-50°C In 1971. Chemical 
analysis avaUable. 

Bot springs are on both ~ides of east-flowing tributary of Clear 
Crel'k. ~prlng south of tributary hilS larj(e flow eRtim:lted at 
several tens of !ltres per 8t'cond and is about 120 m (400 ft) 
above Clear Creek valley floor. Temperature of 63°C meas­
ured in 1970. Two hot springs occur north of tributary. The 
upper spring Is Inaccessible by helicopter; the lower one has 
a smaller flo ..... thnn the spring to the south and a tempera­
ture of 67°C. Chemical analysis available. 

Several hot springs are found within a distance of about 30 m 
(100 ft) on the weat side of Spring Creek about Hi m (50 
tt) above valley bottom. Temperature: 49°C (1972). Cbem­
Ical analysis avaUable. 

At lE'ast one hot Rprlng Is in east bank of Bawk River on south 
side of Purcell Mountains. Spring is at Bouth end of clear­
Ing 25 m by 60 m (75 ft by 200 ftl in tall timber nnd flows 
directly into Bawk Rlvl'r. Temperature estimated at +50°C. 
No chemical analysis avaUable. 

Sevt'ml hot springs 8cntterl'eI about a west-fnclng t1mbt'red 
slope 60 to 120 m (200-400 ft) above south-flowing tribu­
tary to Bawk River. Only one hot spring visited. Tempera­
tures estimated lit +50'C. Cbl'mlcal ann lysis svallable. 

Spring Is on north bank of unnamed north-flowing tributary to 
Shlnlltkrok Creek about 8 km (5 ml) northeast of Pnrcell 
Mountain. Small flow, temperature estimated at 15°-20°C. 
No chemical analysis RvaUable. 

Numerous springs on both sides of a headwater stream of 
Selawik River. Large open meadows as much os 900 m (1,000 
yd) long by 180 m (200 yd) wide; largest area of apparent 
thawed ground of any hot spring in western Alaska. Tem­
pt'rature estimated at 500~O'C. No cbemical analysis ovall­
able. 

Melozttna D-4 topographic map (1:63,000 scnle) shows hot­
spring symbol on north side of Bot Springs Creek 8 km (5 
ml) from Koyukuk River. Not visited by us and no Informa­
tion regarding temperature, flow, number of springs, or 
chemistry is avaUable. 

Bot-spring symbol shown on Bughes 1:250,Ooo-scale qnadrangle. 

Waring (1917) quotes prospector as reporting a hot spring on 
tributary of upper Innoko River. No other information avaU­
able. 

Bot springs issue from ~pveral points Alonl! small spring 
on west side of creek (Waring, 1917). Temperatures range 
from 30°C to 49'C. Chemical analYSis available. Not visited 
by us. 

Several hot springs are found within a distance of about 100 
m (100 yd) In small clearing along west slele of BOuth. 
flowing tributary to Dulbl River. Temperatures estimated at 
50°-60'C. No chemical analysla avaUable. 

From Waring (1917): One main hot spring flo ..... lng over 5-m 
(17·ft) bank Into Bot Springs Creek. Temperature measured 
at 55'C. Total flo .... • of 8.3 l/s (130 gal/min). H.S odor. 
Chemical analysis avaUable. . 

Bot springs on west bank of Bot Springs Creek. Temperature 
of :-IS'C (Waring, 1917). H.S odor. Pnrtlnl chE'mlcnl analysis 
avaUable. 

Principal hot Bprlngs are In valley of Karshner Creek, a tribu­
tary to Hot Springs Slough. Tempernture of 50°C mpasured. 
In 1915 area had 0.25 km' (60 acres) under cultivation 
(Waring, 1917). Chemical analysis available. 

Several hot springs are found within a distance of About 10 m 
(30 tt) on west side of BUtlinana Creek. Faint B.S odor. 
Tempprnture or 4a'C: elh,<,harg" ('stimlltt'd at about a I/s 
(50 gal/min) (Waring, 1917). Chemical analysis avaUable. 

21. Tolovana __________ 65°16' N., 148°50 W. ; Livengood B-4 quadrangle __ From R. M. Chapman, written eommun., 1972: Several hot 
springs are found along west side of creek draining esst Bide 
of Bot Springs Dome. Temperatures of 6O'C measnred. 
Chemical analysis available. 
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Geologic setting 

Oeolopc pro'l'1nce lI08t roct Remarks 

Seward Penlnaula ___ Concealed ____________ Bedrock concealed; aprlngs are 4 tm (2.6 ml) north of plutonic and high-grade metamorpblc 
roch of J\\glualk Mountains and 4 km (2.5 ml) south of low-grade metamorphic rocks of 
Hen-and-Chicken Mountain. Springs are 211.. km (l.u ml) "'t'IIt of Inferred fault (Sains­
bury and others, lOW). Aeromagnetic Burvey (State of Alaska aeromagnetic Burvey, 1072, 
Bendeleben A-4, A-5, A-6 quadrangles) suggests springs ma,. Ill' along possible east-west 
fault that may be an extension, or branch, of range-front fault bounding south side of 
central and eastern Bendeleben Mountains (MllIer and others, 1972). 

_____ do ____________ Biotite granite ________ Springs occur In Serpentine lIot Springs pluton about 1.6 km (1.0 ml) trom faulted contact. 
Pluton composed of biotite granite of Cretaceous or Tertiary age; country rock Is Pre­
cambrian metasUtite and related rocks. (Sainsbury and others, 1969). 

_____ do ___________ Quartz monzonite ____ _ 

_____ do ____________ Granodwrlte _________ _ 

_____ do ___________ _ 
Qnartz monzonite ____ _ 

_____ do ___________ _ _ ____ do _____________ _ 

Spring almost on contact between Late Cretaceous quartz monzonite of Bendeleben pluton 
and mlgmatlte zone of Precambrian age. Biotite sample from Bendeleben pluton has 
yielded K:Ar age of 79.8±2.4 m.y. (Miller and others, 1972). Parts of fioor of Lava 
Creek unaerlaln by basalt of Quaternary age. 

Spring Is In granodiorite of Kachauik pluton near contact with Precambrian schistose marble. 
Granodiorite IB of probable Cretaceous age (MllIer and others, 1972). 

Spring Is In Darby pluton about 3.2 tm (2 ml) from country rock and on or near conspicuous 
IInpampnts In pluton contacts. Darby pluton Is Late Cretaceous in age (Miller and otbers, 
1972). 

Springs are In quartz monzonite of Darby pluton less than 400 m (0.25 ml) from contact 
wltb Devonian llntestone. Pluton and limestone contact lB Interred to be major fault 
(Miller and others, 1972) trending N. 18· E. 

Yukon-Koyukuk _____ Nepheline syenite _____ Springs are In small satellltic stock of mafic nepheline syenite about 1.5 km (1 ml) sonth 
of Granite lIountaln pluton of mid-Cretaceous age (MUler, 1972). Country rock Is Lower 
Cretaceous andesite (Patton, 1967). 

_____ do ____________ Concealed ___________ SprIng lB In alluvial valley of lIawk River, and bedrock Is concealed. On basis of map posi-

_____ do ____________ Qnartz monzonite ____ _ 

tion (Patton and others, 1698), bedrock Is probably hornfelslc Rndesltl' of Early Cretaceous 
age. Spring lies about 400 m (0.25 mi) south of mid-Cretaceous mon~onite of Hawk River 
pluton and very close to east-west fault that cuts pluton (lIlller, 1970). 

Springs are In Late Cretaceous quartz monzonite of Wheeler Creek pluton within 400 m 
(0.25 ml) of contact With Lower Cretaceous andesite (MUler. 1970). Springs are approxi­
mately on conspicuous lineament trending N. 80· W. (Patton and others, 1968). 

_____ do ____________ Qnartz laUte __________ Spring lB In Late Cretaceous hypabyssal volcanic complex compoSt'd of tults. flows, and Intru-
sive rocks (Patton and others, 1968). Spring Is about 400 m (0.25 mil from contact with 
Lower Cretaceous andesite and near contact with granitic pluton (MllIp.r, 1970). 

_____ do ____________ Andesite ____________ _ SprIngs are In Lower Cretaceous andesite near consplcnous N. 70· W.-trendlng lineament and 
about 2.5 km (1.5 mil north of quartz monzonite of Wheeler Creek pluton (Patton and 
others, 1968; Miller, 1970). 

_____ do ____________ Andesite ( ?) ___________ Spring loea1lty Is In area of generally hornfelslc andesite cut by nnmerous quartz latlte 
porphyry dikes. The numerous dikes lind widespread thermal metamorphism suggests an 
nnexposed pluton at shallow depth (Mmer and Fenians, 1968). 

_____ do ____________ Graywacke-mudstone __ _ lIot sprIngs Is In alluvial deposits but probably underlain by Cntaceous graywacke and 
mudstone. SpTing locality about 4 km (2.5 ml) west of granodiorite of Indian Mountain 
plnton near Inferred synclinal axis (Patton and Mlller, 1966). 

Kalynh Hills _______ Unknown Unknown. " 

Kokrlne-HodzBna 
Highlands. 

Yukon-Koyukuk 

Kolcrlnl'-Hodzana 
Highlands. 

Granite ______________ AccordIng to Waring (1917), springs are In fractured grftnlte of small pluton. Country rock 
Is probably schist of Precambrian ( 1) to Paleozoic age. Springs are near KBltftg fault 
(Patton and Hoare, 1968). 

Graywacke-mndstone ___ ThIs report: spring IIY In hornfelslc graywacke and mndstone of Cretaceous age about 3.2 
km (2 mil from a possible pluton Inferred from aerial photographs. 

Quartz monzonite ______ This report: spring Is In qnartz monzonite plnton abont 3.2 km (2 rnll from contact with 
hornfelslc matic and ultramafic rocks and 2.5 km (1.5 ml) from pelitic schist. 

_____ do ____________ Granlte ______________ From Waring (1917); Springs are In small granitic pluton Intruded Into schIst. 

Yukon-Tanana 
Upland. 

_____ do ___________ _ 

Concealed ___________ _ 

Quartzlte-horutelslc 
graywacke. 

BPdroclr Ilt ~prlngR locnllty 1M concl'aled: blnck hornfl'l~ crOTIN out ROO km (0.1i mil liP 
Karshner Creek from hot springs and presence of abundant large blocks of blo.tlte gra~lte 
lIont KII~A1'''tN ""ntr.ct I.. vpry clo~e. Horntel8 probnhly rl'llr""~ntN metamorpboHPlI HPdI· 

mentary rocks of Jurassic and (or) Cretaceous age; biotite granite Is ot Cretaceous and 
(or) Tertiary age (Mertle. 1937; Chapman and others, 1971). 

Spring lB a.t base of sbeared quartzite of JurRsslc and (orl Cretft('l'Ous ftge (Chapman and 
others, 11}71) about 5 km (3 ml) east of granitic pluton. of Cretaceous and (or) Tertiary age. 

_____ do ____________ Mudstone ____________ Springs are In mndstone of .Jnrasslc and(or) Cretaceou8 agt! about 1.5 km trom granitic 
I'()ckB of CretaceouB and (or) Tertiary age exposed tn the Tolovanll Hot Springs Dome 
(R. M. ~hapman, written eommun., 1972). 
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LocaUtJ' No. 
and name Location 

TABLE 1.-De8cription and Ilelilollic 8ettinll 01 

General description 

22. Reported bot ftprlnsr General location: 66°25' N •• 150°00' W.; Livengood 
near llttle MlnoolL 8-6 or 'raaana B-1 quadrangles. 

Warillg (1917) glvPH prospeetorB nport of a bot Bprinll' nt'ar 
divide hPtwt'pn Little Mlnook Creek and a tributary of Hess 
(Hool'lt'r?) Crt'ek. No other Information avallabll'. Creek. 

23. Kilo Hot Springs ___ 65°49' N., 1,,1°12 W.; Tanllna D-3 quadrangle; 177 
km (110 ml) nortbwest of Fairbanks on Kanut! 
KUolltna River. 

From R. M. Chapman, written comm., 1973: Several bot 
sprlnll'" are In an open grassy area of about 100 m' (1.000 
ft'). Temperature estimated at 50°C. No cbemlcal analysis 
available. 

24. Ray Bot Springs ___ 65°58' N., 150°55' W.; Tanana D-2 quadrllngle; Bot spring Is at bARe of bUl In flood plain on north IIlde of 
Ra~' Rh·t'r. Slight H.S odor. Temperature measured at 47°C. 
Chpmlcal analysis available. 

about 170 km (l05 mt) northwest of Fairbanks 
on nortb Hide of Ray Rlnr. 

~. Lowf!r Ray River ___ aa059' N., 150°35' W. ; Tanana :0-2 quadrangle __ _ St'vt'ral hot springs are found within a distance ot 60 m (200 
ft) In gravel bar on north side of Ray River. B.S odor. 
Temperaturt' measurl'd at 61"C. Chemical analysis avaUable. 

26. Kanuti ____________ 66°20' N., 150'4S' W.; Rl'ttle" 1:250,000 quad· Senral hot springs are on east side at Kanut! River In large 
opt'n grass)" area 100 m (100 )"d) In diameter underlain by 
alluvium. Strong H.S odor. Temperature measured at 66°C. 
Chemical analYSis available. 

ranglp: 8 km (Ii mil lIouthweRt ot Caribou 
Mountain. 

27. nan Cre<>k _________ General location near nail River In 1I0uthwest Brosge, Brabb, and King (1970) IIhow a possible hot IIprlng 
near nan River. Rt'aver 1:250,000 quadranglt'. 

springs have yielded potassium-argon age dates rang­
ing :f.rom 106 m.y. (Early Cretaceous) for the Granit.e 
Mountain pluton in the western Yukon-Koyukuk 
province (lfiHer, 1972) to 63 'Ill,y. (early Tertiary) 
for the Hot Springs Dome pluton in 11he Yukon-Tanana 
lTpland area (Chapman and others, 1971), a range of 
over 40 m.y. ThE'se plutons are composed of such rock 
types as biotite I!ranit(', quartz monzonite, gTanodi­
orite., monzonite, syenite, nephelene syenite, and quartz 
latite; thus calc-alkaline, suhalkaline, and alkaline 
roc.ks are inC'ludro. Preliminary a.nalysis (C. )1. Bunk­
er, !Written COIDnmn" 1971) suggests that the plutons 
with -Which the 'hot springs are associated have a con­
siderruble range in radioactivity and in radiogeni{' 
heat production. Uranium and thorium content ann 
the heat production ran~e from 2-! ppm, 17-22 ppm. 
and 5.7-8.1 J-lC8.l/(g yr), respectively, in the Ben­
deleben pluton ",it,h whidl the Lava Creek hot springs 
(1\0. 3, fig. 1) is associated, to 9-15 ppm, 49-65 ppm, 
and 17.4-22.3 p.eal! (g yr) for the Darby pluton with 
which tlhe K'Winiuk and Clear Creek hot springs (Nos. 
5 and 6, fig. 1) are associated. The radioadhity and 
radiogenic heat of the Bendt»leben pluton are similar 
to granitic rocks elsewhere (Rodgers and Adams. 1969; 
'Wollenberg and Smith, 1968), but the Darby pluton is 
anomalously high. 

P,lut.ons with hot springs are composed of rocks that 
are typically massive and well jointed with little or no 
foliation or Hneation_ The jointing may increase the 
fradure permewbility sufficiently to promote deep cir­
culation of met('oric water (.local snowmelt and rain­
water). P·lutons composed of rocks with a we11-
developed foliation, snch as tIl(' lar~e Selawik Hills 
pluton ()filler, 1970) in t.he western Yukon-Koyukuk 
province, do not appear to ha ve hot sprin~rs. possibly 
owing t.o a 'low fractul'e permeabilit.y. 

The occurrence of hot. springs also appears to be 
independent of the size of the pluton because plutons 

with associated hot springs range from 39 km2 (15 
mi2) to over 780 km2 (300 roi2 ) in outcrop area, 

The strong correlation tlhat exists between the dis­
tribution of Cretaceous and early Tertiary plutons 
and hot springs in westem and central A~aska is pres­
ent. in nearby areas in Alaska. for example at Circle 
and Chena hot springs in east.-cent.rwl Alaska (War­
ing, 1917). It. is also found in the adjacent eastern 
Chukotka Peninsula, F.S.S.R. w'here most of the 
r('porte,d hot springs are spatially associated with 
granitic rocks (Golovachev, 1937; Nikolski, 1937, Ra;b­
kin, 1937). The association of hot springs with the 
pluton contacts and in some .places with known faults 
and lineamew suggests that well-developed open 
fraoture systems exist near the pluton margins and 
aHow hot water to rise to the surface. A necessary pre­
requisite for the occurrence of a hot spring in this part. 
of Alaska appears to be the presence of a mass of com­
petent. well-fractured rock such as the massive granitic 
plutons. Significantly a·ll 10 hot springs that lie near 
but. outside a pluton occur in roch."'S such as graywacke, 
mudstone, basa·lt, and andesite that may have been 
affected ~ some ~xt.ent ·by thermal meta~orphism but 
not by regional metamorphism. Apparent.ly fracture 
systems were not developed or are not sufficiently open 
in well-foliated regionally metamorphosed rocks to 
aHow deeply circulat.ing hot water to ~ain access to the 
surface. Massive contact metamorphic rocks on tJhe 
other hand may have a higher fracture permeability 
rt>sulting in a more favorable setting for hot springs. 

Some of the hot springs are near mapped or infer­
red faults and lineaments; for example, Pilgrim, Ser­
pentine, Kwiniuk, Clear Ore('k, Hawk River, South, 
Division, and Horner hot sprin~ (Nos. 1,2, 5, 6, 8, 9, 
11, and 15, fig. 1). These faults and lineaments range 
in length from a few km to O\'er 440 km (275 mi) for 
th(' Kaltag fault (Patton and Hoare, 1968). Hot 
springs, however, occur only "'}Iere the faults and 



MILLER, BARNES, AND PATTON 155 

Aot ,pring' in wed-centrar ,AJad:a-Continued 

Geologie I14!ttiDg 

Geologic proTiDce HOltroek Remarks 

Yukon-Tanana 
Upland. 

KokriDe-HodAna 
Highlands. 

Unknown ____________ _ 

Quarts monzonite ____ _ 

General arf'8. II underlain by Pal(>()y.olc conglomerate and shale and Jurassic nnd (or) Cre­
taceous mudstone intruded by small granitic stocks of Cretaceous and(or) Tertiary age 
(WariDg, 1917; Chapman and others, 1971). 

Springs Issl}e from pluton of porphyritic quartz monzonite of tentative Cretaceous age on. 
or very close to, contact with schist Bnd hornfels of Precambrlan(?) and Paleozoic age 
(R. M. Chapman. written commun., 1973). 

_____ do ____________ Concealed ___________ _ 

_____ do ____________ _ ____ do _____________ _ 

Bedrock concealed but spring probably occurs on contact between Early Cretaceous quartz 
monzonite of the Sithylemenkat pluton (Patton and MUler. 1973) and pel1t1c schist of 
Precambrian(?) and Paleozoic age. (Chapman and Yeend. 1972). 

Bedrock concealed but springs are approximately on contact between quartz monzonite of 
probable Cretact'Ous lige and pelitic schist of Prf)Cambrlan (?) and Pnleozolc age (Chapman 
and Yeend. 1972). _~_~do--_______________ do _____________ _ 

Bedrock concealed but springs are in area underlain by mafic volcanic rocks of Permian, 
Triassic, and Jurassic age within 400 m (0.211 ml) of contact with Cretaceous granitic 
rocks of ~ot Springs pluton (Patton and MUler, 1973). 

_____ do ___________ Unknown _____________ General area Is underlain by pel1t1c schist of Precambrian or Paleozoic age Intruded by 
granitic pluton of probable cretaceous age. 

lineaments are near the plutons; that is, those parts of 
the faults away from plutons seemingly ohave no hot 
springs associalted with them. The hot springs as a 
group are not spatially associated with faults along 
which recent movement has taken place, a.lthough a 
few do occur near such faults (for example, Horner 
and Little Minook Creek hot springs, Nos. 15 and 22). 

A local structural control is suggested alii several 
localities where hot springs are not in 'Dhe bottoms of 
valleys hut issue from different altitudes (Olear Creek, 
South, Nos. 6 and 9, fig. 1). White (1968) has sug­
gested that differences in altitude of individual hot 
springs from the same locality may indicate that no 
single structure is permeable enough to discharge aU 
the water in the system. 

Hot springs elsewhere in the world are common~y 
related to recent volcanic activity. Late Cenozoic ba­
salts are found in several areas of west-central Alaska, 
particularly in the western part where they cover 
about 9,100 km2 (3,500 mi2

). Potassium-argon age dates 
on these basalts and correlative basalts on the islands 
of the Bering Sea (Hoare and others, 1968) range 
from about 6 m.y. to 30,000 yr. Hopkins (1963) stated 
that Lost Jim lava flow near Imuruk Lake in the cen­
tral Be.ward Peninsula~ which appears to be one of the 
youngest flows in western Alaska, is at least several 
hundred and possibly several thousand years old. The 
existence of volcanic rooks ranging in age from 6 m.y. 
to 30,000 yr or younger certainly suggests that parts of 
western Alaska may still be a volcanically active region. 
No hot springs, fumaroles, or other manifestations of 
current velcanic activity, however, oocur within areas 
underlain by these basalt flows, and the known hot 
springs show no spatial association with these young 
basalts. The closest hot spring to basalt is the Lava 
Creek spring (No.3, fig. 1), which is a.bout 4.8 km (3 
mi) from the probable source area for basalt tluvt 
flowed down Lava Creek in the Bende1eben Mountains 

(Miller and others, 1972). 
The late Cenozoic volcanic rocks described above are 

o;n basalts or baBaJtic andesite (Hopkins, 1963; Miller 
and othel'S, 1972); no Pliocene or younger volcanic 
rocks of intermediate or silicic composition are known 
within the area described in this report. A discontinu­
ous belt of felsic volcanic rocks of Late Cretaceous and 
Tertiary age are found near the east margin of the 
Yukon-Koyukuk province (Patton and Miller, 1970). 
Although only a single potassium-argon age of 58 ± 1.7 
m.y. (Eocene) has been obtained from these rooks 
(Patton and Mi.Her, 1973), it is unlikely that they are 
younger than mid-Tertiary in age, and no hot springs, 
fumaroles, or other signs of recent volcanic activity 
have boon found associated with these rooks. 

The distribution of hot springs is independent of the 
age and lithology of country rook around the pluton 
bec.ause the country rock ranges from Precambrian to 
Late Creoo.ceous and indudes limestone, graywacke, 
andesite, mafic volcanic rocks, and regionally meta­
morphosed rocks of low and high grade. 

GEOCHEMISTRY 
Chemical analyses of water samples from west­

central Alaska are given in ta:ble 2. All the analyses 
listed as IOOing from the U.S. Geological Survey files 
were done by the methods described in Brown, Skoug­
stad, and Fishman (1970). The analytical results given 
under L. M. WiHey and T. S. Presser. analysts. are the 
most reliable because the samples were filtered in the 
field through a O.2-JdIl-effective filter paper. In addi­
tion, samples for calcium, magnesium, a.luminum and 
iron anllilyses were acidified in the field to a pH <2 
with sulfuric acid. Bicarbonate and pH were also 
determined in the field using methods described by 
Barnes (1964). The analyses reported from analysts 
other than Willey and Presser were on unfiltered sam­
ples with no treatment in the field. A'lso given in table 
2 are the highest values of constituents found in 
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TABLE 2.-C1I.emical analfl,e, of water from therma' .pring. in wut-ccntral Alaeka 
[All data in milligram. per lltre except temperature (tn degrees Celsius) and pH] 

Name _______ . __ ,,-PI:::!IAT=lm,,--____ -=:S::;er.!:.pe::;n:.::tl::.::n:;:.e __ _ 
LocaUt,. No. 

(fig. 1. table 
1) -------. 

Anal;Y8t 
1 

L.M. 
Wllley. 

T.S. 
Presser 1 

Sio. _______ 100 
Al ___________ 0.044 
Fe __________ _ 
Ca ___________ 530 
Mg _________ 1.4 
Na _________ 1.450 
K ___________ 61 
Li __________ 4.0 
NHa ______ _ 
HCO. ________ 80.1 
CO. _________ _ 
SO. __________ 24 
01 ___________ 8,846 
F ___________ 4.7 
Br __________ _ 
B _________ _ 
pH _________ _ 

Temperature _ 

2.4 
6.75 

55 

Name _________ Horner 

LocuUty No. 
(fig. 1. table 1) __________ 15 

Analyst ______ (.) 

SiO. ________ 29 

1 
(I) 

87 
4.1 

.7 
545 

7.4 
1,587 

61 

21 

25 
8,450 

69 

Yelozl 

17 
(.) 

2 
L.M. 

WUley. 
T.S. 

Presser 1 

100 
0.083 

47 
.48 

780 
40 
4.7 

64.5 

29 
1.480 

6.4 

8.4 
7.91 

60 

19 
L.M. 

Willey. 
T.S. 

Presser 1 

2 
.l.B. 

Rappl 

90 
0.06 
<.01 
75 

.85 
800 

41 

57 
1.8 
1 

1,450 
6 
4.9 
2.9 

77 

Manley 

19 
L.M. 

Willey. 
T.S. 

Presser' 

2 
.l.B. 

R&ppl 

89 
0.06 
<.01 
78 

.84 
800 

41 

56.8 
.7 

1 
1,420 

6 
4.8 
2.8 
7.W 

71 

19 
(2) 

65 59 

Lava . Battleship 
Creek Mountain Kwlnluk 

8 '* 
L.M. L.Y. 

WUley. Willey. 
T.S. T.S. 

Presser 1 Presser 1 

84 

2.0 
<0.1 
79 

1.8 
0.18 

<1 
l20.9 

5 
53 

5.9 
10 

0.08 
8.6 

50 

4.8 
<0.1 
l20 

1.2 
0.2 

<1 
53.8 

16 
l20 

9 

0.66 
9.20 

17 

Hutllnana 

20 20 
L.M. (.) 

Willey. 
T.S. 

Presser' 

40 44 

6 
L.Y. 

Willey 1 

45 

180 
.1 

500 
9 

10.2 

912 
5.8 
4 
1 
7.3 

"+50 

Tolovana 

21 
(') 

75 

Crf'ek 
Clear Granite Mountain 

6 
L.M. 

'7 '1 
L.M. .l.B. 

Wllley. Willey. Rapp , 
T.S. 

Presser 1 

88 

2.0 
<0.1 
55 

1.6 
0.05 

<1 
95 

8 
27 

4.2 
3.9 

0.16 
8.33 

60 

T.S. 
Presser 1 

75 
O.OW 

2 
.04 

51 
1.8 
.04 

45.7 

62 
9.3 
8.2 

.13 
10.14 
49 

Ray Lower 
RIVer Ray River 

24 25 
RoB. RB. 

Barnes 1 Barnes 1 

69 
0.2 

<.01 
1.8 

.05 
67 

1.9 

90 

50.3 
6.4 

.22 
9.55 

49 

Kanut! 

26 
RB. 

Barnes' 

South 

9 
RB. 

Barnes ' 

65 
0.1 

<.01 
5.9 
.01 

88 
2.1 

122 
6 

Maximum 
valul' 
found 

In 
aurtace 
watl'rs 

of 
Alaska • 

Al ___________ .2 
Fe ___________ 2.7 

78 

.75 
11 
2.8 

65 
.016 ____ .046} .8 { 

.014 ___ _ 
____ .09 

41 

89 
280 
74 
67 

9.5 

Oa ___________ 10 
Mg __________ 8 

Na ----------} 58 K __________ _ 
Li _________ _ 
NBs ________ _ 
HOO. ________ 22 
CO. __________ 32 
SO, __________ 45 
01 ___________ 39 
F __________ _ 
Br __________ _ 
B ___________ _ __ _ 
pH _________ _ 

Temperature _ 47 

107 { 

32 
31 
61 
92 

4 
1 

180 
4.5 
.28 

4.9 
89.6 

54 
184 

8.5 

1.8 
7.7 

59 

6.8 
.29 

180 
4.8 
.28 
.5 

90.7 

51 
132 

8.2 

1.2 
7.72 

9.1 
.9 

121 
8.2 

86 
0.0 

48 
l20 

56 52 

20.2 22 
6.6 6.0 

180 } 208 
7.9 
.16 
.4 

488 

55 
40 

.8 

.3 
7.66 

4W 
0.0 

67 
38 

43 45 

49 

40 
615 

.2 

7.7 
52 

5.6 
.7 

71 
1.4 

74 
22 
19 

9.1 

.6 
9.16 

45 

11 
.1 

95 
2.0 

93 
21 
28 
25 

1.6 
9.04 

66 

2.7 
.8 

111 
3.7 

169 

21 
28 

1.8 
8.01 

66 

1,040 

184 
100 

1 

1 Analysis from U.S. Geological Survey files. 
·Anal~·8Is from U.S. Geolo~lcai Survey (1959). 

1 AnalysIs from Waring (1917). 1 Estimated. • Analysts from Anderson (1970) . 

analyses of BUI"ftlee waters of Alaska unaffected by 
seawater (U.S. G001. Survey, 1969); most of the re­
corded values are far below the analyses of hot-springs 
maxima reported in west-central Alaska. 

Chemical composition 

General agreement (White and others, 1963) is that 
most of the water discharged at the surface in thermal 
areas is meteoric in origin but that a small part might 

be magmatic, metamorphic, or connate. When the com­
position of hot springs in west-centra'l Al1lSka is com­
pared with tihe composition of hot springs that are 
probably entirely meteori~ in origin (White 8JIld others, 
1963, table 25; Feth and others, 1964) and with the 
known composition of surface wa-oors in Alaska (table 
2), most of the A'laska springs do indeed appear to be 
derived from local meteoric water. Their composition 
can be explained hy deeply circulated meteoric water 
whose increased solvent action due to the increase in 
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temperature and long flow path brought about leach­
ing of the cOlUltry rock (White and others, 1963). The 
high disdh8lrge ,rates and t.he generaHy high chloride 
content relative to nearby grolUld water indicate that 
t·he hot springs of west-central Alaska belong to the 
hot-water type of goothennal system and not to the 
vapor-dominated type (White, 1970). 

Four of the 16 bot springs for which chemical 
analyses are available are saline in nature, however, 
and are characterized by concentrations of chloride, 
sodium, calcium, potassium and perhaps lithium, bro­
mide, and boron t!hat are considerably greater than t.he 
other 12 analyzed springs. These four springs are Pil­
grim (No.1, table 2), Serpentine (No.2, ta:ble 2), 
Kwiniuk (No.5, table 2), and Tolovana (No. 21, t8lble 
2) ; the first three are in the Seward Peninsula. and 
Tolovana is over 480 km (300 mi) to the east (fig. i). 

. The composition of these springs compared with that 
of the more dilute springs appears to demand either 
increased leaching or the addition of another type of 
water. If the anomalous composition of these springs is 
the result of an increased amount of leaching, then this 
leaching d,ifiered in some ways from the water-rock 
reactions twicaHy seen elsewhere in granitic rocks. 
The composition of meteoric waters issuing from gra­
nitic rocks has been published by Feth. Roberson. and 
Polzer (1964) and )Iiller (1961); the Na+ IC1- ratios 
calculated from their data aliI exceed a value of 1 as do 
similar ratios for 11 of the other 12 an1ltlyzed hot 
springs in western and central Alaska. The N a + IC1-
ratios for the four saline springs. however (table !l), 

TABLE 3.-Na+/OI- and C'I-/Br- ratios from a1)ailablc dllta on 
the hot-sJjI'ing tcaters 

Locallty No. and , name (fig. I, Nn·t / CI-'/ 
table 2) CI-t Br1 

1. Pilgrim A6 
2. Serpentine .00 296 
3. Lava Creek __ 13.3 
4. Battleship 1.0 

~Iountain. 
5. Kwiniuk .00 228 
6. Clear Creek - 13.1 
7. Granite 10 

llountain. 
9. South _______ 14 

. 

Local1ty :'\0. and 
IlRnle (fig. 1. 
table 2) 

15. HornE'r ----
17. ~lelozi -----
19. ~Ia.nle:¥ ----
20. Hutlinana --
21. Tolovana ---
24. Ray Ri\"er __ 
25. Lower Ray 

RivE'r. 
26. Kanuti _____ 
Seawater ------

Na·'/ 
C1-' 

1.5 
1.2 
1.0 
4.5 
-" .a_ 

7.8 
3.8 

4.0 
.55 

CP/ 
Br-' 

292 

are all less than 1 and indeed are similar to seawater, 
0.55. 

Although the composition of these four saline 
springs may be due to the addition of magmatic, met.a­
morphic, or connate waters to local meteoric water, the 

interpretation of the Ihistories of mineralized thermal 
waters from their chemic8l1 composition is difficult 
(1Yhite, 1957a, b, 1969, 1973). Of the constituentS given 
in the analyses in table 2, few may be used to determine 
unequivocally the origin of the solutions. Silica. may 
reflect only the solution of quartz in the thermal waters 
(Fournier and Rowe, 1966; Mahon, 1966), and alumi­
num may be involved in reactions of too many alumino­
silicates to reflect the earlier history of the solution. 
Iron is largely controlled by the loc8.'1 oxidation poten­
tial (Barnes and Back, 1964; Barnes and others, 1964). 
Calcium data may only reflect local solution and de­
position of calcite; thus the bicarbonate and calcium 
data may giye information on present processes rather 
than the earlier history of the water. Magnesium con­
centrations may be controlled by reactions of not oniJ.y 
magnesian carbonates but also chlorite in geothennal 
systems plufHer and White, 1969). Potassium and 
lithium are both sufficiently low in concentration that 
additions or subtractions of small amounts would ob­
scure the earlier history. Sodium alone of the cations 
is present in sufficient concentrations and sufficiently 
nonreactive that small additions or losses would not 
obscure the earlier sodimn concentrations. 

As far as the anions are concerned, sulfate may be 
affected to a large extent by reduction of sulfide or 
oxidation of sulfide minera,ls to sulfare. Fluoride may 
be partly controlled by the solubility of fluocite 
(C~F 2), and boron, although leached from some rocks 
at moderate temperatures (White, 1957b), is difficult 
to use since its mineralogic source is not always known. 
The chloride and bromide concentrations. in contrast 
to the other anions. may be more significant in inter­
preting the history of the water. Although the chloride, 
in most rocks is easily leached by water at high tem­
peratures (El~is and )fahon. 1964), host rocks of the 
hot springs in the study area are not likely to be rich 
in chloride, judging from t.heir known composition. No 
obvious minera'logic source or sink for either chloride 
or bromide has been fOllnd in the rocks of the study 
area. 

The high chloride and sodium content suggests that 
magmatic water may have been added because hot­
spring waters found in areas of active volcanism often 
contain large amounts of these elements (White and 
others, 196!l). Suoh springs, however, commonly con­
tain larger amounts of ,bicarbonate, sulfate, and silica 
than the saline hot springs of west-central Alaska. 
Furthermore, the saline hot springs are unrelated geo­
graphicaHy to the most direct evidence of young mag­
ma, the Quaternary volcanic rocks. 
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Metamorphic waters are defined by White (1957b) 
as water that is or has been associated with rocks dur­
ing their metamorphism and is probably derived from 
the reconstitution of hydrous minerals to anhydrous 
minerals. Such waters are thought to be high in sodi­
um, bicarbonate, and boron (Barnes, 1970) in contrast 
to the saline hot springs of tihis report that do not 
have large concentrations of bicarbonate and boron. 
, :'he saline nature of the hot springs suggests the 

mixture of connate seawater or of present-day sea­
water.2 The Na+ /Cl- and 01-/Br- ratios from 
available data on the .hot-spring waters are given in 
ta~le 3. The ~a+ /01- data fall in two groups--a group 
Wli!h the ratIo 1 or greater, similar to the results of 
Feth, Roberson, and Polzer (1964) and Miller (1961), 
and a group with the ratio near the 0.55 ratio of sea­
water. -The Cl-/Br- seems to give the same result a . ' separatlOn of loca}l]y derived meteoric water from the 
more saline waters with a more compiex history; the 
data, however, are too few to warrant extensive inter­
pretation. If leaching is to account for the 01- /Br­
ratios, the leaehing fortuitously results in ratios the 
same as present-day seawater. 

An objection to the mixture of either old or present 
seawater is the geOlogic and geographic distribution of 
the saline hot springs. Although the N a + /Cl- and 
01-/Br- ratios may he interpreted as dilution of sea­
water, the geologic evidence is against submergence of 
the rocks of the region probably since the Cretaceous. 
Also, three of the foul' saline springs occur in a region 
of igneous and regionaBy metamorphosed rocks where 
oonnate wat~r is unlikely. Wb.ile two of the saline 
springs (Pilgrim and K winiuk) occur relatively near 
seawater and along structural trends that may dirootly 
connect with the ocean, the other two are either far 
removed from the ocean (Tolovana) or do not lie on 
such structures (Serpentine). The four saline springs 
show no geologic pattern to their distribution. Other 
hot springs in the Seward Peninsula, where three of 
the four saline springs occur, are nonsaline; this is par­
ticularly striking in regard to Kwiniuk (saline) and 
Clear Creek (nonsaline) hot springs, which are only 
7.5 km (12 mi) apart and in the same pluton (fig. 1). 

The isotopic data (table 4) available from 10 of the 
hot springs in the study area, 2 saline and 8 nonsaline, 
give some indication of the source of the constituents 
in the saline springs. These data show that in terms of 

TA.BLE 4.-0:rygcn and hydrogen i.otopic compollition., in part. 
per tholl.and, 01 hot-.pring teater. and rocally derived me­
teoric water, 

(SMOW, standard mean OCf'an water; LDMW. locally derived meteoric 
water. Analyses kindly supplied by 1. R. O'NeUI 

Seward Pen1nsula: 1. Pilgrim ____________________ _ 
-122 -14.9 -16.6 2. Serpentine _________________ _ 
-123 -15.2 -16.7 

Serpentine LDMW' _________ _ -124 -16.4 -16.7 
4. Battleship Mountain ________ _ -106 -13.8 -14.5 6. Clear Creek _______________ _ -119 -15.6 -16.2 

LD~IW for samples 4 and 6 __ -14.2 
7. Granite Mountain ___________ -116 -15.7 -15.8 

Granite Mountain LDMW __ -118 
Interior Alaska: -

-16.0 -16.0 

19. Manley _____________________ -142 -18.1 -19.0 
Manley LDMW _____________ -130.3 -15.7 -17.5 

20. Hutlinana __________________ -144.9 -19.2 -19.3 
Hutlinana LMDW __________ -148.5 -19.7 -19.8 

24. Ray River __________________ -150 -19.1 -20.0 
25. Lower Ray River ___________ -157 -19.2 -20.8 
26. Kanuti _____________________ -146 -18.0 -19.5 

LDMW for samples 24-26 __ -159 -19.9 21.1 

therefore appear to be derived from the leaching of 
rocks, and the proportions of ions are indeed only for­
tuitously identical to those of seawater. The two saline 
springs a.lso show an enrichment in 0 18, as indicated by 
the difference in 8018 and 8018 calculated,s and thus 
suggest more extensive water-rock reactions than found 
in the nonsaline springs of which only three of eight 
springs show a similar enrichment in 0 18• Of these 
three exceptions, at Manley Hot Spring (No. 19; ta:ble 
4), ei1fuer the LD}'fW sample is not representative or 
the ;recharge takes place at a higher altitude with 
greater depletion in D; at Lower Rav River and 
Kanuti springs (Nos. 25, 26; tltble 4)' the LDMW 
shows a similar enrichment in 0 18, suggesting perhaps 
that the relation between 8D and 8018 is not linear in 
this area. 

The differences in 8D and 8016 between the hot 
springs from dlhe Seward Peninsula (Nos. 1, 2, 4, 6, 
and 7; table 4) and the hot springs from the interior 
(Nos. 19, 20, 24, 25, and 26; table 4) are probably the 
result of increasing distance from the ocean; the interi­
or waters are isotopical~y lighter (lower in 8D and 
8018

), similar to trends noted elsewhere (White and 
others, 1973). 

These preliminary chemical and isotopic data thus 
suggest that both the saline and nonsaline springs are 
derived from deeply circulating metooric water. The 
difference in chemistry between the two types of 
springs appears to resu1t from a difference in 1fue extent 

deuterium (D), the saline springs, Pilgrim and Serpen- ·Warlng (1917) recognized the saline character of Pilgrim Hot 
Springs and. although noting that thE' spring was not far abo ... e tbe 

tine, are almost identical to Serpentine LD}'fW (loca:l- tide levl'l. Buggnted that the high sal1nlty was not dul' to admixture 
of seawater because the nUos of SO.:CI and Ca:Na were not similar 

ly de-rived meteoric water) indicating that aU are to tbose of Bt'awater. In view of the posslbll' watf'r-wQllrock reaction8 

d 
In'l'oh'lng calclulJl and 8ulf8tf'. Warlng'R objf'Ction mllY not be 'l'ftlld. 

erived from the same source, namely local snowmelt • 60" ma~·i!stl~ted by the followlDg equation from Craig (1961) : 

and rainwater. The salts in these sa.line springs would 60" (Cftlc)=6D-I0~a Mumlng a Jlnt'ar relation between 60'· a~d 6D . 
. 1 ,<.\, .0' , ~8.v r,~J 

"tJ't- t;:) ':::Lor' ~ -1:' ~.;" /' 
'p-0- \ (~"' y'-:. .:r")<, -.- \tc" , \ ,,( '\:,., 

:J-Y r L,'" ~ ~/:\~ ~ vJ ",,~/ ,>-
0-' (-I- ~ l~ 

/ ..i ,l . ". ' .;> 
(..N" b,Jt ..(Q)1 
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of leaching, or water-rock reactions. It may be that the 
nonsaline springs have been subjected to a greater 
amount of leaching in the past, or for a longer period 
of time, than the saline springs, resulting in a smaller 
supply of solutes now available for leaching. Such a 
suggestion would be oompaJtible with the oxygen iso­
tope data in that the more extensive the oxygen isotope 
exchange has been between water and rock, the more 
depleted the rock is in 0 18 and the less the effect in the 
water (owing to isotopic exchange) with resulting 
lo~er 8018 at present .for the nonsaJine springs. 

Chemical geothermometers 

W8lter chemistry has proved valuable in estimating 
subsurface temperatures, and the various techniques 
and approaches are descrihed by Mahon (1970), Four­
nier and Rowe (1966), White (1970), and Fournier 
and Truesdell (1973). The most quantitative tempera­
ture indicators ha.ve :been shown to be (1) the variation 
in solubi,lity of quartz as a function of temperature 
and (2) the temperature dependence of base exchange 
or partitioning of alkalies between solutions and solid 
p'hases with a correction applied for the calcium con­
tent of the water (the Na-K-Cageothermometer). 
There is some ambiguity and uncertainty in both meth­
ods, and in any particular region, subsurface informa­
tion may be necessary to calibrate adequately, or 
choose between, the methods. Silica, for example, may 
be precipitated rapidly enough from waters hotter than 
180°C to give erroneously low V'8Jues (White, 1970). 
The calculated subsurface temperatures (table 5), us­
ing the quartz oonductive-cooHng goothermometer, are 

TABLE 5.-Hot-8pring 8ub8urface temperature8, in degree8 Cel­
liU8, calculated from quartz comluctive-coolillg ge()thcrmom­
eter and appropriate Na-K-Ca geothennometer determination8 

Locality No. and name of bot spring (fig. 1, table 2) Quartz Na·K·Ca 

1 .. Pilgrim _______________________________ 137 146 
2. Serpentine ____________________________ 137 167 
3. Lava Creek ____________________________ 128 91 
4. Battleship MOUolltain ___________________ 107 63 
5. KwiDliuk ______________________________ 97 72 
6. Clear Creek ___________________________ 127 83 
7. Granite Mountain ______________________ 122 75 
~ South _________________________________ ll5 72 

17. MelO2i ________________________________ 124 

19. ~anley _____ ~-------------------------- ll5 137 20. HutUna·na _____________________________ 92 98 
2l. Tolovana ______________________________ 122 162 
24. ~y FUver _____________________________ 60 
25. Lower Ray River _____________________ 60 
26. Kanut1 _______________________________ 136 

137°C as a maximum; therefore, silica precipitation 
may not affect the validity of the results. The Na-K-Ca 
geothermometer may be in error either because of con­
tinued reaction of the water with the rocks at tempera­
tures below the highest suhsurface temperature ca.lcu-

latOO or because of calcite precipitation. Continued re­
action may yield low calculated temperatures owing to 
increases in calcium content (Fournier and Truesdell, 
1973). Calcite precipitation may yield erroneously high 
subsurface temperatures because of decreases in cal­
cium content of the wa.ter (Fournier and Truesdell, 
1970). 

Lacking knowledge of subsurface reactions, we have 
calculated subsurface temperatures using both the 
quartz solubility (assuming conductive cooling) and 
N&-K-Ca goot:hermometers. For the quartz solubility 
geathermometer (Fournier and Rowe, 1966), the equa­
tion is (Fournier, oral commun., 1973) : 

-loglo0SI02(aQ) = (1.309X103/T) -5.19, 
where T = temperature in kelvins, and 

OSlO:! = concentration of silica in milligrams per 
litre. 

For calculations of subsurface temperatures from N a­
K-Ca concentrations (from Fournier and Truesdell, 
1973), the equation for temperatures above 100°C is 

loglO(mNa+/mK+) + %loglo (Vmca+2/mNa+) 
= 1647/T-2.240 

where T == temperature in kelvins, and 
mNa+ = molality of sodium ion, 
mK+ = molality of potassium ion, and 

mCa+2 = mol8lJ.ity of calcium ion. 
For temperatures below 100°C the equation is 

loglo (m Na+/mK+) + %loglo (ymca+2/mNa+) 
= 1647/T-2.24(). 

The results of these calculations for individual hot 
springs are given in tDlble 5. The quartz conductive­
cooling geothermometer shows a range of 92° to 137°C 
for the 12 springs for which it could be calculated. 
The Na-K-Ca geothermometer shows a range (on the 
basis of 14 springs) of 63 0 to 167°C. The difference 
between temperatures measured by the two goother­
mometers for anyone spring ranges from 6° to 47°C. 
Perhaps the most important point th'!llt can be deter­
mined from these data is the relatively low subsurface 
temperature snggested for the hot springs of west­
central Alaska. The maximum temperatures recorded 
are 137°C for the quartz conductive method and 167°C 
for the N a-K-Ca method. These suggestOO subsurface 
temperatures are low compared with subsurface tem­
peratures of geothermal fields presently being ex­
ploited. Both of these maximum temperatures, for 
emmple, are below the minimum temperature (180°C) 
currently thought necessary to drive steam-turbine 
generators (-Muffier, 1973). 

The lack of siliceous sinter and tlhe common oc­
currence of travertine in the hot-springs deposits also 
imply low subsurface remperatures (White, 1970). 
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DISCUSSION 

A study of the geologic setting of hot springs in 
west-central Alaska shows a dose correlation between 
the occurrence of hot springs and the contact zones 
of granitic plutons. Where the bedrock geology of the 
h~t-spring area is known, the hot springs are almost 
WIthout exception within 4.8 km (3 mi) of the contact 
of . a pluton. Whe~ the country rock is strongly 
~ol~ated metamorphIC rocks, the hot springs are re­
strlCte~ to the pluton proper; where sedimentary 01' 

volcamc rocks form the country rock, the hot springs 
occur both within and outside the pluton. The occur­
rence of hot springs also appears to be related to 
fracture and fault zones near the margins of the 
pluton. The distribution of hot springs is, however, 
mdependent of the age, composi.tion, and maO'matic 
events that formed the pluton. to 

The chemical and isotopic compositions of analyzed 
hot springs within the region suggest that most of 
them are composed of locally derived meteoric water. 
Four of the 16 analyzed hot springs however, have 
very saline compositions that appear to require either 
increased leaching of country rock at the present time 
or addition of another type of water. The present data 
suggest that the leaching is more likely. 

The tentative model suggested by the available 
information on the geologic setting and geochemistry 
of the hot springs in west-central Alaska is as fol­
lows. Most of the hot springs are the result of deeply 
circulating, locally derived meteoric water that has 
percolated through the fraotured granitic plutons and 
the surrounding wall rock to depths of several thou­
sand feet, become heated owing to the geothermal 
gradient, and found access to the surface alonO' the 
f:~ctured and faulted margins of the pluton. If ;0 ad­
dItIOn of magmatic water or heat is considered, the 
subsurface temperatures indicated by the chemical 
geothermometers suggest that the water must have 
rea~hed depths of 3.3 to 5.3 km (9,000-15,000 ft) on the 
basIS of assumed geothermal gradients of 30°C/km and 
50°C/km and a maximum subsurface temperature of 
167°C. If hea,t from an underlying magma has been 
added to the system, the water may have reached a 
shallower depth than that calculated from the above 
geothermal gradients. 

The hot springs appear to occur along fractured 
zones near the margins of granitic plutons and the . ' :eservoIr o~ such a system may not be large. Accord-
mg to WhIte (1965), the yield of stored heat mav 
drop relatively quickly in crystalline rocks with 10; 
permeability where circulation of water is localized in 
faults and fracture6. The total surface area of rooks 
in direct. contact with migrating fluids is relatively 

small, and the recO\'erabl~ stored heat is transferred 
to the circulating fluids by conduction over long dis­
tances. These fault and fracture zones in the crystalline 
plutonic rocks are likely to' be narrow or widely spaced 
and less numerous at greater depths. . 

Although the data a nilable on the geologic setting 
and chemistry of the hot springs of west-central 
Alaska are preliminary in nature, they suggest that 
most, if not all, of the hot springs are characteri7'oo 
by reser,"oirs of limited extent and relatively low 
temperatures iIi comparison with temperatures of geo­
thermal systems presently being exploited for power 
generation. Muffler (1973) gave 180°C as the lowest 
resen'oir temperature that can presently be utilized for 
the generation of electricity by steam-tul'bine genera­
tors. The subsurface temperatures suggested by the 
present study are lower than 180°C but are within 
ranges suggested for proposed turbines using a heat­
exchange system im'oh"ing such working fluids as 
Freon and isobutane. An experimental plant of this 
type, for example, operating at Paratunka, Kamchatka 
(USSR), since 1970 utilizes 81.5°C water (Facca, 
1.97?). These springs may therefore have potential for 
lImIted power generation locally, if and when heat­
exchange technology becomes a vailahle as well as for 
space heating and agricultural uses. ' 
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