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GEOLOGY AND GEOCHEMISTRY OF THE STEAMBOAT SPRINGS AREA, NEVADA 

HYDROLOGY, ACTIVITY, AND HEAT FLOW OF THE STEAMBOAT SPRINGS THERMAL 
, SYSTEM, WASHOE COUNTY, NEVADA ' 

By DONALD E. WHITE 
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ABSTRACT 

This report is the third of a series of detailed studies of 
Steamboat Springs. Isotope ratios of D: Hand 0": 0'• of the 
spring waters indicate a system 'consisting aimost entirely of 
meteoric water. Recharge is not directly from Steamboat Creek, 
the master stream of the area. but is largely from streams 
from 'the Carson Range, west of the springs; some recharge, 
however, is from streams from the Virginia Range, east of 
the springs. ' "':,;,,',:'3:,"-:',' f", ",-, :. "~:,, ',:::r,; .. ~" ,'.- .. , " , ',: 

, The driving force for deep circulation is in part related to 
the differences in altitude between ' rechal-ge areas and the 
springs, but the differences in density between cold downflow
ing water and hot upflowfng " ~'ater is of equal or greater im
portance. The difference in average denSity is likely to be 9 
percent or more, If water circulates to depths on 'the order of 
10,000 feet; 'as hypothesized; th'e driving -force' related 'to' density 
differences 'may be ' equivalent to' 9 'Percent of "10,000 feet, or 900 
feet of ',water. , ,Circulation below :the~' shallow :sedimentary ,and 
volcanic:, cover,: is,in .. fract.ure<l ;",and .. ;f!lulted , Mesozoic"granitic, 
a'nd metiimorphic ' r~ks"\Vith small 'but si'gnificant 'mass permea'
bilities. Major continuous channels of high permeability are 
probably' lacking: : In ,-such ~ 'i.·ocks, -deep 'circiiilition: is "inhibited 
by low permeabilities' that presumably 'decrea'se with ' increasing 

'j,' depthd >ut:,this js~ev~dently! ol'fs.et,-" a~-:-!east ·to.:gepthsc,of"a .few~' 
~ .. thousand ' ,feet, ) y~Jncreas~ ;,in ~ gri ving'c,force; ,tho t ; is " , a,~,dire:c~ , 

ftinction' '<>f"differe'nces'"ln water: temPeriitu're 'nnddensity 'With 
depth r 'other' im'portniit' factors' 'that "favor ' 'deep circtilatio~ "is 
the 'large' .. decrease" in :'viscosity ', and increase ' in solubility ' 'of 

) 

) 

) 

silica in i,water,-",witb. ,increase :in7 teiilperature. :',;~ .. . .:.:i;;':' 'J,:f.i.7; 
~ f'Flowiiig 'springs are localized neai:Steamboat Creek on" and 
near the , Low and ;\Iain Terraces. In higher ground in the 
western part of the thermal area, springs were very active 
through 'much of the Pleistocene, 'but water levels are now 
generally 40 to more than 100 feet below ' the surface. Con
yection subsystems occur in the High Terrace, Sinter Hlll, and 
elsewhere. Thermal water flows up the controlling structure!i 
or these subsystems nnd then outward below the surface into 
the more permeable wallrocks. e'l'entunlly escaping unseen di
rectly Into Steumbont Creek. Total discharge from the nslble 
sprinb'l! is only about G5 gplll. or G percent of the total com
Iluted upfiow or the Steamboat Springs thermal system. 

The dischnr~e or springs nnd water leyels of the system ure 
infiuence-d by precipitation. changes In barometric Ilressure, 
eartIl tides, earthquakes. discharge from geothermal wells. and 
other short·term random changes. Other fnctors not considered 
in detail control long·term changes o'l'er hundreds and thousand8 

:.~ . . ~ _. -:-.~ --' 

of years; these include climatic cha'nges, erosion and sedimen
tation of Steamboat Creek, changes in the magnetic hearth 
that supplies the excess hent of the system, structural events 
that create new ' channels; "and vein filling that decreases 
pern;eability in old channels. ' , '; "", ' ,' " , 

The Low nnd Main Terrnces behave in some ways as separate 
'l;;'ubsystems. The springs and nonflowing vents nearest each ter
rnce crest are highest in temperature and the most responsive to 
changes in barometric pressure; wnter levels, especially in non
flowing ven'ts near each terrace crest, behave as inverted water 
barometers, Some vents respon'd with barometric efficiencies of 
60-85 percent of perfect Water barometers and even exceed 100 
percent for short intervals. 'Barometric response seems to be 
'determined largely within the upper 350 feet of each subsystem, , 
where temperatures are: close to', the , boiling-point curve. with 
depth and a vapor phase is forming in the, rising ,,,,ateE ,~e~ause 

of the upward decrease in , pressure:~ pontinuous' i~strumental 
records:" of ' water-level "fluctuations;"corrected :fo'r " barometric 
:chnnges':' show :'earth:tidal 'responses in ' the ' Main T,errace, - ~ut 
'earth tides are not 'detected in the Low Terrace: The differences 
in resPonse' are explained by ditferences' in' 'altitude( the' ch'an
'nelS' of low:illtitude ' springs must : be' 'restricted; ' and water is 
driT'en 'through-these 'channeis by an :excess of 'pressure' equiva- : 
len't to' at ieast 45 feet 'of "'ater: The highest water levels of the 

" Main" Terrace' '~re iit 'altitudes' '6f 'about' '4,668 'feet ' and ' are 'the 
most' ~espoiiSive 'J'o:-mi'uo~' 'chan'ge~: ::Fo~ 'c'ompnrison,; 'the' highest 
and 'most responsive water le'l'els 'of the ' Low Terrace are at 
'altitudes 'nenr 4,623 feet. ' "","iq [ ,:';1> _~;,~':"ii 'j:,;,~;:,; , ... ,:-;:_,.oi ':'''';, ;;,:ii.;, " 
-'~ ; The 'springs respond,to 'yearly .iuid seasonal chnnges in pre
clpitat'ion. 'Individual storms with 'precipitation of one-half inch 

.. o'x- iess"genernlly 'prodnce"no' :~sponse;'but 'precipitation of more 
than one-half inch per ' storm' saturates the porous sinter above 
the water table , and seeps do\ynward, diluting and cooling the 
saline thermal water body; hea\'y precipitation in the small 
basins west of the active springs lIlso influences the spring sys
tem to a minor extent. 

Local carthquakes affect different parts of the system in dif
ferent way!!, but detailed effects are not predictable" 

The fir8t geothermnl wells were drilled nbout 1!>20 to pro
\'Ide a dependable supply of hot water for the resorts of the 
nren. In recent years their a\'ernge dischar~e has been about 
:100 gpm. Much of this liischarl!:e has evidently been dh'erted 
from the naturnl springs, Temperatures In wells in the central 
part of the therm11l area Increase 'l'ery rnpldly within the upp<>r 
aoo feet nnd closely nllproach the theoretical boiling'point curve 
for the prenliling water pressnres. :'IIaximum temperatures in 
the :'IIain Terrace approach 172°C near 350 feet in depth nnd then 
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le,el off or decrease slightly with greater depth. This phe
nomenon, called a "Ie"eling-ofr" or base temperature, has been 
obser,ed in many geothermal explorations throughout the 
world. It is related to the rates of flow of heat and water 
through each indi,iduDI system. In a single-celled con,ection 
system, liquid wDter nenr the base of circulation is heated and 
then rises in the core of the system, losing little heat throu~h 
most of Its rise because of the high insulatinl; properties (low 
thermal condnctiyHies) of ordinary rocks. In systems with tem
peratures aboye the surface boiling point, the water rises until 
hydrostatic pressure is low enough for a ,apor phase to form. 
The deep Steamboat Springs water at about l'i2DC rises within 
about 350 feet of the surface, where decreasing pressure first, 
permits ,apor bubbles enriched in CO. and as to form. With 
further rise in position and decrease in pressure, more water 
is con,erted to steam. 'Vater near the base of this boiling zone 
is high in temperature and enthalpy but lower in density- (N-
0.90) than the cooler water near the surface '(density near 0.00 
at 95DC): Such a situation is very unstable and is the funda
mental cauSe of eruption of geysers ' and geothermal wells. ' : '; .-, 

" '" ~ :,:, Som~, shallow :wells erupt periodically~ much as natural gey~ 
, 'sers. ' Other wells-drilli~(no 'greater ilepths and 'higher 'tempem- ' 

tures erupt continuously once, the process has started; pronded 
that sufficiently permeable , aquifers, have been intersected. At 
Steamboat Springs; ' CaCO; 'j:>recipi tates in ' pipes' and casing be
cause of chemical changes induced by loss of CO, to the vapor 
phase. ,As CaCO. is, deposited" diseharie of the well decreases to 
such an' extent ,that the' well must be shut down and cleaned. 
Erupting wells that 'are' left uncleaned commonly change from 
,eonti.Ii.uous "eruption to ; periodic : eruptions; ' much like natural 
geysers:' This detailed study of wells 'and drill holes of the 
Steamboat area contributes much to the understanding of geo
thermal , phenomena elsewhere, including problems of explora-
tion for geothermal energy. ,: ' , .. ' 

The total surface discharge of hot water in the im~ediate 
thermal. area, including springs, wells, and unseen discharge 
directly 'into Steamboat Creek, is about 600 gpm. A nearly' equal 
quantity fiows northward beneath the surface for distances of 
1-5 miles, e,entually escaping in part as nsible sprin~s of mod
erate temperature, but mostly as unseen discharge directly into 
the creek. The total quantity of thermal water, visible as well 
as unseen but detected from discharge and chloride measure
ments of the creek, is about 650 gpm of the total of 1,130 gpm: 
calculated for the whole system. 

Temperature relationships and circulation patterns within in
di,idual systems of thc area are indicated by data from the 
wells and drill holes. The 1\1ain Terrace system is probably the 
best understood, but many details are lacking. 

The total heat fiow from a system of boiling springs, steam 
Yents, and hot ground with great local differences in tempera
ture and discharge of fluids is extremely difficult to measure di
rectly. A much more reliable and time-sa,ing method de,eloped 
in this rellort can be used pro,ided that (1) a "levelling-off" 
or base ,temperature of upflowing water is indicated by drilling, 
(2) the thermal water contains a high content of chloride, 
boroll, or lSome other soluble constituent that is present only in 
low concentratiolls in the normal surface and ground waters of 
the area, and (3) all the liquid wuter of the :;ystem is l','en
tually dischurj:l'd into u stream thnt cun he monitorl'd to detect 
chloride or other tracers contributed by the thermul water. Be
fore boiling, the water of the Steamboat system has a tempera
ture close to li5DC, and its chloride content is ROO-S20 ppm. 
The total flow of heat contained in this water is nearly I~XI0' 
cal per sec, 'Which is equiYalent to the conducted heat fiow from 

780 km' of "normal" crust (assumed to be 1.5 cal per cm' sec, 
or 1.5Xio· cal per km: sec). 

The surrounding basin areas are examined to determine 
whether their heat flow is low and is possibly channeled by 
con,ection into the Steamboat system. No reliable heat-flow 
data lire IIvailable from these oasin areas, but geothermal ~
dients in the best kno'Wll parts are 'l'ery high and indicate that 
the heut flow is at leust t'Wo times the crustal ayerage. "ery 
scanty duta from the Yirginia and Carson Ranges suggest 'that 
these areas, too, haye some excess IIbo,e normal heat flow. 

The total heat fiow from Truckee Meadows basin is 'probabls 
at least 20X 10' cal per sec, and the local anomaly abo,e the 
regional a'l'ernge is probably 15XI0' cal per sec. With reason· 
able assumptions for temperature, heat capacity, and heat oj 
crystallization, the probable minimum of excess heat fiow h 
equi,alent to a supply of 0.001 kIn' of granite magma per year, 

- The age of the Steamboat Springs system is at least 100,00< 
years and is probably nearer 1,000,000 years. A magma supply 01 

at least 100-1,000 km'is required through the life of the system 
1. , A batholith 'that is intruded, into the shallow crust and ther 
x:emains static as it cools and crystallizes isnot, a satisfacton 
'model, unless the fissure system controlling the,circulating, watel 
can gradually, extend deeper,into the batholith as, stored heat i! 
removed , at, higher levels by circulating , water. , An , attractin 
alternative,for th~.heat-fiow problem involves con.ection withir 
the magma chamber to maintain magmatiC temperatures neal 
the base of hydrothermal circulation. ,'=:l.l1q,' 

. -"- ... " 
L".! iI.::..t'; !;!']';,. '. J',i.:i'" 1;~ .. ~; : h·d..H":~rr:')-:; ;; i!··}'-.:, :i"i; ~ ::; ..• \.::. 7:;:! ; .•• .: -0~- .]~-·.1 

· 'f.'on/~··);(Jf} ;j~; ' :-·f · :" ') :T4 i:;.: 7 ' : ;: : :(~!~ r; ~ :"'"~)';;' ::; ·l..',;r1 it' !;.::~ 'll! :'! .f:~ ~ 

' ::' : - " ,;: ;-c; ;:' ',.: :: ;, i;" ,: :: " LOCATION-:c:, :>:' ,,:;: !' ;"' ;"; ~ ' : ::;':' 

~' The Steamboat Springs area is in southe~ ,WashOl 
County near the western border of Nevada (pI. 1). ThE 
most intense thermal activity straddles the commOl 
boundary of the Virginia City and Mount Rose quad 
rangles (Thompson and ' White,' 1964, pIs: 1, 2) :' Thl 
most active part of the area is just west of Steainboa l 

Creek, it tributary of the Truckee River that heads il 
Washoe Lake about 9 miles south. 

The springs emerge near the northeastern end 0 

Steamboat Hills, which trend northeastward, trans 
verse to the regional northerly trends; the hills lie neal 
the axis of a chain of basins between the north-trendin~ 
Virginia and Carson Ranges. On a larger scale, thes' 
ranges split northward from the northwestward-trend 
ing Sierra Nevada Range, whose main crest at th' 
latitude of the hot springs lies 20 miles west of tll, 
Carson Range, separated by the Tahoe basin. 

PURPOSE AND SCOPE 

Steamboat Springs has proyicled an opportunity fo 
fundamental research on hydrothermal acti"ity, ore 
metal transport, and ore deposition ('Yhite, 1%;1;1 
lDGia).~!)., Yery wide yariety of geothermal procl's~(, 

are taking place here under natural conditions that. call 
not, be duplicated in the laboratory. Spring systems 0 

this t.ype are a phase of yolcanism in which the coolilll 
of a magma body of batholithic proportions (Whitt 
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H157a, p. 1642) is probably accompanied by separation 0° to 100°C. Unstnndardized maximum-recording 
of a vapor phase at high temperature and pressure. The thermometers may be in error by as much as 2°C or 

) present rate of heat flow from the Steamboat hydro- more, but aischarge temperature and other tempera
thermal system is 12 x loa cal. per sec (calories per tures given in this report are probably seldom more 
::econd), which is equivalent to the heat flo,\'" from about than 1°C in error. 

) i80 kmz of "normal" area; heat is likely to have been A water sample was collected at the time the sys-
flowing at this rate for at least 100,000 years, probably tematic physical measurements were made for each dis
eloser to 1,000,000 years. The convecting water that charging spring. In laboratory space provided at the 

') transports this heat is overwhelmingly of surface School of Mines, University of Nevada, Reno, these 
origin, but some HzO, COz, HzS, S, B, and other sub- water samples were analyzed for chloride content; pH 
stances are probably separating from a magma body and specific conductance were generally determined 

) at depth, perhaps as a vapor phase at high temperature monthly. Chloride was found to be the most significant 
and. pressure. and reliably determined indicator constituent in the 

Results of the Steamboat Springs studies are being water;: Gl-was titrated by a standardized AgN03 solu
) published as a series of professional paper reports. A tion, using potassium chromate as an indicator under 

paper by Thompson and 'White (1964) provides the yellow light in a darkened room. A standard solution 
regional geologic setting. The second of the series containing 1,000 ppm (parts per million) Cl was 

) (White and others, 1964) is a detailed geological and titrated at the start of .each series. Some samples 
geophysical study of the thermal area. Another report analyzed in Reno were also analyzed by W. W . Bran
(White and others, 1966), not in this series, concerns nock, of the U.S. Geological Survey, Washington, D.C. 

) the isotope geology and geochemistry ' of the thermal The percentage difference between check analyses of 
and cold waters?f the area. :, .~. :. '. ," ' ~~~~ -:: ... ,.:;;~:~:::: ., normal Steamboat Spring waters (600-980 ppm Cl) 

The present ' report deals with the physica] ' aspects was nearly always less than 1 percent of the content 
) of .hydrology .arid thermal activity . of ,the" spring sys- reported, and generally was within 'about 4 ppm . . :.:::" 

tern. Many of the geologiccoiiclusions developed in ' :::\·Whenever an opportunity 'was provided to obtain 
the earlier papers are essential to an understanding of data at ' depth, " detailed measurements were made as 
the hydrology of the ' spring ' system ' and are herein' drilling progressed in new wells and drill holes in and 

) Si~t~~~;~~~~t~~~~~ ~i:~~~{~~~~~~1~i~~~fEl:~ 
· ··Fieldwork:f~as·~~a~ed·-on.)romTi~4f{:-t~~1952~~~The'.' ~'dry:;;~ Fri~~j;hi~1e~~7l"n; ' thi~"'meth;d-iS':sliperi;;r~{~all 

1 t~e.:ma~ are~ ~~~.: shown . in . figui~},?~~?~,-~~e~ :~.~~!?~~~J.:: ·~~t~er,-met~ods '.hi·"'-proVidmg · opportUnity for-.. exc~ile,nt 
generallZed .-on- plates~l -and 2. ·:.~;,:;,,;;;:;-'o-::"":':-!~;::~4~,->;:~:;3£.&r;; "bOH()iithole' temperaturesand"wafer S8:mples"il.S drilling 

) ~l!T.1i!~~it~~l~;~i~t~i~.> ;.i,~~t~~.;f.tr~O~~~~&~~~~~:y~;:~YtE;,:~F" .. 
mapped on the topographIC bases by-WhIte. ·:c;",.,~,c--;:,~,:,~ , ,··-··.·:c~".·: . .::,",.,,:.,,~ .. .... p . ,~: y,-, ... P .. ,', .......... ,-

' Systematic " 'meas~rements"'~of ' sprmitaCtivit;'~~~:: :~resent - s~u~y demon~trates that thermal eqUlhb~u~ . 
. mR.de=:;,fr9Int;June.; .19~~ tJ,Q ~A1,l.gust ~.1952.::~The-,,-interval c J~ ?!lU~?-~dI?-l1 .ho~~ I~ generally approached wlthm "_~. _. ''-___ .' 

between measurements . was. generally, "L,week, . . but .se~e~~,~~grees <?~?tIgrade after a ~a!o:er of 16 h~u~; 
daily or biweekly 'measurements w'ere -aJsO'- made for closer approaches to thermal eqUIhbrmm were mdI-
short periods to provide additional detail. _~ . ___ .... . __ cated ~y repeat _~e,asu:ements made ov.er weekends 

The rate of discharge and the vent temperature were without drilling. ..· . 
measured in most individual springs that ~'ero dis- . A weighted maximum-recording mercury thermome- . .. 
charging at rates of more than ' one-quarter gallon per t~r suspended ' on steel tape or wire line was worked 
minute. Discharge .was measured either by V-notch wier down as deeply as possible into the bottom-hole sedi-
or b), determining by stopwatch the filling time of a ment. To insure recording of the maximum temperature 
can of known volume. The latter method was generally attained, only standardized thermometers with a. very 
used for springs of small discharge, diverted through narrow restriction at the separation point in the mer-
an iron pipe. Temperature was measured by maximum- cury column were used. If a. restriction is too large, 
recording mercury-glass thermometers . . All thermom- mercury escapes downward through the restriction to 
eters had been standardized at two or more points from j the bulb as the thermometer is being raised through 
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FIGURE I.-OBLIQUE AERIAL PHOTOGRAPHS OF STEAMBOAT 

A. View west-southwest along axis of Steamboat Hills with Carson Range in distance. 

higher and cDoler parts of the hole. In several drill 
holes, temperature decreascd loca]]y with increasing 
depth; a thermometer 10"'cred into such a hole records 
thc ma.ximmll tcmpcrature atblined, which may not be 
at. the bottom of the hole. If a temperature reversal is 
suspccted for any reason, the maximum-rccording ther
mometer must. be insulat€d and left in the hole long 
enough to insurc a good measurement, and thcn raised 
rapidly through any zones of higher temperaturc. A 
seven-unit thermistor cable was used in some measure
ments, but temperature-stable materials 'Were not avail-

able at that time (ID50), and the equipment soon failed. 
In ID50 the Geological Suney contracted for the dia

mond drilling of eight holcs with a total footage of 
3,316 fcet.. Rccovery of corc exceeded DO pcrcent of 
drill cd footagc. Although this method is supcrior w 
others in providing corc for chcmical and pctrographic 
study, introduction of rold water requires some timc for 
attainment of thcrmal and fluid composition cquilibria. 
Thus, temperatures mcasured in diamond-drill holes 
are somewhat less reliablc than those mcasured in churn
drill holes. 
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. The objective'ofrul these physical an.d ,~hemical meas- S. F. Turner, formerly of the Water Resources Division, 
urements was"to 'learri"Us much as "we could about this U.S. Geological Survey, assisted in initiating the hydro
spring system in four dimensions, 'including time. In logic studies, and the preliminary results were re- " . 

J ma.ny . but not all respects,' this study is probably the viewed in 1D4D by C. V. Theis, also 'of the Water 
most 'exhaustive yet made of a hot-spring system, but Resources Division. . . . , 
many questions still have no clear answers. ' I am particularly grateful to Vincent P. Gianella, 

) . Detailed measurements of spring activity were made Professor Emeritus of the University of Nevada, who 
first by 'White and later by Robert G. Reeves, Hale C. contributed much to this work, especially during the 
Tognoni, Douglas Baker, 'William Ebert, Robert Hor- early stages. Gianella furnished notes made over many 

) ton, 'William Reinkin, James Scott, and R. K. Vassar. years and also supplied unpublished material by L. H. 
The assistance of all these men is much appreciated. Taylor and J. C. Jones prepared in 1916. The Taylor 
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TABLE I.-Summary of observations of Steamboat Springs, Nevada, before 1945 

Referencc and date of 
pubUcatlon (Dnte of 

observntion in parentbeses. 
II I.:no,,"n) 

Luur. P _________________ 18&1 

DeQul1le. ])all __ _____ ___ 1876 
(I 8r.o ... 6~ nnd late r) 
Republished (p. 327_129) 

1!H7 

Dlake. W . 11. ___________ 1864 

Stretch. R. H _________ __ 1867 
(1866) 

Browne. 1. R ., and Taylor. 
1. W. 180, 

Browne. J. R __________ .II!69 
(18677) 

Phllllps,1. A ___ ________ 1871 

Phillips, J . A _______ ____ 1879 
(Same visit as 18711) 

Whitehill, H. R __ _ . __ :_'1877 
. (1875-76) 

H agile, Arnold. and 1877 
E=ons, S. F. 

Le Conte, Joseph ___ _____ I883 

.... 

B ecker, O. F_ ... _________ 1887 
(1883-85) 

Becker, O. F _______ ____ 1888 
(1883-85) 

Actlnty of springs and geysers 

No details ______ ... ______ ...... __ _________ ... ___ . 

Many bOiling sprln~s on sides of terracp.s 
and ends of fissures. I ~eyser active In 
1860. stated to erupt 30ft column m~re 
than 50 it high. Another in 1862 
spouted s<HiO ft higb tbrough a =1-'.'1. 
orifice. 

Hot water nnd steam at e,treme ends 
nnd fiank of spring mound . Some 
spout up and o\'erllo,," nt Intervals; 
1 Is Intermittent, with about 4-mln. 
Interval. 

Numerous springs. some from IIssures. 
others from Isolated '·ents. Most no
ticeable sprin~ has Intermittent ells
charge, 6H-min Interm!, from basin 
2-3 ft In diameter. 

~om~ mrlngs nu"e "tidal nctlon." fol
lowed by subsidence tbat may last for 
months or years. 

Sprin~s very acti"e. hl~h.est tempera
ture 2(){OF (95~OC). Springs formerly 
more extensive (recognized old sinter 
of Sinter Hill and High Terrace?). 
Springs dlsebarge Intermittently from 
fissures. One Intermittent spring can 
be soaped Into erupting &-8ft hlgb. 

Some fissures overflow, waters slightly 
alkal1ne. 

Several springs In conical mounds; only 
lor 2 small basins continuously filled 
with wnter. Several Intermittent 
springs 
high. 

and geysers erupt 10-20 ft 

Only a few aeti vo vents cast and north 
01 IIl!lln fissures ; water hot and fllka-
line. Feeble geysers. "once more vio-
lent." Water in fiSSures, Yiolently 
agitated. 

Springs extremely bot, some at boiling 
point. 

Springs numerous; discharge reportedly 
blgber In years of heavy raWI'll nnd 
In spring. Some from pipellke vents 
nt crests of smooth mounds; some dis
charge UfitCulllt," some are true geysers 
with periodic discharge. Eruptions to 
several feet reported, but not seen by 
Becker. 

Deptb to 
water In fis- Eiements noted 
sures, Main 

Terrace (lcct) 

Fe. Mn, Cu, AU, 
S. 

Spring deposits 

S ___________________ ...... ____________________ _ 

"_o\.bout 10" _ Mn. _____ . ________ Chlelly flmorphous 

S, Fe oxides, CO" 
R,S, Mn, Cu. 

Hg discovered 
(alter 'Isit) . 

SIO,. crusting 
springs and fissures. 

Banded siliceous in
crustations on fis
sures are ilke veins 
as much as soverol 
feet wide. 

Fissure fillings alter ... 
natelyamorpbous 
and crystalline; 
some quartz(?). HgS, S __________ ... ______________ ... _________ _ 

10 or 15 ____ __ S, sullur gases _____ 

. ' 

7 or 8 _______ Rg, S, Fe _________ 

---------- ... --- AU, AS, Sb, Hg, 
S. 

No data_____ Hg. Sb. AS, Pb, 
Cu, Co, Au. 
Ag, Zn, S. (No 
crystalline sul
fides Identified.) 

Silicp.ous sinter from 
springs, analyzed. 

Sinter believed 15 ·20 
ft tllick. Springs 
coyer and choke 
tbeir vents. 

------------- -----------

Largely siliceous, 
minor carbonate 
deposits probnbly 
50 ft thick. Sinter 
claimed In mercury 
mine area (slUca 
pit). 

Posepn1, Franz_ ... ______ 1902 ____________ ________________ ____ ______ __________________ Hg, S, CO,_ ------ SI~:;[I~~fn~~~rbe 

Lindgren. Waldemar ____ l903 
(1885 as Becker's 1906 

nssistant; 1901). 

principnlly CnCO., 
15 meters thick. 

Sb, Fe, AS, S _________ ___________________ _ 

Lind!!ren, Waldemnr ____ 1933 _________ ___ _________________ ______ ______ _ ______________ Same as Beeker ___ Impure SiO, or mll-
(1885, 1901, and later) ture with CaCO., ; 

older deposits 01 
Jones. J . C ___________ __ 1912 

(1912?) 1914 
ones. J. C __________ ______ (I) 

(1916) 

I 1916, unpublisbed. 

Stlbnlte-deposltlng sprln!! 86°-93° C. 
Wnter nnal),zed by Cullen nnd Jones; 
may be spring 34. pI. 3. 

Diseharl!e -20 gpm from Low Terrace 
at 65°-85°C and about 180 !:pm (Tay
lor's measurements?) from Main Ter
rac~ . with temperatur ... as hil!b ... 
95°C. Sprinl!s on nortb end. of fissures 
and on east slope. 

cbalcedony, qunrtz. ___ _________ __ Sb _____ _____ __ _______________ ___ _________ _ 

:H; __ ____ ___________________ ____ _ 
Low Terrace, 1-10 ft 

thick; Main Ter
race. about 100 It 
tblcl.:, largely pure 
silica. 

Otber observations and remarks 

EarUpst tec'mlcal rel~ren...,; Ory de. 
pOSits stated to be In pr~ss 01 lor
mation. 

Cre,ices more than I ft wide with 
sur!!ing b011i1\~ water at depth . M,,, 
be thc earliest account of gey",', 
action In United States. 

2 or 3 fissures 3-12 in. wide; open Ii, . 
sures believed to result Irom widen. 
Ing of fissures In bedrocks. 

Terrace 1 mile Ion!!. H mlle wide. Bed
rocks, basnlt on granite. 

Sprlnl!~ reportedly more netlve .... ben 
discovered 20 yrs earUer. Fissures &-
12 in. wide. apparently caused by 
upbeavalfrom below. 

Probably most remarkable hot springs 
yet discoverer!. 5 IIssures, some .... ltb 
viol~nt hoiling. Chnrncter of .... ater 
and gases determlne<l; High Terrace 
Is an old spring system, stlll has some 
steam, CO,. 

Fissures formed by repeated 'l<ldening. 

Tbomas Wheeler discovered cinnabar 
(s!llen pit area) Dec. 3, II!75, In 
"~ranulated clay nnd sanrl" wltb 
HgS and S. Hot vapors depositing 
native S; some HgS later tban S. 

A number of parallel fissures 2 ... 12 In. 
wide, generally open bnt somr 
choked by debris; violent boiling a : 
Intervnls. 

Nortbern part Main Terrace not very 
active. Fissures tortuous, ragged, 
probnhly 20-10 ft deep. No deposits 
on fissure walls. Mercury mine (sili
ca pit) In rocks decomposed by acid 
from H,S with no sinter present. 

Ore minerai. being deposited ; labora
tory Investigntlon nf sulfide trans
port. lnrluced precipitation of 
metastlbnlte on glnss slpbon nt 
snrlne 8(?) . 

Individual springs sbort lived, chang ... 
Ing. Fissures are cracks In earlier 
formed Sinter, lin to 2 It wide, Much 
01 Main Terrace Inactive. Metals be
lieved derived lrom granite. tr1lI1£o 
ported In alkaline sulfide solntlons. 
Small enclosed basin of silica pit 
area formed by acid leaehin!! and 
subsidence. First geolol!lc map of 
thermnl area. No snmples or obser
vations prcclsely located. 

Starting in 1878 a fissure wns opened by 
adlt 15 meters below surface; vem 
matter mined ns QulcksUver oro 
(probably relers to sllicn pit aren but 
may be old adit on east flank of 
Main Terrace). 

In 1901, 4().lt shalt sunk at present 
Steamboat Resort. Gmvel coated 
with stlbnlte needles, pyrite, mnr
enslte, nnd opal. 

Sb ns nmorphous mctastlbnltc In Qunn
titles lar~e enou~h to color some 
sinter red. In shaft. Sb ns stlbnlte 
with black opal, pyrite, or mnrcasite. 

Crystalline stibnlte found on ed~e 01 
a pool, deposited at surlace. not 

s~~t"sJ~lrlt~~;"to High Terrace .... Ith 
warm water In bottom; at south end. 
loo-ft " 'ell with water level <W It. 
Low Terrace discharge -20 gpm. 
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TABLE I.-Summary of oburvalion.'! of Steamboat Spring.'!, Nevada, before 1945-Continued 

Re(erenoo and <late oC 
publication (Date oC 

observation In rarcntbe.9Cs, 
iC Jcnown) 

Taylor. L. 11. _____________ (·) 
(lg16 and earlier) 

Allen, E. T., and 193,5 
Day, A. L. 

(1924, 111"..5) 

OIanella, V. P __________ 1939 
(l!l3O and later) lQ41 

BaUey, E. H. and ·' ,:-' 19« 
Phoenix, D. A. 

Activity oC sprlng:s and g1!Ysen 

D~han:. o( sing I. springs n.s much n.s 
52 gpm (measured) with total o( 1711 
gpm (rom Main Terroce. D~harge 
(rom Low Terrac. estimated 50 gprn. 
Ocyser at north end 01 llaln Terrace 
(at or near vent 21-n). 

In 1924 and 19"..5, noted 1 smaU inter
mittent spring, 2 smaU geysers; a 

. Ian:. geyser at north end 01 fissures 
erupted 25 It high (Identified by 
OIanella, ornl commun., lQ45, as 21-n). 

. - _. '. . _. '.: .. ' ~ '.. . 

• Igl6, nnpnbUsbed data; see text. 

Depth to 
water In fls- Elements noted 
sures, ~t:lin 

Terracc «(eet) 

III':, Sb, Cu, Fe, 
As, S. 

Terrncc largely sill· 
ceous: minor car
bonate. 

lIg, s, SIO •• _.::~. O\de~ spring deposits 
contain lIg, none 
seen In recent sinter . 

Other observations and remarks 

Flrst delalled topogrnphle map show· 
Ing tIssures nnd Individual spring:s. 
Estimated toUi dlscharg. 01 s}'stem 
900-1 .400 I':pm. Shaft described by 
Lindgren (1903) deepened to .0 (t, 
yielding 300 gpm by pumping. 

Erupting wells deposit CaCO.: meta
sUbnit. deposited lrom erupted wal<r 
at Steamboat Resort, matted sUb
nJte and pyrite ejeeted !rom 8 weUIn 
grovels north ollllaln Terrace (Reno 
Resort 01 pI. I). :llany sulCate min· 
crnts In silica pi t area. . 

Most complete history oC efforts to 
mine IIg and S; IIgS In hydrother· 
nuilly altered rocks and In old sinter; 
no evidence (ound (or present-day 
deposition o( IIg . 

. ; : ~ , ... 

data and map, the only quantitative record of discharge DEFINITIONS 

at Steamboat Springs that antedates the present work, ~ Terms -as used in this report are here"defuied: -~: : 
are invaluable for comparison. , Vent~ · .Any megascopic opening between the general 

I am also greatly indebted to my colleagues Philip level of the ground surface and the water table. If the 
F. Fix, George Thompson, O. H. ·' Sandberg, · A. H. water table coincides with the general ground surface, 
Lache!;bruch, L. J. P. MufRer,' R. O. Fournier, Philip a vent constitutes the discharge conduit of a hot spring 
Oohen," a~d J: D. - Breschoeftfor- their- contributions ~r geyser., If the water table is below the ground surface, 
and ' stimulating discussions ' Concerning , geothermal a vent mayor may not be utilized by rising gases a~d 

~~::~;.~~~~~;:'~~~:}.~,'_.'.i;:;.:r~~~.;;_~~~i~,f.~.~~iL~~~:~~~,~~ ::~~~~~~::'::d~;~t~~~~:!~ ::;~~::gr;.~eI~;::! . 
_ _ the different tYPes'. of :'spiingiidefined below. -,:;:~:;~~c,~':F ''-' . 

': 'Numerous brief accounts of Steamb()at Springs were . -~ Spi-ing: 'kiiaturar vei£from~wliich~water~<if~charges .. 
published ~from. ii863 thr~ugh ; the, following 25 ,years' ~~ . the ·s.urfae.e. -o{ ili.e g.ri~d: '-i; ,~) .~,: i~ ~ ;::: ~.:) ,:); .. ~:.; :~~ :~"~;, ,;,t:, 
(table'· l)~'·endin·g .with : G>F"fBecke~'s e:rtensive: stridi- ': Interniittentspring:' A'~spring characterized byin-, 
of ' 18~8J~thohghiBecker'ir~port -seeins 'to.'have" b~en: tervals" o{disclia~ge\ that' aiternate \Vith'.·i~tervals<;oi ~o· 
a~'ei>fe~ :is ~eXhau~tiv~;'}ii~:: '£~eat;nerit/w~ ,m: )acf4gen~: ' :: di~~hir7C~~~;'A~;~'in 15~;-s~nl;'-"1-ol;bi ' ~ll--:-~"~;":;'Agf ·fu~··'· 

) erat' llr'nafure;'JLfid'~ne'aHyt"aevold~oFspe:cific" data' 'orr ' a.~a-'t~~:W·~ei~{tf~~~){~{h.~~~#J:-·~~(?~:;~t}?'ri)S~
mizienil~gy;''I{y'arothe'rmal \ite;atih~i?;';a~~rth~~~l '~~ sufficiently "long.- A -spring 'may- ~isCharge- for .. daYs, 
ti;ity;'; Le : Q9nte's · ".prie{ :pap~(ti.883r;~'ontains :spnie' . ~~ks, or y~~s' a.~d th~n::cea~;'to flow' for an equ'ally un .... 
sP~ip;ci'~~Mtaii~; ~:~~d_)j~~~.Quili~is~ipbI;liI:;~~ UCco~t .:·of , . certain period 'of time ~d for"a .v~riety of cau~. The' 
gey~& ~tivity- iii)860 'nild)862'_(1876) i~ of sp'ecial inter~al bet~~~b)isch~~g{6i~ri):~te'imittentsprrng; 'as 
interest because-l(seems'iQ'bethe'flrst published record thls term is used in the'present report, is o~dinarily a 
of "geySer obser;a:tio~s -~' th~ 'United States. week or .less. .. " . . 

Lindgren (1903), Jones (1912), and Gianella (1939) Pulsating spring. A spring with continuous dis· 
recognized the spec.ific . minerals c.ontaining antimony cha.rge that changes in rate through a period. generally 
and proved that the . stibnite and metastibnite (the rn.nging from seconds to minutes in a more or less cyclic 
amorphous red antimony sulfide) were being actively manner. Vigorous, rnpidly pulsating springs are also 
ueposited. mown as continuous or perpetual spouters. 

The most useful records for comparing activity of Geyser. A hot spring characterized by intermittent 
the past with that of the present are unpublished mate- discharge of water that is ejected turbulently n.nd is 
rial by J. O. Jones and by L. H . Taylor, quoted in part accomplished by a va.por phase. The temperature of 
under "Previous observations" (p. 015-017). water ejected at the ground surface is generally near the 

" 
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boiling point of pure water at the atmospheric pressure 
for the altitude, but in some hot-spring areas, the dis
soh-ed gas content of the water is so high that a yapor 
phase exists at temperatures much below those of boil
inp: of pure water for the prevailing pressures. 

Geysers that haye eruption temperatures 10°-20°(; or 
more below boiling of pure water han been described 
briefly by Henderson (1938) and ·White and Roberson 
(1962, p. 414, 419). All hot springs with intermittent 
turbulent discharge are considered as geysers in this 
report without precisely defining temperature limits. 
At Steamboat Springs the average barometric pressure 
is 12.47 psi (pounds per square inch) or 645 mm of Hg, 
and the theoretical boiling point of pure water at this 
pressure is 95.36°C. Most of Steamboat's "boiling" 
springs and geysers are within a few degrees centigrade 
of this temperature at ground level, but vent 10 on ,the 
Main Terrace commonly discharges intermittently as a 
feeble gassy geyser at recorded temperatures not ex
ceeding 79°C. 

Subterranean geyser. The intermittent turbulent 
ejection of steam and gases in the subsurface parts of a 
vent; water is ejected above the general water table but 
the water table is too deep for liquid water to appear at 
ground level; all erupted water that remains liquid 
eventually flows back into the system. With increasing 
depth of water table below the ground surface, the vigor 
of eruption must increase in order to discharge water at 
the surface. 

Fumarole. Any vent that discharges steam and 
other gases but not liquid water. Temperature ranges 
from much below the boiling point of pure water up to 
magmatic temperatures. Temperatures of fumaroles at 
Steamboat Springs most commonly rang.e from about 
70°C to 96°C, which is slightly above the average boil
ing point of pure water (95.36°C). Low-temperature 
fumaroles are ·here considered synonymous with 
solfataras. 

Aquifer eruption. The intermittent ejection of water 
from an individual aquifer. This intermittent ejection 
can be expressed at the ground surface or water table by 
geyser or subt~rranean geyser actiYity, or it can be com
bined with continuous discharge from other aquifers to 
produce changes in rate of discharge of a spring or "ell 
t.apping these aquifers. The concept that two or more 
aquifers can discharge continuously or intcrmittently 
and at. different. rates and cyclic intcl'\"als is hclpful in 
understanding the complex beh:n·ior of many geysers, 
pulsating springs, and geothermal wells. Steamboat ,yell 
4, described in this report, provides a clear example of 
the phenomena. 

GENERAL RELATIONSHIPS 

SOME CONCEPTS OF GEOMETRY AND HYDRODY_ 
NAMICS OF HOT-SPRING SYSTEMS 

A hot-spring system t.hat consists entirely or predomi
nantly of meteoric water is a huge connction systcm. 
,Yater from rain or snow seeps undcrground somewherl' 
on the borders of the system and circulates downw:lr ri 
along interconnected channels to a region of high<: : 
temperatures at depth. As the water increases in temper
ature it expands and becomes lighter despite increasing 
pressure at depth. This heated water is driyen onward 
along the channels, being displaced by cooler and hea\"
ier water entering the system. Hot water is eventua,lly 
driven out as discharging hot springs, which generally 
emerge in or near topographic lows. A simple system is 
illustrated by Darton's section (1906) through Ther
mopolis, Wyo., here reproduced as figure 2. 

FIGURE 2 . ..,-Structure section through the hot-spring syster, 
of ThermopoliS, Wyo . .After Darton (1906). 

The drivirig force of a hot-spring system is best con
sidered as two separate factors related to (1) Difference 
in altitude between recharge and discharge areas. The 
recharge area is ordinarily the higher in altitude with a 
positive driving force, as in figure 2, but in special cases 
the recharge altitude can be lower than the discharge 
altitude. (2) Differences in density of water in the cold 
hea.vy downflowing part of the system and that in the 
hot light upflowing part of the system. Actual density 
distributions of water in the system depend on tempera
tures, pressures, salinities, and proportions of yapor 
phase throughout the system. Figure 3 illustrates a 
system slightly more complex than that at Thermopolis; 
two simple flow paths are shown, with a graph of tem
peratures anel depths that are reasonable for one of the 
paths. In most but not all systems, temperature is much 
more important than pressure and salinity in determin
ing density differences. 

The SteamLoat Springs system must be far more 
complicated than shown in figure 3. Crystalline gra
nitic and metamorphic rocks of \"Cry low permeability 
underlie the whole region at all depths, except in a 
shallow coyer that is generally less than 2,000 feet. Re
gional mapping (Thompson and White, 1964) failed to 
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FIGURE 3·.-Simple high-temPerature hot-spring SYst~ With deeply circulating meteo~io water assumed to be heated entirely by . 
, ':. ' " '---' conduction. 

reveal major faults that intersect in any simple system ',creasing temperat~r~ through~~t th~ ~ge considered 
of interconnected channels. "A 'much' more complex" here. As ,water is heated, ,it may dissolve quartz and 

) system, with many different flow paths, 'that is con- perhaps silica. from other minerals, thereby increasing 
sidered more representative of the Steamboat Springs -;.t4e permeability of a giyen cJlannebvith time: ',~J"t.:,~~:6li:, .
system Is sho;D. in figure'4: ::~ '~. :~:.; ~':~ :;: '; ';'~, . j~-:v:: ;\.,;;;'~;;~'u,~,:,;: ,::; .In the Steamboat Springs'system, any recharge from' 

) , Laboratory-determined permeabilities of small 'speci~ the ,base of the Yirginia~ange, occurs 'at an -alt.itude 
mens "6f these 'crystalline' rocks would be exceedingly about 120 feet higher than-the water table in the crest 
l(n~, btl(bulkperme,abilities of these:same rocks in place ~~ !! ~11~ : ¥ain ):J'er:ra~~; ,;r,a :~di!feren,c,e_i .. equivalent "to :,a 

) -'Yithj~ter~iu:i.ec~ed ~JractUres ~~ ~hould .;ha ~e ',~posit~v~ , press~re:,drive_ of: about ,5_0 ,psi.; Rec.harge near, j;hepase 
value:.s " ,~!!f~-,::mi greAtIyJrorii ,~oneJocation to another, ,9£ the Carson,Range has ,an altitude advantage of about 
,~'"The permeability I)f arock is generally considered to 1,300 feet, or nearly 600 psi" ,~ 0l f[ " ';'::-~ ': .':C: '::"',J .. ,. ;.:, '7"':: 

decre~'s~ ~tth. .i~cr~~,~ing depth __ an~, pr:~ssure~ But in a ,, (: ,The driving ,forCe related to , differences ' in dens'ity in 
co~vection ', system where ' temperatures are' high; -- the the Steamboat system is due'almost entirely 'to 'differ- '-,-
density ciifferences related to thermal expansion provide ences~ ~n . teniperature. ,In the upper 10,000 .feet of the 
a powerful pressure drive that increases with increasing 'earth, hydrostatic pressures in a conve~tion system will 
depth of circuhtion, tending t.o counterbalance de- seldom exceed 4,500 psi. Density differences due to pres
creasing permeability. Another factor favoring deep sure are only alitt.le more than 1 percent at all tempera
circulation (for a given mass permeabilit.y under tures as high as 100°C, and cyen these differences a.re 
standard STP' conditions) if the decreasing viscosity almost entirely counterbalanced on the two sides of a 
of water with increasing temperature. Viscosity of convection system. The waters of highest salinity in the 
,Yater at -l5°C (the average temperature here assumed Steamboat system lU1\'e about 2,500 ppm of dissolved 
for the downflowing column) is 0.0060 poise but is only constituents and a density that is only about 0.2 percent 
0.0016 poise at the temperature of 170°C assumed for higher than pure watel' at the same temperature. In 
the upflowing column. contrast, the reln,tive density of pure water is 1.000 at 

A third factor that may help to explain deep circula- -l°C, 0.D5S (-1.2 percent less) at 100°C, 0.D17 at 150°C, 
tion is the large increase in solubility of silica with in- 0.S63 at 200°C, and O.iD-l at 250°C. Within this range 
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FIGURE 4.-Diagrammatic representation of a thermal-spring system: largely in fractured crystalline rocks. Permeability de
creases downward but is more than offset by decrease in viscosity ,and increase in driving force related to thermal expan
sion (see text). 

in temperature, differences in density related to thermal 
expansion can be more than 20 percent as compared to 
salinity eft'ects of about 0.2 percent and, pressure eft'ects 
that probably are much less than 1 percent. 

The circulation of water in idealized homogeneous 
porous media that. is related to effects of thermal ex
pansioll has been treated mathematically by Donaldson 
(19G2). 'W ooding (1956) deri "ed partial differential 
equations for liquid flo-\\' in saturated homogeneous 
permeable solids caused by thermal expansion and, with 
simplifying assumptions, applied the results to ,Yaira
kei, K ew Zealand. Bredehoeft and Papadopulos (19G5) 
considered nrtiral rates of ground-water velocity in 
homogeneous media as related to temperature differ
ences, but their model did not consider effects of thermal 
expanSIOll. 

In a few hot-spring systems that. ha,e been thorough
ly explored for geot.hermal energy, the pattern of tem
perature distribution is reasonably clear within the ,ery 

limited areas and depths of each total system that con
stitute the main economic interest. In figures 2 and 3 
as examples, t.he main economic interest in most geo
thermal drilling to date can be considered as extending 
from surface expressions of thermal actiyity down to 
depths of 1!000 to seldom more than 3,000 feet. The 
permeable resenoir hypothesized at a depth near 10,000 
feet in figure 3 ',"ould not ha,e been disco,ered; dis
tribution of temperature and pattem of circulation in 
the large noneconomic part, of the total is not known 
for a single hot-spring system in the worlel! In addi
tion, probably eyery hot-spring system is far more com
plicated than any simplified model that. can be treated 
mathematically. These models! howe,er, are still "cry' 
useful in describillg some of the problems "ithin broad 
limits. 

Temperatures in the downfiowing and upfiO\,ing 
parts of :t system are strongly dependent upon rates 
of flow of water and heat through the system, as shown 
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by Donaldson (1962) and Bredehoeft and Papadopulos 
(lVG5). In figure 3, flow rates are assumed to be such 
that little change in temperature occurs from a to b or 
from c to d. 
If the cold downflowing part is assumed to have an 

average tempemture of 45°C with a density of 0.990 
(relative to 1.000 for pure water at 4°C) and the hot 
upflowing part has an average temperature of 170°C 
with a density of 9.900, the pressure drive related to 
thermal expansion is equivalent to about VO feet of 
cold water, or nearly 40 psi for each 1,000 feet of depth 
assllmed for these temperature and density differences. 
If the depth of circulation is 10,000 feet, as suggested 
bv 'White (1957a)/ the driving force related to thermal 
e~pansion is equivalent to a head of 900 feet of cold 
water, or nearly 400 psi. , ' 

In each of the many explored hot-spring systems that 
show nearly constant temperature of upflow within a 
reservoir deep enough to exclude a vapor phase result
ina" from near-surface boiling, the rate of upflow must 
beOrelatively high. On the other hand; if the cross-sec
tional area of recharge is large, as in figure 4, and the 
rate of downflow is very low, an assumption of equally 
rapid rates of dOWnfl6wand upflow is not valid. 'A t:m
perature-depth curve ' for the ,'average downflowrng 
water ' such as ill figure 3, would tend to increase directly , ' . 
from point a to c, by passing point o. In many sprrng 
systems the ,average density difference .. between ,the 
downflO'\~ing: and upfl?wing parts is probablY , ~onsi9-er~ 
ably'le'ss ) han' th~",maxiinum permi~~ble, from ,th~ ,~em
perature differences betw~en. ,recharge an~ upflow" ;lnd 
cominonlj may: benearer to ' one-h,al£ or , t,wo-thirds of 
this":density '.difference. :~~', tJ:l~ ~ co,mp~ete,';~ab~eD:se ' ~~ 
dataCj oliO rates :cif downflow' for : a single ' system; further 
speculation is' luiw:a:rranted. ~J;~~~~' ~';!;,~;:,,;~~:;,:,~;,\"~~:~\~4'; ;;7~; ,' 
t~, F~~{ri' th~ ' i~i~ti6:ns: c~~~id;red '''~bOve;'' we' see:that" the 
dri~ing ' forces ca~ :<iiffer, gr~atly)hroughou{a, System 
and from':' one -system ' to another. Potential recharge 
areas at higher ',altitudes' are'fa voi-ed over: th6se':at lower 
altitudes if other factors ' are "equal; but "recharge ' froin 
altitudes below those of 'the spring' ' outlets ' is " also 
possible. Countless numbers of interconnected channels 
no doubt exist, as suggested in figure 4, each with its 
own characteristics of permeability and heat supply. A 

1 Such a depth would provide sumclent hydrostatic pressure to per
mIt a ~apo~ phase at or ncar the crItical pressure of water. AlkalI 
chlorIdes are characterIstic constituents of most of the 8ub"urfnce waters 
of ~olcnnlc areas; their solubilities are .. ery low In ordinary low
pressure steam. bu t dense high-pressure steam has the sol .. t'nt properties 
of liquid water, Thus. If meteoric water clrculate8 to 8umclent depth, 
alkali chlorides can be transferred continuously from magma to the 
surface. The e .. ldence for some vapor transfer of alkali chlorides as 
opposed to other possible sources was re .. lewed briefly by White (l!l57a) 
and will be considered In more detail In forthcoming publications. A 
smllll proportion of magmatic .. apor under high pressure would dissolve 
COmpletely In liquid meteoric water near the base of the com'ectlon 
system. 

264-856 Q---61--2 

,~ ,Hot spring _~watertable ~\:.~ _ _ 4C_ ./ 

:, " , " -_ --J Downtlowing cold water 
." 1- (high denSity) , 

--- !I ,-
I 
I 
1 -

.1 
I' 

\ 

"- Upflowlng hot water 
-- (low density) 

FIGURE 5,-A thermal-spring system that discharges in a topo' 
graphic low, which also coincides with the locnl base le~el 
for the water table of the area. Cold water can mix with 
rising hot water at all depths. 

critical factor of each pot~ntial channel is its most re
strictive "bottleneck" that provides the greatest resist-
ance to increased flow, ':' " , 

A thermal-spring system that discharges in a topo
graphic low and also coincides with the local base level 
for the water table of the surroundmg area is rep
resented in figure 5. In this system the differences in 
density provide a positive energy drive that permits 
cold water to enter the channels of thermal upflow at all 
depths, including those just below the ground surface. 
-, Some spring systems do not discharge at points of 
lowest local altitude ' either because of structural contr01 

, , -
or because' the springs have ' formed 'silica or 'calcium 
carhonate,' deposits ' that have i'raised the' 'outlet altitude 
above' that ' of the 'surroundiiig ' ground. Figure 6 rep
reSentS 'such'a systein: '!n 'this'e:immple press~res in: the 
upper parts of the system exceed hydro~tatic p~un:s 
related to the surrounding water table at lower , altl-

S5~~~~~J~~~~~~~~~ij~ ·· .. 
~;!~,~::;f~;:~~'i:fu;GI7;- lj~i~',;;~:;,,;i-:~::~ 

from channels into' walls \ . -.:- ... : "'.:':# "/ . Downflowing co~d water 
shown by. !ength of arrow \ l . ~ _ .- (high denSity) 

~\ 
i 

\ . ' j 

'\ 
Minimum dePth" \ 

of entry 0' ,, \ 
water from h ,0 " 

/ 
I , 

into the channel \ \ ,,//Up1!owlng hot water 
of fI ~ (low denSity) 

' FIGURE 6,-A thermal-spring system that mounds the water 
table abo,e that of the surrounding area. 
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tudes. H the rock penneability is ,not nil, some water 
escapes into the walls. Depending on the differences 
in altitude between points a. and b of figure 6 and the 
density differences between upflowing and downflowing 
columns of water, there is some minimum depth c above 
which cold' wuter from point b cannot enter the hot
spring system. 

At Steamboat Springs we can compute the depth of c 
with the following assumptions: (1) the difference in 
altitude between a· (water level, crest of :Main Terrace) 
and b (surface of Steamboat. creek) is 110 feet; (2) 
the average density· of downflowing water from b is 
0~990 ~nd uE~~.~ing :~vat~r to __ a .. }s" ()p.ly~p,900~ _Sgh:ing 

. , , tl~~ al cTcbi-aic' equation X" O,~9.~~( x:-:t~~Qr:<Q.90;th~~ri:J.ini-
_ b .. __ ". '. ' _. " ~_'_" ~._. .. _ ."_. . _.'" _._ ~ 

". _' ..... , mum depth of entry of water from b. is found to _.00 
1,10Q~eet below?,'orl,2~~ ~eet ~el,?1v_ ~'l; .:';~,~~;;;l-~;:;: ~ c,::· 
,::As·.\Vili be ' seeii; -ii.: little dilute ,water. does ,enter. the 
;ppe~ pilrlof tl;e St~~mJX;a(sys~em} :Rci~!i~~~li;fr;grp 
the~ small drainage : basins in:.the .. highest,~ :western.. p~rt 
~f ti~e'tl~e~~(~rea; butti~e-priii~iples' of figure 6 .apply 
)~~ ~1(p'ot~ntiaJ::rech~'~g~'" a~,eas. : ii.t . ~itit~d'~~" }o~~J;·, than 
tlie-sprPi~:hr~;i;'- r~:j ;', " ~~ ::ii;· i6: " , ;,;~;,, ;:-: ,;~; ·:l.;r.';>, ) ,~,,·c 
~ ;' ; ~op'ogr!tpi~y, .'yater_ table,Jemperatu!,e.r~lationships, 
structrir~, and permeabilities of , the; rock!? -are all )m
pg~~~E- ,#~~~r§ }~; d~te~m~~iDgjll~. shara,~terist~cs : ~f 
the upper part of a spring system. Additional comph
'cations can be caused by the preSe~~e: of a " ,apor phase 
imd of dissolved matter inthe water. ,The vapor phase 
tends 'to dec~e~se the', ay~~age d~ns·ity- · .· of th;; ' fi~ids, 
whereas dissolved salts have an ',opposit~ , effect" :<. ,,,' , 
:, ~~ If ~ geotherm~l system: 'is ~tr~cturally complex in its 
~ppe~ part, as is the Steamboat Springs system . (pIs. 
1-3), thermal water can rise along more than one fault. 
H all potentiai channels of upflow had highly perme
able interconnections, all thermal . water would dis
charge from the fault that reaches the s'urface at lowest 
altitude. But at Steamboat Springs, thermal chloride 
"arer of about the same chemical composition is found 
at altitudes that range from 4,575 feet at Steamboat 
Creek to 4,680 feet in the Main and High Terraces. This 
chemical similaritv is e"idence that the structures are 
interconnected at depth. The differences in altitude of 
water le\'els is evidence that no single structure is perme
able enough to discharge all water of the system; the 
upflow is distributed among many structures, some of 
"hich haye no immediate discharging springs because 
the "ater leyel is below rather than at the surface (note 
"ater leyels in the sections of pI. 2). Some of these 
thermal subsystems, such as that of the High Terrace, 
are geothermally acti,'e in spite of the absence of 
springs. Presumably, their "all rocks are permeable 
enough for water to flow up fractures and into the walls 
below the water table. Subsurface discharge of this type 

is very important nt Steamboat Springs. As we sha] 
see in another section, only about 5 percent of the di~ 
charge of the whole system appears at the surface a 
springs or geysers. Most of the water escapes unsee 
below the surface and is discharged directly into Steam 
boat Creek. 

SUMMARY OF GENERAL GEOLOGY 

The general geology of the region (Thompson an 
1Vhite, 1964) and of the thermal aren (,White an 
others, 1964) hns been described in detn.il and is SUIT 

mari~.~~ !l:~e: ',',~: .. " ;.:',,';, ~',' " -;'::"~:i' i:"':":: ' :" :; '::: ' 
,~:,~ The' springs , emerge from the , northeastern end c 
Steamboat,Hills, -which form a'smaUstrucJurally pos 
'ti~;e a~ca:"withi~ :{'ch::iiil"of structliial basins that lie b( 
t"een the north-trending Virgiilia' and .9al?oIl. R.ange 

· ·Me·ta:illoq;hidand -g~~~itj~.'~ocksof..¥~9z~~~'age fon 
, tlk"b'aserr;,'ent." 'K cover:of ' midcil~-;an:d ' late' Tertiar 
';~l~D.icrocks"and ~oi~hi'~:d~'ri~'ed" 1~di~~'nt~~y ' ~0c1 
i~' p"e~h~p~' a{~hi~fi~~lJ~u~t ·2,OOo.}~~t. ln: , t?~ .sur.roun( 
iilg ~~r:ea ('1;llOmpsou' :an?- Sand~~rg, ,19,58, p'. 1274), bl 
it hvery'thin' or absent~within most.'()fJhy, ~.hennal are: 
A' basaltic' ~~desit~· fi'o~ of the Lollsetowii ~ormatiOl 
,a~(l possibly .~~ con~~lec( sl~all&'Y~, i~#us~on~'?f Stean 
boat Hills ' Rhyolite;" are' locallY ' of ' earlY. Qua.ternar 
age ::{nd 'are the youngestnear-surfa~ 'volcanic rocks._ 
brae still-hot ma!!lIla chamber must underlie the are 

b b ' , " 

to account for the heat flow ' and some of the miner: 
constituents of the hot-spring system (\Vhite, 1957a.), 
, A comple~ history of erosion. alternatmg with alh 
viation throughout the Quaternary is evident from t1: 
surface geology a.nd 'data. from drill holes. In genera 
the hot·spring deposits are local facies of the sedimeI 
tary formations deposited during each period of alh 
viation. Each of these periods in turn may correIa 1 
with a Siemin glaciation (tablEi 2). The hot-spring ell 
posits consist almost entirely of siliceous sinter and yer 
minor calcium carbonate. All primary sinter consists ( 
opal, but most of the older deposits h.~ve. bee~ . reCOI 
stituted into chalcedonic sinter. _. . . . 

Three well-defmed systems of faults have been reco~ 
nized in and ncar the thermal aren (pI. 1). An eas 
northeast system is parallel to the axis of Steambo: 
Hills. Post-LousetO\yn mo\'ement is as much as 100 fee 
and pre·Lousetown mo\'ement mn.y be considcrahl 
greater. Northwest-striking faults control Pine Basill i 
the west~central part of the thermal area and are appro: 
imately contemporaneous with the e..'lst-northea.st, sy 
tern. The third system consists of numerous faults tll: 
strike nearly north; some arc relati,'ely old, but mall 
displace alluvium and sinter of middle-Pleistocene :If 
and are therefore the youngest in the area. No fau 
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TABLE 2.-Tentative correlation of volcanic and sedimentary deposits with soils and Sierran glaciations I 

Siermn glaclatlons and 
Interginclatlon. 

"Little Ice Age,"' A.D. 
17.5O± 

Tioga 0 laclatlon 
Interglnclntlon 

Tahoe Glaclatlon 
Interglnclatlon 

Sherwin Glaclatlon 
Interglaciatlon 

McOee(?) Glaclatlon 
? 

Volcanic rock. 

Steamboat Hills Rhyolite 
Steamboat flows 01 Louse-

town Formatlon 

I 

Stream deposits Hot-spring deposits 

Recent 

I Allu.lum I Opaline sinter 

Pleistocene 

Alluvium contempornne- Opaline sinter 
ous with Lako Lahon- (:-<0 deposit3?) 
tan 

Allu.lum Opaline sinter 
:llud-volcano breccia (No deposits?) 

Pre-Lake Lahontan 
alluvium 

Opallne sinter 

Pediment gravels Post-Louse town chal-
Early deposits cedonlc sinter 

I Pre-Louse town alluvium Pre-Lousetown chal-
cedonle sinter 

• See White and others, 1964, p. B27, lor original table, description oC llthologlc 1 From Morrison (1961). 
units, and sourees 01 data. " 

displacement is clearly younger than the youngest 

So1l51 Lacuslrine deposits I 

I 
Post-Lake Lahontan and I Shallow post-Lake Lahon-

post-Tioga SOils; sub- tan lake deposit3. 
mature. • 

:lllddio Lake Lahontan ::: Sehoo(?) Forma-
5011; mature. 

~~g 
tlon. 

0- ~ 

Pre-Lake Lahontan soil; -;>0 Eetza(?) Forma-
.ery mature. ... tlon. 

I 
I 

) Pleistocene sediments. ": "" """ : : "",: ; , - " ,,~ " "","",, ;< " 

The Steamboat Springs fault zone, the largest of the 

lena and Whites Creeks, flow eastward toward the 
springs and discharge throughout the year. The prin
cipal streams of the Virginia Range, on the other hand, 
have little or no surface discharge during the long dry 
sununers. Sununer temperatures and rates of evapora
tion are relatively high in the chain of basins and along 
Steamboat Creek but are much lower in the adjacent 

) 

) 

) 

) 

north-striking system, provides the structural control 
for the Low and Main Terraces. The dominant evidence 
favors eastward-dipping normal faults (White and 
others, 1964, p. B4B-B50). Total movement may"exceed 
1,000 feet; nearly -all movement--was ""eadier' than " the 
local basaltic andesite flow of the LOllsetown Forma
tion. Fractures cut the opalin-e" sinter deposits, but move- " 
ment on the fractures is negligible. Open fissures" of the 
Main Te~race are for~~d from fractures by "acid leach
ing and disintegration" of sinter adjacentto"the " frac
tures "abo!e the water table; " the open fissures do not : 
form "by physical separation of the walls; "as formerly 
supposed (see-"remarks", table 1): -":'""'"":"- '-" !,'"""" ', 

The Steamboat thermal. area exists because of a com
bination -of favorable circumstances. -These include a 
long history of volcanisrrt'iri"" the area;-a large magma 
chamber calculated to have a volume of at least 100 km 3 

that has evolved heat and perhaps water and mineral 
matter for at least 100,000 years; and favorable topo
graphic, structural, and water-table relations. 

ISOTOPE GEOCHEMISTRY 

The isotope geochemistry of waters of the area has 
been described briefly by Craig. BoaJo, and "White 
(lD56) and "White, Craig, and Begemann (IDGi). 
Steamboat Creek, the master stream of the area, heads 
in 'Yashoe Valley and flows northward through the 
chain of basins and along the base of the hot spring 
terraces. Two main streams of the Carson Range, Ga-

ranges: ":,,::,::_~:-"} :~ o~:_ :"::' _~':"".!...:-.<"'=::-"- -'.< " -" ~" " :.. ":' " 
":" "Variations" in" the isotopic composition of Steamboat 
Creek water are primarily due to "evaporation during 
the summer months. The heavy isotopes, D and 0 18

, 

start to increase markedly in June, attain maximum 
values in August, and are "again nearly" "no:r;mal" during 

~and ~after '" October: The evi:Lporational trend line ' "for 
"Stea"mboat-Creek.is shown "In figure" 7, alon"g with -the 
unweighted average of all isotope analyses of the creek. 
, Water from deptlis-of-more -than "150 feet ,in the 

South Steamboat well near the southern limit of plate 
"1 consists, from chemical and physical evidence, of 
meteoric water migrating into the upper part of the hot 
spring system (White and Brannock, 1950). Isotopi
cally, "ater from this well is intermediate bet"een the 
runoff of the Carson and Virginia Ranges and is very 
unlike average Steamboat Creek water (fig. 7). 

The hot springs are nearly identical in deuterium 
content to water from the South Steamboat well, but 
they range from 2.0 to 3.5 per mil higher ill 0 18

• This 
major shift in 0 18 content is similar to the shifts that 
ha"e been obsen'ed in some other high-temperature hot
springs systems (fig. 7; Craig and others, 1956) and 
is best explained by exchange of oxygen between circu
lating meteoric water and silicate minerals that are 
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-100 Av~~ag~ · ~f' a·nalyzed ·samples. St eamboat Creek . . ,. , ... , - '. 

Evaporational trend line. Steamboat Creek 

Galena Creek 
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-150 
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\ 
\ ++ Steamboat Hot Springs 

Average. Virginia Range ' 
Average.South Steamboat well . 

1-15 i -10 

- -, . '-:. - ~ . .;. 
Steamboat Springs. Nev, 

." '.- "~.: : ,., ... 

.~: -'. . . ', ':.:' 

. -;- . 

-5 o +5 

1> 0" PER MIL 

FIGURE i.-Isotopic compositions of alJ..-nline and neutral hot-spring waters and condensed steam, with associated surface waters 
(broad-line symools). SMO'" means "standard mean ocean.wuter." 

being hydrothermally altered. Ot.her small ,ariations ' 
haye several diffcrent explanations, such as direct near
surface dilution of the decp thermal chloride water by 
water similar to that of the Sout.h Steamboat wcll (par
ticularly CYic1ent., as will be seen , in thc sout hem part 
of the Low Terracc, and by prccipitation that falls in 
a small drainage basin, shown in the western part of 
plate 1, but seeps undcrground and into thc Main Tcr· 
race system (e\-idcnt in records from the Rodeo well). 

The prcbomb tritium content of Steamboat Creek is 
not known, but it was probably between 4 and 8 T 
units (1 T unit=l tritium atom per 10" H atoms). 
'Vater samples collected from South Steamboat well , 
spring flO on the Low Tc rrace , and spring 1G on the 
:Main Tcrrace, each proye the cntry of some meteoric 
watcr of high T cont.cnt and nry short. subsurface 
trayel t.ime (1 month or less); the greatly dominan t 
component of each water is concluded to he of meteoric 
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origin with an age of at least 50 years· since isolation 
from direct contact with the atmosphere. 

Chemical, isotopic, and physical evidence, some of 
which is described in detail in the present report, 
fa,·ors recharge of small proportions of young meteoric 
water from at least three specific local sources: (1) 
direct precipitation of rain and snow on the spring 
terraces; (2) precipitation in the small drainage basins 
just west of the spring terraces; and (3) in the Low 
Terrace, but probably not elsewhere, direct shallow 
inflow from Steamboat Creek. 

:Most of the total water is also of meteoric origin with 
an age of at least 50 years. The isotopic evidence does not 
prove the existence of any water of direct magmatic or
igin (Craig and others, 1956); an upper limit of the 
quantity that could reasonably escape isotopic detection 
is probably about 5 percent, but the Rctual amount pres
ent may be as little as 1 percent. As reviewed by White 
(1957a), a magma chamber is the most reasonable source 
for the huge quantities of CO~, B, Li, Cs, As, and Sb 
that have been discharged during'the indicated life of 
at least 0.1 million year of the spring system. If these 
substances were derived from a magma chamber, they 
must have been accompanied by' some magmatic water 
or steam that is diluted beyond isotopic recognition by 
the dominant meteoric water. of the system . . :. '--- .' 

The water of South Steamboat well, and perhaps also 
of the wh()le spring system, may c<??sistof . ~ mixt~re 
from both the Carson and Yirginia ·Ranges; ,recharge 
evidently occurs near the ' base of ' each range, before 
evaporation. Steamboat Creek, once'view'ed as theniost 
reasonable source for recharge of the hcit:spring system, 
is clearly .eli;lninated ,on .i,sotopic . evi!:l{lnce .~a.s , a -major 

:::~~;~£~~}~~~:i!'~i~li~~~:";:· -. . -- . ~ .. ... ~. : . 

',:: Most ' or the' "early observers 'of Steamboat Springs ; 
were interested in qualitative rather than quantitative 
aspects of the activity. Table 1 contains a summary of 
the published observations. , '-'" - , . . 

Professor J. C. Jones and L. H. Taylor reported in 
1916 on a plan to pipe hot wnJer to Reno for spnce heat
ing. The ventu~e was not comr leted, but their material 

I \vas left in the possession of Profe~or Vincent Gianella, 
who kindly permitted its use in the present study. 
Jones and Taylor's observations are significant because 
the data are more quantitative than any of the published 
records, and because their work was done shortly before 
the first geothermal wells were drilled to supply hot 

water for the resorts of the area. As will be seen m 
another section, the effects of the discharging wells on 
the spring system c.an be evaluated only in part. The 
natural activity as it existed in 1D16 is therefore a very 

. important part of the whole study. For these reasons, 
the most pertinent parts of their observations are quoted 
below. 

Jones reported: 

there is no water flowing from the fI~ures in the western 
area [High Terrace of present report, pI. 1], although a little 
steam may be occasionally seen on cold days rising from the 
fissures, A shaft has been sunk some fifty feet on one of the 
fissures [shaft at 2650W, Tra,erse S (White and others, 1004)] 
and warm water is standing at the bottom • • •. About a hun
dred yards to the south a well was drilled about one hundred 
feet deep • • *. Hot water was struck that heated the drill too 
hot to bear on the hand. Water now stands within sixty feet 
of the top of the hole • • •. 

In the eastern area of sinter from which the springs are 
fIowing, the spring deposits co,er an area approximately 5,000 
feet lorig by 1,000 feet wide [Low and Main Terraces o,f pI. 
1] • • •. In the southern half (Low Terrace) the sinter deposit 
is from one to forty feet in thickness, resting on the disinte
grated granite that underlies the spring area. A few short and 
irregular fissures and pools are found on the surface and the 
combined flow of water from them is about twenty gallons per 
minute. The temperature of the water ranges from 150° to 180· 
[F] and the water is piped from one of the larger pools to the 
bath house near the railroad station [Steamboat Resort of pIs. 
1,3]. 

The northern half of the area (Main Terrace) comprises a 
terrace about 2,500 feet in length by a thousand in width and 
averaging 100 feet in thickness. This terrace has been entirely 
built up by the deposits of silica from the springs and rests on 
the decomposed granite below. On the upper surface of the 
terrace are several open fissures extending the length of the 
terrace. The boiling water may be seen at a depth of three to 
six feet below the surface and the fis~res ~rain out at the 
northern ends, forming a considerable stream. Numerous crater
lets and pools of boiling water are located towards the eastern 
border of the terrace and from their general alignment are 
probably located along"one' or two fIssuresrWuiing parallel to: ' 
the main fissures. __ , ., ":: .. ' ,,0 : •.• _ : .. .. ... ... " .... .. ... __ .. '.' 

Some years ago an attempt was made to drain the waters of 
the terrace by driving a tunnel at the base of the terrace about 
miuway of its length [old caved adit of pI. 3]. At a distance of 
100 feet a small crevice carrying hot water was struck and the 
operations brought to a standstill. 

L. H. Taylor's work, dated October 30, 1D16, contains 
the following: 

The northern portion of the • • • eastern area of sinter 
[~Iain Terrace of present report], in my judgment, furnishes the 
most dependable source for a hot ,":ater supply. Here the boil
ing water is already issuing from the ground at many places, 
and in considerable ,olume. 

The accompanying topographic map [reproduced here as fig. 
S] sbows tbis area with the points at wblch water appears at 
the surface of tbe ground indicated by small circles. The numbers 
on the map [unfortunately not shown on Gianella's copy] in-
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FIGUllE S.-Topographic map of tile ~Iain Terrace show
inS" location of flo\\inS" sprinS"s, October 1l)1(). 

dicate where measurements of the flow were made, with re
sults as follows reproduced here at table 3] :. 

TABLE 3.-Spring discharge observed by L. H. Taylor, loJain 
Terrace, September £5, 1916 

Taylor No.1 

1 ___________________________ _ 
2 __________________ __ _______ _ 
3 ___________________________ _ 
4 ___________________________ _ 
6 ___________________________ _ 
8 __ _________________________ _ 
9 ___________________________ _ 
10 __________________________ _ 
11 __________________________ _ 
12, 13 _______________________ _ 
14 ___________ __ _____________ _ 
15 __________________________ _ 
16 __________________________ _ 
17 _______ ___________________ _ 
18 __________________________ _ 
19 2 _________________________ _ 

Discharge 
(gpm) 

2. 73 
. 27 
.55 

2.27 
. G3 

42.64 
3.64 

13.45 
2.00 

51. 80 
25.90 
5. 00 
2.50 

10.00 
6.00 

10.00 

TotaL ___ -.______________ 3179.38 

Type or obser ... ntlon 

Measured. 
Estimated . 

Do. 
Measured. 

Do. 
Do. 
Do. 
Do. 

Estimated. 
Measured. 

Do. 
Do. 

Estimated. 
Do. 
Do. 
Do. 

I Not identified on only e:<!Sting copy or L. H . Taylor's map, reproduced as fig. 8 
01 present report.. . .. , 

, Estimated discharge Irom small springs in southern part or fig. 8. 
a or total discharge reported by Tayior. 148.06 gpm is measured. 31.32 gpm is esti

mated. In addition. discharge or springs in northern part or district. seepage on low 
ground. small overllows at numerous points. and water passing off in rorm of steam 
rrom holes and crevices not measured but believed very nearly, i! not quite, equal to 
total given above. In furthcr addition, estimated surlace flow in district south or 
area mapped (Low Terrace 01 present report), 60 gpm. . 

I have been acquainted with the Steamboat -Springs district 
for about 24 years and can say of my own knowledge that the 
volume of water flowing at the different points is quite variable, 
probably due to caving in the fissures near the surface and to 
sealing up of the smaller surface openings by mineral deposi
tion, or possibly to the opening up of underground passages 
which permit the flow of water to lower outlets, or into the 
gra vel beds in the lower valley floor. 

While engaged on stream gaging work for the U.S. Geo
logical Survey some 15 years ago, and later when in charge 
of the work of the U.S. Reclamation Service in Nevada, I have 
seen flowinS" from the springs on the terrace shown on the topo
graphic map (fig. 8), a volume of water which I have at vari
ous times estimated at from two to three cubic feet per second 
(900 to 1,340 gpm). In February last, in one of the open fissures, 
near the north end of the sinter terrace, which is now almost 
dry, a stream of water was flowing with a surface velocity of 
over one foot per second, as measured by floats, with a sectional 
area of more than two sC]uare feet. All of this water disappeared 
in the closed part of tbe fissure further nortb, and no part of it 
overflowed at this point. 

[This observation is interesting but of doubtful value; 
tracer experiments have shown that com-ection occurs 
in some open fissures, related to sites of vigorous sub-· 
surface boiling with no net discharge, thus duplicating 
conditions recorded here by Taylor.] 

Some years as"o at Steamboat Springs station [Steamboat 
Hesort of pI. 3], a shaft was sunk to a depth of 70 feet by Col. 
J. W. Hopkins and associates. [This is probably the snme shaft, 
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aftl' r furth e r ueepenill ;::', that was obser\"ed by Lindgren in 
1:)01 t table 1) : it is now useu for hot yapor baths in the 
Stealllhoat Resort: its llepth in 1WG was ·W it below the floor 
.. r the huiltlin g- J. To unwater this shaft. a pump with rateu 
"apadty of ::00 ;;allons per lIIillute. operated lJy a I:! horsL~ 
power ;;asoline motnr, was us eu. The l:apacity of the pump was 
!lot sullkient to take ('are of the water so as to permit s inking
Ilelow ,0 or I::! fl'l't. The \\'ork of ~inkin;; this :;haft continueu 
1I\'('r ~e\'(~ral months. hut llurill;; that time the flow of water 
on the terra(:p to the north. ('o\'ereu by the topog-raphic map. was 
lIot Ilotkl'ahly atIedeu. 

In yie\\' IIf the fore;;oill;;, I ha \'e no he~itancy ill expressin;; 
lh l' opillion that at lea~t [wo. allU pos:;ilJly e\' cn more than 
thl·"l'. l:uhie fel'r of \\'atl'r jJl'r ~1'1· ()1ll1. l''lUi\,:lll'llt to 1.:300.000 to 
approxilllately :!.OOO,OOO ;;allons per uay. call be ue\"elopeu in 
the lli:;trict. 
. , " ~ By far the greater llortion of the surface flow of water 
;Ippear" on the terrace DIaill T"I'fal:e) IJetween the ~.C;;;O and 
-t .Ii';; ('lIntour~ . and j,; (' \' illently fl owillg in a northerly uirection 
in the roek ne\'iee" leuuing from the higher grounu to the 
:;outhwaru. 

[The many dischnrginl! springs and points of \'isible 
\yater in t,he north half of figlll'e 8 contrast strongly with 
the situation during l!)-!;j <tnll later years, when water 
was \'isiIJle only at times in \'ent 2111 and springs 53, 53c, 
aud53\\' (tubles 4: and 5) .] 

TABLE 4.-Recorded springs and geysers, Steamboat Springs, Nev., 
listed by area and alWude 

Spring 

41 •••••• 1 

40 • • • ---' 

~4sw···· I' 
:.?4w w __ _ 

I 

. i 
i~t~~ ~ = : : l , 

I 

:2"2 t _. ___ : 

[Loclltions shown on pI. 3 unless noted] 

Altitude 
01 vent 

(Ieet) 

:\lllXi· 
mum 

recorded 
tempera· 

ture 
(0 C) 

4, 6i6, 8 I Boiling 

4, 6i6. 6 1 Boiling 

4, 6i5. 51 Boiling 

4,6;3 Boiling 
I 

4, 'j;1 Ii Boiling 
4. 667. 9 Boilin~ 

4,666.8 

4. 006.3 

Location Ilnd remarks 

r.Wn Terrace 

Crcst of terrace. Geyser, active April to June, 1949, 
(rom lIew ,ent. Erupted maximum 4 (t above 
~round, negligible discharge, most returned to 'ent. 

Crost o( terrnce. Geyser. Ilctive at intervnls 1947, 1950, 
1952. ~laxlmum hci~ht about 8 (t above ground; 
slight e,lernal dlsch31'gc. 

No31' Rodco weli . Goyser, smull , observed eruptin~ 
Fell. 1947 Ilnd June 1953; lIttle, Hany, other aClivity. 

Northenst ot Hodeo weil . Goyser, nctivo Ilt intervals 
1947-48, 1951. ~11l,lmum height HH2 It in Febru· 
arY,1951. 

West o( drill hole GS-5. Geyser, Small, active 1951-53. 
~orth-ecntr:ll part of (errace. Geyser, occasional 

eruption 1945-tS, 1951-52, to nluximum height of 
3 (t. 

:-;orlh o( :-;emda Thermal Power Co. weli~. Spring, 
disch:ll'ge<i at inten'als 1045--19, 195~. 

:-;ortheast o( Hodeo weli. Spring, <i isch31'ged at in· 
tervals lCJ-I5 . IUSl-.5:!: related to :!3. ::3n . .>;oted (or 
high content of hC:lY V metals in sedime nt. 

~L .. ... ' 4,titiS.S 95J:i! East o( ~4 . :; pring, disci'31'ged as tn' ,ch as 5 gpm early 
I in 195~ ; (!ischar.o includcd with ~4. , 

H)nw __ _ : 

'..'J 1 . _ . _ . ' 

.i l • . .. .' 

.' 11 

:': :1 \\, . ••• 

55 ; Xorthwrstcrn part ot terrace. ~pring. obscf"reu dis-
, charcif1~ !1 gpm. June 1953 . 

4, GGJ. 4 95 1 j ' :'\o rthl'3.St o C ).; l! V;1U;J. Thl'rmal Pow~r Co. well:! . Pul
sat11l1.: spri m:. uischarJ!oo a t intcrvals 1'.145-4u. HHS-

I .'~ _ 1 D ' l ' :, 4~; rc iateu to :!4 . :.!In. 
"J . V< J~ . j 01 lIlg . :"orth of :!3. :;mall l!~y5c r. 5twlieu in rl N 3il t!uri ns;t 

4.W2. 3 

" . t~ l.:.! 

4, GOO. 0 

4. GOO 

~. ti59. Y i 

intt.~rv:\l s of act int y H.I4.!J-:JJ: rt'btl~tI to :.!J . b. 
951:!i ~c!U' south ('1111 oC ll'rr:1CC. :-5 pri n::: , intervals oC dis

ch :U"~e 1 ~ ·It;"' :;:! : rt' i:HCd to :.!. :':nw . 
~orth '''',(,lItrai part o( tt'rr:u.'t'. ~pruu: . i nt ('r~a ls of d is

chan:e I ~H5-1l i . 1~51-5:!: rc!atl'd to l~n . 
:-':orth +1.."t'mr:\I part oC tl'rraC't!'. ;o; pri nl::. cont inuous d is

eh:ln::c l'U't,'pt (nr win tl'r 1~147'-4": rt'btetl to : . .'\)11 , 
t)(J :-:otHht'rn t~ lHl u( terr:ll."'e . $ prillJ.:. activu willll'r 1!147-

SI 
-IS: rl'latrd to :!. :; , 

:-':orth-<.'C ntrru paC[ oC t('rracc. :5 pring, continuous dis
chllJ'ge 1~~6-5 1; related to 19. 

, S prin~s m easured when d ischarging and included ill computations (or pI. 4. 

T .\DLE 4.-Re~ordeel springs and ge,Ysers, Sleamboat Springs , Net'., 
Iz sleel by area anel alillude-Continued 

I 
i Altiluole i ~~~; ! 

S prin~ i of \'ellt i recorded ! 
I «(eet) . tempera· . 

Loc:ltion and rem:Jl'.L::s 

I
I turc . 

(0 C) 

~fain Tcrrac~Conlinued 

15w _ ... ~ 4, G59, 7 ; IJ3 I East-contr31 . t'd s;:c of tcrral"e. Pul sal1m: spring, d is-, I ch:ll'get.! wlIlter 1 ~5O-5 1 as much :t.S ~ gpm. 
:! 1._._. _1 4. G59. 0 j 00 Southern end oC terrace . S pring, continuous uisch3l'~c: 

I I 1 relaled to ~nw, 5. 
15sw._._ ! 4, U5.S. 7 , Boiling I En..."l-l'entral edgo or terr!lC'(.' . Gcy~('r . small. acti,,;,c 

I I summer 3n<i Call . 1 ~50 : relatcd to 15.:;. 
17 1 ._ •• _ ; 4. U:;S. 5 ! tJ5! '~ i ~orthe:lSt oC ~c\"ada 'l'hcrm:.ll Power well :! . S print: 

I , pulsatin~ at times . , li schar~ed a t intervals 1945--16: 
I I U14~5 l; rc lated to :.!7. 

:!On 1._ •• 1 4. G5S.::! Cg~ 1 :-';orthern P3.rt oC tcrr:\oo. Sprim:, continuous dis-
I I charge 19';'S 10 e:ll'ly 1950: related to 2'J . 

18 I . •••. ! 4. 057., 96 I' :-;orthenst of :-;evada Therm31 Power Co. wcll ~ . 
. Spring. continuous discharhc e~cept [or brice in 

I
· i tervals 1945, 1949. 1952; relaled to 23, 23n. 

14w . .•• 4, 05;. 3 Doiling I Enst-cenlral edge o( terrace. Geyser, smull, active , 
spring and (all, 1950. 

15S"""1 4,05i S9~1 Ellst-central edge o( terrace . Pulsating spring, actlve 

34n . .... 

34' ..... 

21s 1 ____ 

16' .. .. . 

16se ' ••. 

13nw • • • 

14 .... .. 

3 I ...... 

42 ••••.• 

ll ... . . . 

27 1 __ • • • 

13' .... . 

21 I ... __ 

10 . ..... 

12 1 ___ _ . 

1 
52.." "1 

:?SI· .. .. I 
8 , ...... 1 

, 
40.··· .. 1 

i 
43 .... .. i 

I 
0· · · · .. ·1 

51.. ... .1 

4, 056, 1 

4, 656 

4,655. i 

4,655. 5 

4,654.9 

4,654.9 

4,654. 5 

4,654.4 

4,654.4 

4,654.2 

4,653.9 

4,653.4 

4,653.3 

4,653. 1 

4,653.0 

I 
Xovember 1950 to Seplember 1951: related 101SSw. 

77 Enst-centml edge of terrace. Spring, dischargcd as 
much as .H gpm when acti..-e 1950-52. 

Doiling Xorthern plln of terrace. Geyser, small, splashing 
I Ilbove ground, summer of 1950: a subsurface geyser 

Ilt some other times: related to spring 34 .. 
90 South o( 3m. Spring, pulsating discharge 1946, reo 

lilted to intermittent vigorous boiling in same 
fissure 6 ft north; reillted to 34n geyser. 

iaJ1 N f':;~37:. ~f.n o( terrace . Spring, nctive 1950-51; reo 

95 East-centrnl ed ge of terrace. Pulsating spring or con· 
tinuous spouter, active 1945; related to ISse and 
others to the south . 

95J1 Enst-<:entral edge of terrace, Pulsating spring, active 
1950·52; related to 16. 

90 East-central edge ot terrace. Spring, Ilctive June 1945 
and 195(}-52, discbarge as mucb as J~ gpm; related 
to 13. 

93J1 East-<:entral edge of terrace, Spring witb seeping 
d ischarge June 1945 and October 1949 through 1952. 
Near normlll composition when discharging but 
slightly to stronp!y acid when not; pH Ilnd chloride 
content decreased with receding water levels in 13, 
16. 

is Southern part oC terrace. Spring, continnous dis· 
chllrge. 

95 East-central edge of terrace. Spring, Intervals oC 
seeping discharge 195(}-52; related to 42w, a non· 
dlschnrging vent. 

S5J1 Enst-central edge of terrace. Spring, intervllis of dis· 
charge 1945.1951-52, lIS much as J1 gpm. 

95 North-<:entral part of terrace. Spring, intervals oC 
dlschllrge 1945-47,1950; related to 17. 

Bolling Ellst-central edge o( terrace. Geyser, intervllis of ac· 
tivity 1945 and 195(}-52; maximum height of 
eruptlon, 12 It; reluted to 12, 14. 

91 Northern part o( temlCe. Spring, actlve 19-15-.50; re-
lilted to 21s. 

;9 East-central edge oC terrace. "Low ternperaturo" 

4, 652.61 BOiling 

i 

geyser, gassy. Sllght discharge 1946-47, 1949-52; 
mll,imum rate about 5 gpm during eruptlon De
cember 195!. 

East-centra1 edge o( terrace. Geyser, active Decem· 
bel' 1949 to Jllnuary 1951, erupting to mllximum 
height 25 (t; related to 13. 

4, 652 II 

4,051. 5 

4,64;.8 I 
i 

4,639. 1 ! 
4,635, G i 
4,634. 0 i 
4,5S3 ! 
4,.567.9 I 

51 I Spring, southeast 01 spring 2 and south of Ill' ell oC pI. 
3. Intcrvals o( seeping discharge 1945--18 lIS Ir.ucb ns 

I 
Hgpm. 

95 N orth-central part o( termce. Spring, Intervllis of 
dischnrgo 1945--16. 1948·49. 

93 i East-central ed~e o( termce. Spring with contlnuous 
i small discharge 1945 to Septcmbcr 1952 when d is· 

char~e ceased. Deposited sti bni te needles at su rCace. 
66 Southenstern part o( lemlCe. Gassy spring \\ith In· 

tervals ot discharge ns much :IS 1 gpm, genemllr 
dunng w inters . . 

SO ::-<ear ellst base of tcrrace esst o( <lrill hole GS-I. 
Spring with inten'3ls orseepin~ d isci: ,:he. 1~5-47 . 

!)() X ('ar C3st b :1S0 of tcrr.1Cc. Sprin~ w ith inten-nls oC 

,5 
d lschan:c :is much as L, gpm. ~eocr..llly in winter. 

E3sH:entml b3se oC terr:lCc . .:'\ o t a rutur3l' sprwg; 
dischan::e Cram old auit . :\bout 4 c-pm . 194.)-.):! . 

90 :-;orth o( terr:lce Isee pl. 3) , nd 300 tt southenst or 
Enst Heno well. l'ulsatin~ ciisch3rge 1~45-5~, only 
whcn E:lSt Reno well not erupting; maximum d is
d130!'C about:! ~pm . 

~OO (t west ·southwest o( 53. C;eyser,smnll, active (rom 
:! \'cnts January to .\prill94S . 

53e .. . .. : 4,559 

i !Joiling 
. ss ::!SO rt c:lst·north east of 53. :;pnn~ . hrief intcn'nls of 

disch :ln:o when £:lSt Hceo well not erupting; rnn.'t
Imum dischllrge ubout ~ gpm. 

1 Spnngs mellSured wh en dIScharging und included in compumtions (or pl . 4. 
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CI8 GEOLOGY AND GEOCHEl\fISTRY OF THE STEAMBOAT SPRINGS AREA, :NEVADA 

TABLE 4 .-Rccorded springs and geysers , Steamboat Springs, Nev. , 
listed by area and altitude--Continued 

~hui-
Altitude mum 

Sprillj: of vrnt recorded Location and remarks 
«ect) tempera-

turo 
(0 C) 

Lo" Terrace 

[Located on pI. 3 unless no~dJ 

·- ----- -1 4. 6:!S. ' 1 BO~ling 1 Korth"'cstcrn part 01 terrace on old rond to ~!nln 
T errace; pcrhnr,s more related to ~Iain Terrace. 

I I I Geyser ul\(l pu salin~ spring. dischnr~ed at short 
Intcr .. nls 1945-4G. 1945. at rates less thnn I !:pm. 

3Os ______ 1 4.6:!4 lJolling En.<l-ecntral part 01 terrace. Geyser. small . splashln~ 
nbo\"c surface nt tntcrl"ws 1945, )9'(7-4S; related to 

I No. 32 Goy,.,r well. 
32. ____ '1 4.623.3 Boiling En.<t-ecntrnl part 01 terrace. Abandoned " 'ell eruptln~ 

as major ~eyser as much as 70 It; active 194'>-52 
commonly DCor I week intervals; eruptions in· 

3On. __ __ 1 
fiucn~ all nearby vent. 

4.623. I Bollin~ Northeast 01 32. Gey><r and pulsnting spring. acti .. e 

31s __ ____ 1 
1945; dischar~ed as much as 1 gpm; ailocted by 32. 

4.623 Bolling I Northeast 01 3'~. Gey,.,r. small, raro eruptions 1950 
related to eruptions 0132. 32se _____ 

4,623 Bolling Southeast 01 32. Gey><r, small. activo at in~rvals 
1947,1950-52; eruptions related to wa~r level of 32. 

3"..e _____ 4,623 Bolling East 01 32. Geyser, small, rare eruptions 1950 related 
to eruptions of 32. 31n _____ 4,622.4 Bolling Northeast of 32. Goy><r, with oaly known eruption 
Juno 1946; discharged as much as 1 gpm In June 
1950; water level .. ery responsive to 32. 2Sss __ ___ 

4,613.3 95~ Northern part of terrace. Spring, activo 1949, dis-
charged as much as ~ Wm; related to 25. 

25 1• ___ _ _ 4, 612.7 96 Northern part of terrace. ulsating spring, discharged 
194'>-50, 1953, except for brief intervals; related to 
nearby springs, especially 26. 

2Ss 1 _____ 4,612.7 96 South of 25. Pulsating spring, active 1950-52; related 
to 25. 26' ______ 4,612.7 95 North 01 and rela~d to 25. Geyser and pulsating 
spring, small. active 194.>-46, 1948. 

26nw ___ 4,612. 7 86~ Northwest 01 25. Spring, with intervals of discharge 
19H-50 as much as 1 gpm. 44 ___ • __ 4,606.6 51 Northern part of terrace. Spring, continuous dis-
charge 194'>-52 as much as 1 gpm. 54 __ ____ 

4,600.8 45 Northe3S~rn part of terrace. Spring, continuous dis-
charge 194'>-52 as much as 1 gpm. 

33 ______ 4, 594.7 60 Southeastern part 01 terrace. Sprins, almost con-
tinuous dischar~e 194.>-52. Measure but discharge 
strongly affected by Steamboat wells . 

50 , ______ 4,594. 4 60 Northeast edge 01 pI. 3. Spring, continuous discharge 
194.>-52. 5On _____ 4,594. 2 50± Northeast ed~e of pI. 3. Seepage, no main vent, 
continuous discbar~e 194'>-52 as much as 1 gpm. 

44e _____ 4, 590 50± Northeast edge 01 pI. 3. Seepage area, continuous dis-
charge 194'>-52 as much as 1 gpm. 

44ne ____ 4, 590 5O± Do. 
47 ______ 4,584 .5 On creek east 01 terrace (~e pI. 1). Continuous dis-

charge, total Irom several vents about 8 gpm but 
submerged b y creek during high stages. 46 ______ 4.575.9 77 On creek northeast 01 ~rracc . Spring, continuous 
dischar~e as much as 2 gpm 194'>-52 but submerged 
by creek durin~ hi~h sta~es . 45 __ ____ 4. 575 71 I On creek northeast 01 terrace. Springs with contin-
uous dischar~e as much as 3 gpm bu t visible only I during lowcst stages 01 creek . 

, Springs measured when discharging and included in computations lor pI. 4. 

PRESENT ACTIVITY OF NATURAL VENTS 

The term "activity/' as used in this report, includes 
(1) discharge of water at. the snrface, from hot. springs 
and geysers; (2) discharge of other gases at the surface, 
with or without. liquid 'Yater; and (3) all subsurface 
circulation of fluids, some of which is t.hermal water 
that flows below the surfacc and escapes unseen, di
rectly into Steamboat Creek. 

The locations of springs arc determined by many 
facU>rs. 1\ ormal sprillgs of continuous discharge occur 
where the water table intersects t.he topographic sur
face. If i he ,,'ater table is not too far below the sur
face, thermal watcr can be discharged in perpetual 
spouting springs and geysers. ~rany yonts discharge 

only sterun (or water vapor) and other gases from a 
water table that is below t.he ground surface. 

The estimated position of t.he water table is shown 
on a.ll sections of plate 2; most of the basic data on water 
levels are shown in tables 4 and 5_ 

DISTRIBUTION OF SPRINGS AlIo"D FUMAROLES 

All springs known U> have discharged from .Tune 
1945 through the spring of 1953 are listed in table 4, 
according to principal area and altitude. Data for the 
systematically measured springs, with certain excep
tions mentioned below, are shown on plate 4. 

Most springs of the Main Terrace are near t.he crest. of 
the terrace on the eastern flank. The altitude of nearly 
all these springs of plate 4 is within the range of 4,634 
to 4,676 feet. The springs of highest discharge lie be
tween 4,651 and 4,667 feet, in close agreement with 
Taylor's obsermtions. Of the 46 springs of the Main 
Terrace, 13 have erupted as geysers (White, 1967b), 
and 6 have been pulsating springs. Only three springs 
(Nos. 2, 3, and'8) discharged without interruption from 
June 1945 to August 1952 (pI. 4), and one of these (No. 
8) ceased flowing in the fall of 1952. All springs with 
continuous or nearly continuous discharge are relatively 
low in altitude. 

The springs that are highest in altitude are also high 
in temperature. Although some at lower altitudes are 
near boiling, most are considerably below boiling. The 
facu>rs that influence temperature at point of dis
charge are discussed on pages C87-C89_ 

The Low Terrace (pI. 3) is a subsystem distinct from 
but similar U> the Main Terrace. Most springs discharge 
at altitudes between 4,612 and 4,624 feet (table 4). Of 20 
springs on the Low Terrace, 9 have erupted as geysers 
and 2 have been pulsating springs -Without geyser ac
tion; 6 discharged continuously during the observation 
period, but, of these, only spring 50 was measured sys
tematically and is included in the computations for 
plate 4. The other five springs (44, 54, 50n, -Me, and 
44ne) are a.ll sma.ll and hfLVC discharges of about 1 
gpm or less. 

The high-fLltitude springs of the Low Terrace are 
the hottest, and the low-altit.ude springs on the east 
and north border of the terrace arE' much below boiling. 

Table 4 also includes three springs (45, -lG, and 47, pI. 
1) on Steamboat. Creek east. and north of the Low 
Terrace. These springs are probably indicat.ive of many 
unseen small springs that discharge directly into Steam 
boat Creek. :Measurements of total discharge and chlo
ride content. of Steamboat. Creek llUYe, reyealed that 
much chloride-bearing water is flowing unseen direct ly 
into the creek. "\bout. 100 gpm (gallons per minute) of 
this unseen thermal water, assumed in the calculations 



) 

) 

) 

) 

) 

) 

) 

HYDROLOGY, ACTIVITY, ,\},iJ) HEtAT FLOW 

TABLE 5.-Altitudes of some wells, natural vent.s, and water levels in the Steamboat thermal area 

[~reasurcmcnts In leet) 

G8-1 _______ W'":':'_M_' _________ -I Low Torr",:~:'~ _____ ___ ___ I G~: :::":'1 

J, hole;~~~ ~ ~~ ~~~~~~~~~~~ ~ ~~~~~ I : i~I~~~m~~~~~~~~~~~~~~~:, J: Iii: I 
-L __ __ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ __ East of :Main Terrace_ _ _ _ _ _ _ _ -1, 572 
5 _________________ ___ _____________ do__ _ _ _ _ __ __ __ __ __ _ _ _ __ 4,572 
6 _________________________________ do ___________________ ._ 4,676 
12 ___________________________ West of ~hin Terrace_'_______ 4,680.6 
13 ________________________________ do_____________________ -1,677.1 

South Steamboat weIL _____________ Low Terrace________________ 4,611. 1 
Steamboat weIl4 _______________________ do_____________________ 4,612.8 
No. 32 Geyser weIL ____________________ do _______________ .______ 4,623.4 
J\iIurray ___________ __ _____________ Northeo.st of Main Terrace___ 4,533 
Harold Hen: L __ ________ _________ North of J\iIain Terrace______ 4,606.4 
Harold Herz 2 _________________________ do_____________________ 4,598.0 
Mount Rose ___________________________ do_ __ __________________ 4,595.1 
East Reno ___ __________________ __ ____ __ do__ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4, 588. 2 
West Reno ____________________________ do_____________________ 4,607.5 
Senges ___ ~ _______________________ Northwest of Main Terrace___ 4,649.6 
Murray weIL _____________________ Pine Basin__________________ 4,787.0 
Rodeo_____ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Main Terrace__ _ _ _ _ _ _ __ _ _ _ __ 4, 676. 7 
Nevada Thermal Power Co.: 

4 ____________________________ West of Pine Bo.sin ____ __ ___ _ 
5 ________ ________________________ do ________ _____ _______ _ 
6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Pine Basin _________________ _ 

Vent 35_ __ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ __ _ _ Main Terrace ______________ _ 
Vent 36 ____ _________ __________ ________ do ____________________ _ 

Spring: . 22 ________________________________ do _______ _____________ _ 
21sw ______________________________ do ____________________ _ 
21 ________________________________ do ____________________ _ 
16 ________________________________ do ____________________ _ 
8 ___ ___________ ___________________ do ____________________ _ 
21n _______________________________ do ____________________ _ 
6 _________________________________ do ____________________ _ 
25 _ ___ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ Low Terrace ___ _______ __ ___ _ 
33 ____________________________ ____ do ____________________ _ 
50 ________________________________ db ____________________ _ 
53 ________________________________ do ___ _________ ~ _______ _ 

(4,870 
(4,875 
( 4, 790 

4,676.8 
4,675.5 

4,666.8 
4,667.3 
4, 653. 1 
4,654.9 
4, 647. 8 
4, 648. 8 
4,634.0 
4,612.7 
4,594.7 
4,594.4 
4,567. 9 

I 

nangO in recorrled I 
depths to water le,"el I 

I 
I 

1 -6.0-+52 I 
-37. 1--51. 7 
-G. 3--14. -1 

I 
1 -3:!:-+65 

-6. -!--+60 
-1-13--154 I -10{}--121 

I -15.1--30.0 

-6. 5 I 

-7.8 I 
-0.4 I 

-15.4 I 
-10.2 

I -12.4-+2.1 
-6.7--2-1 

2 -0--3 
-12.9 

- 53. {}-- 60. 2 
-55.1--55.6 
-52.8--56.5 
-6. 1~-9. 3 

-26.2 
3 -11--38.4 

3 -70?--112 
-6. 7--15.6 

-217 
-234--282 
-95--115 

-7.5--10.3 
-6.7--8.3 

o when flowing 
-6.0 

-1--0 
-2--0 

0 
-10. 5--12+ 

-1--0 
0 
0 
0 

-2--0 

I Positive wellhead vapor pressure highest during or i=ediately alter eruption, 
expressed as leet oC water. 

, From drillers' old reports. 
I Est!nJated. 

, I=ediately alter an eruption, water level Is much lower than Indicated here. , See telt. 

Best ,""luo lor 
depth to water 

tablo 

-5 
--11 
-8 
-3= 
-5 

-1-18 
-112 
-30 

-6.5 
-7.8 
-9.4 

-15.4 
-10.2 
-7 

-13.5 
.5 

------------
-56 
-55 
-56 
-6 

-26 
-11 
-70? 
-8.6 

5 -95 
5 -120 
5 -86 

-8.9 
-7.5 

near 0 
-6 

near 0 
-1 

0 
-12 
-1 

0 
0 
0 

-1 

CI9 

, Approximato 
: altitudo 01 water 

tablo 
------

4, 618 
4, 680 
-1, 668 
·1,662 
-1, 656 
'1,600 
4, 915 
4,577 

4,565 
4,564 
-1, 667 
4,665 
4,667 
-1, 60-1 
-1,599 
4, 623 
4, 520 
4, 550 
4, 543 
4, 539 
4, 582 
4,581 
4,639 
4,717? 
4,668 

.....,4,775 
"""4,775 
.....,4,705 

4, 667. 9 
4, 668. 0 

4,666 
4,661 
4,653 
4,654 
4,648 
4,637 
4,633 
4,613 
4,595 
4,594 
4, 567 

to contain 820 ppm Cl, is discharged opposite the Low 
Terrace, and about 150 gpm opposite the :\Iain Terrace. 

Hot springs do not discharge in the western part of 
the thermal area, even where favorable structures exist: 
because the water table is too far below the surface 
(fig. 5), Sinter Hill and the High Terrace were ycry 
acti\'e sites of discha.ge in the past when the water table 
was much higher ('Yhite and ot.hel'S: 1%-1:): bllt pres
ent activity visible at the surface consists only of :l few 
feeble fUlllaroles and other local "hot spotS" related to 
rising gases (silic:t pit: ciay qllarry, and ot her places). 

major extents the rates and temperatures of discharge. 
'Yhere the genern.l wat~r table is below the surface, dis
charge can occur from a. vent that is either a geyser or 
a perpetual spouter. 

FACTORS CO::o.'TROLLIXG DISCHARGE 

'Yhere the water t..'l.blc intersects the ground sur'face, 
geologic structures and permeabilities determine to 

In parts of the thermal a.rea: the water table is so close 
to the gl'Ound surface that many factors determine 
whether disch:Lrge occur'S, and if it does, the mte of dis
charge. Stated in anot her wn.y, the position of the water 
ta.ble at. any single location and time is :t resultant of 
Illany compet,inl; factOl'S: :L change in any factor changes 
the position of the \vater table: if the water table is at 
or above t he ground surface: changes in discharge occur. 

The factol'S to be considered in this section include 
(1) precipitation, (2) barometric pressure, (3) eart.h 
tides, (4:) earthquakes, (1)) discharge from geothermal 
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ye;Lrs are implied but not. considered in detaiL These 
include major climat ic change; erosion and sediment..'l.
tiOll of Steamboat Creek, which determines base-Ienl 
of the water t~lble of the surrounding area; changes in 
the 11Ia:;nlatic hearth that. supplies the heat. of the sys
tem: structural eTeilts, yein filling, and chemical solu
tion that create new cLannels or change permeabilities 
in old channels. 

Of the six factors that cause short-term fluctuations, 
the most important is precipitation, on all scales from 
single storms through seasonal, annual, and longer term 
changes. )1nny readers may be surprised to learn, how
e\'er, that changes in barometric pressure are more im
portant. than precipita.tion in determining most day
to-day changes in discharge and water level. The water 
table is a: delicately baln.nced system that is highly 
responsive, especially near the crests of the Low and 
Main Terraces, to changes in any controlling factor. 
Thus, when the pressure of the atmosphere on the water 
surface increases, the water level declines, and vice 
versa. The water table, then, acts as an inverted ba.rome
tel'. The liquid in one type of familiar barometer is 
mercury, so thRt we normally express barometric pres
sure in terms of inches or millimeters of mercury (1 atm 
of pressure =29.92 in., or 760 mm of Hg). Air pressure 
can also be stated in terms of water (1 atm=33.899 ft 
water at 4°0). 

The effects of barometric pressure are considered first 
because the day-to-day changes are prominent, effects 
are almost immediate, and effects are more nearly pre
dictable quantitatively than for any other factor. Rec
ords of water levels and spring discharges can then be 
corrected to an assumed constant barometric pressure 
and examined for more obscure or less predictable in
fluences. These in particular include earth-tidal influ
ences ancllag eft'ects of precipitation. 

IXFLUE.. ... CE OF DARO;o.IEl'RIC PRESSURE 

NONFLOWING VENTS 

Ohanges in barometric pressure haye very pronounced 
effects on water le\'Cls in nonflowing vents in the high 
southwestern part. of the ~Iain Terrace (pL 3), \\"here no 
discharge of 'Yater occurs other than the eruption of an 
occasiona I small geyser. K orthward along the main fis
sure system, altitudes of the terrace crest decrease until 
the water table intersects the ground surface and springs 
can discha r~e . ~\. s might be expected, a flowing spring 
can show a major change in its rate of discharge in 
response to a barometric change, but. actual change in 
altitude of the water surface of the spring is slight. 
Thus, a discharging spring greatly lessens the changes 

FIGURE . 9.-Spri~g 24 near crest of Main Terrace, discharging 
water dark with suspended silica and metal sulfides. This 
spring is also very responsive to changes in barometric 
pressure. 

that might otherwise occur in the water levels of nearby 
nonfiowing vents. For example, spring 24 (pl. 3 and 
fig. 9) rose only 0.1 foot in altitude from September 14 
to 21, 1945, while its discharge was increasing more than 
600 percent. At the same time, the water level in vent 35, 
which is 1,106 feet to the south, rose 1.4 feet, and in vent 
36, which is 400 feet to the south of spring 24, the water 
level rose 1.1 feet (table 6; pI. 4, curves E, F). In con
trast, the rise in vent 37, about 100 feet southeast of 
spring 24, was only 0.15 foot, or only slightly more than 
in the spring. 

In the series of measurements shown in table 6, baro
metric pressures in inches of mercury are also shown as 
equivalent feet of cold "ater. If a hydrologic system 
behaves as a perfect but inverted water barometer, a 
decrease in air pressure equivalent to 1 foot of water 
should result in a rise of 1 foot in water level. The baro
metric efficiency (expressed in percent) is the change in 
altitude of a water le\'el di\-ided by the change in baro
metric pressure as expressed in linear units of water. 
Inches of mercury may be con\'erted to inches of water 
(assumed temperature 4°0 and relati,'e density 1.000) 
by multiplying by 13.fi+G. A correction for density dif
ferences related to thermal expansion in the system may 
also be applied, if known. The water il1\-olnd in such 
changes at. Steamboat Sprillgs has a relati\-e density 
close to O.!JG at 100°0 and O.!IO at 170°0, neglecting 
minor salinit.y efl'ects. Because of many uncertainties in 
the density differences of all water actually involved, a 
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T.\DLE G.-Barometn·c inJluence on nonJlowing vents of the ][ain Terrace, September 1945, in order of decreasing allilude of water level 

:\leasurcment 

U;i).· ... · .... .-.. .-.. .-.... .-.-.-.-.. .-.-______ .. ________________ .. __________________ .· ____ .·.-.-__ .~~;'::: I 

Sept. It 

~5. 53 i 
:!S.93 : 

i 

Sept. ~l 

~5. OS I 
~8. 41 

Sept. ~s I A.-or:><:a Sept. I DilTerenee Sept . ~l Crom ".-o=e 
It <lJld ~S oC Sept. It <lJld ~S 

D=metrie pressura 

-O.5:! 
- .5!J 

~5. r,o I 
~'9. 07 

~5. 00 I 
:!9. 00 

Depth, in Ceet, below reCerence points .. \ .... er:ll!e altituda 
of water !e\'"el 

Sept. It and ~S 
(Ceet) 

DilTerenca Sept . 
:!l trom a\'e~e 
oC Sept. B <lJld Yellt 

Altltuda ((eetl 
reference point 

A yernoa Sept . 
H "nd ~S 

Sept. It j Sept . ~l I Sept. ~3 I 
36 ____________ -_-_-_-__ -_-_._-_.-_.-_-__ .-_.1--

4
-,-6-7.-').-1-

1
-----7-.-.1-7 1--=-6.-36-

1
---13. 70-1-----7-. -09'-

~S (Ceet) 

35__________________________ 4, G7G. 2 -8.88 1 -7. 4~ 1 -7.92 -8.40 1 
37._________________________ 4,667.6 -1.:!0 I -1. 00 I -1. 3·1 -1.:!7 

·1,668.0 
·1, 1367. 8 
·1,666.3 
4, 661. 3 
4, 655. 1 
4,654.6 
'1,654. -1 
4, 653. 5 
4, 652. 2 
4, 650. 8 
4, 635. 4 
4, 6~3. 7 

+0.73 
+. !}1 
+.22 
+.37 5___________________________ 4,13134.0 -3.08 -2. 31 -2.27 -2.68 

15_______ ___________________ 4,655.:2 -.11 - . 09 -.06 -.09 .00 
+.06 
- . 02 
+.07 
+.07 
+.12 
+.09 
-.22 

34__________________________ 4,657. 6 -3.01 -2. Q6 -3.04 -3.02 
14__________________________ 4,654. 4 .00 -.02 + . 01 .00 
42w _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4, 655. 4 -l. 92 -l. 86 -1. 95 -1. 93 
9___________________________ . 4,653. 0 -.87 -.75 -.78 -.82 
12__________________________ 4,652. 7 -l. 79 -l. 76 -l. 97 -1. 88 
43__________________________ 4,636.0 - . 75 -.49 -.42 -.58 
1-__________________________ 4,634.4 -l. 00 -.94 -.43 -.72 

1 Water assumed to have sp gr oC 1.00. If average temperature at depth In the system is l,O°C and average density is 0.90, these figures should be Increased by 11 percent. 

water density of 1.000 is assumed in calculating baro
metric efficiencies at Steamboat Springs. Actual effi
ciencies, because of thermal expansion, are probably 
5-10 percent lower than these calculated values. 

From the data on barometric pressure in table 6, 
vents behaving as inverted water barometers with ·100 
percent efficiency should show water-level changes of 
+0.59 foot on September 21 as compared to the average 
levels of September 14 and 28. However, we see that 
vents 35 and 36 have responded with efficiencies con
siderably greater than 100 percent, even if density of 
water in the system is corrected 5-10 p.ercent for thermal 
expansion. Calculated responses that exceed 110 percent 
clearly require some other explanation, probably involv
ing boiling and changes in proportion of vapor to liquid 
phases in the upper part of the spring system. 

.A. water-stage recorder ' .... as installed and maintained 
at vent 35 from May 1£)46 to early fall of 1952, except 
for brief periods of breakdown c:1Used by the highly 
corrosi\'e em·ironment. Curve. A of figure 10 was traced 
and reduced from the original records from ,'ent 35 
from June 17 to .Tuly 16, 1946. A recording microbaro
graph was also maintained at the Steamboat Resort, 

. half a mile south of Hnt 35 and 70 feet lower in altitude. 
The baromctric eliicienc\' of a \'cnt should be calcu

latecl O\'er a period of tin~e by comparing barometric 
dlangcs with corresponding changes in water le\·el. If 
the barometric chall!!e were the sole inHucncc. the chaI1!!e 
in water leycl would always be exactly prol~ortional 'to 
t he barometric change but opposite in sign. ~Iany other 

influences do exist that tend either to augment or offset 
the barometric influence. Because of interfering effects, 
the calculated barometric efficiency differs somewhat, 
depending on the particular method and time span used 
in its calculation. The efficiency of the water level of vent 
35 for the interval of time shown in figure 10 was calcu
lated by two different methods. In one, only major baro
metric changes of at least 0.10 inch of mercury were 
considered. The total of such major barometric changes 
for the month was 2.67 inches of mercury (equivalent 
to 3.01 it of water of density 1.000) ; the corresponding 
changes in water level (all oppositein sign to each baro
metric change) totaled 2.18 feet of water; the calculated 
barometric efficiency, 2.18/3.01, was 72 percent. 

In a. second method, the existing barometric pressure 
. and wa.ter level were noted at a. specified time each day . 
Noontime changes for the period of June 17 to .July 16) 
1946, totaled 1.18 inches of mercury (or 1.67 ft of water 
of density 1.000), and the total net change in water level 
was 1,42 feet of water; the total barometric changes 
were actually accompanied by 1,47 feet of change in 
water le,'el opposite in Si!:,Tfl to each barometric change: 
and 0.05 foot of change of t he same sign, gi \'ing a net 
change of 1.·12 feet of water that can be attributed to 
barometric influcnce. The calculated barometric elli
ciency for the month was S5 percent. This method indi
catcs an cHiciency slightly higher than the first and is 
prcferrell for !-ihort-time responses. Similar c:t1culations 
wero made by still other methods with slightly different 
efficiencies indicated for each. 
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The barometric efficiency of \'ent :)5 was calculated 
for i indi\'idual months from .June to December 1D46, 
by considering (Jaily noontime changes. The indicated 
etliciency ranged from 40 percent in X O\'ember to 118 
percent in September; these t1i Il'erences were caused by 
other uncompensatecl changes. The a \'erage for the 7 
months was i4 percent. 

In firrure 10 CUlTe B is the barometric record. ilwerted e . 
and computedto feet of water (assumed density 1.000, 
with efficiency of 8;) percent). The genera I similarities 
between cun'es .1 and Bare oln'ious, but significant dif
ferences are also e\·ident. CUlTe A was then com'erted to 
an assume(l constant barometric pressure by substract
ing the fluctuations of B: cun:e C shows the residual 
fluctuations. 

This correction for barometric influence is similar 
to that used by Robinson (1!);3!)). Robinson found that 
residual curves he obtained from a well in New }Iexico 
and another in Io,Ya indicated earth tides. The same 
conclusion is evident here, as described under "Influence 
of Earth Tides" (p. C42-C44) , 

Records from vent 31n on the Low Terrace were an
alyzed in the same manner and showed a similar rela
tionship bebyeen barometric pressure and water stage 
(fig. 11, curves A, B). Vent 31n ordinarily does not 
discharge, but it has erupted at least once as a small 
geyser (table 4). The vent is on a fissure adjacent to 
,-ent 32, an abandoned well that erupted occasionally as 
a major geyser and hereafter is called No. 32 Geyser 
well. An average barometric efficiency of about 60 per
cent was found by the daily-change method for the full 
period of November 25 to December 25, 1946; but a 75-
percent correction is evidently somewhat more accurate 
for the short-term fluctuations of November 15 through 
17, jUdging from the comparisons shown in subsidiary 
curves adjacent to band c. The indicated effect of pre
cipitation and other factors are considered elsewhere. 
Several fluctuations in water level occurred early in 
the morning of December 4,1946, that were only partly 
compensated for by the barometric corredion calcu
lated at 60 percent efficiency over the period. The re
sichml cune C shows fluctuations about as large as the 
:tpplied corrections, suggest.ing that efficiencies for very 
short-term barometric changes are about 120 percent 
( with assumed water density of 1.000); e,'en if an 
:Lverage temperature of 1iO°C is assumed for the water 
ill\'olnc! in t.he Low Terrace fluctuations, with an :n'er
age density of O.DO, a short-term barometric efficiency 
of nearly 110 percent is indicated, 

A surprising feature of the high barometric response 
of some "ems is the fact that calculated efficiencies range 
from GO to 85 percent for as long as 1 week of sus
tained high or low pressure, despite the fact that all 

\'ents a.re connected rat her closely to flowing springs, 
\\'hich shoulll dampen the response. 

FLOWING SPRINGS 

The CUlTes for measllred diseharge and barometric 
lll'essure on plate 4 (elllTes C, D) generally show an 
im'erse rel:tt.ion. In about iO percent of t.he obseryation 
sets, discharge decreased with increased air pressure or 
\'ice \'ersa, The 30 percent that were exceptions are \\'ith 
I itt.lo doubt related to other masking influences. 

_\. striking example of the elred of air pressure on dis
charge is found in the data of September ~1, Hl45, as 
eompared to earlier and Ia.ter obsenations (table 7; 
pI. 4), The record is p:uticularly clear because these 
barometric changes were large and especially because 
precipitation was absent as a complicating factor. 

The measured springs of table 7 are listed in order of 
decreasing altitude. }fost springs were highest in dis
charge on September 21, when air pressure was lowest. 
The discharge of senrn.l springs was changing during 
this time interval for reasons other than air pressure. 

Springs 22, 24, and 18 showed the grea.test change, 
both in rela,tive and absolute amounts, and account for 
most of the differences in total discharge ~tween the 
sets of measurements. Springs 22 and 24 are the highest 
in altitude, but altitude is not the sole determining 
factor because springs 19, 2, and 17, with rela,tively 
small changes in discharge, are all higher in altitude 
than spring 18, Additional important factors are the 
near-surface dimensions of the vent and the subsurface 
channel characteristics of each spring. Spring 24, which 
shows the greatest fluctuations in discharge, is an open 
fissure 30 feet long and about 3-6 inches wide (fig. 9). 
The fissure is bridged by sinter near its middle part and 
narrows at both ends to a. fracture sealed with sinter. 
Rate of discharge is determined by water level in the . 
fissure ; when the level is above the sill level at the north 
end, the spring discharges. Slight changes in water 
le,'el in this broad fissure produce major changes in 
discharge. 

Springs 22 and 18 have vents with minimum yisible 
cross-sedional areas of about 6 square inches. In con
trast., the vents of springs IV, 2, and 17 are small and 
range from 1 to 3 square inches in cross-sectional area 
at depths of greatest "isible restriction, The channel 
characteristics of each spring are evidently yery im
portant in determining barometric response. Spring 18 
is 220 feet north of spring 24 and is on the extension 
of the same fissure (pI. 3). The subsurface connections 
between these two springs must have tight restrictions 
to explain the existing difference of 8II:! feet in altitude. 
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.FIGURE 11.-Fluctuations of wnter level, Yent 3m, Low Terrace, showing influences of barometric pressure and 
It is shown by the 

Similar reasoning indicates that spring 16 and in 
fac t. all 10w-a.1titude springs of table 7 must also h:n-e 
Ycry rest.ricted interconnections with the open fissures 
ncar the crest· of the !lIain Terrace. Spring 16 has a 
relatinly large nnt. of about 1 square foot. The Yent 
enlarges dowmnll'd into a chamber of unknown di
Illensions just below the surface, but tight restrictions 
must. exist. at greater depth; its fissure is structurally 
relatl'cl loot hers of the t elTace, and a II presumably inter
C"OI 1I1 ('('I at. depth; if all fissures wen' wide alld unre
srridNL the systelll would di scharge entirely from "ents 
that arc lowest. in al t itude. 

Measurements of discharge were made daily from 
X o\·.ember 4: through December 7, 1946, and two to 
three times a. week for the remainder of December 
(fig. 1~). The principal purposc of this series was to 
obtain detailed data. on infiuence of hea"y precipitation. 
discussed in another section, but barometric response:; 
are considered here. Changes in total discharge (fig. 1::!~ 
curn'. (') that :II'P related to barometric pressure (cur\'('. 
Tn aI'£' yel'Y conspicuous, as for November 9. The 1:)('
ha\'ior of four indi\-idual springs during this same in
t£'rnt\ is shown in figure 13 to illust.rate the marked ill
dividuality of difl'erent springs. 
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precipitation. Precipitation was slight between No'"ember 25 and December 25 and is not shown on the graph. 
storm on plate 4. 

A more deta.iled analysis is permitted from the data. 
of figure 14, which shows the total measured discharge 
for each date plotted against barometric pressnre. 
(,han~es that follow negatiye slopes of about 15°-30° 
are related primarily to barometric pressure, a decrease 
in pressure ordinarily causinCT an increase in dischar!!:e 

~ b ,_ 

and ,·ice '·erS:l. The fact that all points do not plot along 
a ;;illgle line of negati,·c slope is clear evidence for in
tluences otlH'r than barometric pressure. Inten·als of 
major prl'cipitation are indicated on certain tic lines, 
:lnd eaell of these caused an increase in dischal'[!,p. with 
(lie exception of Xoyember If) to 20 . .Also e,·idel;t i'n this 

figure is a. general trend toward increased discharge un
related to barometric change from No,·ember -1 to 23, 
followed by :~ steady decrease through late November 
:md most of December. These changes, at least in part 
elllllulati,'e are related to series of storms and sub'1ormal 
preci pi tation. 

The high-altitude springs with unrestricted Yents, as 
seen frol11 the data of table 7, are the most responsi,'e to 
baromNrie changes: some of these springs discharge 
only when water le'·els in t.he :Main Terrace are rela
tinly high and total discharge is therefore high . .As the 
general water table is raised for any nonbarometric 
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TABLE i .-Barometric influence on flowing springs, Septrnzber 
1945, listed 1'" order of decreasing altitude 

I I I I I Avcr~c i Sept. 14 Sept. 21 Sept. 2S Sept. 14 

I 
Ilnd 2S 

l'f'rC'('nt 

Spring I dillt"rrllCC' 
.... ltitude Bnrometric pressure Cinches of fig) Sept. ~l 611(1 

(Il"'!) uv('ra~l' or 

I I I I 
&pt. 14 nnd 2S 

25 .5~ 25.06 25.60 25.59 
I 

I 
, 

Dischar~c u:pm) 

22 __ --' 4.666.8 4 . 46 11.95 I 6. 07 I - ..,- +127 a . -I 
2.L __ 1 4, 666.3 2.04 14.51 .00 1. 02 + 1,320 19 ____ 4, 661. 2 2 . 20 2. 34 2.02 2.11 +11 

;;::::1 4, 659.0 1. 20 1. 87 2. 07 1. 64 +14 
4, 658.5 8.17 8 .45 7. 38 /./8 +8.6 18 ____ 4,65/ . / 11.34 17 . 07 11.14 11.24 +52 16 ____ 4,654 . 9 1. 99 1 1. OS 1. 65 1.82 -41 

3 _____ 1 4, 654.4 1. 31 1. 38 1. 47 1. 39 - . / ..,- 4,653.4 3 . 06 2.80 2.21 2 . 63 +6 . 5 _1 ___ -

21- ___ 1 4,653 . 1 6.51 6.51 6./5 6.63 -1.8 28 ____ 4, 651. 5 .64 . 40 .00 .32 +25 8 _____ 4,647.8 .22 .2/ .23 .23 =t-l/ 26 ____ 24,612./ 1.80 2.20 1. 60 1. /0 +29 25 ____ 24, 612.7 .86 .64 .64 .75 -15 

Total 3 ____ 45.80 71.44 43.23 44.52 +60 

I Continuous spouter at tbe time, .... Itb mucb discharge lost as spray In very strong 
wind. 

, Low Terra<:c. 
, Excludes spring 50, not measured at this timc. 

reason such as precipitation, these responsive springs 
become active, and the reverse occurs when the general 
water table fans enough for these springs to cease flow
ing. This explains why the trends on the low-discharge 
side of figure 14 have negative slopes close to 15°, where
as trends on the high-discharge side (strongly affected 
by short-term responses to precipitation as well as baro
metric change ) have negative slopes near 30 0

• 

Curve E of figure 12 shows the assumed changes in 
discharge that might be expected if no barometric 
change occurred. To construct this curve, each point in 
figure 14 was projected, using reasonable slopes, to a 
constant barometric pressure of 25.40 inches of mercury. 
..:\. few of the assumed slopes of projection are indicatp:cl 
in figure 14. The differences between curves 0 and E of 
figure 12 are a measure of the barometric response, and 
the residual fluctuations in curn E are largely a meas
ure of direct influences of precipitation isolated from 
t.he decreases in barometric pressure that normally 
accompany precipitation. 

BAROMETRIC INFLUENCE IN OTlIER AREAS 

Barometric influenee has been detected in wakr-stag-e 
ret'ords from many artesian wells. Piper (H)32) de
seribed :tmullieipal well at The Dalles, Oreg., where the 
efiiciellcy seems to be close to 100 percent. Robillson 
(1 !);~!)) foulld an artesiall well in X ew Mexico and 
another in Iowa that showed Yen' stroner bammet.ric. . '" 
fluctuations. The well in Kew ~rexico had all efficiency 

of 70 percent as a. water barometer, assuming a density 
of 1.2 for the saline water of the system. Another well 
penetrating the same brine horizon, but. in an area· of 
saline sprill~s, showed a dampened barometric response. 
The barometric efilciency of an artesian well in Iowa 
Gity was calculated by Robinson to \x>. about 75 per
cent, assuminfr a water density of 1.0. 

~\1thoug-h barometric effects have been detected most. 
commonly in nonflowing artesian wells, minor influences 
haye been found in a few water-t lble wells. Efficiencies 
of the order of :1 percent were found by Lugn and 
,Yenzel (1038) where the soil above the water table was 
sat.urated wit.h water or was frozen and served as a 
confining layer that restricted t.ransmission of baromet.
ric changes-to the water table. The barometric changes 
exerted on the water interface in a well eyidently were 
not counterbalanced immediately by changes effective 
elsewhere through a permeable soil zone to the water 
table. 

Meinzer (1939, p. 212-213) and Tolman (1937, p. 332) 
briefly mentipn barometric fluctuations, but they at
tempt no general theoretical treatment of the subject. 

Nomitu and Seno (1939, p. 417-423) described baro-
. metric effects on the discharge of Beppu hot springs in 
Kyushu, Japan. The influence was strongest on indi
vidual springs that were farthest from the ocean and 
highest in altitude. Springs near shore were strongly 
influenced by loading and unloading of the aquifer by 
ocean tidal changes, and a barometric influence was not 
clearly distinguishable. 

Peck (1960) considered water-table fluctuations re
lated to barometric effects upon air (or other gases) 
entrapped below the water table. 

Yuhara (1961, p. 297-302) described and ana.lyzed the 
differing influences of barometric pressure, precipita
tion, and ocean tidal loading on,.the Atami spring system 
near the seashore on Izu Peninsula southwest of Tob.-yo, 
Japan. The tidal efficiency of the spring system relative 
to changing pressures from ocean tides on the sea floor 
is calculated to be 49.5 percent, with a phase lag of about 
1 hour. The barometric response is negative, as at Steam
boat Springs, and is about 50 percent. 

EXPLANATION OF DIFFERING RESPONSES OF MAIN AND 
LOW TERRACES 

The :Main and Low Terraces at Steamboat Springs 
are two distinct subsystems, at least. in t.heir barometric 
response relative to altitude. The spring:; and wnts at 
highest altitude 011 each terrace are most· stron~ly af
fected. :md those at lower altitudes are much less respon
sive. These relationships can be explained by assuming 
that the hig-hest water lenls of each terrace are close t.o 
the maximum potential of each subsystem. The sprinfrs 
that emerge at, low altitudes through rest.rictiw fissure,'> 
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FIGURE 12.-Total measured discharge from hot springs with related factors, November and December 1946. 

escape under hydrostatic pressures determined by the 
highest water le\·e!s of each subsystem. The hydrostatic 
pre:,;sure on water escaping: from spring: 2-1-, for example, 
llI:ly usually be equiyalem to about 2 feet of water, which 
is the tlifi'erence in altitude between the spring Ollt let 
( · tlin(i.;~ ft) and the water leyels in nnts ;~5 :llld ;Hj 

I :\\·rrage clo"e to +.GGS.O ft from cunes E antI F. pI. -l:). 
The indicated equiY:dpnt pressllre on spring S (-l:.li-l:T.:' 
it) i" equiY:dem. to ::W feet of waler .. \ ,'h:lllge in l>al"O-
1Ill'1 ri,~ pr('~sllre of 1 inch of llIelTun· l tHo l;~ in. of water) 
i,; :dlllllt ,it) percent of the hydl"O~t:;tie pressure etrl'l"tin> 
I) n "pring: :!·L h1\t. it is only a liftle 1Il0re than ;) IWl'l'pnt of 
Ihe pressure elrecti\·e on spring S. Spring ~+ shoul<1 be 

:!U-l-S~G O-tj,--3 

much more responsiye than spring S to changes in baro
met.ric pressure, according to the above :tnalysis. 

'I· e haye seen (p. C2;3) t.hat. \·ent :11n :It an altitude 
of ±,G22.-l: feet on the Low Terrace responds baro
metrically with an elnciency of GO-'j"O pen:enL Other 
Ilontlowing \·euts near the crest of the Low Ter
race :d;;o showed high response to barometric change 
fl'OIll weekly IIll'aSUl'l'lIleI\[S, but suitable nontlowing 
yellts low Oil the !lank of [his terrace :Ir(' lacking for 
,'olllpari;;on. The llata of table r. indicate, h()\\·C'\·pl', that 
all \·enls on the ~rain Tl' IT:II ' (' helO\\· ±.liGIl feet ill :t1titude 
h:IlI barometri c e/liciellcies of le!'s than ~O percent. The 
Low 'fermee, t hereiore, is clearly a separate subsystem 
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FIGURE 14.-Total measured discharge. compared with barometric pressure for successive series of measurements, Xovember 
and December 1946. 

in regard to its barometric response. Structural, chemi
cal, and isotopic evidence indicates, however, that both 
terrace systems are structurally related and must have 
interconnections at depth. This apparent anomaly is 
resol\'ed if the interconnections are relati\-ely deei) and 
if barometric response is determined largely by boiling 
rebtiollshi p at le,'els abo\-e rather than below the most 
restricteci interconnections. According to this reasoning, 
the alllollnt of water di\'erted at depth into the Lo\\' 
Terraee !Subsystem is limited by the dimensions of the 
rig'htes t. restri ctions along the channels. The total dis
I'harg-e from the Low Te;r:1ce is considerably Ie;,:s than 
rhe total from the ~hin Terrace system, in spite of the 
di:::ad\'antage caused by the higher altitude of the bt
tel'. If t he two terraces are indeed connected, but chan
neb of the Low Terrace system suddenly become highly 

permeable, all thermal water of the total system would 
then discharge from the Low Terrace. 

The barometric response is probably determined 
largely within the upper few hundred feet of each sub
system. "Within this relatinly shallow zone, as will be 
seen from drill-hole data, temperatures are at, or close 
to, theoretical boiling points for the existiilg pressures. 
~\. decrease in barometric pressure lowers the boiling 
tempemture at each point at depth; a higher proportion 
of water then yaporizes to steam and the water column 
there!)y expands. ,Yhen water le\'els rise near the erests 
of the terraees, the higher altitude springs respond with 
increased discharge. "-hen barometric pressure in
creases, le~ boiling occllrs :tI1(1 water leyels and (lis
charges decline. 

"-e might. expect that when a b:Lrometrie high is 
sustained for suflicient time, the discharge would f1rst 



WAffR ~ 1A( ; r Rlt :ORIl 
VI til l ~ 

'Wall" 1"\i .· I . III I f' rl h.-It)", 
!I" "'f'nrl' llIllI ll .,11 .1(,167 III 

IifdWMlllil 1: 1'llI :;~ ;'JlfI 

IH ·' 111'11" III III h ~lI II IIII""t 
I' If" , \ nil' III ~ ",I ,>.1 ,11111 

(1If' '';'' 11 III "" ' 1 ,II "' ;111-,. 

'-../ -...J '-J -.J 

- ·--·-·-- r ---- '-- ·,- - , r - -, y--y----, 
Firsl 'h'", 

6) 1 __ / .. _ _ + _ 1 ___ 1· __ 1_--1-'''''<1_1-+1_ --J-.-l ___ ""',' __ L _I __ L __ I 1 1 I'·~"n" 

6·,1--- 1---1--·-1·_·1- 1-1-1-1 - -- --- ---.. -- - . .. --.-

-- ~ --~m- ~ -I~f\~' '~ '-j- ~- ~II-
t:rt--l--j--l--I--I---l - --. -. . - --- J~ J~-

·J-II~-r-I+r~~-~+-~·I~ -------- -~-

1---1- ·- ·-- ·_ ·- ·_ ··-_·- ··-

-I---I-I-f---I- I- /-- I- I- I-

II~-~rr-~+-~~+-J~_L _ 6 __ 6 _ 0 . __ 0 _ 

---~ ~~- ~-- I~Jl~-
III 

117 

I' ,' f---I- -- I-·---I·--I-- II--j---f------+-I 

bJ t--t--' - t---t - - - ,--'--'--'!---II---If.----l'---L-

6 ·' 'I ' '--' ---1---1--1-1-1 V ~",';:.~.~:. :: ::;;,,~ .. ,:,:( ;,~.::~: 6~t7--t--t;tllll I I Ir I Vtr\j \;M h :-t-r[-:rJ--~~I--t-""."."" 1 ~4\ ' if ~J->'- ~J!\f\Pj¥' J,c " ' ' __ '\ __ ,___ ~N rv-VlNl\TUV __ """.""'.~~'''"':'"':. :.,," ' --, N-

,,~, __ _ _ ' ' 'T '-f --I

--

I

-

7' 77 7J 24 f----
75 76 27 28 29 ---- ----30 I 2 3 4 ' 5 6 . - - . --.-

In ~;III\I"1 CUII VI 

IW .,I", 1" \1 1" III I t> rt 

1/·1"II'url" Ihun1. (1)",, ( 1,.11 10 
rUrt\t;ll1! h,H'IIIlder III 7!l ·HI 

h,.ItlYI 

I I t\11 I I I I f-I-- r--I--I-·-- ··-·- ·- ·--

7 8 9 10 II 12 13 I,' 15 16 II 18 19 70 71 

Al'fUl I~-II MAY _19-11 

FlounE lG.-F1uctuaUolls of waler level, vent 35, Mn.in Terrace, showing sul>terruneun geyser eruptions nnd un unc..'l:plaincd rnndom change on Moy 4, 1!H7. 

Q 
o 

o 
M 
o g 
~ 

~ 
~ 
o 
8 
~ 
~ 
::'1 
~ 
~ 
~ 

~ 

~ 
~ 
~ 
b3 o :.
>-3 

f{j 

~ o 
(fJ 

:.-
~ 

1> 
2! 
M 
;; 
t! :.-

'-.J 



) 

) 

) 

) 

; 

:{ 

HYIlROLOGY, ACTIVITY, ,\1\"1) HEAT FLOW C3l 

(lecrease and then gradually inerease to its former :n-er
:lge :IS the total system adjusted to the ne\\" pressllre 
en \'i ron men t. Higher-t.ha n-:I yerage h:lrometric pres
sllre has occasionally IH'en sllstained for as long as () 
d:lYs, One example from the Lo\\" Terrace is shown in 
figure 11 fOI' the inten-al of De('ember 1;)-~0 , 104G, The 
pressllre-corrected C\ll'\'e (! fil"Bt. decreased slightly on 
the 15th in response to increasing pressure, and then, 
during the following ;; days, slowly rose nea,rly 0,1 foot. 
E,'en sharper rises in residual ClllTe (' occurred from 
December 8 to 10 and ~2 to 24 during shorter periods of 
high barometric pressure. Barometric pressures are sel
dom sustained much below :n'erage for more thau 2 or 
3 days, and most responses to low pressure are compli
cated by precipitation. 

The evidence is less clear that water levels on the 
~fain Terrace adjust to sustained high or low baro
metric pressure. Vent 35 shows fluctuations in residual 
curves (' of figures 10 and 15, but neither these nor other 
unpublished records clearly demonstrate adjustment to 
sustained periods of high or low pressure. 

Likewise, the flowing springs of the Main Terrace do 
not clearly adjust to sustained barometric highs or lows. 
The longest sustained period of high pressure of figures 
12 and 14 was from December 15 to 21 (the same time 
intervnl considered in figure 11, which also shows the 
detailed barometric record). There is a suggestion in 
figure 14 that the long-term decline in discharge that 
started about November 25 was temporarily interrupted 
from December 16 to 20, perhaps in adjusting to the 
sustained barometric high. 

The evidence for slight adjustment of the Low Ter
race to sustained barometric highs and lows and the 
lack of cleur evidence for the Main Terrace can be 
explained if the reservoir of involved fluids is much 
larger for the Main Terrace. The springs and vents of 
high barometric response on the Low Terrace (pI. 3) in
clude the group from 32se to 30n and 29; the area of 
high response is perhaps only 200 by 250 feet, and open 
fractures are rare. In contrast, all the upper part of the 
~rain Terrace has moderate to high response; its area is 
roughly 150 feet wide by 1,500 feet long, and open 
tissnres with high storage capacity are relatively abun
(bnr. The difference in responsiye reselToir capacity of 
t he two terraces probably expbins the slight differences 
in their long-term barometric respon.:e. 

EFFECTS OF PRECIPITATIO~ 

CLIMATIC SETTING OF THE AREA 

The eiimatic setting is a \'ery important aspect of :lny 
hytil'Ologie study. Only mea,!..rer data are :n-ailable for 
tho rherlllal area. but a weather station has been main
tained for many years at Reno~ 11 miles north of the 

springs. From 18iO to 10();) the Reno station was located 
at six 01' SHen tliti'C'rent sitC's ranging in alt.itude from 
·1,800 to 4,400 feet. the grollndle\"Ol at the Reno airport, 
where the sration has been located since lfJ.l.2. The :L\"Or
age alritude of the thermal an'a is about ·t,i;")O feet, or 
:~;;O feet. higher than the airport, This llifl'erence results 
in slightly lower temper:ttures at Steamboat Springs. 
Tables 8 and 0 contain the most, pertinent temperature 
llat:L for t.he Reno station, and iables 10 and 11~ the 
precipitation data. 

T.\BLE S,-.·lverage temperature by year, Reno u:eather station 
tAnrn~e of monthl)' mean] 

OF OF 
1940 __ _________ .53,3 1047 _________ __ 50,0 
194L __________ 51.6 1948 _____ ______ 47,8 
1942 ___________ 50, 1 1949 ___________ 47, 7 
1943 ___________ 50. 1 1950 ___ ________ 50.4 
1944 _____ ' ______ 48,5 195L __________ 49.3 
1045 ___________ 49.4 1952 ___________ 48.4 
1946 ___________ 49,3 1953 ___________ 49, 2 

Average, 1899-1953, 50. 1°F (10.1°C) 

TABLE 9,-iV/onthly mean temperature, 1899-1958, Reno 
weather station 

OF OF OF 
January _____ 31.8 l\-Iay ________ 54 . 7 September ___ 61.0 
February ____ 36,3 June ________ 62 . 5 October _____ _ 51.2 
l\Iarch_~ _____ 41.3 July _________ 70.5 November ___ 41.3 
ApriL _______ 47.9 August- _____ 69.0 December ____ 33,7 

TABLE 10.-Yearly precipitation, Reno weather station 

Yellr! 

1870-71 ___________ 
1871-72 __ --------
1872-73 ___ ~ ____ ___ 
1873-74 __________ _ 
lS74-75 ___________ 1 

1875-76 ___________ 
1876-77 ___________ 
1877-7S _________ __ 
IS78-70 ___________ 
1870-S0 ___________ 
ISS0-S1 ___________ 
18S1-82 ___________ 
ISS2-S3 ___________ 
ISS3-S4 ___________ 
IS84-S;j ___________ 
ISS;j-S6 ______ ___ __ 1 

ISS!i-87 ___________ 
188i-SS ___________ 1 

IS8S-8!) _________ --I 
ISS!l-!lO ___________ 
1 890-U L __ _______ -l 

Precipitll' 
tion 

(inches) 

2 2.42 
4.72 
3.73 
5.70 
4.09 
6 .42 
5.30 
;3.42 
4.04 
6 .40 
;j .74 
6.33 
3 . 1i) 
7 . 20 
:1 . 17 
!i .:lii 
;j.O!) 
4.!J:3 
7 .:!3 

15.:lti 
11 .4!} 

Sec footnotes at end of table. 

. YC!l1'! 

1891-92 ___________ 

I 
1892-93 ___________ 
1893-94 ___________ 
1894-95 ___________ 

1 lS95-9~-----------1 
ISD6-0, ___________ , 
IS07-08 ___________ 
IS0S-00 ___________ 

1 

II 

1800-1000 _________ 
lUOO-IU01 _________ 
1001-02 ___________ 1 

I 

1002-03 __ ____ ___ --I 
l\JOa-o: ___________ I 
1D04-0a __ _______ __ 
IU05-(}u ___________ 
1 UOu-07 ___________ I 
1 OOi -08 ___________ j 
1 !lOS-On __ _________ ! 
1 UO!l-1 0 __________ -' 
I!ll 0-1 L ______ ___ j 
I!) 11-12 __ _______ __ ! 

PreCipita
tion 

(incbes) 

6.00 
11.30 
5.64 
6.S4 
8.03 
0,05 
6 .55 
5.67 
0.05 

11.35 
6 ,71 
7 AD 
8 ,54 
7, ,10 
7 .76 

11 .70 
6 .33 
n.50 
6.16 

12 .73 
4 .76 
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TABLE 10.-1'carly prccipitation, Rcno u'cathcr station-Con. 

Ytour t 

i I 

Precipltn. I I'recipiln, I i tion I Yrur l tion 
(Inches) J ! (lncbes) 

--- --- - 1 

I!II :!- I:;. _ .. . __ . . . _ 
1 !II :;-1-1 _ _ __ _ . _. - _' 
1!1l-l-I ;, ___ __ . _. ---
I !I i ;.-lli _____ ______ I 

I!I \li-l- __ ______ .. _I 

1!117-IS _ . . 
1! 1 1~-I!1 __ _ 
1!1l !I- :W __ _ 
I!I;!O-ZL _ _ 

1\1:!1-:!Z_ - - - - - - - - -- i 
1 U~:.?-2:~ ____ ____ - - -! 
I!IZ:{-:!-I ___ _ . __ - __ .I 
1!12-1-25 ___ ______ __ [ 
1!l25-2G ___________ ' 

li . :!:! 
I 

IQ'l-l :F i G .-IG ., - .J ___________ I 

1-1 . !):l I !I:l;;-3G ___ ______ __ I (i . ;;O 
;) .-1-1 i I !l:lG-:17 _ __ __ . ____ _ G .,-. ,.)~) 
!l . :17 I 1\137-38 ___ _____ ___ , II. !l0 
(i . iiG ,I 1938-3!1 ____ ___ ____ I 4.IG 
(i . o:1 !I I !l3!1--I 0 ___ . ____ ___ I 10 . 1i!1 
!1 . G7 

II 
I !I-I 0-4 L __ ____ - __ -I G.!lO 

7 . \I:! l!l-l1-4:2 ___ __ . ____ .I 1i . 3:2 
G. Gli I 

1942-43 _________ --I S.G;j 

HU S 1\1-13--1-1 ____ _____ --I G . 10 
!1 . G8 I I !144--I;; ___ ________ , 7.-14 
;; . 79 i I B-1 ;)-4 (j ___________ I G.54 
G.8Z II 4.25 II 

1946-47 _________ --I 
G.11 1947-48 _________ __ · 3.13 

19ZG-Z7 __________ _ 8 . 28 1948-49 ______ _____ 5.8G 
I !127 - ZS _____ - - - - - - G. OG 1949-50 ___________ G.92 
1928-20 _______ ___ _ 5 . 18 1950-51 ___________ 8 .85 
1920-30 _ _________ _ 5.90 1951-52 ___________ 11.19 
1930-31 ___________ 1 
1931-32 __________ _ 

1932-33 ____ - - - _ - - -II 
1933-34 __________ _ 

G .47 1952-53 ___________ GAO 
8 .90 
4 . 13 Average, 1870-
S.56 1953 __ _________ 7 . 20 

I Data before 1944-45 arc for the fiscal year, Juiy through the following June;.for 
1944-45 and iater years , precipitation is by hydrologic year (Oct. I tbrough foiioWlDg 
Sept. 30) . 

, December 1870 to June ISil, only. 

TABLE ll.-Average monthly preci pitatlon, 1899-1958, Reno 
weather station 

J"Ch~8 Inche:J Inch" 
January _____ 1.39 l\1ay ____ ____ 0 . 52 September _ __ 0 . 23 
February ____ 1.07 June ________ . 32 October ____ __ . 38 
).Iurch _______ . 74 July _____ ____ . 22 November ___ .60 
ApriL _______ .48 August. _____ . 20 December ____ . 95 

The climate of western Nevada is generalized below 
(U,S. Dept, Agriculture, 1941). 

Xe,'ada lies jus t east and to the leeward of the Sierra Ke,ada 
Rallg-e, all pffectiye barrier to preCilJitation from the generally 
('a~twarc1-driftin~ air, which lo~es mo~t of it~ moisture in 
1I~l"elldin~ the wes tern slopes of the lllountains. One of the 
greatt·~t contrasts in precipitntion within a short distnnce 
found ill tlle United State~ occurs between the ,,'esterlt. or 
California ~Iopes of the Sierra and their eastern slopes and the 
("ontig-lloll': lowlands of wes tern :'\eYada. In ast'endillg- th!' west 
~I(lpl·. the air los!'s mo~t of its moisture throu~h eondensatioll 
all(1 precipitatioll. aJl(1 c1 est'ending tht· eastern slope it is warm!'d 
hy (·ompression . ':0 that Y('r~' little prpeipitation occurs. Thi~ 
rain harrier is felt not onl~- in the extreme western part but 
g-erll'rally throughout tire i::it:lH'. with the result that the lowlllllds 
(If :,\"":l(la are larg-l'ly desl'rt or ~emide~ert. 

'''ith its yaried HlIlI rllg-g-e(1 topo;;raphy-it~ lllount:lin ranges. 
lI:rrro\\, yulleys. nml low, ~ag-.. -t'O\·pretl del'<'rts . ran~ing- ill el (' ya 
lioll frotlt ahout. ].;;00 to more thall 10.000 f!'et-:'\l'ntda pres!'llts 
widl' lcK'al yariatioll~ of temperaturp and rainfall. Till' tltos t 
striking- elimatic features arc IJrig-ht sunshine, slIlall annual 
rainfall in tbe ,alleys und deserts . hea,y snowfall in the higher 

mountains, dryness and purity of air, and phenomennlly lnrge 
daily ranges of temperature. 

lleclluse of the high altitude and the extreme dryness Ilnd 
clearness of the air, there is rapid nocturnal radiation of 
heat, resulting in wide daily rang!'s in temperature. EYen after 
the hottest days, the nights nrc cool; at Heno the a,'erage 
ran!!,e betwecn the highest and tbe lowest daily t!'mperatures 
is !!!!O F. in January, increasing month by month to 3G o ill 
July .• • • III extreme instances tbe daily range lllay become ns 
grNlt as::;O° to GO°. 

!\e,'ada has, on nn a,erage, less precipitntion tban any otber 
State and most of that occurs during the winter season, with 
the summer falls ,cry light. • • • Varintions in precipitation 
arc due mninly to differences in ele,ation nnd exposure to 
moisture-bearing winds. 

Humidity is normally low, and the dryness of tbe air make~ 
IJotb the heat of summer and the cold of winter less disugreeaIJle. 

Ke"ada has a generous supply of sunshine, the a,erage per
eentnge of the possible nmount at Reno .... • being 74 • • •. 
The low hnmidity and ample sunshine produce rapid evnpora
tion. 

Winds are genernlly light. Storms with high winds rarely 
occur and more rarely still cause appreciable damage. The pre
,niling wind direction is west, though at n few stntions, beenuse 
of local topogrnphy, it is soutb or southwest. 

The precipitation year 1951-52 (table 10) was one 
of the highest on record and the year 1947-48, the 
lowest. Therefore, the interval of detailed study,from 
1945 to 1952, fortunately included the maximum con
trast in precipitation that could be expected. 

"When detailed measurements were started in 1945, 
two rain gages ,,"'ere installed within the thermal area 
and two others were located within 5 miles in the hope 
that some influence by localized storms could be de
tected, thereby indicating the recharge area for the me
teoric water supply of the system. The gages, however, 
proved to be of greater interest to sheep, cows, and 
boys with guns than to recharge problems. One gage 
just west of the Main Terrace was kept in reasonably 
good condition from 1945 through 1947 and for less 
regular inten-als thereafter. 

Table 12 compares precipitation from individual 
storms for Reno and the Main Terrace. Except for 
several local summer thunderstorms, precipitation ut 
Steamboat Springs is considerably the he:l\'ier. Indi
yidual storms differ greatly, and the percentage differ
ence is commonly greater for the light storms. During 
near-anrage years, precipitation is probably about :iO 

percent higher at Steamboat Springs than at. Renu, 
owing pr:imarily to the clifl'erence in altitude of :!G() feet 
bet.ween the stations; both are located about the same 
distance (5 miles) from the front of the Carson Rallg-e. 

In HI-!7, a year of minimum precipitation, precipita
t ion at. Steam],o:tt. Sprinf'-'''; was double thai uf Henu, Imt 
in illl' two near-norlllal year!' of 1D4;, :llld l!.14(i. it was 
ullly 4;)-;;0 percent greater. The.se data are far tou seallty 
to be conclusi\"e. but, thpy suggest. that. thl' percentag-(' 
difTerencc decreases with increased precipitation. 
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TABLE 12.-Precipitation, in inches, by individual stor111$ at 
Steamboat Springs and Reno 

Dato Reno l 

1915 

June 22-23 _________________________ _ O. 75 July 7-8 ____ __ _______ _______ __ _____ _ 
.07 

Oct. 6-7 ____________ " ______________ _ .09 14-15 _____ _ " ____________ ______ _ 
· Hl 20-31 __________________ _______ _ 

1. 86 :-.'"ov. 10-11 ________________________ _ .08 Dec. 4 _____________________________ _ 
· 13 11 ____________________________ _ 
· 16 15-16, 21-24 ___________________ _ 1. 29 

1-----
Total for measured storms _____ " ___ _ 4.62 
Total for period __________________ _ 5. H) 

19·16 

Jan. 28-Feb. 3 ______________________ _ O. 28 Feb. 10 ____________________________ _ 
· 12 Mar. 18-20 ________________________ _ .71 July 22-25 __________ ~ ____________ __ _ .84 Oct. 1-2 __ _____ __________________ __ _ .34 

Oc~ 7 _____________________________ _ 
.09 Nov. 7, 11-14 ______________________ _ .76 10-20 ________________________ _ 
.99 22-23 ________________________ _ 
.29 Dec. 22-25 _________________________ _ .29 · 27 ____ _____ _____________ ______ _ 
.10 

Total for measured storms _________ _ 4. 81 Total for year ____________________ _ 5.59 

1947 

Jan. 27-28 _________________________ _ 
0.15 Feb. 9 ___________________________ __ _ .01 11-12 _________________________ _ 
.49 17 _________________ ______ _____ _ 
.01 il-far. 1 ________________________ ___ _ _ .06 23, 28 ________________________ _ 

May 26--27 _________________________ _ .06 
.21 30 ____________________________ _ 
.02 Aug. 10 ____________________________ _ 

Oct. 10-16 _________________________ _ .10 
.17 Nov. 4 _______ _____ ________________ _ .05 Dec. 9 _____________________________ _ .01 

Total for measured storms _________ _ 1. 34 
Total for year ____________________ _ 1. 55 

I Altitude 4.407 ft. Reno wcather sbtlon at airport. 
: .\ltltude 4.0;05 ft. about 100 ft wcst of crcst of :'.!nin Tcrmcc. 
l Estlmatcd. 

SEASONAL VARIATIONS 

Steamboat 
Springs , 

O. :N 
.40 
· 19 
.52 

2. 58 
.26 

.~-· _;) 

· 18 
2.24 

6. 86 
37. 5 

0.34 
.14 
.84 
.28 
.48 
.06 

1.09 
2.08 
1. 08 
.34 
.23 

6.96 
37.9 

0.06 
.06 
.58 
· 12 
.36 
.10 
.24 
.06 
.29 
.48 
.24 
.12 

2. 71 
3 3. 1 

:\ccording to Becker (1888, p. 34D), "Old residents 
informed me tha~ the qmUltity of water flowing from 
11m springs \'aries from year to year, being greater in 
yl':ll'S of hea\'y m.iniall than in dry seasons antI greatl'l' 
ill :;pring' than in autumn." 

Pl:ue 4 includes some e\'idence for seasonal variations 
ill discharge. Considered hy ca lendar year, the mini-
11 II III I monrhly discharge in elllTe D occurred during 
the summer months for 5 of the S years and the maxi-

mum monthly discharge occurred tllll'ing the winter 
mont hs for G of the S years. Howe,er, curve D shows 
ma.ny individuailluctuations t.hllt ha\'e no evident reI a.
t.ion to seasonlt! variation in precipitation, effects of 
indivithlal storms, changes in barometric pressure, or 
any other obvious causes. One justifica.tion for continu
ing the detailed measurements n.t Steamboat Springs 
for 6 full years, ID46-i>1, and parts of 2 other years, 
1£)45 and 1D52, was the possibility thn.t extended obser
vat.ions might cla.rify effects of all major influences, and 
the causes of minor effects would then become more 
evident. To some extent~ but not entirely, this hope has 
been realized. 

The dat.a. of plate -L averaged by qnarter years to 
minimize random \-ariations~ are shown in tuble 13. 
These a.re numerical a.verages of individual series of 
measurements and are shown graphica.lly in figure 16. 
For about GO percent of the individual quarterly 
c.hanges, precipitation and average discharge changed 
in t.he same direction, but the remaining 40 percent were 
in opposite directions: No systematic lag in discharge is 
evident, and precipitation and discharge do not have a 
direct straight-line relationship. 

TABLE 13.-Average of measurements of flowing springs by quarter 
years, 1945-52, Steamboat Springs 1 

Ycar Quartcr Dlsch:lIgo CI (ppm) 

---------
1945 ______ 3 2 58.4 913 

3 .60.0 915 
4 46.6 906 1946 ______ 1 56.5 913 
2 50.7 925 
3 46.8 928 
4 62.3 912 

1947 ______ 1 44. 1 900 
2 33.3 898 
3 30.0 898 
4 34. 6 902 

1948 ______ 1 31. 2 899 
2 29.0 889 
3 30.7 898 
4 49. 9 005 

1940 ______ 1 1 60.2 900 
2 I 41. 1 904 
3 i 30. -1 003 
4 35.5 892 

1!l50 ______ 1 49.2 889 
2 50.3 899 
3 -11. 0 005 
4 41. 2 S87 

195L _____ 1 

I 

55. :3 

I 
872 

.) 51. 1 871 ., 41.7 872 .) 

i ·1 H. 7 I S79 
19;;2 ______ 1 I 77. 1 

i 
SSG 

.) I 7G. S !l00 
I" 3G.2 I 893 .) 

Temperature 
eC) 

-----
88.8 
89.3 
87.2 
86.6 
86. 8 
86.3 
85.2 
83. 0 
82.6 
84. 1 
81. 4 
80.9 
82.5 

I 
86.7 
85.6 

I 82.1 
81. -1 
81. 7 
81. 5 
82. 1 

I 
85. II 
86. 1 
S3.9 

I 84. 1 

I 85.3 
87. S 

I S8.6 
SS.2 I 
SG.9 I 

S3. 1 

Precipitation 
(Inches) 

--
1.5 
.3 

2 
3 

3.89 
1. 49 
.2 
.9 

2. 9 

2 
4 
4 

.79 

.4 o 

. I? ~ 

.2 

.3 
2. 4 

4 
8 
4 

.09 

.89 
1. 82 
2. 06 
1. 09 
1. 56 
2.8 
1.4 
1. 1 

o 
3 
3 
;) 

;) 

4. 2-
1. G-
2. ·15 
.5 o 

3 .. ') 
.1. 5: 3 

1 
o 

1. 7· 
1. ·1 

I ~uml'ric:ll :\Vcra;.:c uf weekly mC3SUrCnll!nts: Cl 3Jld lcmpct"3turo weighted in 
prOpoftlOn to dischar.:~ of intiivlJual sprim!s. 

: Prcclpitation at Ilu\)\):ltd Ficld .\irport. Heno. :-;ev. 
1 Juno onl)·. 
I July-August. 
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FIGURE 1G,-A,erage of measurements of flowing springs by qunrtcr years, 1945-52, 

In table 14, seasonal ayemges are shown from the 
quarterly data, Confusillg l':mcloll1 yariatiolls arc 
largpiy climil1atpd here, and Hnraf!c dischargc is clearly 
lowe;:;[. ill the summers and highest. ill the ,,"illters. 
Heeker's illlpress ioll of :;('a50I1al yariation is sllPPol·ted 
hy the.:.;p aYCragl' ll ]('.aslll'Pll1 pnt s, hu t, tllP I!rp:tIPst sea
sOll:tleontr:ts t OCC-llrs ber,\\'(,Pll winter and SlllllllH'r rat her 
t ha.!J sprillg and a III umn, 

The discharf!e, sa.1inity, and temperature data, of 
tables Vi :tllclI4 :uHl fi~T1.1re IG are lllunerical avera!!e;:; of 
illdiyidual series of measurements that. aTC wci!!htec1 
avpra!!PS of lotal di scharf!c from all measured sprin~r::; , 

Tiw ddoridl' cOlltellt, shows a slight but si!!nificant 
season:Ll Yariatioll , (('IHling- to he highesl (n01 ppm) in 
the a,Y('ragt'- SlIllImer quarter ( table 14) and lowest. (8n-1: 
ppm) in the aYCl'age winter quarter. The difi'erClJce of 
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TABLE 14.-Seasonal averages from quarterly data, 19·i5-52 

Quarter 
Dis· Cl I Temper.!1 Prccipi. 

charge (ppm) 3lure lalion 
(OC) (inches) 

-----1-------·--·-----------

Period 

\\Tintcr ___ _ 
<;; • .. prmg ___ _ 
Summcr __ _ 
FaIL _____ _ 

Jalluary-:\[arch ______ ;i3.4 
April-Jullc _____ _____ 43.S 
July-Septcmbcr _ _ _ _ _ _ :30. 7 
October-Dcccmbcr _ _ _ ·15. 0 

I 

SD4 
000 
001 
SDS 

83. S 
Sol. n 
35. G 
34.7 

1. n2 
1. ;j3 
.70 

2.47 

T ppm is a, little less than 1 percent of the total. In view 
of the fact that nearly 5,000 chloride allalyses are in
,'oh'ecl in these avcrages, any seasonal difference grc~lter 
than 1 or ~ ppm is probably significant. This seasonal 
n.ria.tion is due largely to dilution by precipitation, 
which is at a. minimum during the summer months. 
Residual concentration of chloride by evaporation is 
also greatest in summer, when temperatures of water 
and air are somewhat hig:her. . 

Sensona.l changes in discharge and temperature a.re 
also given in tables 13 and 14 and in figure 16. The maxi
mlUn average temperature, as expected, is genernlly a,t
tained in the summer quarters. Slight effects of air and 
near-surface ground temperatures also undoubtedly 
exist. The heaviest precipitation normally occurs in the 
late fall and winter months and is normally accom
panied by a temporary increase in discharge and a 
decrease in temperature (pI. 4). 

YEARLY VAlUATIONS 

In Nevada, as in most other western States, precipita
tion occurs largely in the winter months and is com
monly stored as snow. Runoff and other hydrologic 
rela.tionships related to precipitation are most clenrly 
shown by a precipitation year that starts just before the 
autumna.l storms; October 1 is the commonly accepted 
starting date. The data for Sten.mboat Springs are 
shown in table 15 and figure 17. 

TABLE 15.-Yearly ~!Verage of weighted measurements of flowing 
.~prings, 1945-1952, by precipitation year (October through 
following September) 

PTl~cipit:ltion yC'ur 
Dischar~e Cl 

(gpm) (ppm) 

1D44-45 1 ___________ 54. 7 !H4 In4;>-4o ____________ 50. 2 U1S l!J4t>-4i ____________ 42 4 D02 
1 ~)·Ii -48 __________ __ 33. 7 897 
l!),IS-·I!l ____________ 4.'>' 4 D03 
1 ~)-I~l_;)O ____________ 44. :2 S!JG 
1 ~);)(}-;i L ___________ ·17. 3 SiG IU51-52· __________ ;is. i 8S!) 

Avcragc ___ __ 47. 1 SDD 

~ J~tnl~:;'ptcmbt·r lW.~ . CXC'l'pt for pr('cipitation. 
· 1 hrouch .\Ulo!ust 1~."'2. · 

I 

Temperature Precipitation . 
(oC) Heno. :-ie\'. 

89. 0 
S6. 7 
83. 7 
S'~ !l 
S,) 7 
83. S 
S.5. :> 
SG. 7 

35. 1 

I 

I 
I 
I 
I 

7. 44 
G. Ii4 
4. 25 
:3. 13 
.'i. SG 
G. !l2 
8. S5 

11. 1!) 

6. 77 

In cune C of figure 17 discharge shows a nearly 
st.raight-line rclationship to precipitation, except that 
llischarge decreased gradually from IfJ-!G--!T t.o 1050-;')1 
rcl:rti,'e to precipitation. with ~L p~llticularly notable 
decrease in l!H!) and IfJ;iO. 

In gcneral, Bed:cr's stat ement (1888, p. ;l40) is con
firmcd: "the diseharge of the hot sprinf.:,'S is grca,test 
in ycars of heavy minfall and is less ill drier years." 

For;') of the T years of observations (fig.H, curve C), 
each inch of change in precipitation changed the rate 
of (lischarge by about ± gpm. 

The chloride-discharge graph (fig. 17, cun'e B) shows 
that chloride tends to be high when dischargc is high, 
and. low when discharge is low. Tw'o of the seven tie 
lines between adjacent. yem-s (104:8--!0 to 1950-51) are 
not in accord with this tendency, but the other five are 
reasonably consistent. 

This tendency for a direct rather than an inverse 
relationship between discharge and salinity is one of the 
more unexpected results of the present study. If chloride 
is contributed largely by deep volcanic emanations and 
is extensively diluted within the system by meteoric 
water (1Vhite, 1957a), salinity should decrease when 
precipitation and discharge increase. Even if the dis
solved salts are derived from salt deposits, other rocks, 
or previously deposited volcanic emanations, a decrease 
in rate of percolation and discharge should result in 

. higher salinity, perhaps involving a time lag. None 
of these simple models fits the facts, 

A major shift in relationships within the spring sys
tem evidently occurred from 194:9 to 1951 when chloride 
content decreased by about 30 ppm, or more than 3 
percent of the total in the average ~ater that was being 
discharged. During this interval of time, the chloride 
content was decreasing while precipitation showed a 
net incrense. This could be interpreted as incrensing di
lution of chloride of some deep origin, except for the 
fact that discharge of the springs was also decreasing 
rela.tive to precipitation (curve C). 

Alternatively, perhaps the rate of evolution of water 
:md chloride of volcanic origin decreased from 1049 to 
1051, the decrease ill volcanic water being balanced by 
a slight increase from precipitation. 

The temperature discharge graph (fig. 11, curve A) 
shows that the a,'emge annual temperature of the flow
ing springs is generally high when discharge is high 
and is low when discharge is low. This relationship 
is also supportcd hy many measurcmcnts of individual 
sprin!:,.Y5. Temperature nearly always falls as the dis
cha.rge of a spring dcrlinl's and pcrhaps ceases to tiow. 
Figure 18 shows :L scries of mcasurements from spring 
22 in which temperature in general was clenrly rela.ted 
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FIOURE IS.-Relationship of discharge, temperature, and bar<>
metric pressure, in spring 22, Main TerraCe, and chloride 
content. 

to discharge, which, in turn, was usually highly re
sponsive to changes in barometric pressure. 

Most changes in discharge are accompanied almost 
immediately by changes in temperature, but a definite 
lag in response was found in spring 2 during September 
and October 1947 (fig. 19). The discharge relationships 
of springs 2 and 5 were reversed abruptly about Sep
tember 15, after strong local earthquakes that occurred 
late in the evening of September 7. The changes, if 
earthquake induced, must have occurred at consider
able depth within the system, because no change in 
discharge had occurred by 9 a.m. of September 8. The 
maximum response in chloride content of spring 5 was 
uelayed for at least 1 additional week and that of spring 
2 for 2 weeks after the change in discharge had oc
curred. The temperature of spring 5, which was near 
boiling, remained almost unchanged, but that of spring 
2 increased gradually and finally attained a maximum 
3 weeks after the changes in discharge had occurred. 

According to one possible explanation, the earth
quake caused some change at depth that permitted the 
flushing out of a connection between springs 2 and ;3. 
Other detailed changes in the springs suggest that 
gelatinous silica settles out in suitable, nearly stagnant, 
parts of the fissures, resulting in a decrease in permea
bility: and that if such an accumulation is flushed out. 
permeability and rate of discharO'e then increase . . - ~ . 

EFFECTS OF INDIVIDUAL STORMS 

Precipitation of as much as half an inch per storm 
generally has no detectable elrects on the spring sy~telll 

(pI. ± and fig. 12). S torms of 1 inch or more. nn the 
other hand. generally ha \'e d early obsenabJe ell'ed s if 
measurements are made wi thin 1 or ~ days after :-iuch 
a. storm (table 16). If obselTations are delayed until 
:2 days or more after a :;torm~ eli'ects are usually not 
detected. Thus~ the discharge effects are only tempo
rn.ry, e\-en for larger storms and clifIer from one storm 
to another for reasons not \\'holly understood. X 0 in
crease in discharge can be credited definitely to the 
storm of Xovember !)-10 ~ l!)±D~ with precipita tion of 
1.23 inches, even though measnrements were made onl.'· 
1112 days after precipitation ceased. 

The detailed records of figure 12, especially CUlTe E, 
provide good evidence that discharge responds almost. 
immediately to precipitation 'of half an inch or more. 
Wllen daily measurements are made and a barometric 
correction is a.pplied, after effects of n, major storm can 
genern.lIy be recognized for at least :2 or :3 days. The 
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T.\DLE IG .-Effccts of individual major storms on discharge of 
springs 

; I : i TIme lop"" to 
! !'rC'clpi· I ImJ11 Nliatc I TUllc lap~ to I 11ext lIlcn·a.. ...... · 111 

Storm I 
t:ltlOIl 1 !'urtlcl .d 1Irxt ~( 'r1(,S oC , dlc;ch ar~ ... th :1t 
HC'110 II cllr ct!" I oh~'r\"atlons II mlcht bt' n laJ.! 

I 
(mche,) I (ti3Y' ) ctlec t or the 

storm: (" ('('ke: ) 

------
,
- i ; 

Oct. ::!9-31, Hl-l;;_ 1.8G ,' PrcscIIL_ ' L _________ ! r .... !J . 
Dcc. ::!1-2_!, HI-I5_ 1. 23 ---do---- i ·L _________ , i. 
~o\".I3-I-! , HJ-IG_ ' . 58 , ___ do ____ . Fcw hours __ i (?) . 

!\o\·.19--23, 19_!G_ I I.::!8 1- - -dO--- -,L ----dO-----
1 
?\~il!~~~ 

:'lIn" 18-20,1948_ . !J5 (?) ______ 5 ________ --' 3_~~onths. 
:'Ila)' 13_15, HJ49_ 1.20 SlighL __ '

1 
After only I IO?-nOne 

No\,. 9--10, 1949-1 
June 15, 1950_ 
Oct. 2G-27, 1950_ 
No\·.18-20, 1950_ 
Jan. 18-19, 195L 
Apr. 25-28, 195L 
June 20-21, 195L 
Oct. 24-25, 195L 
Dec. 28-30, 195L 

1. 23 
. 59 

1.11 
1. 12 

. 89 

. 91 

. 67 

. 95 
1. 34 

Jan. 11-15, 1952_ . 1. 39 
:r ... Inr.14-15, 1952_ 1. 01 
Apr. 25, 1952_ 1. 60 

Y:l in . of othcr 

I 
the total, carlicr 
rain. I ' than 4Y2 

I 
months. 

(?) ______ lY2-------- 5-1O? 
NoneL __ L _________ 2-4. 
(?) ______ 7 __________ 11. 
(1) ______ lL ________ 8. 
(?) ______ 7 __________ 1-3 . 
(?) ______ 7 __________ 1-3 . 
(?) ______ 8 __________ 8-12. 
(?) ______ 8 __________ 7-9 . 
Present__ During 4-G. 

storm. 
(?) ______ 10 ________ _ 

_________ G _________ _ 
(?) ______ 7 _________ _ 

2-4. 
3_6. 
10-11. 

! Includes increase in discharge and decrease in temperature and chloride content. 
- From pI. 4 and fig. 12. 

effect commonly is not directly proportional to the 
magnitude of precipitat.ion. For example, the increase 
in discharge attributable to the storm of November 
22-23, 1946 (fig. 12), was greater and persisted longer 
than the effects of the higher total precipitation of 
November 18 and 19, perhaps because sinter and sedi
ment aboye the water table "'ere already saturated, re
taining as much moisture as possible. 

,Vater-stage records from nonflowing nnts yield 
more detailed data than periodic measurements of 
flowing springs. The record from vent 31n on the Low 
Terrace (fig. 11) indicat.es clearly on residual curn. 0 
that the efrect of 0.58 inch of precipitation 011 Nonm
bel' 1:::-14, 1946, ""as of yery short duration and became 
1lnrecognizable within 24 hours after the elld of the 
stOl"ll1. FOl' comparisoll , 2.08 illches of rain alld SIIO\" 011 

XOYember ID-20 increasrc1 thr ,,'ater le\"el of residllal 
ClllTe C by 0.2;"; foot. alld olll\' 1.08 inches of rain 011 

Xm'emher' 22-2::\ pr~dllc('d :Il~ additional inclx'ase in 
watt'r lp\'el of 0.1;, foot. Each hi!!her lenl tellded to be 
maintained. . 

~\t Yent 0;) on the Main Terrace. ill contrast. si!!nifi
e.antly c1ii1"rrrllt efrect s werp ]Jrod\leed I,,· til{> 'same 
storms (Ii .!!. 20) . A III a ior dp("linl' in wa\(:]" 1C'\'pl was 
takin!! pla Cl' from Xo\"~mhl'I' 11 to l!J ~ prohahly from 
SOlllC' local shift. of acti\·ity. Aftel' precipitation ('('as('(l 
hom til(' storm of XOn'mber 1;;-14, the ,,'ater lr\"el ros(' 

at least 0.2 foot. in residual cun'e B. presumably attain
illg a. maximum a day or more'after 'precipitati~n ceased 
(pa rt of record was lost.) .. After further decline, pre
cipitation on the I$)lh produced an almost. immediate 
ri sC' ill water le\"el with a second maximum about. II/! 
days :1 ft er the storm had ceased. Response was again 
sompwhat. differrnt. for the storm of 1\m'ember 22-2~. 
when thE: watrr level rose almost immediately, but. yery 
so 011 startN) to decline and continued down to the min
imum (j days later. 

The type and degree of response to precipitation 
clearly cannot. be predicted with confidence, especially 
i~ ~the.r random changes are also occurring. Some pre
ClpltatlOn fall s directly into fissures and sprin!!"s, but 
the tot.al direct fall is neecrlig-ible. A little more i~ rivu-- , 
lets and sheet. \"ash, runs into fissures and springs hut. 
this also is slight, except during drenching downpours. 
Most of the immediate and slight-lag efl'ects are prob
ably from precipitation that falls on porous sinter and 
t.hen seeps dqW"n into the spring system, The delnyed 
responses in vent 35 that reached their maxima on 
November 15 and 21 (fig. 20, curve B) may be related 
to precipitation on alluvium just 'west of the Main 
Terrace. The magnitude of response and the lag effects 
are probably related to the amount of precipitation 
and the preexisting moisture content of ground above 
the water table. 'When this ground has nearly as much 
,mter as it can retain, response t{) neW" precipitation 
W"ill be prompt and relatively high in magnitude. When 
the water content of the ground is low, new precipita
tion is retained largely above the water table and effects 
on the spring system are relatively slight. 

The immediate and short-term lag effects so f~r dis
cll.ssed seem to be entirely near suriacr; in origin, as 
mIght be expected. A water-stage record from the Rodeo 
well on the :Main Terrace (pI. 3) is reproduced as figure 
21. The pressure-corrected curve B shows no immediate 
response to the storms of Norember 18 and 20 1950 , 
(total precipitation, 1.12 in.L but a gradual increase of 
less t.han 0.1 foot, attaining a. maximum on Noyember 22, 
may be a lag eft'ect of deeper origin. This well is cased 
to 149 feet ill depth, so that direct near-s11l'face influ
ences arc excluded ; but. it. is surprisinO" that. chancres in 

'" "" water l(wels in lIrarhy fissures were not transmitted as 
pressure chan!!es through aquifers below the casing. The 
actual drects of the two storms on water len!ls in the 
fissures are lIot knO\\"n ~ llecause the \\"ater-stage records 
from natura I vents on t he ~rain [mel Low Terraces dur
illg this lwriocl \\"ere J()s t~ hut. a significant change was 
l'X,p(>ctl,d [rolll a !'torlll of this ma,!!nitude. All aquif{,l" 
]"('latin'ly low ill tC'ml){'ratur{' and chloride was pene
tratC'd in thp nod('o \\'ell mar Hi4 frct. in dcpth~ just 
allo\'c grano<liorit{' hedrock. Precipitation in and lIear 
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FIGURE 21.-FluctU'ations of water level, Rodeo well, Main Terrace, showing barometric and earth-tidal influences and 
perhaps a delayed response to precipitation. 

Pine Basin west of the Main Terrace may seep under
ground and into the system through this 164-foot aqui
fer, thereby accounting for the delayed response. 

The very individualistic responses of different springs 
to precipitation and other factors are not evident from 
the aye raged data (pI. 4 and fig. 12), but some differ
ences are shown in figures 13 and 22, which show some 
details for the period of November-December 1946, and 
in figure 23. Springs 5 and 50 responded in discharge in 
proportion to the total discharge of all springs. E"en 
tho com'puted a"erage rate of discharge of a small gey
ser (fig. 22, cun'e B) is similar to that of total discharge 
until its actiyity ceased on Dee-ember 9. Between No
vember 24 and Dee-ember 9, the geyser decreased ~ gpm 
in discharge, and spring 18 on the northern extension of 
the same fissures ine-reased 6 gpm. This is an example of 

an exchange of function that Marler (1951) has de
scribed in Yellowstone Park. 

Spring 20 (fig. 13) differs greatly from most. other 
springs in its "ery dampened increase in discharge and 
especially its increase in chloride content in response to 
precipitation. Rather than diluting chioride content, 
precipitation eyidently taps some auxiliary supply of 
chloride. The only local source a"ailable for such im
mediate response is chloride that. has been stored in the 
area ncar and just. west. of t.he spring as a result. of pre
"ious near-surfae-e enlporat.ion. 

Other spring'S in the northwestern actiye part of the 
~rain Terrace, including 20n~ 19, anel 21 (fig. 23), are 
generally anomalous, with chloride contents increas
ing in response to' precipitation. Springs to the east and 
south normally decrease in chloride in response to pre-
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FIGURE 22,-Averagc dischnrge rate and other eruption characteristics of geyser 23n, :Main Terrace, November and December 
1946, 

cipitation, as shown by springs 50, 18, and 5 (fig, 13) 
and spring 2 (fig~ 23). 

E\-aporation of near-surface saline water in the area. 
just west of the anomalous springs . presumably concen
t mIt's salts :Lt the surface. Rain fall on this immediate 
area dissolws the salts and sinks undergrollnd, flowing 
eastward below the surface to the fissures. 'Vater Ic\'els 
al'e only a few inches to se\'eral feet below the surface 
west of the anomalous springs, as indicated by the fact 
that a seeping ~prillg shown as 1Dnw on plate 3 became 

actiye in the spring of 1D53, and saline Cnlsts have been 
obsen'ed near here at other times. 

Springs f:Lrt.her to the south are not influenced in the 
same way, perhaps because the surrounding sinter is 
relati\-ely dense and impermeable, or because water 
Ic\'els are too fal' helow the surface for I'xtensi\-e evap
oration to occllr. For example, depth of the water table 
in Rodeo well was normally about 81,6 feet (table 5) 
and in drill hole, GS-;1, about 8-10 feet. Probably lit
tle, if any, empOl;ation of thermal saline water occurs 
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FIGURE 23.-Chloride concentrations of four springs and their differences in response to precipitation. . _ 

here, but the ground is porous enough to absorb nearly 
all precipitation that falls, mixing in the spring system 
either almost immediately or with a lag in time. 

The springs that are diluted immediately by preci.pi
tation also show temperature decreases, but t.he springs 
that increase in chloride or lag in chloride response show 
little change in temperature. 

Ir.'"FLUENCE OF EARTH TIDES 

An influence of eart.h tides was discovered at Steam
boat Springs as a result, of specific S<'~'lrch, following a. 
suggestion by T_ ,V. Robinson (oral commun., 1846), of 
the ,Vater Resources Diyision of the Geological Sun-ey. 
Robinson pointed out that he had found earth-tidal 
influences in artesian wells that were responsi,-e to baro
metric pressure (Robinson, 1D3$)). ,Vhen the ',yatel'-stage 
records from yents high 011 the :.\Iain T(,l'race ,,"ere cor
rected for ba rOll1et ric infiuellt'c (figs. 10, 21), the re
sidual clln-es clearly indicated fluctuations similar to 
t.hose obsen·cd by Robinson. The semicliurnalnature of 

sion through t.he month, and the relation of shape of 
curve to phase of the moon proved that they were indeed 
earth tides; The maximum fluctuations were greatest, 
about 0.10 foot, near the time of new moon, were slightly 
less during full moon, but. were only about 0.05 foot 
during the first and third quarters. 

In cont.rast to the water-stage records from the :Main 
Terrace, t.he pressure-correct.ed residual curves from 
ycnt 31n on the Low Terrace (fig. 11) contain no defi
nite indication of eart.h tides (further discussed on p. 
C-l4). The minor fluc.t.uations in these residual curves 
are at. least. in part. related to differences between short.
term long-term baromet.ric response, whereas It constant. 
barometric factor was applied in derj,-ing each of the 
r('<;i d ua 1 cun-es_ 

~\.n earth-tidal influencc on the flowing springs has 
not Iw('n demonstrated, but ~rain Terrace springs that 
respond most. strongly to barometric pressure, such as 
springs 22 and 2-1: (table 4), almost certainly respond 
also to earth tides. In yie,Y of the fact. that the maximum 

the major residual fluctuations, their gradual progres- barometric response of nonflowing vents is equivalent. to 
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about 0.5 foot of water and earth-tidal influence, 0.1 
foot of water, the response of a flowing spring to earth 
tides is likely to be at least :20 percent of its maximum 
response to barometric pressure. Diurnal barometric 
fluctuations (fig. 10, CUlTes --1, B) commonly ha\'e an 
amplitude of about 0.1 foot or :l little more, and the 
:n'erage earth-tidal amplitude is about O.Oi foot. This is 
equiralent to 70 percent of the usual daily barometric 
fiuetuation but only 1;"i percent. of the maximum baro
metric flnetuation. 

Until nry recent years, ea.rth tides had seldom been 
detected in fluctuations of water level. KlOnne (1880) 
detected an influence of earth tides in fluctuations of 
water level in :t flooded coal mine in Europe. Young 
(1913) clescribed fluctuutions in discharge from shallow 
wells in South Africa that correlate with earth tides. 
Four flowing wells from 65 to 200 feet deep ranged from 
25lho to 33°C in temperature; their altitudes at point 
of discharge differed by as much as 16.7 feet. The high
est altitude well was the only one that showed clear 
tidal fluctuations. Two others, 3.5 and 6.7 feet below 
the first, showed slight variations, and the fourth well, 
16.7 feet below the first, was nearly constant in dis
charge. The 'highest well was also most responsive to 
barometric pressure (Young, 1913, pI. 4). These reln.
tionships to altitude are similar to those described at 
Steamboat Springs. 

Robinson's recognition (1939) of earth-tidal influence 
on water levels in artesian wells has been mentioned. 
The maximum tidal fluctuation in brine wells in New 
Mexico (Robinson, 1939, p. 659-660) were a little less 
than the 0.10 foot found at Steamboat Springs. The 
pressure variations were about equal, considering differ
ences in densities of the waters. The well in Iowa City, 
Iowa, showed fluctuations of as much as 0.18 foot, nearly 
double the maximum of the Main Terrace of Steamboat 
Springs. 

Stewart (1961) described earth-tidal amplitudes as 
much as 0.25 foot in wells in cryshtlline rocks in Georgia, 
where baromet.ric influence was found to be slight; 
Hichardson (1956) published a brief description of tidal 
tillctuations in wells in Tennessee accompanied by strong 
ptfects of precipitation but with little or no barometric 
(·psponse. ~relchior (1959) found both barometric :md 
parth-tidal effects in wells in Belgium and in the Congo. 
Tidal fluctuations of 0.2-0.3 foot are common in wells in 
~rissollri, :tnd 0.1 foot in wells in Florida. according 
to .T. D. Bredehoeft (written comIllun., 1066). 

Theis (ID:3!)) ascribed tidal tiuctuations in water lerel 
to t'1a::;tic dilation and compression of w'ater contained in 
the aquifer, correlating with bulging and recession of 
the parth's crust in response to lunar gravitational at
traction. 'When the actual erustal tide is "high," the 

:!64-S56 0-67--4 

water lenl relatiye to a. reference point. n.t t.he surface of 
the fluctuating- crust is ;'low." 

Earth tides h:1 \"e also been studied by means of sensi
tive tiltmeters and grn vimeters. Stetson (I0+!) esti
lIlated :t displacement of the crust of t.he earth of a.bout 
2 feet in n. \·ertical direction; the lag between maximum 
tidnl force and maximum response is about 50 minutes. 

Nishimur:l. (ID50) has made tiltmeter measurements 
at a number of localities in .T apan, including Beppu hot 
springs, Kyushu. The t.idal fluctuations at six points in 
the Beppu area. showed little relation to each other. The 
strongest tilt had an angular rotation of about 0.03 sec
ond of arc, and the smallest was less than 0.005 second. 
The earth-tidal anomalies are peculiar to each individ
ual point. Nishimura concluded that the differences are 
related to an active fault through the center of Beppu, 
the fault plane behaving as a "free boundary" (1950, 
p. 3(0). The tidal fluctuations at Beppu are caused by 
direct effects of moon and sun and by indirect effects 
from loading and unloading from ocean tides in the Bay 
of Beppu. The In.tter produce the largest effects. For 
this reason Nomito and Seno (1939, p. 416) found that 
tidal influences on flowing springs decrease with dis
tance from the coast. Their study detected no direct 
earth-tidal effects on hot-spring discharge, although 
such effects may exist in certain sensitive springs. 

The full significance of tidal fluctuation of water 
levels at Steamboat Springs is not clear. Perhaps all 
water levels related to confined aquifers respond to some 
degree to tidal stress, and those associated with uncon
fined water presumably do not. The existence of tidal 
effects at Steamboat Springs probably indicates the 
existence of extensive artesian confinement within the 
whole system. Although water circulating entirely 
within one fault plane or in a complex system of inter
secting faults and frn.ctures is very different in detail 
from the simple concept of an artesian aquifer, the prin
ciples of response to confinement still apply. 

.:\. complex system of faults and fractures, such as 
t.hat of figure 4 (a possible model for Steamboat 
Springs), has a certain reserYoir capacity in open spaces 
that can increase or decrease in volume in response to 
bulging and recession of the earth's crust by earth tides: 
an expansion of the reserYoir would be accompanied by 
t.he lowering of water levels at the surface of t.he sys
tem and contraction would ra.ise water levels. The p:trts 
of the system at. the hig-hest. altitude and under the least. 
confining pressure should be the most pres-sure sensitive 
and should therefore show the highest response: this 
supposition seems confirmed by the :n-ailable tlata. 

Of significance is the finding of eart.h-tidal influence 
on the :\fain Terrace and its absence from the Low Ter
race despite barometric responses of nearly equal mag-
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nitude in the two areas. The relationships are prob
ably explained by tl1(' nature of interconnections and 
restrict.ions of channels at depth within the whole sys
t~m . The Low Terrace, as we haye !'E'en. has a low total 
diseharge, despite the adnlllta~(' it has ill lower alti
tude;; of outlet. If earth-tidal fluctuations in the ~rain 
TerraC{> were produced hy yolunw change in the. reser
,-oil' at depths shallower thall interconnections with the 
Low Terrace subsystem, then Y'e should see similar tidal 
response:-; in the Low Terrace. Such a respollse is not. 
found. Therefore, the yolume chang-es in the resen-oir 
must take place at. greater depths anel response. is trans
mit.ted principally to the ~Iain Terrace. Looked at. in 
anot.her W:1Y, the maximum tidal fluctuations of 0.1 foot 
in the ~rain Terrace subsystem is equivalent to a pres
sure change of only 0.003 at.mosphere. The hydrostatic 
pressure differential between the crests of the Main and 
Low Terraces is 44 feet of hot water, or about 1.2 at
mosphere of pressure. Thus, the maximum tidal fluc
tuation on t.he Main Terrace changes the ·hydrostatic 
pressure nt the point of diversion into the subsystem by 
less than four-thousandths of the existing differential 
Such a small change probably accounts for the lack of 
tidal fluctuations in the Low Terrace. 

INFLUENCE OF EARTHQUAKES 

All local earthquakes from 194'7 to 1952 of magni
tude 3.0 or more that were recorded on University of 
Nevada seismographs have been listed by ·White, 
Thompson, and Sandberg (1964, table 5). Fifteen 
shocks that were either very strong or that evidently 

org-inated near Steamboat. Springs are shown in table 
17. All water-stage and microbarograph records for the 
corresponding dates were examined for recognizable 
response to the shocks. Six earthquakes produced defi
nite response, t.wo may haye produced slight response, 
and no dleet.'; were detected for sm·en. All six of the 
most· influential earthquake.s produced changes in the 
~rain and Low Terraces, but. t.wo of these six did not 
influence the water leyel of South Steamboat. well. 
,Y:tter in the lower part. of this well, as mentioned pre
yiou?ly, is considered t.o be ent.irely meteoric in origin, 
and is heated as it flows into the spring system. Three of 
the...<:e six shl)Cks aft'ected the local microbarograph rec
ords, presumably from air, surface, or ground waves; 
none resulted in detectable changes in discharge of pro
ducing wells of the Steamboat Resort. 

The two separate shocks of September 7, 194'7, prob
ably originated much closer to Steamboat Springs than 
the computed distance of 32 miles shown in table 1'7. 
The University of Nevada had not yet installed its 
Sprengnether seismograph, and the epicenter was com
puted from distant California. stations. According to 
Romney and Meeker (1948, p. 99), three small shocks 
were felt in Reno and Washoe Valley in addition to the 
two principal shocks. At the Steamboat Resort, how
ever, John Czykowsky (oral commun., 194'7) recognized 
seven distinct shocks. Only three in all were felt in Car
son City, south of Steamboat Springs. 

The shock of November 14, 1949, in contrast, had a 
reported epicenter only 2 miles from Steamboat Springs. 
Although its Richter magnitude was calculated at 3.5, 

TABLE 17 .-Effects of strongest and nearest earthquakes on recording instruments at Steamboat Springs, N eu. 

Date 

Sept. 7,1947 
Sept. 7,1947 

1'0 .... 25.1947 
!>Iar. 28. 1948 
Dec. 29.194R 

July 18. 1949 
;-';0". 14.1949 
Dec. 7.1949 
Oct. 2!J, 1950 

Dec. 14.1950 

Jm). 2O. 19~1 
Jail . Z.!. 19!ll 
May 1. Ig~1 

Junr ~t. 1951 
:'Iuy \'.lY!j2 

Hour 
(PST) 

21:52 
23:13 

10:09 
lO:2li 
4 :53 

7:31 
2:41 

10:44 
19:18 

5:2~ 1 
Z! :2S 

7:14 
17 :00 

15:54 
7:31 

I Distance,' 
reported 
epicenter Richter 

Irom magnitude' 
Vent 35, Main Terrace 2 Spring 31n, Low Terrace 1 South Steamboat well, 

sou th end 01 Low Terrace ' 

Rodeo well, 
Main 

Terrace 1 
MicrobnroJ(l"apll. 

Sterunboat Resort' 
Steamboat 

(miles) 

32? 
3.., ., 1 

(Sec telt.i· ' 
r, 

:lSI 30 

I 
'>'>1 

~? I 2fi 
17 

I 
i 

50
1 

Ii i 
23 : 
12 I 

4 1 
4 I 

Moderate Not operating ••.. _._ •• _. 0.02·ft drop .•..••.•..•..• _. Marked risc (record losl). ________ •• _____ ?<*mm fluctuation . 
~Ioderatc .••.• do •••.••• ... _ ...•.• _. Induced 31l eruption of ••• _.do ••••. _ •• _ ••• _._ .. __ • _____ • __ . ...• _. I·mm f1uctuatioll . 

~o 32 Gc.vscr well. 
1II0derate O.(y'?·ft drop ••....... _ •• •. O.o-Ht net r;sc .• _._ .. __ ••.• , None ..•• _._ ....... .. ... ... ... _ •.• __ .... _ None. 

4. 6 I None or <0.02·ft change. I None •....••..•• _ •.••••.• _. Not operatin;: freely ..•• _ •••• _ .. _._._ •• __ None. 
6.0 a.OI·ft risc .••. _ ..• •• _._ •. O.22·ft fluctuatioll . O.!!;·ft O.(y'?·ft drop. then O.Z·lt _ •. _._ .. _._. _. 

I net risco I risc in 1 hr. 0.7·ft risc 
in 9 hr. 

~. ~ I ~(Y.?rt droP? ......•••••. ,1 O:!J3.ft total lIucluatlon.... I':0ne ...• -.---.-••.•. - .. . . - _._........... ~one. 

3: ~ i :-;~~~·o~·<o .. O:lil.-.-.-.-.-.-.-.- ~~~;.- .-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- .-.-j ~~~~.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- .-.-.-.-.-.-.-.-.-.-.-.-::1 ~~~~: 
4. 2 j ;-.;ollc······ · ········· ·· ·· 1 NEi·£~p~:uli!~~~ well II NOlle ••••••....... _ ••••. _ .. None·····_··1 ;-';OIlC . 

5.6 1 Record lost ' ••• ·· · ·· ••• ·1 None . l;eyscr had erupted None or gradual rL"C O.OJ Record lost'. Recoru lost.' 
. !--:- I hr earlier. ft . 

t ~ i :::::~~;:: :::: ::::::::::: II . ~~~~d; ~~~t.::::::::::::::: ! ~~~~:::::::::::::::::::::: :::::~~ :::::: ~*inm fluctuation . 
3. ~ I Nonc ...•..•• _ .••• _ •..••• Just recovcrin~ frolll I ;-.;one····· ··_·····_·_···_··1 :-lone........ None. 

I rruption or ;-';0. 3~ 
I {iC\"SCT well . 

3.3 . Ri,r? cable broke .••• ••. . ;-';01 operntin~ freely •••.... None .... ...... ... ..... _ ••. ;-.;one •••••••• None. 
~. I i o .~·rt drop . •.•... . .••.•.. ! o.~r~;\~trl~~ctuatioll . I ;-';ot operatin~ frccl y ....... I •••• _._· •• ··•· . :l-mm flurtuatioll . 

1 EnrthquakC'!' perOT(- J)(·c.l."l. Hf4S. d(· trmJinC'ti without data (rom Hcno: nliahility 
:1lu'r thM <JUl(' 5!H'atl y ltlcn'u..q.d hy u kOJIIT)(}IIf'u t ~pn'JH!' II f'l)J{'r ~hon~p('nod sC'i~· 
mo~raph in;'\tallf'c} nt l"m\"('rsity of :"\('\"nd3; (ur oth('r data und rC'h'n'I\Cl's. S('P Whilt" 
Thompson. uno SnndlH'r}! (1~ . table M ., 

: On 011(' of principal fi~!,lJr('s 011 th(' ~tnm TC'rruCl', shown on 1)1. J . 
'~rnr and influ{, llcru by ~o. J:! (irysrr wrll. showJI on pI.~ . 

p3 rt is ca..cord ofT. 
!. )JOl'S not itltrrsrct ntujor H~un's : nny rfTf'(·t (rom c:lrthQuukcs may ue SlrOnl-!)Y 

d:ullf)<'lIrd . ]h'C'orut'r Ul',Stroyt:tl by rruption or July ~I 1951 (scr. text) . 
t Any eHl'cL, 011 microhuTOi!ruIlh JITl'sullluuly related to nir, surface, or i:round 

wuves. 

, Contains wann mC'[('oric wnter below depth of lW (t; hot saline wateT in upper 
'; ~Io~t record!' rrom !\'o\'rmbrr 19SO throul!h }"('brunry 1951 were lost when equip

m ent simek was destroyed by windstoml , tlIi:ht or Mo.r. <1-5, 1951. 
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this shock did not influence any Steamboat records. Its 
epieentc[' is \'ery likely to 11:l\'e JH-'enmueh farther away 
from Steamboat Spring's than indicated by its caleu
bred distance. 

In g('neral, only the srrong(>st 01' nearest earthquakes 
were detected in the instrlllllentalrecords at the springs. 
'Yater le\'els in the principal fissures are most. strongly 
influenced. }Ieteoric water migrating into the thermal 
system-as represented by the ~ollth Steamboat w('II-is 
less sensitive to influence by earrhcl'l:lkes, hut :1 Tt'W 

shocks ha.ve produced measllrable fiucmations. 
There is no e\'idencc that any fault of thc Stramboat 

SprinbTS system was seismic:tlly actiye from I!H3 to 
1!J52, and there is no geologic e\'idence to J)['O\'C any 
post-Pleistocene displacement within the thermal area. 

Some individual springs were afl'ected at least tem
pora.rily by the earthquakes of September 7, 1947. The 
tot.al measured discharge (pI. -1) increased from 28.2 
gpm on September 1 to 34.9 gpm on the 8th. The dis
charge of most individual springs increased slightly, 
but spring 50 increased from 3.3 to 6.9 gpm; spdng 25, 
which is only 300 feet southeast of No, 50, decreased 
slightly. This suggests that some discharge was diverted 
from spring 25 into spring 50, which is lower in 
altitude. 

Less obvious delayed reactions can also occur. Figure 
19 shows the discharge, temperature, and chloride re
lations of springs 2 and 5 in the fall of 1947, Very pro
nounced changes occurred in these two springs within 
1-3 weeks after the strong local seismic shocks of 
September 7. These changes are probably not directly 
related to the earthquakes, but the channels of upflow 
were very probably affected in some way. One likely 
explanation involves an interconnection between the 
spring channels that had been filled by silica gel. This 
is a normal process of the spring system (Brannock and 
others, 1948; White and others, 1956). Periodically 
at t.imes of unusually high discharge, much flocculated 
silica. gel is flushed out in large quantit.ies (fig. 9). As a 
result of seismic activity, water in the channels of 
either spring 2 or 5 may haye been di'v.erted in such a 
way that an interconnection between the springs was 
gradually cleared, eventually producing a change in 
discharge relationship. The changes in beh:n'ior shown 
in figure l!) are established facts; a likely explanation 
im'oh'es delayed reactions that \\'ere initiated in some 
way hy the earthquakes. 

The earthqllake of }f:ty D, 1!):";~. prodllced notahle 
"hang!'s in indiyi(lll:t1 springs. The total ml'as\lr(>(l dis
t'h:ll'gp (pI. ·k ('mTe D) <!('('rpased from sn.+ gpm Oil 

~f:ly ~ ill 7.1 . .-' on ~f:ty Hi: spring 10 :o;topppcl flowing-. 
"pring ~.~ decre:t~ed from ~(i.0 to 1::.1 ,!!pm, :ll1d ~pring 
.iO inereased from ~.S to S'() gpm. Other sprin~rs changed 

only slightly. The weighted :l\'erage chloride content 
(clIlTe A) and weighted temj1erarlll'e (cun'e D) de
creased notably between the two series of measure
ments. 

Xeither general nor detailed efrects of earthquakes 
on the spring system ean be predieted with certainty. 
One conclusion is that if :lll earthquake is near enough 
()[' strong enollgh, changes of some kind will occur. 
The 0\'er:1Il effects are generally small for small dis
turbances and h:L\'e not been particularly useful in 
analyzing the nature and characteristics of the spring 
system. If a major seismic shock occurs near :t spring 
system, hO\,e\'er, major rhanges can be expected. }farler 
(H)6-1) has described the many changes that occurred 
in the sprinhTS and geysers of Yellowstone Park as 
results of the Hebgen Lake earthquake of 1959. One 
m:Ljor factor, among others, clearly was distance from 
the epicenter. 

GEOTHERMAL WELLS AND EFFECTS ON 
NATURAL VENTS 

WELLS DRILLED BY PRIVATE INT.ER.ESTS 

The first gothermal well was drilled at Steamboat 
Springs about 1920. Before this time the Steamboat 
Resort had depended on hot water piped from nearby 
natural springs to supply the hot baths and for other 
uses. As shown by plate 4, however, all springs of the 
area are highly 'v.uriable in behavior. A well was drilled 
near the resort to obtain a more dependable supply. No 
record was kept of the results, but experience has 
demonstrated that drilled wells do provide a much more 
dependable supply than natural springs. 

The first well at the present Reno Resort just north 
of the active springs was drilled about 1927, and since 
then, discharge from all commercial wells has probably 
ranged from 200 to 400 gpm of thermal water, the 
a verage being near 300 gpm, Two-thirds to three
fourths of the total discharge from wells was produced 
from the Reno Resort to provide an a.dequate source 
for rapid filling of a large swimming pool. 

}[easurements were obtained from all commercial 
\\,plls .tlrillet! in the thermal area from 1945 to 1952. 
Speei:t1 attention was giyen to temperatures, water com
Jlositions, nature of hedrock, and water levels as drill
ing progressed. The qllality of the data ditl"ers greatly, 
depending upon the natural em'ironment of each site 
:Ind especially on the drilling method used :llld the 
speed of drilling .. \. rotary drill that circulates mud 
and is oper:upd ~.~ hOllrs pel' clay can complete :t well in 
minimlllll tillH'. hur \'ery little information is obtained 
on till' d\:lngillg t'olltiitiolls with depth .. \. tcmperature 
log ohta ined :1 ftl'l' dri 11 i II!.!' is eOlllpleted llIay h:n'e only :t 
\'aglle similarity at· hpst, to :Ietual temperatures existing: 
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in tl1£' g-round before drilling- commenced. In contrast, 
drilling- hy cabll'-1001 mC'thods for S hours pC!" day alld ;i 

days per wpcl;: proyides much more opportuniry to ob
tain me:lIling-ful data as drilling proceeds. 

TI\(' llIost sig-nific:tnt data obtained during- tIll' drill
ing- of rOllllJ1l'rrial wells are contained in t~\bles 1R-24, 
in order of location frolll south to north in the thermal 
an>~'l., and east. to west. 
Temperature data from Neyada Thermal Power Co. 
wells .f.-f, were obtained from ,Yilliam 'V. Allen, who 
was supen'ising the drilling of these wells from Ifl60 
to 1f)(j~. Data considered to be relatin>ly reliabll' arc 
shown in figures 24-28. Bottom-hole temperature." for 
these wells were obtained as drilling progressed, and 
the chloride content was detennined at the indicated 

depths. Logs of cutting-s from some ·of these wells have 
been described by "hire, Thompson, and Sandberg 
(1964:, table 3). 

In each figllre that shows a significantly high range 
in temperature, a theoretical hoiling-point cune for 
purl' water is shown for reference. This reference curve 
is equi\·alent. to cun'e A of figure 29, expanded in figure 
ao to the depth scale generally used in this report. 
The data are contained in t.able 25 and n.ssume a well 
filled to the ground surfac~ with liquid water that is, 
at. e.Yery point in the column, exactly at the boiling 
temperature for the existing pressure. The change in 
density from thermal expansion of water with tempera
ture (fig. 30, cun~e C) is considered in the ca.lculations. 

TAlILE 18.-Data from South. Steamboat well south of Low Terrace drilled by cable-tool rig 

[Measurements in parentheses sro considered less reliable than others. Water samples from top or water column] 

Date 
Depth (reet) 

Drilled I Measured 

19~6 

Depth or 
casing 
(feet) 

Bottom·hole 
temperature 

(0 C) 

Depth to 
water 2 
(reet) 

Temperature 
(0 C. at water Cl 

level) (ppm) 
pH Remarks 

. Dec. 6_____ 6± 5 __________ 15.0 ___________________________________ _ 8 a .m. 
7:20 a .m. 7 ____ __________ 14.2 __________ 27.2 

8____ __________ 14.2 __________ 26.9 
1L__ _ __________ 15. 7 15. 4 28.0 
12____ __________ 15.9 16.5 27.5 
13____ 20 1i.8 19.7 29.1 
14____ __________ 19. 2 20. 6 29.4 
16____ 26 22.3 26 31. 6 

18 ____ {========= ~~: ~ ~~ (~~:~) 
20____ __________ 32.6 29 37.9 { 

2L___ __________ 32.6 29 37.9 
26 ______________ _____________________________ _ 

27____ 34 22.6 34 (31.1) 

28 _____________ _ 
29____ 43 30 _____________ _ 

1947 

35. 1 
41. 2 
48.0 

35 
40 
42 

38. 8 
42. 0 
46. 7 

7.3 __________ 320 7.44 
7. 4 _________________________ _ 
9.7 __________ 456 _______ _ 
6. 5 __________ 540 8.14 
8.1 __________ 556 7.92 
7. 5 _________________________ _ 

11. 6 __________ 152 7.71 
12.4 __________ 480 8.47 

(11. 0) __________ (820) (8.57) 
9. 9 _______ ________________ __ _ 

(7. 5) _________________________ _ 
9 . 7 __________ 608 7. 39 · 
9.1 __ _______________________ _ 

(+3.9) __________ (788) (7.05) 

(28.0) _________ _ 824 7.15 
10. 7 __________ 592 7.26 
7.8 ______ ___ ___ _____________ _ 

No drilling Dec. 8 and 9. 
7:30 a.m. 
8:30 a.m. 
7:30 a.m. 
8:30 a.m. 
8a.m. 
8a.m. 
5 p.m. 
8 a .m. 
Outside of casing. 
8a.m. 
No drilling since Dec. 21. 
Caving; not applicable to 

measured depth. 
8 a.m. 
8 n.m. 
8a.m. 

Jan. L____ __________ 77.8 42 
42 
42 
42 
42 

56. i 
61. 1 
62.2 
62 . 7

1 

6. 5 ________ ~_ 810 8.64 8 a.m. 

Feb. 

2_____ __________ 96.8 
3_____ 110 107.5 
5_____ 119 114.3 
6 _____ 1__________ lll.3 I 

]0 _____ 1 __________ 1 105. 6 I 
~~---- - ---- ------ -----;;-;-

----. --- ------ - 1 ]-_.-]7_____ __________ ]39. 6 
20__ ___ ]6] ]54. 8 
2:L____ __________ ]61. 3 
27 _____ __________ 212.8 

115 

1,,-_I 

] "-_I 

1,,
-I 

161 
163 
188 

(61.7) 

----~~~~~~ I { 
6~ . 7 
63. 2

1 
62 . 9 
(j2. 0 I 
68.8 

I 

5.2 __________ 840 8.55 8 n.m. 
4.8 __________ 620 1 7.66 8 a.m. 
4. 5 1 __________ 1 854 I 6. 74 8 a .m . 

(4.0)1----------1-------- ,· --------1 8 a.m. ; caving. 

(~: g) ====== ====I_~~~~~ __ --~~~~~~ ~~t~d~ C::Sii~~·. 
4.3 __________ (852) , (i.12) 8 a.m. 
9. 0 __________ 1 872 i 8.12 8 n.m . 
6.8 __________________ 1 ________ Samplc bottlc broken. 
6.3 __________ 1 772 I 8.12 8 a.m. 

10.4 , _______ __ -' 616 1 i . 19 8 a.m. 
1. 1 ----- - ---- 184 1 ________ 8 l1.in.; high-chloride 

aquifer cased oIT, but 
somc residual chloride 

~==== _____ :~~ ______ :~~~~ _____ ~~~ ________ ~:~~ .I t: ~ ---------- --------/ i . 48 8 ~:~l. in well. 
10 ____ . __________ 1 ___ _ _________________________ ; -!-.5 i 4~ . 3 ]2 ! 7. 45 Sli~ht Oycrflow. 
]7 -- _-1- _________ 1 __________ ---------- --------- : -!-2.1 I 42.1 I 6 . 4 7.24 Y.l gpm dlschargc . 
HL __ , 275 257 I 188 I i4.0 1·--------- ----------1------- -1- ------- ------------------------

I Depth reported by driller. , Plus vaJues. above ~round surface. 
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:ff!DROLOGY, ACTIVITY. AXD HEAT FLOW 

T.\BLE l!}.-Data from Steamboat well 4, Steamboat Resort, Low Terrace 
(~Ieasurements in pnrenthescs are considered iess reil:llJle than tho others . . \11 water samples Crom top 01 columnl 

Depth {(eet) Depth oC - Depth to Temperature I co~~~~~~co I casing Tempemturo I wuter! (. C. at Cl (pIT) 

I 
(Ceet) (0 C) (Ceet) wBter le\'ei) (ppm) 

I 
(micromhos 

Drilled I ~Iensured ~t :!5° C) 

I!}. 2 82.8 13.5 550 -- 2,500 -------- -------- 1.1 

-------- 37.S -------- !}0.3 1~. ~ ,========== 592 6.3 2, 665 
-------- 31. 1 -------- (!}0.3) 

----~=~~~~I========== 
(768) (6.5) (3,285) 

-------- 47.3 

1======== 
!J6.3 ------1------ ----------

46.4 !J6.3 6.7 1- --------- 826 6.4 3 .~---------- , -/0} 

54. 2 !}6.7 1S.5 S-') 6.5 3, 370 -------- I~ 

C47 

Hemnrks 

I ,-------- I ,------ ---- I 
!l ____ . ________ 56.8 ----- --- !}5.0 

I 
1S.3 -- --- ----- SolO I 6.7 3, 200 12 ____ 1 ________ 68.0 -------- !l8. 1 13 ' !}5 !l60 1 7 . 8 3, 645 Cl influenced by erupting 

I 

I 
Ste!lmbo!lt well 2(?).' 

16 ____ S6 78 1 SO 106. 1 I 24 I !}576 S42 7.!} 3. 010 17 ____ !}4 86.5 SO lOti . 0 I 23 !}- I 572 7.7 2,330 18 ____ 
-------- 104.5 SO (103.3) IS (!}~76) (S8) (7.3) I (675) Cold W!lter in to cool well. 

22 ____ 
-------- 107 93 103.!) 1976 !}2 512 7.4 2,170 23 __ __ 111 93 10S.9 H) !}2 600 - ') 2,5S0 -------- I. ~ 24 ____ 122 118 93 121. 1 IS -- -------- 624 7.2 2, 650 

26 ____ 
-------- 131 93 141. 9 21 93 62S 7.2 2,740 

27 ____ 147 -------- -------- ---------- ---------- ---------- (624) (S.5) (2,545) ()) . 
19~8 

M!lr. 22 ____ -------- 184 93 154.S 17 95 ------ ------ ----------24 ____ 225 -------- -------- ---------- -- -------- ---------- ------ --- --- ---------- Drilled and cqmpleted 
while well W!lS erupting 
continuously; never able 
to get reliable bottom-
hole temperature. 

1 Depth reported by driller. ' WeU 4 first erupted from depth oC 142 It; drilling continued through erupting 
, Steamboat well 2. only 6 It to the northwest. wns erupting nearly continuously column to 147 It on Oct. 2i; well wns deepened to 2"..5 It in :'Iarch 1948. 

during the drilling 01 well 4 Bnd must have alfected the mensurements to some degree, 
in particular in depth to water level. 

TABLE 20.-Datafrom Rodeo well near crest of the i"Iain Terrace 1 

[Measurements in parentheses are considered less reliable than-the others. Water samples !rom top o{ water column unless otherwise noted) 

Date 

(1950) 

Feb. 9 ___ _ 

10 ___ _ 

16 ___ _ 
17 ___ _ 

Depth 
measured 

(Ceet) 

1.0 
1.8 

13 
23.7 
25.7 
36.5 
36.2 
46.7 
49.9 
49.7 
49.7 

65.3 
S1. !} 

06.0 
8!}.0 
SIL :3 

107.5 
Uli. \) 
120= 
120= 
120.1 
l:ll. ;; 
1:11. ;; 
137.~ 

Depth 
casing 
(Ceet) 

Bottom 
temperature 

·C 

Depth to 
water 
({eet) 

Tempera-
ture (·C, Cl (ppm) 
Bt wBter 

level) 

pH co;ru~~~ce 
(micromhos 

at ZS·C) 

________ 17.4' _________________ _______ ____________ _____ _ 
_ _ _ ____ _ 24.6 _________________________________________ _ 
________ __________ ________ 60± 696 5.9 3,035 

19.5 __________ (13.8) 75.6 872 6.7 3,495 
26.4 80 ___________________________________ _____ _ _ 
26.4 (93.4) __________________________ _______________ _ 
26.4 - 93.1 S.6 81. 7 886 6.4 1 3,495 
32.4 (94.4) (21.0) -------- 892 6.4 I 3,560 
34.6 (92.2) (10. 8) (80.3) _________________________ _ 
34.6 97.9 8.!} 83.3 828, 6.4 I 3,305 
50.2 95.!} 10.1 S2.2 814 I 6.3 3,6S0 

64. 7 109. 9 15. 6 85. 8 son n. 6 3, 33.5 
84.1 (105.0) (64.4) (!}7.6) 7!)2 \ (7.6) 3,160 

SS.7 (123. \1) (16. a) I ________________ 1 ________ 1 _________ _ 

SS.7 124.3 13.6 S3.4 ________ , ________ . _________ _ 
SS.7 124.3 12. 0 : S4.3 S4S i Ii . 7 i 4, !}60? 
SS.7 1:35.0 7. () i :-:>4.7 872 i 7.:; - 3. :3S5 
SS.7 1:36. :; G.!) ! S;;. !) S7f; I 7.;; ' :l. -100 
SS.7 --- --- ----1-------- :-------- ( !II2) (~. ~) i (4. SS;i) 
SS. -; -----;-~ -;_- l ~.:> ;----:-:-:.- ~~s lL, ; ·1. s~ ~! 
SS.7 1.3>.! I : .. ! I .(s~. '. std ~ . ~ , ~. (!-.! 
85.7 l ·!.l.ll ,.h l .l,.s Sti2 I .• : .:,:)(1;) 
SS. 7 IH.:; 1 7.·1 I !I7.!I s! 14 7. Ii :i. G1.; 
S8.7 145.6 7.7 i U7.7 SSS 7.S 3,575 

:)e.e (ootnotes at end of table. 

Remarks 

Drilling, 10 a.m.' 
Drilling, 10:30 n.m.' 
Drilling, 11 :15 !l.m.' 
Drilling, 1 p.m.' 

Drilling, 5:15 p.m.: 
8 !l.m.) 
Drilling, 2 p.m.: 
Drilling, 5 p.m.' 
S a . Ill.) 

Removed !lnd reset C!lsing Feb. 13 
!lnd 14. 

)rote low water S a.m.; vigorous 
boiling. 

Drillin!;, 5 :30 p.m.: 
\1 a.m} 
S a.I11.; in :"}-ft mud.) 
In IU-ft mud.) 
S :un.) 
Er1lpted red-brown water, 11 a.m. 
); Olll'ruptcd, red. 
S a.m.l 
S a.llI. vi~orou5 boiling. 
S a . lIl. l \'i~orowl boiling. 
S :1.111. vigorous boiling. 
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TABLE 20.-Dola from Rodeo tcell ncar crest of the !If ain Terrace 1-Continued 

)lnto 
(IU50) 

1 

I I ' , 
Depth Depth I Bottom I Depth I Tempern- ; Specific 

m03sured l'USlDl: ' te:r.pern· I to water' ! lUre (' e , Cl pn conductnnce 
' (teeli (Ieet ) I ture cc (I""l) I nt wnter (ppm) lmicromhos, , I I le,",1) i . I ~5'C ) 

Remarks 

:\1 nr. 

Apr. 

l\-Iay 

June 
Aug. 

1_~I"~·~1 S8.7 I 14G. 9 -I' 7. 0 i-~;.~i--93:? i--S'~I'--3' 5~I'~<; n.m.; vigorous boilin~. 
~---- , -------- , -------- , ---------- -------- :-------- : (!l20) 1 (S. 9) (3,540) \\"n.tcr s:u~plc cruptcd from out-

I I 'I I! "I , sldc cas mg. 
3 ____ I~O.n I S8 . ! 143. G G.§ I !JG. 7 ! !JIG I (~. 'G) I (~,580) : qnsin~~cmcntcd. _ 
G ____ l l<>1.3 S8.1 1 14G. 4 , G.1

1 

!lo.n l SSS ,' ( S. O) : 3 , 4!l0 I ~Odrillmgl\1nr.4and". 
7 ____ 154.0 88.7 145.U I G.7 90.3 i 892 7.5

1

' 3, 490 
8 ____ -------- -------- -- - -------,---- - --- -------- 1 (9G4) 1 (U . O) (3, (30) Eruptcd samplc; cruption con-

I 
tinuous -"lar. 7 to noon Mnr. 14 
when eruption terminated. 

, K 0 new drilling. 15 ___ _ 
]7 ___ _ 

20 __ --I 2L __ _ 
:?8 ____ 1 
29 ____ ' 
30 ___ _ 
31 ___ _ 

L __ _ 
2 ___ _ 
3 ___ _ 
6 ___ _ 
1. __ _ 
8 ___ _ 
9 ___ _ 

10 ___ _ 
11. __ _ 
14. __ _ 
15 ___ _ 
16 ___ _ 
11. __ _ 

18 ____ 
25 ____ 

9 ____ 
20 ____ 

22 ___ ~ 

26 ___ _ 

164.3 
164.3 
164. 2 
164. 1 
1G7. 1 
172.3 
177.2 
179.2 
184. 6 
190. 0 
193.7 
200.8 
210. 5 
221. 1 
230. I ' 
235. 4 
248.0 
260.3 
271. 1 
279. 6 
279. 4 

279. 3 
?-- -_t I . I 

276.9 
276.9 

281. 5 

282. 3 

88.7 
88. 7 
8S. 7 
88. 7 
S8. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88.7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 
88. 7 

8B. 7 
88. 7 
88.7 
88. 7 

88. 7 

88.7 

126.1 7. 9 91.0 I 832 7.1 3,195 

~~g:? I----r~- I- ~-~rg- l ----~g~- I! ----Fr ----f1~g- 1 
129.0 (16. 0)1 (77.1)1 (128) (11 . 5) (1,340) 1 
137.4 1 (17.8)1 (81. 9)1 (124)1 (11. 4) (1,150)1 
13K 3 (17.5) (75.2) (116) ___________ ______ _ 
138.1 (12.8) (72.1) (130) (11. 6) (2,010) 
144. 2 (14. 8) (74. 6) (100) (11. 4) (1,350) 
147.4 (15.6) (76.4) (112) (11. 2) (1,080) 
147.1 (16. 0) (76.6) (110) (11. 0) (971) 
152.3 (15.8) (75.7) (140) (10. 8) (982) 
154. 4 (15.9) (74.4) (140) ("10 .. 5) (921) 
157.8 (16.8) (76. 3) (144) (10.2) (899) 
15S.2 (14.2) (76. 1) (140) (10.8 (1,080) 
155. 4 (16. 4) (75.7) (136) (10.7) (985) 
160.0 (17. 7) (77.2) (124) (10.4) (855) 
160. 3 (17.1) (79.0) ____ _____________________ _ 
163.4 (18. 3) (80.3) (180) (9. 8) (1,023) 
163.4 (17.7) (80.3) _________________________ _ 

(125. 3) _________________________________________ _ 

159.3 8. 3 71. 2 
165. 6 7. 3 81. 0 
16G.6 - ? t. _ 82.6 
166. 8 7. 2 84. 1 

(146. B) (8.3) (90. 1) 

(160. 3) _______________ _ 

(228) 
(356) 

(8.2) 
(7.2) 

(1,220) 
(1,630) 

---(5205 ---(ii~85 ---(2:3705 
(924) 

(520) 

(902) 

856 

(8.5) 

(7. 1) 

(7. 1) 

7.0 

(3,600) 

(2,410) 

(3, 660) 

3,480 

-------- -------- ---------. --------1--------
2 ____ , 282.3

1 

88. 7 (164.3) (7.8) , 85.2 
17 ____ 1 282. 3 88.7 16B.8 7. G 1 8G.4 1 

844 

832 

7. 1 

6. 7 

3, 470 

3, 440 
3,440 83G 7. 0 

Repeat.3 
Repcat.J 

Rcpcat.3 

Rotary rig, circulating drill mud. 
(.) . 
('). 
('). Drilled depth IBO.1 ft. 
(.) . 
(.) . 
(.) . 
(') . Drilled depth 201.0 ft. 
('). Drilled depth 211.0 ft. 
(') . Drilled depth 221 ft. 
(') . Drilled depth 230 ft. 
('). Drilled depth 237 ft. 
(') . Drilled depth 248 ft. 
(') . Drilled depth 261 ft . 
(') . Drilled depth 271 ft. 
(') . Drilled depth 279.5 ft. 
2}f hr after circulation stopped. 

Drilled depth 282.5 ft; well 
completed. 

20 hr after circulation stopped. 
8 days after circulation stopped. 
22 days aftcr circulation stopped. 
33 .days after circulation stopped; 

Just before well erupted. 
During eruption (induced by dry 

ice). 
Side pipe during eruption, 

collected after previous sample; 
see text. Erupted to May 22. 

6 hr after eruption cea~ed; 
bottom cleaned by eruption. 

Pressure sampler, 5 ft below 
watcr level. 

Pressure sampler, from 186 ft 
below water level. 

, For lil'lailrd lo~ 01 wrll . ""0 Whitt,. 'Thompson. nnd Sandhcrg (1 % 1, tahle 3) . J :--':0 new urillinc: since pr('\"iou~ measurement. 
Il o ilo cJrilh·d hy t"3 h le·lOo \ ri~ to 1(0.; ft. thrll COrIlpit: lt·u hy Totary rit: . c: r('ulatin~ mud . 

: .\lcasurcmcnt m:Hl(' dUrin:! lcmporury cessation of drill inJ,: . 
• Thermometer lowered through mud to or nea r drilled bottom immedintely oftor 

drllhn~ ""ased and removed the lollowin~ mornin~ . 
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TABLE 2l.-Data from Harold Her:! lCell 1, 4,000 feet northwest of the -'fain Terrace. 

[:\!eBSurements In parentheses considered less reliabla thllll the others. Water s:unplcs (rom top o( water columnl 

Bottom· I II I holo Depth Tempera· 
Depth «(cct) I 

CI I 
(ppm) , PH 

C49 

Henurks 

Spedtlc 
conuuctanco 
(micromhos 

at :.!5°C) Drilled I Thermom· :-!ud turo 1 (fcet) I °C 

I 
tempera· to wnler ture 

__________ ~e_r __ ~~ _~ I __ .1 ____ ' ____ .-1-_____ . __________ _ 

19~G 

Oct. 22 ____ _ 1·1. 6 

41 

23_____ 41 
'2L____ 52.5 

5S. 3 
25_____ 58. 3 

26_____ 58. 3 
28_____ 58. 3 
30_____ 58. 3 

Nov. L____ 58.3 
2______ 58.3 
3_____ _ 58. 3 

19.7 

Feb. 10_____ (?) 
24_____ (?) 

Mar.10_____ (?) 

~Iay L___ 145 
22____ 145 30 ___________ _ 

June 5 ____ _ 155 

155 
155 
155 
155 
155 
155 
155 
155 
155 
155 

july 23 ___ _ 155 

155 
155 
155 
155 
155 
155 
155 
155 
155 

19~8 

~O\·. 12 ___ _ 155 

I Hcportod by driller. 

12 2 
l. 1 

11. 5 23. 3 _______________________ 1-- ______________ _ 
I 

.16: ~ ---39:8- d~: 1) ========!======== ======== ======== ========== 
40.1 39. 8 38.9 ________ 1 _ _______ 1 ________ -------- ------ - ---

__ -~~: ~ - -~~~~ ~ - -__ ~~:_ ~ -1- --~r ~ - I = = = = = = = =1 = = == == ==1 = = = = = = = =1= = == = = == = = 

57.0 ________ 47.8 
57.0 ________ 47.8 

56.9 ______ __ 47.7 

74. 0 
74. 0 

122. 3 
122.4 
145. 1 

133.5 

140. 0 
154. 5 
60 
70 
80 
90 

100 
110 
120 
130 
132. 7 

133. 3 
60.1 
70 
80 
90 

100 
110 
120 
130 

128.0 

133. 5 

133. 5 
133. 5 
133. 5 
133. 5 
133.5 
133.5 
133.5 · 
133. 5 
133. 5 
133.5 
132. 7 

132. 7 
132.7 
132.7 
132. 7 
132.7 
132. 7 
132. 7 
13'2. 7 
13'2. 7 

128. 0 

56.4 
57. 0 

so. 9 
SO. 9 
89. 7 

84. 9 

87.8 
93.2 
56.4 
5S. 2 
61. 0 
64. 4 
6S.0 
71. 7 
74. 8 
79.8 
81. 8 

83. 0 
56.7 
58. 7 
6l. 1 
64. :3 
67. 9 
7l. 6 
74.7 
77. 1 

520 

(50. 8) _________________________________ _ 
(52.7) _________________________________ _ 
53. 6 _____________________________ ____ _ 
53.9 _________________________________ _ 
54.3 _________________________________ _ 
54. 5 ________________ ________________ _ _ 

55.0 
59.2 

58. 6 

60. 2 
60. 1 

60.2 

60. 2 
60. 2 
60. 2 
60.2 
60.2 
60.2 
60.2 
60.2 
60.2 
60. 2 
60.1 

60. 1 
60. 1 
60.1 
60. 1 
60. 1 
60.1 
60. 1 
liO. 1 
60.1 

59.9 

51. 1 

56.7 

144 
244 

7.8 _________ _ 
8. 51 _________ _ 

(128) _________________ _ 

360 
432 

388 

356 

7. 4 
7.1 

7.1 

7. 1 

1,S25 
2,035 

1,830 

1,705 

==== ====1======== ======== ========== 
44. 7 ·l1G 7. 1 1,820 

Drilling started Oct. 2l. 
In dug hole ·15 ft to south

east: used for shallow 
temperature. 

4:30 p.m., 1 }~ hr after 
drilling. 

8:30 a.m. 
S:!5 a .m. 
5:30 p.m. 
10:25 a.m. Thermometer 

down since afternoon 
of previous day ; water 
added on 25th. 

Drilled on 3d; best figure 
. for water table as 

measured in shallow open 
holes is 55-56 ft. 

Drilled Feb. 23; slight in
crease from deeper hole. 

Note Cl decrease; drill 
water probably added. 

Drilled Apr. 27. 

Just bailed; drilling com
pleted later on 30th. 

At mud level, 6 days after 
drilling. 

In mud. 
Do. 

At water level. 

At mud level, 54 days after 
drilled. 

Deepest probe. 
At water level. 

Cold water ci"culated in 
pipes for heating; note 
marked temperature 
decrease. 
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TABLE ~2.-Tc11lperaturc measuremffll~ in Ne~'ada Thermal 
Power Co. u.'cll 4. leut of Pine Basin 

TABLE 23.-Tc11lperaturc measurements in Nevada Thenllal Power 
Co. wcll 5 ncar clay quarry 

II )a:" Irom William W . . \lIrn. Sup""·i",,r. Drilled in 11<'1) by cahle·tool ric .. ~!easur.,.. IData from WIlliam W. Allen. SupeITisor. Drilled In IOGI by cable-tool rI~. Measure-
ments 1n pun'nth('S{'s an' C'Oosidrred l(·s..~ n:hat,it" than tll(' olhrrs: . ments ill parenthcscs probably 1('55 reliable than the others] 

n('r,ttJ : HrC'Ordru I Depth 1 Herorded I Hemark> fff"'(.-ti U'mJK"ru-

I 
(Il'('t) trmfl'('ru-

: tun' I (oe) ture I (OC) 
___ i 

I 
3G G7 421 147 
S" Sl 433 149 
g,'j (127) 437 -------- 'Water level reported 217 

100 97 445 149 I ft below ground. (See 
105 

I 
101 

I 
465 150 I text.) 

lOG 9G 495 152 
III 97 505 160 
120 106 520 Water le"'el reported 215 
132 104 --------1 ft; water sample collect-
134 107 ed Sept. S, 1960. by D. 
137 lOS 

I 
E. White contained in 

141 108 535 166 parts per million N a 212, 
- 155 108 545 166 KIll, Li 085, C145, 

176 (97) 570 177 I and B 3.0. 
194 III 576 157 Tried u> erupt with 25 lb 
200 111 597 160 dry ice; unsuccessful. 
212 112 604 168 
223 113 615 168 
241 116 622 171 
268 118 625 172 
282 124 634 172 
310 127 690 182 
321 129 700 177 
342 130 709 -------- Losing cuttings in crevice? 
350 134 720 179 
371 138 726 186 
390 138 726 177 Well erupted Sept. 22, 

720 176 1960, by airline to 315 
ft. continuing to Oct. 17, 
1960; erupted sample of 
Sept. 26 contained in 
parts per million: N a 
660, K 65, Li 7.0, C1874, 
B 48. 

J Drillers' measurements made by lowering m3ximum.recordin~ mercury ther· 
mometer to bollom 01 hole. generally at start of morning shift 8 hr after pre"l'ious 
drillin~ . Hecorded to nearest degree Fahrenheit, bere converted W nearest degree 
ccntigrade. 

Liquid water under pressure exceeding that of the 
local atmosphere and heated to its boiling point at that 
pressure has much thermal energy that can be converted 
into steam when pressure is suddenly reduced to 
atmospheric. Formation of steam by sudden reduction 
of pressure on hot water is commonly known as ::flash
ing.~~ The pressure of flashing can be either atmos
pheric, as in a geyser or a freely erupting well, or above 
atmospheric pressure, as in the steam-water separator 
of a geothermal powerplant. Table 26 shows the en
thalpy of liCjuid water at. yarious temperatures from 
1000-374°C and the energy exceeding that of JiCjuid 
waH'r at 100°C, ayailable for formation of steam by 
flashing from higher initial temperatures. The weight 
percent. of steam formeu by flashing of water from 
temperature,,, determined from curye A of figure ::30 is 
shown ill CUITC B. 

DHll..L HOLES. U.S. GEOLOGICAL SUn,EY 

Diamond drilling for research purposes was done un
der contract for the Geological Survey from June 1!)50 

I Hecorued 
1 Depth 

Recorded 
Depth I tempera· Remarks tempera- Remarks 
(Ieel) tun' I (Ieet) luro 1 

(OC) (OC) 

53 00 ;!7S BS "390 fl, solt, much 
i6 00 mud." 
6. .... _----- 3Q7 151 
Ir.? 'ii "Entcrin~ ~ron(). 405 --------- "nole tryin~ to 

diorite"; (proba· erupt ." 
bl:: porous wbl~ U!H30 ·····ii46) "SOfl. friable." 
acld·leached 482 "Water level, 282 
granodiorite at ft." (Sec ~xt.) 
hlgber levels). 513 157 

103 53 533 Iii "'Water level, 234 
120 Q3 fl." (Sec ~xt.) 
133 gg 556 168 
IS. 100 572 Iii lI~lostJy soft." 
170 101 600 17l 
186 103 618 17l 
207 105 684 175 
22S lOS 709 175 uHard grnrute." 
23S (101) 741 169 "Thermometer ro--
246 114 "Some water in "j~~~rse hole." 782 169 
272 116 "Some calcite 200 biotite, 770 ft, 

ft." and pea·slzed 
291 124 pieces black lava." 
312 (122) 
325 128 "18 In. crevice at SOl 169 

31i ft." 826 163 "Completed July 
33S 13Q· "Water level, 250 IS, 196!." Tem· 

It.'' (Sec ~xt.) perature series 
358 142 uu:en July lQ 

sbown in fig. 28. 

1 Drillers' measurements mode by lowering maximum·recording mercury thermom· 
eter to bottom of hole. genernl1y at start of morning shllt, 8 hr after previous drilling. 
Recorded to nearest degree Fabrenbelt, here converted to nearest degree centigrade . 

TABLE 24.-Temperature measurements in Nevada Thermal Power 
Co. well 6 in Pine Basin 

[Data from William W. Al1en, Supervisor. Dril1ed in 1001 by cable-tool rig Measure· 
ments in parentbeses probably less reliable tban tbe otbers) . 

Depth 
(feet) 

--
ZO ••• •• 
61. •••• 
72 . ••.. 
86 . ••• • 

Q4. ••.• 

Hr.!.. •• 
lIS ••.. 
131. ... 
142 . ••• 
166 •• •. 

18Q •••• 
205 .... 
209 •••• 
23'--··1 
259 .... 

1 2GL··

1 
2;2. __ _ 
28G .... , 

I 
:.'97···· 1 
311. ... 

I 

Re-
corded Depth 

tempera- Remarks (feet) 
ture 1 

(°0) 

---
7l "0 Rallied at 55 ft." 325 .••• 
86 "A opaUzed." 336 . • •• 
90 355 .... 
93 "Some granite at 3iO .... 

86ft." 399 . ... 
104 UMaking water at 

Q5lt." 420 •••• 
110 445 .... 
114 HHarder at 117 ft." 412 •••• 
114 5OL ... 
116 551. ... 

(104) Set ensing, may lack 5i6 •••• 
water. 

117 ooi .... 
121 
122 G2L .•• 
lZi 

11
63

40. •• 132 I "~Iud is reddish." G53 .•.• 
1:.'9

1 135 6SS····1 
(124) Cold water Intro- iO(L ___ 

I 
dueed . 1 716 .... 1 

121 
146 "Water le,"el, 111 ft." I I 

Re-
corde.! 

tempera· Remarks 
ture 1 
(Q C) 

146 
146 
150 
152 
157 "Calcite at 405 ft, 

water level, 115ft." 
lSi 
163 
171 Water added. 
171 
169 
169 "Salt ~rny mud 

5Q6 It." 
174 "Static wel1·hend 

pressure 7lbs." 
liS 
Ii; 
I'S "Sc,"en lbs well·bead 

177 
pressure." 

178 
li9 1 Well completed 

Sept. 11, IQ6!' 

1 Drillers' mca..-mrcmenL<; made by lowcrins::: maxinlum-n-cordins::: mercury ther
mometer to bottom oC holl', ~cnrrally at start or morning shHt 8 hr nftrT prr.'rio1l5 
drillln~ . Hccorded to nearest de~ree Fahrenheit, here converted to nearest de~ret 
ccntij:!:radc. 

to February 1951. The detailed logs of these holes were 
published by 'White, Thompson, and Sandberg (1!)G4~ 

table!)) ; the hydrot hermal alterations })[1\'e been studied 
hy Signtldason and "'hite (lHG1, 19(2) and by Schoen 
and 'White (lDGG). 
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HYDROLOGY, ACTIVITY, .-\.l~!) HEAT FLOW 

TEMPERATURE. IN ' c 
15 20 25 30 35 JOe 45 50 55 60 65 70 

CONDENSED 
LOG 

75 

20

1

' 1 ~'-"I'~~I I' ~"I i '~\ I I I I ; ALLUVIUM 

I <f' ~ i ~ v.Temperatures in water column i 
40 I I \ I -~ \ 17 day s after well was com- i 

80 

I I \ ~ ~,,-~~:tr~g~ and t er Sli ~ ht diS- l 

60 1 1\ i I I \~\ I I i , FAULT' 

I I I

' [ I - -Bottom-hole temper- · ARKOSIC 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

I 
I , ature s 0 btai ned as ; ALLUVI U M 

) r I \\1 .,.drillin~ progressed ! 

I- FAULT? 

!I If 

1/ '\'t{~ SILT. 

/

ilChloride content of water 
at top of column when SAND. 

f----r-:f--+---+---+V-/--I- well was at in d i c ated -4----l-l~-_l_--~ AN D "S- FINE ? depth \~ GRAVEL 

I 
6 7 8 o 

pH OF WATER 

j 
'j EXPLANATION 

• 
Repeat measurement after 

interval without drilling . . , 

200 400 600 800 1000 

CHLORIDE CONTENT. IN PARTS 
PER MILLION 

'\ 
·b.\ Mud 

'\level 

FIGURE :!4.-Tempemtures. pH. and chloride content of water in the South Ste..'lmboat well. south end of the ilieI'IIUll 
Ul"en... Drilled by cable-tDOl rig. 
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80 o 

I 
I " 

90 

I 
20 

I ~ 

TEMPERATURE . IN C· 

100 110 120 130 140 150 

i I 

I I 
I 

I I I I 

~I I I I 
I 

160 

" I I I 

\.J::H. Chl~ride content I 

CONDENSED 
LOG 

~I NTER 

IA 
SILT 

NO SAND 

t-

I 

~ 
=> 
'> 
=>0: 
-' w 
-' .... 
<z 

40 

60 
I 

. ~ 

1)1 I~I I ' I ~I I Theoretical bOiling-point curve for pure 
I water: water level assumed 20 ft below I I 

NTERBEDDED 
SINTER AND ' 
SAND AND 

GRAVEL 

zCii 
C:;w zz 
O::::i 
I~ 
So 
wo 
:<:z 
:Sex: 

80 
I I \1 I~O~Od "ot' '"""I' '"0"7 "om 1'° !'Y J~ ~ i---- _____ ?w 

'0: 
CLAY. 
SAND. 
AND 
RAVEL 

0.. 

I-
w 
w 
u.. 
z 

100 
:i 
I-
0.. 
W 
0 120 

140 

160 

t " i 1\ I 

~ ,\1 r---- '0.. 

A. Bottom-hole temperatures!-----~ 
\ 

EXPLANATION 
180 I-- • 
200 

Repeat measurement after 

I interval without drilling 

lilT I 

I<C:~ 
~ 

«Water having high chloride 
content at depth dominated 
by water of lower chloride 
content from 107 ft?) -

\ 
\ 

IG 
S 

-
AND AND 
GRAVEL 

SILT. 
SAND. 

G 
AND 
FINE 
RAVEL 

~ 
=> 
> 
=> 
--l 
--l 
< 
Z 
~ o 
I
W 
(/) 

=> o 
--l 

W 
0: 
0.. 

500 600 '700 800 900 1000 

CHLORIDE CONTENT. IN PARTS PER MILLION 

FIGURE 25.-Bottom-hole temperatures and chloride content of water in the Steamboat well 4, Steamboat Resort, Low Terrace. 
Drilled by cable-tool rig; 6-incJ;1 hole, cased to 93 feet. 

Diamond drilling excels in yielding core for petro
graphic and chemical study. Data obtained from the 
eight diamond-drill holes are shown in tables 27-3± and 
figures iH-3S. The data suggest. that repeat measure
ments made oyer a number of weekends \"erc normally 
within se\'eral degrees centigrade of the daily tempera
t.ure measurcments and the probable original ground 
temperat.ures prior to entry of the hole. Some repe,'lt. 
measurements, howc\'(~r, demonstrate that no uniyersal 
ruh's of beh:I\'ior are applicable. 

,'-alpr samples obtained frol11 diamond-drill holes 
an' generally not· reliable because of introduction of 
drill waleI'. ,YIlCl'e ]Jositi\'e pressures existed, walpr was 
leaked ofl' and sampl!'d, l's)w('ially f!'Om drill holl's G!'
L -4. amI t,. _\ d£'PI'-llOle war£'r sampler was conO'tl'llcted 
during tIll' ('our::;e of the ~tudy, Intt didnoi o])('l':li(' sati,,
faet ori Iy. \\-al ('I' ::;amplei:', unl£':"s ot herwisc 1101 pd. W('I'(' 

obt.ailH·d from IIIP 10]! of Ihe waleI' ('olullln, iJm in Ihp 

tables and figures of this report, the analytical data from 
these samples are referred to the drilled depth of the 
t.ime of sampling. This obviously does not give :t true 
picture of adual w:tt.er compositions :tt. t.hese referred 
depths. Each sample is actu:tlly a product of mixing of 
waters from \'arious depths, plus contamination from 
any \"ater added from pre\-ious drilling and st.ill re
maining in the hole. 

Table :~r) is a summary of the most reliable chloride 
contents from diamond-drill holes. and other wells 
drilh·(l in the thermal area, listed by lOO-foot inten-als 
in depth. 

GE:\"ERAL TE:lIPEIL\TURE RELATIOSSHII'S A!\"D THE 
Elt'C'I-l'IOX l'ROCE..<;S 

Exppriell(,l' gained hom l'e(,£'l1t. exploration for gen
I herma I pow!'r has showli r hat. a weI! penetrating a 
permeable. aquifer where temperatures are close to boil-
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TEMPERATURE. IN 'C CONDENSED 

10 20 30 ,10 o - - _ _ _.:..50~_...:.6.:..0 _---'7_0:_---'8::0~_9::0=______...:I:.::O_=_0_~1l::0~_...:1::20=__~I~JO=___.:.:1 J_O _ ---..t...'_O _ _ _ 1 0_0 __ 1_7_0 _1_8~ LOG 

~ O . ~\_' _ __ ~/ .~__ _ ~_. _"',<_, ~ ______ _____ _ ._ , _ _ _ SINTER 

,,~ ", - --~ Th,·or.' ll cal boiling Duml to r PUP' W.lt", 

""- ~ '..... "- .'Valt" 11.! .... cl 0 I: tH: lo .... l:r o ulltl 

·:0 , ' ---- 1----1-,--- - .- . \ '\ - -~ 

~0--1~ \\ --.\~)-... ~~~.~.-: -.-.---- ::~~;~ " 
SO . _. _ _ __ ._ _ _ _____ / _ _ . ____ ~---- __ • __ • _ _ _ ____ _ _ ~~:DD 

10 0 .-----"---\-I-\-----\~-- ... - - ~.--- '''~ -------, -~~\~~~~·.I . 
\ \' ", \ 1'-1. Bo tt o m -11o Je temc e r.1h:re5 P ERr.1E;"UL[ 

__ . ____ ~ _ .~'. ; .(~. ____ \. _____ ___ _____ ~ .. _;.. . :"OUIFERS 

i L.... "'...... : ' .............. " \. ~~ , 
,.~ 

PO ;('. 
>- ~ "'-. i " "-Chloride cont ent _ , _ ~- ' . \ _ _____ __ _ 

I
" \. \ \.. \' 

NEAR 
120. 

130 ro 
1~5. 

160 

180 

200 

220 

240 

260 

2BO 

. r ! ~ .- .- "'""-! ... '" ~ 
/ '7 ' ! i 1-~ . :5 

----'---'--I Z - · _I:: ,-. -~~" --\---'------' 
~ND 

160 FT 

i \ (An aaulfer low ,n ! /I. iH 
of wa,ler "'Ji , '. -;--,., . :' \ ;- UNCO N FORMITY 

___ ' __ -!-i -+ chlorode. 520 ppm . ,_L : 1 i ;, i .: ! i ! i AQUIFER 
I probably n ea r 16J ; I i " I ~~-,.;.' --'\·--'I---I'------'I NEAR 
I ft) I ' I' I i /' f:. Temperature 1 ft I ! i "'- ~ I I 173 FT 

I I 1 /', b elow water level I' ! I l ; ... ! i i 
I I I I ,I! I I l" ~' ! 

: 1 I li t I' ,I i: iii i I 'YJ:\ ~' I i i I I ! 1 B. Therm,stor temperature measurements / ! ""~\ I I' 1 

:~~~~:I ~~~~:'I~:~~~!~~~~:i~~~~i '·-- I / I 1~~~~:~(lumni 4 monithS after weli i )f\\ i l GRANODIORITE 

i I ! i U, - , I / i : i I I i '1 \~ I 

i i iii i L i i E;PLA~ATI~N I I w~ 1 

i 
1 , 
I 
I 

i 
I 
I 
! 
i 

i 
1 
i 
! I I ! I ! 'J ! I.. i ! R~~~:,~;;~:.~~~~r;:~:II~f~er ! I . 1 \ I 

300 1~---L----~----"-----~--~----~--~----~----. 
600 700 BOO 900 6.0 7.0 B.O 

CHLORIDE CONTENT. IN 
PARTS PER MI LLiON 

pH OF WATER 

FIGURE 26.-Temperatures, pH, and chloride content of water in the Rodeo well near crest of the ~Iain Terrace. Drilled by 
cable-tool rig to depth of 164 feet and completed by rotary rig, circulating mud; cased to 88-7 feet-

ing for prevailing depths and pressures can be made to 
erupt much like a geyser, Some shallow wells are true 
geysers in eVel)' sense, except that they are drilled wells 
rather than natural vents. ?\o. ;~2 Geyser well on the 
Low Terrace (pl. 3), only -!:LO feet deep, is an ontstand
in!! t'xample (White, U)(jjb). Othet' wells drilled to 

:'':Tl':uer dept.hs and higher temperatures may erupt con
I inlloll:";]Y mther than periodically, once the pl'Ocess h:,~ 
,.l;ll'rI'(1. Enlprion frolll any of the \\'ells ar Stl':lllliloar 
=-'l'!'in!--"S is continuous, except that chelllical ('hall!!l'S 
'10"'111' ill tllP l'r"ptill!! \\'atl'!' that 1'l'~ltlt ill tlepo~it.i()1l nf 
,':d"i11111 ,'al'ilollare ill the ('as in!! (p. C.iU-CG2) .• \s this 
O' ·' ·"l'~. rIl!' rate of llischal'!!e tll'l'l'l'as('s. :tnd C\'Plltll:t1I\' 

rill' \\' 1'11 Cl':t>;PS to flo\\,. In ac·t.llal pt'adiep', \\'hen dischar!!'e 
h:l~ dl'lTl'ased to the minimlllll rl'qllirell1entsof theestab-

lishment, the 'Well is shut down and cleaned by drilling 
out, the carbonate deposit. 

Se\'eral relationships summarized abO\oe require more 
derailed consideration. ~Ieasurements in all wells and 
drill holes illustrated in figures 24-:~S show that temper
atures generally increase rapidly with depth; for the 
first few hundred feet below the W:lter table, the temper
atures of most \\'ells are Ilsually close to the reference 

. hailing-point. ClllT(\ for pure water (figs. 2D, ;~O, curve 
A), .\.. \\'ell h:l\'ing slleh :t temperature distribution is 
H'l'y Illl:'iiabh,. hl't'all:;c cooler rel:ttiH·ly hea\oy water 
o\'erlies deeper \\'ater that is lower in llensity, owing to 
its highet· temperature (fig. ;~O. l'un'e C) .. 'Yater at 
temperatures :lbon! hailing for the :ltmospheric pres
sure of the area cont:lins excess energy that 'Will be 
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;theoretical boiling-point curve for 
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I 
N' Steamboat Springs: water I level 60 It below ground sur-

face I I 

1 I ~ 

CONDENSED 
LOG 

A LLUVIUM 

- CONTACT? 

100 

120 

I I I c. Temperatures in water cOlumn~ 
54 days after drilling ceased . 

/8. TeJperaturls in water COlul~ 
6 days ailer drilling ceased OLDER 

ALLUVIUM 

140 

I I I ~ ~ \ EXPLANATION 

• Respective levels" ""\ \ Repeat measurement after r mud I '\ interval without drilling 

20 30 40 50 60 70 80 90 100 110 120 130 140 150 

TEMPERATURE, IN ·C 

FIGURE 27.-Temperatures in Harold Herz well 1, 4 ,000 feet northwest of Main Terrace. Drilled by cable-tool rig, 6-inch hole 
uncased. 

released to form steam if the pressure is lowered (see 
table 26 for decrease in pressure to 1 atm). If the hotter 
water at depth in a near-boiling column is displaced 
upward into a lower pressure. envirol1li1ent, boiling 
starts to occur, and the column expands from the steam 
that is formed. In adiabatic cooling ,yith no loss of heat 
by conduction, all excess heat is used in connrting water 
to steam. If the water table is already at. the ground 
surface, expansion of the column forces ,Yater at the top 
to overflow. If the water table is below the surface and 
the rate of boiling is sufficiently greaL the column ex
pands until water reaches the sur·face and is discharged. 
Hydrostatic pressure on the whole column then starts to 
decrease~ rates of boiling increase further~ and thc well 
flashes into ernpLiol1. For a. more. detailed discussion of 
t.he aboyc~ see White (HlG7b). 

Some wells erupt spontaneou;.;ly ,,·hen suitable aqui
fers are penetrated during- drilling. This occurred in 
Steamboat well -.I. (fig. ~ ;,) l,elo\\" 1-.1.0 feet and in (h·ill 
holl' GS-1 (fig-. :n) near ];,0 f('('t in depth. Othel· \\"elb 
that. an' not suflicienily unstabl e do not erupt spontane
ously. ('on n'rt i Oil a n<1 p('rha p;.; ('Yen somc boi ling llIay 
occur within the columll. expanding it SOIlH~,Yhat. by 
steam that is formed~ but. not enough to discharge water 
at the surface anu initiate an eruption. 

If temperatures at depth are near enough to the boil
ing-point curve, a well can be induced into eruption in 
several different ,yays. One common practice in wells 
drilled by cable-tool rig is to withdraw the bailer rap
idly after penetrating a zone that is to be tested. The 
rapid withdra'ml of a bailer that is only slightly smaller 
in diameter than the casing lifts the upper part of the 
water column; hydrostatic pressures are then decreased 
at all depths below the bailer. Because of this reduction 
in pressure below the bailer, ,,·ater 'formerly just below 
its boiling point. suddenly starts to boil ; as the bailer is 
raised, the column below the bailer expands from water 
,-aporizing into steam. If t.he top of the colunm is lifted 
to the surface and oyerflows, the mixture of water and 
steam that is rising below the bailer also starts to dis
charge as the bailer is remoyed from the well and erup
tion commences. The prc,·iously existing steady-state 
conditions han been upseL and the YQPor pressure in 
hot water flowing into the ,yell is 110 longer balanced 01' 

exceeded hy the weight of water in t.he column. 
CUlTC B of figure::O shO\Y5 the percent of water that 

flashes into steam ,,"hen water at each temperature (from 
('lIne..t) is erupt ell to a pressure of 1.0 atmosphere. The 
dat:L arc frol11 tables:2 and ± of "\Yhite (1955b), which 
also include ratios of steam to water_ 
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C. Temperature series in well 5. 

4 days after completion 
Note contrast with curve B 
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I 
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700 r: ----------------~------------~-----

800;-

40 60 80 · 100 120 140 

TEMPERATURE. IN ·C 

:).tIJ "Cr:"I :I .H r.jm ," 

_ _ ":.c"_"_lr .1.; ",U C!:"f\(1o;o r 

160 180 200 220 

FrGt;IUJ ~.-Bottom-hole temperature of Xe\'nua Thennni Power Co, wells -1-G in 
we:;tern (Jan of the thennal area, 
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\ / POint at . 
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200 250 300 350 400 

TEMPERATURE, IN 'e 

Flr.t;m: 2f1.-lloilillg--poillt cur-n'l< for ]lur(' wuter. A. Hydro
f<llltic pn'l'Sun'. Wllll'r colulllll at lioilillg point throug-hout; 
i:. "'au'r l'oluUlIl at 1:;oC \l'Xl'I'I't for ('akulat('d point): 
C. Lithostntic pn>8Sun', rocks of density 1.8; D, LitiJOstatic 
pressure, rocks of density 2 .• . 

TABLE Z5.-Boiling points and pressures in a column of purc 
watcr, every part of which is just at its boiling point 

rCBlculated for sea level : eorrcspondln!: vBlues sho\VI1 for Steamboat Springs, Ne ... . ] 

Depth below water 

Feet Meters 

----1-----------------
0 ••••••••••• _ 

10 •••••••••. _ 

20 ••••••••••• 

40 ••.••••••.. 

50 •••.••••••. 

SO ••••••••••. 

100 •••••••••. 

120 •••••••••• 

1<W •••••••••• 

160 •••••••••• 

ISO •••••••••• 

200 •••••••••• 

uo •••••••••• 

280 •••••••.•• 

320 •••••••••• 

360 •••••••••• 

.00 •••••••••• 

.sQ •••••••••• 

o 
3.05 

6.10 

12..2 

18.3 

2i. 4 

30.5 

36.5 

42.7 

48.8 

64.9 

61.0 

73.2 

85.0{ 

97.5 

109.8 

122. 0 

137.2 

500.......... 152.4 

600._........ 182. 9 

700.......... 213.4 

BOO.......... ua.8 

900.......... 274.3 

1,000 ••••.••. 304.8 

110.0 .9510 4.12 

117.8 .9451 8.19 

126.3 .9382 8.13 

133. 3 • 9323 8. OS 

139.2 .9271 

Hi. 4 • 9226 8. 00 

149.0 . 9182 7.00 

153.2 . 9143 7_92 

157.0 .910. 7.89 

160.6 .9069 7. 86 

165.0{ .0021 15.63 ' 

171.2 .8002 

176.0{ .8906 

181.1 • .8853 

185.5 .8802 

189.9 .8751 

19i. 5 .8600 

15.53 

15.« 

15.34 

15.25 

18.97 

18.85 

200.6 .8621 37.35 

207.9 .853 37.0 

214.5 .8« 36.6 

220. 0{ • 836 36. 2 

225. 7 • 829 35. 9 

i. 14 18.84 

8. 26 22. 00 

16.45 31.15 

2i.58 39.28 

32. 6(j 47.36 

<W. 70 55. <W 

48. 70 63. <W 

66.66 71.36 

64..58 79.28 

72.47 87.17 

SO.33 95.03 

gs.oo 110.66 

111.49 126. 19 

126. 93 Ul. 63 

U2. 27 156.97 

157.52 172. 22 

176.49 191.19 

195. a. 210.0. 

232. 7 U7.4 

269. 7 284.. 4 

306.3 321. 0 

342.5 357.2 

378.4 393.1 

100.0 95.36 

107.1 103.5 

113.0 110. 0 

122.5 120. ~ 

130.1 128.2 

136.5 134. g 

142.0 140.5 

H6.8 145.6 

151.2 150.1 

155.2 164. 2 

158. 9 157. 9 

162. 3 161.4 

168.5 167.6 

173.9 

178. 9 

183.4 

187.5 

192. 3 

173.2 

178.2 

182.7 

186.9 

191.7 

196.6 100.1 

2Oi.5 2M. 1 

211.0{ 211.0 

217.6 217.2 

223.2 222.8 

228.3 , 227.9 

1 CBlculated from tables, Handbook of Chemistry and Physics, 44th ed .. 1962-63, 
p. 2198. 2422·2425, by successive approximations. In the first l()'ft interval for exam· 
pie, the problem is t 1 determine the average tempernture and density of boUin!: 
water within the interval and from tbis, the total pressure and bolling point at 10 It 
In depth. 

, Calculated separntely by same method BS for sea-IeveJ data, but assuming Blti· 
tude 014,600 It equivalent to air pressure 01 12.47 pSi, 25.40 in. Hg, or 645 mm Hg . 
The boiling-point curve for Steamboat could also be constructed by extending the 
sen-level curve upward to 4.93 It for a new relerence point. In a bolling column at 
Steamboat Springs, tbe totBl pressuro at a depth of 4.93 ft below the water table I~ 
14.7 psi, or 1 atm. 

Eruption of geothermal wells has also been induced 
by placing an airline sufficiently below the water level 
of a well with temperatures close to the boiling·point, 
curve. Compressed air (or some other gas) is run 
through the line at sufficient rates to expand the water 
column to the point of m"erflow. The cooler water on top 
of the column is discharged, the pressures throughout 
the column then decrease, and hotter water from deep 
aquifers flows in. If the inflowing hot water is sufli· 
cicntly abo\"c the !'urface boiling temperature, boilil1~ 
starts and then increases in the upper part of the col· 
umn, eventually initiating an eruption. 
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T ABLY- '2," •. -E'lrr9'1 awi stram amiiabie ill a thrrmal s!lstcm tr-~j._ 
Irmr>cralurc~ 01 depth ami cOllllolled /'" the /Joili'I!l-poillt Cllrt" ... ~i.! 
r: trat,r cofutUn 1 

I(J nl' pt')u ..... ·1 o~ W:l.!£'f from th t' s()('cifiNl cif'pth or tCTIlf)('rntUf(' o..,,"'utlH'd to form 3.r·cr. ~ .... 
p;~a!l' JI:opoTUOn$ of wat C' r and stram nl 100" C ntHl 1 film Ilf"C."o\SUfr} 

l}f~ ~J t ! l 
11-:: . 

Trmprratufr 
(oC ) (JItu por pound) 

1-:xoo.<.' , (l\tu 
prf pOUUll) 

! Stram 4 ("·t:~: . : 
I prf!'(,lIt r, ' 
, orh:inul wa:r.""" 

Entl",ll1\"' I 

1-------g-.-3- 1-------O-.-~-5 -----:-----

, -... } 

2:" 
50 

100 I 
134. 1 i 
'2(JO i 
3(JO 
5(JO 
£,41 

],5'20 
3,5iO 
7,630 

11,;:;20 

100. 0 
;103.5 

115.6 
126.5 
14'2.8 
1.;0.0 
]62.3 
176. 4 
196.6 
200.0 
250. 0 
300 
350 
374.0 

180. 1 
186. 4 
208. 3 
2'28.3 
'256.8 
271. 7 
294. 6 
3'21. '2 
359. 7 
366. 3 
467 
57R 
718 
903 

28.2 r) I'.lJ 

48. 2 4 ~ 1'~7 
76. 7 7 .~ 1 
fH. f3 !!. -4-4 

114.5 ] 1. ';, '2 
141. 1 14. ':,4 
179.6 1~. ~ 
186. 2 ]~ . :! 
287 2k ij 
398 41. 1 
538 :');). 7J 
723 74. lj 

: From White. 1955b. p . 1124-1125. 
, Keenan and Keyes. 1936. p. 31-32. Btu=251.9S cal (mean)=2.930XIO-< Irwt.:r-

7:-:.~7 ft l~= IOM.S joules= l.OMSXI01O ergs I Dtu per Ib=0.5556 cal per ~ . . 
, Ene~" content in excess of that of liquid water at 100°C; available for fonn=on 

of stCBm hY flashing from indicated initial temperatures to 100°C and I atm pr""-"'.u-e· 
• From excess Btu relative to 970.3 Btu (heat necessary to convert I lb wav.:' to 

<team at 100°C and I atm pressure) . This table is lor general usc lor 'eruption to 1 ",~m 
pressure; lor barometric pressure at Steamboat Sprin~s. add 0.55 wt percent of .t_m 
that will lorm in decreasing pressure from 14.70 to 12.47 psi. 

, Equivalent to maximum superheat recorded in natural thermal water at surl>.>Ce. 
3.5°C in Giant Geyser (Allen and Day, 1935. p . 20). . 

An even more dramatic method of inducing an erup
tion, seemingly anomalous, is to drop chunks of dry ice 
(solid CO~ with a density of 1.56 and a temperature of 
~78.5°C) into the well. The dry ice has a very pro
nounced cooling effect, but thermal energy from the hot 
water produces a rapid rate of evolution of CO~ varJ<)r. 
If the rate of evolution of CO~ gas is too low, the gas 
bubbles rise through the column of hot water, with only 
slight expansion of the column. If evolution IS fast 
enough, the column expands to the surface and water is 
discharged. Hydrostatic pressure throughout the (;ol
umn then decreases enough for water to boil yigorou:;ly 
below the dry ice; eruption then occurs. 

Temperatures within a well may be nry close to the 
hoiling-pl)int. cune but. continuing in a steady statl, of 
di~eqllilibrium. The system may he so delicately bal
anced tha t an eruption can he induced hy one of sr\"l,ral 
~emillgly insignificant changes. Eruptions of Xo. ;\~ 
(;ry;.:er "'ell han' been indll (' ('d h~' throwing a srllall 
handfnl of sand or granl into the water. To understand 
tIl!' results. wp mllst realiz('. that hot-spring waters are 
("ommonly slIper;;atllratrd ",itJI CO" and othrr gaseS. 
Th('sf' gasp;; an' in solution ill water c1e('p ill the system 
when' jwes;;Ill'l's arp high . ,\ll('n this water ri!'-es to 
;.; llallo'" dppth ;.: ",h(,,'(· prp;.:snrrs are low. tll(' total polpn
t ial \'aJ!or pre;.:!'ur(' of till' gases may considerahly rX('I'('d 
til!' hydrostatic prp~snrl'; SOlll!' "hoiling" may O('l·nr. 
Illlt at slm\' ,·ate;.: that do lIot attain equilihrium with 
tllP- changing pre;;;:ure. Sanel thrown into the hot wal('r 

has a cooling effect, but this is more than counterbal
ancpd by proyiding surfaces, pclges, and corners where 
nucleation of thp snpersaturat('d gase,s' can occur rap
idly. Exi~t ing temppratures may be a few degree;; below 
tll(' boiling points of pure watH for prm-ailing pres
"ures. l,ul hot-spring water with dissolycd gases has an 
('flectiY(' ;;boiling range," 3 rather than a single boiling 
point for each pressure. 

The ,,-ater mny be strongly supersatmated with gases 
when this low-temperature "boiling" first. starts; gas 
bubbles mny then form rapidly enough to expand the 
water column to the point of overflow, initiating an 
eruption. An eruption is obyiously much easier to in
duce from an initial water table 1 inch below ground 
surface than it is from 1-5 feet or more below the 
SUrfllce. 

The Rodeo well (fig. 26) and drill hole GS-3 (fig. 
33) are examples of wells that did not erupt spontane
ously but could be induced into eruption by one of the 
several methods described above. The South Steam
boat well (fig. 24), Harold Herz well 1 (fig. 27), and 
drill ·hole GS-6 (fig. M), on the other hand, are too 
low in temperature to erupt under any ordinary 
conditions. 

WATER SUPPLY 

In addition to suitable temperature relationships, an 
equally important requirement for continuous eruption 
is adequate reservoir permeabilit.y and water supply_ 
,Yater must flow into the well from connecting chan
nels or aquifers in sufficient quantity and temperature 
to maintain continuous enlption. Senges well, located 
midway between the Main and High Terraces (pI. 1), 
had a temperature profile very close to the boiling-point 
curve: it is an example of a well that is hio-h enouo-h . e e 
in temperature but without a sufficient water supply 
to sustain continuous eruption. Seyeral times before 
1949 'the well was induced into vigorous eruption by the 
dry-ice method; after a minute or so of eruption, the 
water originally contained in the well and in nearby 
interconnecting pore spaces had been expelled, and the 
l'l'1lption changed into a steam phase similar to that 
of many geysers. X 0 quantit.atiyc data were obtained 
on tht· rnte of dischargc that is necessary to maintain 
continuous ernption, hut tll(' critical ratp' is a function 
of tl.'mperature, depth of lift above the ,Yater table (or 
thc potential level from the producing :1CJuifer) , and 
diameter of the well. For a wpll (i inches in diameter, 

, ,\t con,tnnt pre",ure. the "olublllO' of n s:n, In wnter decren,es with 
1t1f:' rf':1.~ln~ tf"mp<"rntllTC'. nrpl"nfJln:: on th e content of dl~!'oh·e cl $!'n sc~ . n 
\'apor Jlila!'>" ~t;lrl .... to furlll :It !o'O!n" tf'1I1lwr:lturl' I)(')ow till ' !lnilln;: pniJlt 
of pure wntf'f fOf th (' pfrYHlllnj! Jlf~s~ure. The ~apor phn~e is enrJchcd 
in /!as~,. which th~rehy dpcren"c In the remaining wnter. At cons tnnt 
pTrs!-"lIre the "hollln;: ranJ::'(''' ~I'alls thl' tcmpcrntur('~ from first bubble 
formntlon tn that oC hollin/! oC pure wuter or e\"ell hls:her Cor superheated 
(uustal!lei waters. 
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TABLE 'n.-Datafrom drill hole GS-J 

[:-:ear the south rnd 01 the Low Termc<'. Dlumond drilled. circulating cold water. ~!casur"ments In parentheses are considered less reliable than the othersl 

Temper. Specific 
Depth Depth 01 Dottom Depth to ature (oC conduct· 

I Date drilled the-rmom· temper· 
mure (oC) 

water I at WBter CI' (ppm) pH' ance (mJ· nemarics 
(feet) eter (feet) (feet) le'\'el) cromhos Bt 

~~OC) , 

----------------- -------------------
1950 

June 23 _____ 29. 27. 1 57. 7 .1. 3 37. S (2H) G. S (1,330) Cased 9 ft, 5 in H hr after drilling ceased 
GS. G7. 7 (GG. 1) -------- -------- -------- -------- --------

24 ____ GS. G7. G g1. 2 G.O 37. 1 .'j44 6.4 2,550 
:25 ____ 103 100. 8 112. a 5. 6 3- .) I. _ 58S G. 3 2, 640 
26 ____ 103 100. 8 113.7 5. ,j 38. G GOO 

(3g. 2) 1--------
G. 3 2, 720 

29 ____ 133 62.3 (S7. g) ( .1. :3) -------- -------- Cased 47 ft (~X casing), hole cemente d 

I 
I June 28. 

30 ____ 135 128. 6 1222 1. ,j 33. 9 

I 
(4 ) (11. 2) (SI0) Water Eample still mostly drill water. 

July L ____ 150 13G.S 130.0 1.1 36. G (120) (10.0) (7.'j0) 
2 _____ 1 IS5 1')- - (114. 7) .:2 

1 

35. 0 (S72)1 ( 11. 8)1 (G,220) Hole cemented July l. _1.0 3 _____ 185 127. ·1 (121. 0) +0.5 33.0 532 (10.6) (2,700) X 0 new drilling. 
6 ____ - 190 148.1 154. S +14= GO. 0 I SIS (g. S) 3, 250 Cavin/i: in hole; note excess pressure. 
7 _____ 105 193.2 158. 1 1.7 73. 3 (75) (7. ii) (610) -17 ft :s X casing, 105 ft BX casing. S _____ 230 222.4 155.6 +20= - ------- S08 G. 4 3, 270 Xote temperature reversal; may not 

have recorded minimum, the ther-
mometer not insulated. 9 _____ 240 223. 5 (l54± ) -------- -------- 676 6. 6 2,910 Cased 215 ft BX. 10 _____ 245 241. 2 (154± ) +18± -------- 596 6.2 2, 640 Cased 220 ft BX. 

10 _____ 
-------- -------- -------- -------- -------- (672) (6. 6) (2,950) New spring 6 ft to north. 

1L ____ 275 273. 0 (154±) +18± -------- 816 6.4 3,510 Note probable temperature reversal 23 0-
340 ft but not recorded by uninsula-
ted thermometer. 

12 _____ 305 302. 5 (l54± ) +17± -------- 768 6.4 3, 530 
13 _____ 340 337. 8 (154± ) +47± -------- 770 7. 7 3,070 
14 __ ___ 365 365.0 154 -------- -------- -------- -------- -------- Thermometer insulated. 
14 _____ 375 375. 0 (155 ±) -------- -------- -------- -------- -------- 1 hr after drilling. 

July 16 _____ 399. 5 399 156.6 +48± -------- -------- -------- -------- Thermometer insulated. 
Sept 12 ____ 399.5 397. 9 156. 7 +52± -------- 810 6.5 3,240 Do. 

12 ____ -------- -------- -------- -------- -------- (20) (5.6) (324) Water condensed(?) in compartment 
above valve. 

19 ____ -------- -------- -------- -------- -------- (860) (7.9) (3,330) Water between casings 47-220 ft, 
erupting. 

1951 
Mar. 2L_~_ -------- -------- -------- 164lb -------- -------- -------- --------

1951 
May 15 ____ 399. 5 398.4 156.9 -------- --------15 ____ 

-------- -------- -------- ------- - --------
Mar. 30 ____ -- - ----- -------- -------- 168lb --------

I Plus values are above ~round level. generally Indicated by pressure ~age readinlZ'l; 
flnal pressure readings (Ib P) In pounds per square Inc~. 

the critical rate of dischar~e is on the order of 5-50 
gpm, depending on the lift required. 

Geothermal exploration wells were drilled in the 
western part of the thermal area. (pI. 1 and fig. 28). 
Se,'eral of these wells sustained impressive rates of 
production for several weeks or months. Nevada Ther
mal Power Co. -4:, for example, erupted continuously 
at rates of discharge estimated at more than 2·00 gpm 
for at least 2 weeks. Discharge e"entually decreased 
greatly because of deposition of CaC03 in the pipes 
:md also, it is now clear, because of decreasing water 
,;upply. Granodiorite constitutes the bedrock through
out this western area. The local reselToir capacity con
,.;ists of open spaces in fractures and zones of brecciated 
:;ranodiorite. Permanent discharge of 200 gpm could 
be maintained only if the system could adjust to ac
celerated withdraw:d by increasing the rate of upflow 

:!6-l-S:iO ~Gj--5 

816 6.1 3, 310 Water below 220 ft; sample warm. 
(824) (5.9) (3,240) Between casings, 47-220 ft. 
840 6.4 3, 320 Sample drawn off hot. 

'Water samples obtained from top 01 rolumn; when water lenl WIlS above value 
well WIIS allowed to discharge as long !IS feasihle before sample was collected. 

to 200 gpm, but channel permeabilities were evidently 
too low to permit this adjustment. The local reservoir 
became exhausted, water levels fell, temperatures and 
va.por pressures decreased, and the depth of lift in
creased until eruption could no longer be sustained. 

DEPOSITIOX OF CALCI~1 CARBO~ATE 

Chemical changes induced by loss of CO~ to the mpor 
phase result in deposition of calcium carbonate in pipes 
and casin!:,TS. In t.IlI' erupt.ion process, hot water mows 
rapidly from a region of relati"ely high temperature 
and pl'l'ssure lip to the stu'face, where pressure is dose 
to 1 atlllosphere. ClIlTe B of figure ;30 indicates that if 
water at. 1,(J°C is erllptl'd rapidly to the surface at se:l 
le\'el where the boiling point is 100°C, 1:3A percent of the 
original water will be cOllverted to steam, assuming no 
loss of heat in other ways, At St( amboat Springs where 
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TABLE 2S.-Dala from drill hole GS-!3 

(Crest or I11~h Terrace. Diamond drilled. drrubtlnz rold water. Mea<urements In parenth=.< ronsld~red II.'S.< reliable] 

Datr 

1950 
July 24- ___ 

1 
25 ___ _ 
2G ___ _ 
,,-_1 ___ -

2S ___ _ 
29 ___ _ 
30 ___ _ 
3L __ _ 

Aug. L---i 
2 __ --' 
4 ___ _ 

5 ___ _ 

6 ___ _ 
7 ___ _ 
8 ___ _ 
9 ___ _ 

10 ___ _ 
lL __ _ 

12 ___ _ 
13 ___ _ 
14- __ _ 
15 ___ _ 

16 ___ _ 
11- __ _ 
IS ___ _ 
19 ___ _ 
23 ___ _ 

Sept. 20 ___ _ 
2L __ _ 

1951 
Mar. 27 ___ _ 

195! 
May 16 ___ _ 

I 
Depth 
drilled 
(fret) 

2~ I 
27 I 
31 I 
42 
52 
60 
70 
S7 
S7 

111 
132 

148 

164 
164 
180 
203 
227 
255 

280 
305 
305 
326 

356 
376 
398 
398 
398 

398 
39S 

Depth or 
thrmlom-

Ncr 
(fret) 

O. S 
19.5 
1!l. () 
25. S 
'11. 3 

O. 7 
5S. 9 
01. 0 
SO. 4 
SG. 3 

110.4 
130. 9 

147.0 

163.7 
163.7 
179.5 
202.1 
225.8 
254.2 

278.4 
303.2 
303. 1 
323. 4 

354.4 
374.9 
396. 2 
396. 1 
396. 0 

nottom 
trmJl('r-

ntuT\' 
( ec) 

159. 1 
160.4 
161. 4 
150.6 

154. 7 
157. 5 
152. 2 
152. 7 
154.4 

I Depth to Temper· 
I W:1U'r ntun' el' I (ll'Ct) 

(OC at (ppm) 
wutrr 
lewl) 

50. 9 81. 9 (2) 
50. 3 SO. 0 (2) 
51. 1 8G. 1 (2) 
51. 7 SO. S (8) 
51. 6 ·S7. S (S) 
51. 5 88. 3 (10) 

51. 6 88. 7 (6) 
51. 3 89. 7 

Speclfie 
conduct· 

pH I nnC'(' (mi-
cromhos 

at ~."IOC) I 

nemarks 

Drilled July 23 . 
3 f t. KX c:ising. 
Aquajcl in holc. 
Cemented July 26. 

Cemented July 28. 

4 p.m., 15 min nfter drilling ceased. 
Drill water affected by cement. near 

50 ft? -

Cemented to 129, Aug. 2, drilled out 
Aug. 3. 

Near fissure, cooled by drill water, no 
water return. 

Do. 
Repent measurement; no new drilling. 

185 ft BX casing in Aug. 8. 

Excessive cooling from loss of drill 
water? 

51. 2 92. 2 
51. 5 91. 2 

(8) 
(5) 
(8) 

(6.9) 
(6.8) 
(6.9) 
(6.8) 

(234) 
(201) 
(210) Repeat measurement; no new drilling. 
(198) Excessive cooling from loss of drill 

51. 5 91. 6 (6) (6.9) (166) 
51. 3 92. 6 ( S) (6. 8) (17l ) 
51. 3 95.4 (8) (5. 9) (541) 

-------- -------- - - ------ -------- --------
48.3 ________ (24) (6. 7) (574) 

(856) 
564 

(8.3) (3,370) 
6.0 2,730 

water? 

Hole cO'TIpleted, casing pulled. 
Repeat measurement; no new drilling. 
Repeat measurement; no new drilling. 

Thermistor series. (See fig . 32.) 
Erupted sample. 
Nonerupted sample. 

398 ________________ +12-16 

398 85. 8 114. 7 

ft 2 

+3-7 
fP 

(904) (S.8) (3,380) Erupted sample. CaC03 deposited 
below 86 ft. 

I Water samples are clearly (rom introduced drill water before Sept. ZO. 1950; oJ.I are (rom top o( water column. 
, I'ressure·ga;:e reading. cqui.-oJ.ent (eet o( water. 

thl'. an-'rag-e boiling- point is 9,,)AoC, an additional 0.5G 
percent. of steam forms, for a total of 14.0 pl'rcent. 
As j,oil in.!!' O(Tllrs~ CO" is relal i n'ly el1l'iched in t hl' ya pOI' 
phase because it is Yery volatile and its solubility in 
near-boiling- water is low. The pH of the remaining 
liquid wat('r i~ gelH'rally C'onsidrrahly highl'r than thaI 
of water reaching the surface by normal upflO'y. At 
Stl'amboat. Springs~ the pH~s of erupted snlllples aI'£' 
gen£'rally from fi .;; to 8.9 (White :md others~ 1!);;:\ p. 
-l!)(;-l!)~: ElIi~. 1!);,!). 1%~. p. -l::n-J.+-J.)~ in ('()lltra~t to 
the natural ::prillg-s~ which han pH~s of (i.O-s.~. Thl' 
highl'Si pIT::; in ille natural springs arl' alwnys found in 
yigorous SjHlllll'rS and I!rysprs. As Co" is yaporized 
from thc watl'L t.he equilibria shift~ and much bicar-

bonate is con\'erted to carbonate. As a result, the solu
bilit\' of calcium carbonate is then exceeded. Calcite 
is d~posited in most erupting wells of the Steamboat 
area, but nrngOllite is the uominant carbonate of thl' 
,\Yest. Reno well. 

The rate of deposition is not constant from well to 
well, nor within a single well with depth or time. Most. 
carbonate is deposited in the upper 50-100 feet. of thc 
well easing and in discharge pipes leading to t.he storagl' 
tanks. The d£>taill'd distribution of carbonate within 
I he pipes is infhll'n('{'(l by irregularil ies t hat presumably 
localize turbulenCA' and difl'l'renees in pressure. The 
e£fectin' diameter of the pipes just. abo\'e and below the 
111a1l1 \";lh'es of the Steamboat. wells is ordinarily re-
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~DROLOGY, AcrIVITY, .-\J.'ID HE-AT FLOW C61 

TABLE 2!).-Data from drill hole GS-3 

I\\"~st or =st or tbe ~!aln T~rT3cc (4 E .• Im,'erse 3) . Dl3mond .lrll100. clrcubtln~ cold waler. ~!=urcmrnts In parentheses arc conslderC<! Jess reJl3ble. Water s:lmples 
rrom top 01 column unless otherwise notool 

D :l!C RelIUrJ.:s 
Depth I Depth 1 nottom Depth " Tempem. ' I 1 SpeCific I 
oIrllloo I Ibermom· tem(l<''''· to water , ture ('e at Cl (ppm) pII ,conuuct=cci 

_____ I_(I_""_tl_ 1 (r~~l I turo lOCI (r""tl j"'!Iter le,"ell l 1 _(m_~_f"'_Og'_lh_OS_' I ________________ _ 

45 1 30. 0 I a,. 8 10. 1 .!O. 8 (60) (6. 6) I (637) 

19J() 

Aug. 20 __ __ _ 
2L ___ _ 
22 ____ _ 
23 ____ _ 
24 ____ _ 
?-_0) ____ _ 

26 ____ _ 
27 ____ _ 
28 ____ _ 

Sept. 20 ___ _ 
Oct. 16 ___ _ 

2L __ _ 

24- __ _ 
25 ___ _ 
26 ___ _ 
27 ___ _ 
28 ___ _ 
29 ___ _ 
30 ___ _ 

Nov. L __ _ 

2 ___ _ 
L __ _ 
5 ___ _ 

12 ___ _ 

1951 
Jan. 10 ___ _ 

14 ___ _ 
16 ___ _ 
18 ___ _ 

79 I 78. 2 I 112. 8 8. :3 ·W. 7 (16) (6. 3) I (5SO) ; 
, 125 II 123. 5 I 127. 4 8. 7 54. 0 I (12) (6. :3) (837)1 

174 172.6 1-17. 8 8. 6 ~2 . . ~ i (44) (7.6) (5!)7) 
223

1 

220.5 I 156. :3 8. !) .')3. _ , (40) (6.2) (8-17) 

~gf ~g~: ~ i ~gg: ~ 1 g: g I ~~: ~ I (~1m l ~~: bl (l(g~j~ 
300 I 299.4 1 165.7 I------- J ------;;-I--------i- ----;-- --.,-----
:300 2!)9. 4 I 165.6 I 8.6 53.7 : (92) (6. 2) I (1. 045)1 

300 ' ________ 1' ________ 1 7.2 II 66 .. ) I (608) 1 (6. -) (-. (30) 

~gg 1--296,-4- '--165.-0-1 Eruf.t~ ---51.- d (~~~) (g:~) (3; 6~g) ' 
334 332.6 158.1 8.6 56.8 (232) (6.1) (1,350) 
36!) 367. 8 164. 4 11. 6 58. 3 648 6.2 2, 770 
415 413. 9 159. 1 13. 4 58. 6 680 6. 2 2, 845 
435 431. 6 166. 1 13. 0 61. 9 720 6. 2 2, 970 
473 472.5 168.6 13. 1 .58. 3 680 6. 1 2,850 
473 472.4 169.1 12.2 63, 9 760 6.2 3,125 
473 472.3 169. 2 12.0 ' 65. 6 756 6. 3 3,100 

515 

533 
563 
563 

563 

563 
573 
603 
620 

512.1 

529. 9 
561. 4 
561. 4 

550. 5 

550. 3 
572.8 
602. 2 
618. 7 

168. 2 

169. 1 
167.7 
167. 6 

165. 6 

165. 6 
164.2 

(165.4) 
(164. 9) 

12.8 

12.7 
12.3 
12. 1 

11. 3 

11. 2 
12.5 
12.5 
12.3 

63.7 

66. 2 
66. 7 
67. 2 

70. 0 

69.1 
68. 3 
62. 2 
62.0 

(908) (7. 0) (3,545) 

744 

764 
760 
768 

812 

752 
784 
760 
772 
712 

6.2 

6.2 
6.2 
6. 3 

6.5 

6. 4 
6.2 

(7. 0?) 
6. 2 

(7. O?) 

3,085 

3, 180 
3, 160 
3, 170 

3,245 

' 3,160 
3,205 
3,250 
3,075 
3, 130 

23____ 633 629. 7 163. 9 12. 8 62.2 772 6.2 3,255 (164.2) _______________________________________ _ 
25 ________ __ 658. 8 163. 8 12.9 61.7 768 (7.2?) 3,235 
21-___ 686 684. 0 163.7 .12.5 64. 6 792? 6.9 3,395 (164.2) ______________________________________ _ _ 

Feb. 16____ 686 683.6 164.0 11. 8 66. 8 792 6.4 3,290 
(165. 4) 

195! 
May 15_____ 686 615.9 157. 7 14.4 74. 4 792 6.5 3, 180 

Drilled Aug. 19; 16 ft of 5-in aasing. 
55 ft ~X c..'1sing. 
Drilled with fresh water until Oct. 31. 

Erupts when open. Sample from valve. 
Sampled under slight pressure; first re

lia.ble sample. 
Drilled Oct. 23, first in GS-3 since Aug. 26. 

Repea.t measurement. 
Repeat; see thermistor measurement, fig. 

33. 
Composite sample from springs 3-5, 

pumped for use as drill water. 
,Drilled Oct. 31, using spring water through 

completion of hole. 

Note slight temperature reversal. 
Repeat measurement; thermometer not 

insulated. Core barrel lost Nov. 2. 
Thermometer insulated. \Vater sample 

from bottom. 
Normal sample from top. 
No drilling since Nov. 3. 
Drilling AX inside lost core barrel. 

Core barrel recovered; NX drilling ' re-
newed. 

Thermometer well insulated. 
Normnl unillsulated. 
Thermometer well insulated. 
Thermometer down all night, insulated. 
Uninsulated. 
Thermometer well insulated. 
Thermometer uninsulnted. Excess gas 

pressure, equal to +41 ft water. 
Hole has cooled by convection. 

duced from 6 inches to 1 or :2 inches within a. period of 
1-5 months (fig. 3D). The thickness in some ochel' near
surface parts of the pipe may be only half as much. 

Calcite is deposited in the East Reno well at only 
half t.he rate of the Steambo:tt weli:>. In, st.riking con
trast t.he "\Vest Reno well is nearly choked with arago
niw within a. period of only 1-5 days (ti/!. -1:0). The 
presence of aragonite rather than l:alcite in this wpll 
is evident.ly cont.rolled largely by rate of deposit ion~ 
because water compositions, pH relationships~ and telll 
perat.ures arc all yery similar ; the deep water of the 
"¥est Reno well is probably slightly higher in calcium 
than that of the Steamboat wells. 

1Vhen an erupting well is so nearly filled with calcium 
carbonate that, the discharge decreases to the minimum 
required by the establishment, the main ",ah·e is closed 
and the well is shu t down for cleaning. "\Vhen the 
,-ah'e is first closed, t.he well is still "ery hot in its upper 
part, with much steam and only :t small proport.ion 
of liquid water. If reopened immediately, the well again 
Hashes into eruption , bllt if the \':l!ye is kept closed amI 
tlill well is permitted to cool, the steam condenses and 
water ri ses in the casin/!. In many wells. the \'ah'e C~\ll 
be reopened without eruption after a sullicient, lapse of 
time: tlw water has again "gained the upper hand':' and 
its pressure equals or exceeds the Yn,por pressure of hot 
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TABLE 30.-Data from drill hole GS-J, 

(East or crest or ~1I111l Termcc. 'E .• tmverse 3. Dinmond drilled. cireulntin~ cold "'nter. Me:lSuremcots in pnrentheses considered less rellnble. Water samples from top 
olcolumnl 

Datr 
1 I Drpth I Dottom Depth to Temprrs.j \ Specific con-
I Drpth I lhermoru- lemprru- wuter l lure (OC at Cl pB I ductnncr 
I drilled . cter I lure (Iret) wnler I (ppm) ruicromllos I (Iret) I (fret) (CC) level) (Z5°C) 

-A-U-g-. -1~-sg-_-_-_-J~=' 59. 5 '--1-0-~-. -2-
1

---3-±-r __ -__ -_-_-_-_-_.i-_-_-_'-_-__ ~-__ -_ '~-_-__ -_-_-_ ~ 
- I 
' 3L ___ I______ lOG. 0 135. G +1.8 

+1.2 
+1. !) 
+l.S 
+2.5 
+2.7 

Sept. L___ ______ 129.7 140.!} 
2 _________ _ 
3 ___ _ 
·L __ _ 
5 ___ _ 
G ___ _ 

,----S ___ _ 
9 ___ _ 

172 
172 
1-') .-
192 
216 
254 
283 

10____ 322 
1L ___ 340 

12____ 340 

393 

18____ 393 

19_ _ _ _ 445 

152.9 145.3 
1GG. 7 149.7 
166. 7 152. 3 
16G. 7 153.2 
174.5 (147.8) 
209.9 156.6 
249.7 164. 8 
277. 6 168. 1 

(+2.5) 
+2.3 
+2.8 

+11 

318. 4 
338.2 

169.4 +S 
170.4 +6-

338.2 

389.8 

166.0 

163.0 
164.0 
166.3 

169.0 
168. 9 
168. 0 
165.8 

3$9,..8- 170. 7 

440.3 169. 6 

+S2 

+S 
+7 

+6S 

+48 
+10 
+6 

572 

+8 

-S.8 

+3 

20____ ______ 464. 5 170.6 +2 

171. 1 +61 

SG. 4 
54.3 I 
4S. 9 
52. 2 
52. 2 
56. 2 

(41.2) 
35.6 I 

56. 7 
71± 

5S% 
95± 

37 

49 

48 

46 

49 

(768) (6.6) 
(532) (G.6) 
(352) (G. G) 
(392) (6. G) 
(G2S) (G. 5) 
(GSS) (G. 4) 
(120)1(11. 2) 

(96)1 (7. 7) 
(3G8) (G. 5) 
(828) (8.8) 

(596) (6.7) 
(852) (7.7) 

768 

768 

772 

796 

6.7 

S. 9 

6.0 

6. 0 

(344) (6. 2) 

(940) (7. 1) 

804 6. 4 

2L___ ______ 4S2.9 170. G +472 43 (580) (G. 1) 
22 _ _ _ _ 505 503. 3 170. 6 + 3 _ _ _ _ _ _ _ _ (724) (5. 9) 

Oct. 30____ 505 502.9 171. 1 +19 ________ 7S4 5.7 

1951 I I I 
Ja"F:~;3. -------------- ----------- --- -- --------' (92S) I (8. 'J 

~Iay 30 ____ 
1 

______ -------- __ 170. S +IG 1________ SlG I G. r. I 

(2, (70) 
(2. l~O) 
(1, 520) 
(1, G60) 
(2, 500) 
(2,760) 
(1,340) 

(55G) 
(1, 760) 
(3, 150) 

(2, 520) 
(3,340) 

3, 120 

3, 160 

3, 160 

3, 140 

(1, 495) 

(3, 700) 

3,170 

(2, G20) 
(2. S50) 
3, 100 

(3,725)\ 

3, ISO I 

Rcmnrks 

Drilled Aug. 29; 12 ft of 5-ill ensing, 55 ft. 
XX casing. 

Repeat mensurement. 
Do. 

Cemented Sept. 5. 

Had been erupting; measurements under 
pressure. 

Leaking through valve. 
330 ft BX casing; erupting through leaking 

valve. 
10 a.m. Collected under pressure; first 

reliable sample. 
Kote decrease in bottom temperature-

downward circulation from higher levels 
proved by series of measurements Sept 
13. 

7:30 a.m. Maximum thermometer. 
11 a.m. Corrected thermistor temperature 
11:15 a.m. Valv'e leaking 272± gpm since 

11 :OS a.m., downward circulation reversed 
by leakage. 

11 :25 a.m. Valve shut, cap leaking 1 ± gpm. 
Cap leak decreasing, 11 :30 a.m. 
Seeping discharge, 11 :40 a.m. 
Seeping, 12:55 p.m. Note temperature re 

versal again from downward circulation 
probably from ISO- to 200-ft depth. 

No drilling since Sept. 12; note natural 
temperature recovery from lower values 

Water level after 10 minutes pumping cold 
water. 

Bottom temperature probably slightly low 
from downward circulation. 

Drill water used day of Sept. 19, from springS 
2-5. 

8 a.m. Drill water used again from ditch 
during day. 

Temperature by mnximum thermometer, 
controlling leakage, as on Sept. 13. 

Ditch water influence. 
Hole completed. BX casing removed. 
Thermometer Ilninsulated. 

Erupted water being used in rlrilling GS-S. 

Thermometer insllbtecl. 

I Positive vnlues nrter Sept. 8. lQW. nre reet abo"e ground lenl. determined by pressure g~e; water in cnsin~ nbo"e ~round lenl ~re3tly cooled. 

water deeper in th(' wel1. A cable-tool drilling: rig: is then 
used hy resort personnel to drill out the deposit (fig-. 41). 
Slowly fOl'Dwd dens(' calcit{' is hard and may require 
n. day or more of ('ontinuous drilling to clean a well. 
The rapidly formed aragonite of the 'Vest. Reno well 
is soft and porous; it is ordinarily cleaned e\'ery 4 or ~ 
days by repeatedly dropping a hea,,), iron rod manipu-

lated hy cable attachE'Cl to a jeep. Periodically, this 
met hod becomes inefl'ect ive and a cable-tool rig- is used 
for a more thorough cleaning. 

~\t times it was not possible tD shut down the Ste.:l111-
boat Resort wells; ('\'en after a day of inacti,-ity, a well 
would flash into eruption as the ntlve was opened. At 
such times, cleaning was accomplished with greater 
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EYDROLOGY, ACTIVITY, A .. ';1) HEAT FLOW C63 

TABLE 3l.-Data from drill hole GS-5 

IEMl at cresl at ~bin TelT:lCc nnd 418 (""l north at G&-l . Oiamond drilled. circulating cold waler. ~('!lSurements In parenlheses considerroless reHablc lhm the other.!. 
Waler samples (rom top o( column unless otherwise noted) 

Oepth I Oepth 1 Boltom 1 Oepth / Tempern- I CI / 
OMe drillod ! thermom- tempem- to wnter l ture t'C al l (ppm) pH 

Specific , 
condUClance I Remarks 

_____ ~i~~«(cct) ture(QC) I (tCCl) IwalcrlC\,Cl) 

1950 
Sept. :!·L •• , 37 

58y:! 
:14.2 
.'>8.3 

70.0 
!J5. 3 

5. :3 
Ii. 4 
5. 5 

·15.4 
H. :! 
·12.3 
34. (j 
:10 
2!J 
24 

(miif.~)hOS. I 

(3.4) (5. 5) (1. 400 J-D·'r-il-le-d-s-ep-t-.-2--3-.-7-ft-o-f -5-'i-n-. -e-a-Si-n-g·.' --

(12) (7.2) (143) / 50 ft ~X casing. :!5 ___ _ 

26 .••• / !l0 
,,- 115 
>3'···" 139 :.. ... " 

3!l. 9 12!l. S 
1:18. G 
l ·ll. 1 
141. 0 I 

+.G 
+3. I 
+3. I I 

'(44)' --(7.-0)' ····,(293)1 Water level outside NX casing. 

. (3G) (8. 6) (255) 1 

Oct. 

.)f\ 153 -"····1 
30 .••• 1175 

L ••• 175 
:L •.• 175 
3 ..•• 175 

4 •• ,. 203 

5. ••• 238 
6 •.•• 238 
7.... 256 
8 •••• 281 
9. •.• 300 

10 .••• 315 

11. •.• 332 
12 •••• 340 
13 •••• 363 
14 •..• 379 
15 •••• 412 
16 .••• 430 

11. .•• 465 
18 •••• 505 
19 •••• 545 
22 •••• 575 

23 ••• _ 575 

1951 

II·!' ;) 
138.3 
157.3 

174.7 
174. (j 
17·1. 6 
174. 0 

206. 7 

236. 4 
236. 4 
254. 6 
279. 1 
298.6 
313.6 

330.1 
338. 8 
362.8 
378.9 
410. 9 

462. 2 
399. 2 
543.1 
572.2 

572.2 

151. 6 
153. 7 
153.8 
154. 0 

159.2 

164. 7 
165. 2 
165.9 
168. 0 
169. 7 
170.8 

(166.9) 
171. 8 
172. 2 
171. 8 

1 

+3. 3 / 

+3.4 
+3. !J 
+3.6 
+4.0 

1 25 
2-! 
:!O 
38 

+3.5 27 
+4.2 61 
+4.0 33 
+3.7 26 
+3.4 29 
+3.8 26 
+3.8 •••...•• 
+3.7 .••••••• 

+ (2.6) ••••...• 
+6 •••.•... 

+16 •••••••• 
+14 ••••.•.• 
+33 95± 
+36 Hot 
+48 95+ 

! (160) (6.0) I (370) / 
1 (156) (7. ·1) I (76!J) 

I 

i (524) (7.0) (2,160)1 
(764)/ 6.8 (3,050) 

------ -------- ---------- ' 
820 (7. 3) 3, 2!J0 

(780) 
(736) 
808 

(772) 
(770) 
(768) 
(408) 

(3) 
794 

(688) 
810 
780 
808 

(882) 

(7. 1) 
(7.2) 
7.1 

(6.8) 
(6.8) 
(7.1) 
(6.2) 
(7.5) 
6.1 

(6.7) 
6. 3 

(7.7) 
(7.2) 
(8.0) 

(3, 050) 
(2, !l00) 
3,120 

(3,060) 
(3,030) 
(3, 020) 
(1,840) 

( 101) 
3, 170 

(2,810) 
3,270 

(2,910) 
(3, 340) 
(3, 440) 

-10-14 •••••.•••...••• _____________ • __ _ 
(172.1) +18 • __ ..• _. 824 6.3 3,270 
(172.2) +-17 ___ ._ .• _ 820 6.3 3,270 
(172. 2) +17 ___ • __ ._ 826 6.00 3,280 
(172. 2) +20 ._______ 820 6.2 3,270 

8 ______ . _______ . ______ . _________ . 

169.6 826 6.0 3, 270 

Apr. 13 ___________________ .••• _____ ~. ___ _ 60± 820 
832 

6.2 
6. 9 

3, 310 
3,345 

195t 
::\1ay 16. ___ 575 

16 ____ 575 
400 
469.6 

172.6 
172.6 ±23 47 

30 ____ 575 469. 6 _____ • __ +13 

1953 

_________________ .____ +60 

June 20_ _ __ 575 

/ 

40= 
!l5+ 

824 

828 

824 
864 

I Positive \'nJuc.s menn excess pressure In (eet at waler, as measured by pressure gage. 

(7. 8?) 

6.2 

6. !l 
8. 7 

3,230 

3, 200 

3,290 
3, 340 

Well erupts if permitted to discharge. 
Temperature 1 ft below ground, 32° C 

cooling in pipe above ground, con 
vection. 

Repeat measurement. 
Do. 

Sampled after some discharge; first re 
liable sample . 

Discharge 1 min, sampled. 

Repeat measurement. 

No water return 250-308 ft. 
308 ft BX casing. 
Steamboat ditch-drill water, 4 p .m. 

Thermometer bounced coming up. 

Valve leaking considerably all night. 
Do. 

Strong leak, high temperature discharge 
no measurements. 

After 10 min, pumping cold water. 
Valve had been completely closed. 
Thermometer stu~k at 399 ft; uninsulated 
Thermometer uninsulated. 
Hole completed Oct. 19. 
Pressure decreased after escape of some 

gas. 
Bx casing left in but space between 

NX-BX not sealed. Thermometer in 
sulated proving slight reversal. 

Sample from top of column before erup
tion; thermometer blocked at 400 ft. 

Bottom temperature?after eruption; 105 
it sediment in hole. 

Before eruption. 
After eruption. 

After slight discharge permitted. 
Erupted sample. 

difficnlty by drilling through the erupting column of 
boi ling water. 
~ome characteristics of Steamboat well ~ are shown 

~ra(>hical1y in fig-me 42 throngh :L complete pl'Oduction 
eycll'. The rate of discharge had decreased to abo11t 
l~ !-.1)m on Sl'ptl'muer 22, ID4;), when the well was shut 
dO\nl for remO\'al of c~dcite. CleaninCT was continued on 

Steamboat wells was to clean them in two stages, with 
t.he second stage about 1 week to 10 da.ys :l.fter the 
first, as shown graphically in figure 42. The lower part 
of the well was much l'asicr to clean after it had sub, 
sided a little from its "ery \'igorous initial eruption. 

o 
t.he ~:~<l, but the well crupted spontaneously before the 
work was completed. A conunon practice with these 

Through early October, discharge decreased at a ra' 
pid and almost. constant. rate until October 17 and then 
decreased at a slower rate until cleaning was agam 
necessa.ry. 
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TABLE 32.-Data from drill hole GS-6 
!Near crest of Slnler HUL DilUllond drlll<'d, circulatlng cold " .. ler. Measurement.< In parcntheres considered less reHable than the others. Waler samples from top of WIlier 

columnJ 

Dale 

1950 

No\·.20 ____ 
22 ____ 
24- ___ 
26 ____ 
2i ____ 
29 ____ 

Dec. 1 _____ 
2 _____ 

13 _____ 

1951 

Mar.2L ___ 

lSSl 

May 22 _____ 

Depth 
drilled 
(Ieet) 

iO 
89 

113 
160 
212 
212 
212 
212 
212 

212 

212 

Depth 
thennometcr 

(Ieet) 

68.9 
86. 9 

113. 0 
158 
~08. 4 
206.6 
205.3 
205. 3? 
198. 0 

169.7 

166.8 

Bottom 
lempemturo 

(OC) 

33. 3 
40. 6 
68.3 
ii. 8 

100 
100. 8 
102. 5 
102. 3 
102. 1 

92. 2 

93.8 

Depth 
to water 

(I('el) 

Tempemturc, 
°C ot water 

level) 
CI 

(ppm) 
pH 

Specific 
conductnnoo 
(mlcrombO$ 

~5°C) 

Remarks 

(6i. 9) ____________________________________ 33ft BX casing. 

147.3 86. 3 (19) (6.4) 

142.7 85.4 12 6. 7 

TABLE 33.-Data from drill hole GS-7 

(360) Some gas escaping. 

372 For the most part meteoric 
water but presumabJy no 
longer largely drill water. 

[Silica pit area. Diamond drilled, circulating cold water. Measurements In parentheses considered less rellable tban the others. Samples /rom top of water unless otherwise 
Dotedl 

Date 
Depth 
drilled 
(leet) 

Depth of 
thermom
eter (Ieet) 

Bottom 
tempera
ture (OC) 

Depth to 
water 
(leet) 

Tempera· CI 
ture (OC at (ppm) 
water level) 

pH 
Specific con· 

ductance (ml· 
eromhos25°C) 

Remarks 

--------1----1----1----- ----------1----,1-------------------
1950 

Nov. 29 ___ _ 

30 ___ _ 
Dec. 1- __ _ 

2 ___ _ 
5 ___ _ 
6 __ --

11- __ _ 
13 ___ _ 

14 ___ _ 
15 ___ _ 

: ~------ I 
,,------

I 
6 ___ - --I 

20 ___________________ __________________________________ _ 

20 
37 
85 . 

110 
115 

115 
122 

166 
166 

196 
222 

230 
258 
285 
285 

305 
330 
:l40 
330 

340 

364 
:38f1 
410 
410 

10.4 21. 4 (8) _____________________________ _ 
36. 5 43. 9 _____________________________________ _ 

49.6 

100± 
118.9 

44. 4 

80 
79. 7 

153.2 111. 3 107.8 82 ____ __ -----J ---------
1 14i. 5 118.4 110. 1 9075 .(16) (i. 6) ; (696) 1 

192.7 j 130.81 106.2 --------1 (6) 1 (i.5 )! (397)1 
209.9 130.4 I': 106. 4 84.2

1
(14) (6. i) 1 (591) i 

22i. 5 135. 9 106. 3 82. 2 I (8) (11. 5) , «(l68) ! 
253.:3 134. 8 ll ·t 2 8:!.2 (6) (10.4) 1 (:386) ! 
283.4 150.2 1 115.3 82.0 1(10) (7.1) ! (603) : 
283.0 152.9 116.:3 92.4 1(10) 1 (7.2 )1 (655) : 

299. 0 145.6 1 lli. 8 89. 0 (10) 1 (6. 8) ! (520)1 
319.6 146.·1 121. 1 90. 0 1(12) ', (6.9) 1 (52·1) 

-------- - ___ _ ___ 1 ________ - -------1------ ------ j----------

I ::~::: (:::::) --:::.-:- ---::,-J- ~~~-t ~~.-:J- ---~::~~ i 
I I 1 I I I i - , ! ') 1 - ') ! - , ~6~. ~ I 1~~ . :~ -- --:.--- -------- :(1-) I (:,. ;-) 1 ("O~) 

.~86 . _ 1,,_._ 1 111 . 4 1 (l4.4 1 (6) ; (1.:3) (46,,) , 

19~: g (Ug: ~ )1--112.-2 - ---89.-i) -i - (8) --j-( G~ ii): -----(513): 

11 ft of 6-in. casing. Acid-altered granodi
orite is friable, very porous. 

Much less drill water. 
Do. 

Much less drill water. Hole cemented. 
Much less drill water. Hole cemented again. 
Measurement temperature probably much 

too low; 18 in. free-fall drill rods near 110 
ft; hole cemented. 

Core barrel stuck in hole Dec. 6-11. 
Core barrel recovered Dec. 11. 120-ft NX 

casing. First full water return in hole. 
Thermometer in 8 ft mud. 
Thermometer in 2 ft mud; repeat measure

ment. 
Thermometer in 4 ft mud. 
Thermometer ill :l ft mud; considerable 

water loss. 
Cemented Dec. 19; drilled out Dec. 20 . 

Thermometer in 2 ft mud. 
Thermometer ill 2 ft mud (boiling at water 

lcvcl) . 
Do . 

Lost 82-ft nx casing in hole, ccmentcd . 
~ew hole in bottolll, bypassing casing. 

noiling vigorously; 325-ft AX CAsing ce-
mented in . 

;';0 water return, bottom cooled? 
;';ot. boiling so vigorously . 
;; p.m., 1 hr aftcr drilling ceased. 
U a .In., in 6 in. mud, boiling. 
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TABLE 33.-Daia from drill hole GS-7-Continucd 

I J'~n~~ I t~~~~~ I (feet) I eter ((eet) 

----19-51--
1---1 

,__ ____ ·110 ·!O8. ·1 

Date 
Dottom 

tempem· 
tUro (oe) 

156. 1 

Depth to 
wnter I 
(feet) 

+70 P 

I 

I I I T empem- el Spedflc COD-
ture (Oe at I (ppm) pIT ductance (mi-

water level) cromllo.~~Oe) 

8 ______ ------ -------- -------- ________ 1 ________ ------ ------ ------- - --

------ -------- --------1--------1--------'------------ ----- -----1 
!L____ ·110 1 407. 6 160. 6 II +82 P 1-------- ------1------1- --------1 :'f:lr. 2!L___ 410 407.0 160.0 +76 P __ ______ (10) ( S. 2) 1 ( 068) , 

il l 1 ; I' i 
195! 

May 22____ ·no 407.8 161. 0 +80Y2P __________ _______ ____________ _ 
+71Y2P ________ 0. 5 6.5 158 

(24) I (9. 7) (1,640) 

I Pooltlve values, excess pressure (P) in pounds per square incb. 

TABLE 34.-Dala from drill hole GS-8 

Remarks 

Ready to erupt. Valve not closing; had to 
pump cold water }~ hr to get thermometer 
in hole; cold water must be flowing into 
walls abo\'e bottom of hole; note high 
temperature . 

~ew va!\'e ; cemented between AX and ~X 
casings after steam started escaping out 
side casings. 

Pressure as much as 82 psi, hole almost got 
out of contra!. 

Xo \yatcr IC\'c1-hole filled with vapor and 
water droplets with slight condensation of 
vapor in upper part of hole; remaining 
vapor escaping into walls. 

Before measurements. 
Sampler in hole, slight leakage of gas 

Water sample is condensate? 
Erupted from side valve, 120-325 ft; pH 

probably from cement. 

[East bnso oC Main Terrace, 10 E , traverse 3. Diamond drilled, Circulating cold water. Measurements In parentbe3es considered less rellable tban tbe otbers) 

Depth Deptb Bottom Depth to Specific 
Date drilled thermom- tempera· water t~m.!'g~-t el1 pHI conductiv- Remarks 

(Ceet) eter 
(Ceet) 

ture (Oe) (Ceet) water (ppm) Ity, KXIO' 
level) 

---
1951 

Jan. 30 _____ 41 37. 0 75. 2 27.2 - - ----- - -- 856 6. 5 3, 660 Drilled Jan. 29. 21 ft NX casing. Gas escap-

Feb. 75 
ing above water level. 1 _____ 74. 9 103. 3 30. 0 70. 0 876 (9.3) 3,600 Pumping erupted GS-4 water. Cemented. 

(928) (8. 5) . (3,725) Water from G8-4 used in drilling, Jan. 29 to 
Feb. 1. 2 _____ 110 102.8 120. 7 21. 1 68. 9 924 (9. 1) 3, 780 

(956) (8. 1) (3, SOO) Drill water from GS-4 and spring 6, Feb. 1-
Feb. 3 . 3 _____ 

130 115. 3 123.2 16.6 55.8 944 (8.7) 3, 790 Thermometer in 6 in. fine sand. 4 _____ 130 121. 8 124. 8 15. 1 53.3 928 (8. 5) 3, 790 Hole flushed out, completed. 5 _____ 130 121. 8 126.6 16. 4 55. 6 912 7. 2 3,810 Repeat measurement. 15 _____ 130 121. 8 128.7 20'.4 64. 1 892 6.9 3, SOO Do. 
1956 

May 15 _____ 130 121. 8 128.7 25.6 SO. 2 896 I 6. 6 3,330 Do. 

I Water samples Crom top oC water column. 

CO:\IPLIC.\.TIONS OF SI:\IPLE HER,,\, VIOR 

Xearly all erupting wells at Ste:unboat Springs have 
had limited periods of product.ivity and are considered 
ro be short lind. The ",Vest Reno well was drilled in 
1!);lH, and by HJ6;,) it was mueh the oldest. producing well 
in the area. The IIseflll life of some other wells is less 
than (j years. 

The well here called Ste:unboat well 1 (see pI. ;\ for 
location) became IImeliable earlv in It)'!5. 'Yl'1l 2 was 
being drilled in :'.Iarch I!),!;"; whe;l 'Vhire and P. F . Fix 
\'isited the area brietly before systematic obsernltions 

were sta.rted. ",Yell 2 was tempora.rily completed at :1. 

(lepth of 120 feet., and production was satisfactory until 
the spring' and summer of 1!)-17, when obstructions of 
unknown natllre forced ab:mdonment of the hole. Two 
new wells (;l:L and :lb) were started near the previous 
wells, hm both wem abandoned at shallow depths. 
Steamboat well .~ was then started in September 19-17, 
ill the :-:ame slllall an':\: it W:lS first drilled to :t tlepth of 
1-17 fpet. (table !D) a11(l !:LtCI' dpepened to 220 feet. This 
well produced satisfactOl'ily until the field study W:lS 

completed ill U);')~_ but was abandoned during the winter 
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I-
LrJ 
LrJ 
u.. 
z 
:i 
l-
n. 
LrJ 
Cl 

TEMPERATURE . IN ·C 

20 40 60 80 120 140 160 180 200 

CONDENSED 
LOG 

0
1 , ~ /For thi~ curve . ref~rence boil'ing- ~L~1~~UM 
j 
I 

i I ';1.;1 pOint curve should be raised . I 

50 I 

c..! 'I'r, about 50 It) I' 
i "-'" I : \ ! ! I 

r---~i ---~'1'---, ,-----.;,-----.:>..:~ I ; I i 
, ~ curve for pure water: DIORITE LJ " '-.--'""", 1' . ~ Theoretical boiling-point I GRANO-

i.A. Bottoml·hole temPI eratures~1 assumed water level at 
~ " ground surface . Actual 

100 , / I, I i "'-\-\II','------+<: \Ievel ranged from 6 It 

I 
II i oelow ground to more 

I than 50 ft above ground I 

'.~ Ie...... i 
I I 

I 

I ' I ' r I C. Chlorid~ content ' I 
I "c_ I 

I I i---~~ 

FAUL T? 

150 ! 

200 

250 

300 

350 

400 
500 

, 
! ! ; 

?s 
I I 

9 c< B . Thermistor temperature measurements in" 'I water column when hole was 365 ft deep 
........... ---- '1 

/ 
EXPLANATION 

• 
Repeat measurements after 

\ interval without drilling 

\ 
~-

600 700 800 900 

CHLORIDE CONTENT. IN PARTS 
PER MILLION 

I 

I 
I 
I 

~>I 
I 

~ 

~ 
~ 

1\ 
\ 
\ 

\ 

B 
TUFF
RECCIA 
DIKE 

I- FAUL T? 

GRANODIORITE 

BRECCIA 
ZONES ~ 

FAULT ZONE 

~ ...... VOLCANIC FRAGMENTS 
RANODIORITE 

rv FAULT ZONE 
OLCANIC FRAGMENTS 

G RANODIORITE 

FIGURE 31.-Tempernture nnd re1nted dntn from drill hole GS-l nenr the south end of the Low Terrnce, 

of 1D,'i3-54. A ne'" well ,,'as then drilled ahout. 100 feet 
northeast of the previous wells. 

nearby continuously producing Steamboat well 4, 
IlPt.ween its periodic cleanings. The. intelTelntionships 
are illustrated graphically (fig. 43) frolll water-stage 
records of the oyerfiow st.ream from the st.orage tanks; 
the rpC'ords measure the combined discharge from both 
wells. The. discharge from Stc~\lllboat well -1 decreased 
dlll'ing Septeml){'r and Oet ober H14D, as the casing of 
this wl'll was filling with c:t1citl'. Abandoned well ~ was 
inactin'. during thr early pan of this cycle, but prob
ably on Septelllber ~!1 geyser e.rllptions of "ery short. 
duration stal'te.d to occur, first at inten'als of 2-3 hours. 
By October ~ the interval between most eruptions had 

'\"nlen a producing well is abandoned for any reason 
and remond of carbonate is no longer attempted, the 
well does 1I0t. eJ"upt continuously until choked COIIJ

pletely with ealcite. If the "aln's are left open, the well 
eYellt,lI:tlly changes from continuous eruption to inter
llIittcnt, gl'yscrlikp I'l"Uption. This ryollltion ill lwhayior 
look plat'l' in ca ch of the producing Steamboat well" 
t hat. was obsrryccl after abandonment. 

The beh:n'ior of an abandoned geysering" well, Steam
hoat, ~, ('hanged wit.h the changing disc.lwrge pat tel'll of 
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~ I I , 
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i I 1 

! !c---. I I I : I I I 
I .............. ' I I 

i I i ; , 

I 
.............. I ! I I 

I 
, 

I I i I ....... ! "( I ---
I I i - ~"'" I I I 

A. Bo"om-"o'. ,.mp.,.,",.,! 1'\~O'.'k.' boB'o" po'o" '0' 
. 1 I I "~ I po,. w.,." w.'., I."., I ' I assumed 40 ft below sur-

, 1( face 
I i , 

I ~~ ~ 
I I 

I i 
,,~ ! 

I I -:-"" "'- I 

I I !., I I 
.v- I 

i 

I I I rf" ! ! I 
I 't-\ I ! 
I 

I I 

....... "', 
~ 

~\ 
~ I 6 i\ 

~, 

r~ \ 
B. Thermistor temperature measurements in/1 '. \ water column 5 days after hole completed // 

'\ 
EXPLANATION (~. \ 

• ( ~ 
Repeat measurements after I( :\ interval without drilling cU 

40 60 80 100 120 140 160 180 

TEMPERATURE. IN ·C 

CONDENSED 
LOG 

1\ O.PALINE SINTER 
I \DISCONFORMITY I , 
I CHALCEDONIC 

AND 
OPALINE 
SINTER 

's EDIMENTARY 
DEPOSITS 

f- SINTER AND 
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SEDIMENTARY ROCKS 
f'.. DISCONFORMITY 

"'

i'OLDER SEDIMENTARY 
, 

I 
I 

V 

f-
V 

f-

V 
I-

ry 
I-

G 

200 

ROCKS 
DISCONFORMITY OR 

UNCONFORMITY 

EINS 

:;!; 
u 
u 

EINS w 
a:: 
!Il 
i.l.. 
u.. 
=> 
I-

EINS u 
~ 
en 
UJ 
0 
z 
ex: 

EINS 

UNCONFORMITY 

RANODIORITE 

FIGURE 32.-Temperature and related data from drill hole GS-2 crest of High Terrace. 

increased to 5 or 6 hours, a.nd the duration :U1d intensity 
of each eruption also increased, one eruption continu
ing for about 40 minutes. The intervals and durations 
both became much longer until October D, when well 2 
sta.rted to erupt continuously; each well then contrib
uted about half of the total discharge until well 4 was 
cleaned in .January 19;')0. The explanation for the 
change in belm\'ior of well 2 is not known wirh certainty. 
Presumably, because of gradu:t1 plugging and buildup 
of pressure in well 4 or in a specific aquifer. warer and 
he~lt were di\'el'ted into well 2. 

wells :tt Steamboat Springs is a' short-term fluctuation 
in discharge, typically about 10-25 percent of the aver
age discharge. This type of fluctuation is shown on 
figure 43 as a broad irrebl1.dar line because of the com
bination of gears and time constants used on these 
recorders, Some wells ha\'e had e\'en larger fluctua· 
tions, best described as geyser eruptions s'uperposed Oil 

normal eruption. A single \\'ell may have two or more 
types of superposed eruption, each of different magni
tude, duration, and intel'ntl between el'llptiolls, a~ illlls
trated in figure +± for Steamboat well 4, Steamboat 
well~ was completely ina.cti\'e at that time (1951). The One characteristic of most recorded erupting thermal 
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TEMPERATURE. IN ·C CONDENSED 
40 60 80 100 120 140 160 180 200 220 LOG 

o r-I--""':':-' ------,----'-r~I ------;'I------;---;-' -----,1---.,...-------:->1 ~I~AT~~E 

I I ~SEDIMENTARY DEPOSITS 

I ! I' .....-DISCONFORMITY 
~, "c. , II I ASEDIMENTARY DEPOSITS , 

50 'i-' ___ f-r __ ~----""'._""",----..,-__ ~,.,-__ .;-__ -+-__ -,-I __ ----:. __ --; CID LEACHED NEAR TOP 

II I;, I N' il\ I i r-UNCONFORMITY 

II

I, I I I' III! I 
I 

( ! II ' II ' CHALCEDONY· STIBNITE I, V~N 
100r_--+---~---+---41,---~-1 --~---~--~--~ 

! I i i f\ K, /TThhtt~:O:~t~cr~ ~O~~i;~: ~o~7:~ I L CHALCEDONY.STIBNITE 

I I I I I ~, i ,\evel 10 
tt belorurtace I r VEIN 

,~ I I I AOot "o,,,.lO''''.''j\ , I I I 

:~ 1-1 --;ldl---+I---I-:I--+--+--\--lol-I\-\----t---+----l: :::: 
I c. Depth to watJr level 

I 
when drill hole was at I 

I indicated depth 

3oor_~-V~--+---+---~--~-~O -!-~~~~+_~--+--~ 

~ \ II \ 
~ 350 1-----lr---+---+-----,r_--+--~-'-'lbq'-1I\---t_--+_--_l~ BRECCIATED ZONE 

I- VEIN 

t ature measurements 
~ in water column when 

:x: \ B. Th~rmistor temper·),t I \ 
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FIGURE 33,--Tempcmture and related dat.a from drill hole GS-3 west of crest of the ~ln.in Termce. 
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FIGURE 36.-Temperature and related data from drill hole GS-6 near crest of Sinter Hill. 

small-scale fluctuations are characterized by brief pe
riods of high discharge separated by 11f2- to.2-hour inter
vals of slightly lower discharge. Until March 19 no 
other important fluctuation occurred, except for a 
gradual decrease in average rate of discharge related 
to calcite deposition in the pi pes. Late'in the afternoon 
of March 19, the rate of discharge abruptly increased 
about 30 percent at the gaging point.4 

From March ·19 to 23 the major superposed eruptions 
were about 40 hours apart, but by the middle of April 
the interval was less than a day, and the magnitude of 
each eruption had become much greater. The peak dis
charge at the recorder during the major eruption of 
April 14, for example, increased to 97 gpm (0)3/ ft of 
head on V-notch wier) from a preyious anrage of 
about 6 gpm (0.125 ft of head) . 

If :1 geyser is defi ned as a spring (or well) with inter
mittent rather than continuous discharge, the super
posed emptions described here are not trne geyser erup
tions, because discharge was continuous between the 
superposed emptions. Occasionally, one of the Steam-

'Probnbly at least 100 percent at tbe ",ell bend. The wntPr·stas;e 
r~ord~r wn~ loeated about :l00 teet down~trcllrn (rom the we-11M and 
storn!:e tank •. The actunl records are theretore smoothed·out curn. ot 
laq;er rluctuatioDs In dlscbarge. 

boat wells did cease to flow after one of these very 
strong eruptions. On such an occasion a true geyser 
eruption had occurred, except that the vent was man
made rather than natural. The phenomenon illustrated 
in figure 44 obviously has much in common with natural 
geysers, many of which do show one or more super
posed and more vigorous phases during a single erup
tion. Other geysers have two or more very different 
intensities of eruption. This is illustrated on a small 
scale by the graphed behavior of geyser 23n, figure 22, 
from Noyember 11 through ~O\'ember 15. During this 
interval the ayerage duration, rate of discharge, and 
intensity of each eruption was much greater than the 
general anrage. The kind of beha\"ior in a continuously 
producing well that is illustrated in figure -H is here 
called a superposed eruption. The smaller fiuctuations 
in this figure are caused oy much sm:lller superposed 
ern ptions: detailed relat ionsh i ps of t he records 'snggest 
strongly that minor eruptions triggered each major 

. ern ption. 
The water supply of many geothermal wells is 

deri,-ed from two 01' more ditferent aquifers at ditrerent 
depths and temperatures. As calcite is deposited in a. 
well and the total rate of discharge decreases, theftow 
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FIGUlIE 3i'.-Telllperaturc and related data from drill hole GS-i', silica pit area. 

from one or more of the aquifers may be inhibited re]a
riye to the tlmy from other :Iquifers. The di schar~e frol11 
an inhihited aquifer may thell become intermittent 
rather ihan continuous. In relation to each contrilHlting: 
aquifer. a true geyser enlpt iOIl :Ictually O('(' UI·S. In 
:-;tealllIJO:tt ,,·ell,!. the Illajor erupt ions probably OCCUlTed 
frolll a hig-h-telllperatun· aquifer at or lwar I SO feet ill 
depth (fig. ~;i) . Older ,,·ells that produced from the 

main aquifer near lOi feet. were not. ohsenec1 to haye 
,· i~orous superposed eruptions. 

Thl:' abon'-descrihrd phenomenon i" here called an 
aqui fer erupt ion. The concept is a ppl icahle to cont inu
ollsly Pl"ll]llillg gpothpl"Illal well:-; that haH' superposed 
intPrJllittt'llt l'l"llption frolll Olle 01· lllore different. 
aCjllifrrs: it nl>'o llPl!>;; in umlerstanding: the behnyior of 
many natural gryf'ers and pul sating springs. 
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FIGullE 3S.-Temperature and related data from drill hole 
GS-S near east base of the :.\Iain Terrace. 

OTHER ClL\.XGES IX GEOTIIEIU1AL WELLS 
WITH TI~lE 

,Vhen a well is drilled, original tempemture relation
ships and circulation patterns are almost certain to be 
upset to some extent and perhaps drastically. This is the 
reason why bottom-hole temperatures obtained as drill
ings progresses give far better data on original ground 
temperatures than a temperature log measured after 
complet.ion of the hole. Data from the South Steam
boat well (fig. 24), Rodeo well (fii 26), GS-1 (fig. 31), 
and GS-2 (fig. 32) substantiate these conclusions. In 
each of these examples, pre\-iously existing circulation 
patterns were evidently changed by the drilling of the 
hole . .A drill hole can be \' iewed as a ne\\' highly permea
ble channel that short-circuits tenuous interconnections 
of low permeability that existed in the structurally 
complex natural system. 

TABLE 35.-Chloride content of the most reliable water samples from dn'll holes of the Steamboat Springs thermal area, arranged by interoals 
oj depth oj drilled bottom when samples were collected 

Chloride content (ppm), by indicated depth Intervals (Ceet) when sample was collected 
Drill hole or well 

(HOO 100-200 200-300 300-400 400-500 50(HiOO 

--------------------------------------------------------11--------1--------1;--------\--------
South Steamboat weIL______________________ 820 
Harold Herz L______ __ __ _ __ _ _ _ __ _ __ _ __ _ _ _ _ _ 240 
Harold Herz 2 _______________________________________ _ 
Steamboat 4_ _ __ _ _ __ _ _ _ _ _ _ _ _ __ __ _ __ _ __ __ _ _ _ 870 
Rodeo weIL__ _ _ _ _ _ _ _______ _ __ _ _ ___ __ _ _ _ _ _ _ 890 

Auger hole: 4 ____________________________________ _ 
5 ____________________________________ _ 
6 _____________________________ _______ _ 
12 ____________ _______________________ _ 
13 ___________________________________ _ 

No. 32 Geyser weIL _______________________ :._ 

~lurray-----------------------------------
Mount Rose: 

2 1,300 
2 1, 160 

120 
. 90 
350 
890 
510 

1 ______________________________________________ _ 

2_____________________________________ 31,170 3 _____________________________ _________________ _ 

East Reno welL -- -- _ -- _ -- _ -- _______________________ --I 
West Reno welL __________________________________ __ _ 

Senges welL _ --- _ --- _ ------ --- ---- ------- -- -- _ -- _ -- --I ?lIercury weIL _______________________________________ _ 
X evada Thermal Power Co. : 

860 
430 
400 
620 
930 

(146 ') 
500± 

(166 1) 

824 
848 
840 
870 
900 
830 
600 

10 _______________________________________ _ 

1 840 _______________________________________ _ 

1_____________________________________ __________ __________ __________ __________ __________ __________ 870 

G~ !:~~ __ : j j:::::: j j: ~:: -: j?: j j j:: ~: ~::::I :: ~:: ,,0 :\1 L: ~:o ~ ~II ~::::: ::: ~l ~ ~ ~: ~~ ~o: :: ~ ~: ~ rj:::::: r:~: _ _ _'_1;_ ~~ 
·L __________ -- -- .------ --- _ - -- - -- ----- _ -1-______ -_____ -- _ _ _ _ _ 830 7!l0 800 1----------,-- --- -----

!:~~:~~ :~:~: :~~~:: ~~~~::~: :::~~~ ~~~~~: r :::: ;;;:1------~~ -I::: :t~:I ::::: :~I~r:::: :;; r :::t: I ::~ ~::~~~~ 
I :111,111"' Cram hlehcr le"cls? 
I Probably intllll'nced by " \'a poratl "e conccntrutlan at tlle surC~ce. 

, ".nl-rally I(}-I~ p,-r""nt too hi~h 1><'ou,", oC concentration by eruptl"c holiing. 
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FIGURE 39.-Calcite deposited in Steamboat well 4 during 4 
months of eruptive discharge, 1952. The deposit commonly 
emphasizes seams and other irregularities in pipe and fittings. 

Even where little or no net discharge occurs from one 
aquifer to another, convection may be initiated that 
changes the original temperature distribution. Harold 
Herz well 1 (fig. 27) is a particularly clear example. 
After completion of this well, convection occurred be
tween water level near 60 feet and mud level near 133 
feet; the lower part of the well was cooled, as COllvec
tion heated the upper part of this interval. Permeabil
ities are evidently very low; the water table was pene
trated at about 55 feet, but as drilling progressed, the 
depth to water increased to 60 feet. If permeabilities 
of all aquifers had been high, cooler water from near 
the water table would have flowed down the hole into 
an aquifer of lower potential. Such circulation evi
dently did occur to a very minor extent but was limited 
by low permeabilities in much, and perhaps all, of the 
"ell. Connction with similar influences cyidently also 
occurred in the South Steamboat well (fig. 2-1) , GS-2 
(fig. 32)~ :1.llcl GS-R (fig. 33), although the eYidence 
is some\yhat less conyincing. 

In GS-3 (fig. 41) and the Rodeo well (fif!"' 2(i)~ pro
gressiYe temperature' C'hanges continued to OC'cur m'er 
a, long period of time. 

The Rodeo w{-ll (t:11>le 20 ; fig. 2G) was completed 
April 1;1, H);;O, at a drillPcl dE'pth of 282.5 ft'('t. 011 
August, 17~ l!);i (J, a wat{'r-stage r('C'order \yas instalh-d 011 

the uncapped well. Obsernltions of the ]WeyiOllS -1 
months seemingly illdicated that temperature relat iOIl -

ships were stable and an eruption was unlikely. Table 
20 prm-ides m-idence, howeyer, that the temperature at 
water le,'el had increased rapidly to S1.0 0 e on April 
25 and continued to increase slowly to SG.4°C on August. 
Ii, when the recorder was installed. The initial small
scalc fluctuations, perhaps related to rising gas bubbles, 
were about o.m foot. By late November 1%0 when the 
records of figure 21 were obtained, the small-scale fluc
tuations still average less than 0.02;' foot (only the 
median of these small-scale fluctuations shown in curve 
A) ; by early .T nne the average had increased to about 
0.03 foot, and by .T nne 22, to 0.04: foot. Figure 45 shows 
the gradual changes in amplitude that occurred during 
the following 2 weeks, culminating in an eruption dur
ing the late afternoon of ,Tuly 5, that destroyed the re
cording instrument and platform_ It is evident now 
that temperatures continued to increase, at least in the 
upper part of the well, throughout the previous year_ 
No water-level temperature was obtained after the in
strument was installed, but the behavior of the well and 
the increase in am'plitude of the small-scale fluctuations 
are evidence that water-level temperatures increased to 
about 95°0 on July 5. Another change that was also 
occurring was a, decrease in depth to the water table. 
At times corresponding to the fluctuation data gener
alized above, the general depth to water was 12.2 feet 
below the instrument platform (7.6 it below ground 
level) on August 17, 1950; about 12.0 in ' November 
1950 (fig. 21) ; 11.2 early in June 1951; and 10.9 just 
before the eruption on July 5. This decreasing depth to 
water level probably correlates directly witli increasing 
temperatures and thern1a.} expansion of water through
out the column. The net decrease in depth to water 
through the above time intenTal is 1.3 feet, which is 
very close to 0.5 percent of the total water column of 
about. 276 feet. Graphically, from curves A and 0 of 
figure 30, we can determine how much the initial aver
age temperature of the water column (,...., 140°C) must 
be. increased to decrease the density by 0.5 percent. With 
senral approximations, we find that an increase in 
ayerage temperature of 5°C to about 145°0 can ex
plain t.he observed results. It. seems likely that such an 
increase did occur. 

I~"FLUE:-';CE OF PRODUCISG 'WELLS os 1\"EARDY 
SPRISGS AXD VE...""TS 

Sprill~ ~~, also known as the "Chicken Soup" spring, 
is about, 47;; feet. southwest of the Steamboat. 'H'lls pre
yiously descril){'d. The )·atp of discharge of this s]>rin~ 
is rrlatiwly high whrll dischar~r frol11 the wells is low~ 
and "il'(' \'('1':-: :1 ( fig. ,I:!). The rl'sponsc to changl' was par
ti cularly ch-al' Oil O('tol,c)' 2. H),Hi. when Steamboat well 
:! was shut dowlI short ly hefon- S :30 a.l11. Sprin~ 33 was 
first measured at, () :~O a.m., when its rat.l' of discharge 
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Ii'mUllE 40.-Aragon1te deposited in 5 days, West Reno well, March 28 to April 2, 1946. Plumose clusters of crystals grow inward from tho well casing IlDd 
inclined to the lett; direction of 1I0w of erupting water indicated by arrow. 
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FIGURE 41.-Erupting Steamboat well 4 with inacti,e well 2 
on the left, June 1952. A steam-<irl,en cable-tool drilling rig 
is positioned to drill out calcite deposited in the casing. A 
part of the erupted water is discharged into the storage tank 
and part is diverted horizontally through n side ,alve. 

had already increased to 0.64 gpm from 0.13 gpm of the 
previous day. This spring had attained a minimmn rate 
of discharcye 9 days after the well was first cleaned. Be-

l:> • 

cause the spring is so strongly influenced by changes m 
the Steamboat wells, its discharge is not included in the 
total measured discharge of plate 4. 

A similar but less pronounced response is shown by 
No. 32 Geyser well 350 feet northeast of the Steamboat 
wells (pI. 3 and fig. 42). The water level is generally 
hiCYh when discharcye from the Steamboat wells is low, 

'" I:> 
and vice versa. Throughout the time interntl shown in 
fi!!Ure 50 the Geyser well was eruptin!r at. intel"Yals of a o '... ...... 
few days to several weeks. The measurements shown in 
fi!Yure 42 are selected and are least influenced by erup-eo 

tions and barometric pressure. Many additional meas
urements are not shown here. 

Thc water leYel in Ko. 32 Geyser well attained a :ren
cral minimum late in Octobe; l!HiI after cleaning of 
Ste.'lmboat well 2; the water leyel rose fairly steadily 
throuO"h K orember and December. The general decline '" . of Ilh feet through .Tanuary and early February IS not 
related 10 the Steamboat wclls but is one of thc random 
fluctuat·ions of unknown origin discussed on pa:rp C'S:!. 
If uehayior near the Geyser well had been normal, its 
water lcyel would havc risen to a maximum ,,"hen dis
char:rc from the Steamuoat. wells was near a minimum. 

Hesponse to t.he cycle of the St.e:tmboat. wells is shown 
by all other measurp!l vents and springs within a radius 
of 30(1 feet of Ko. 3:! G<'Yser well. 1\one of these Yents 
discharO"ed cominuoush'; but a fcw erupted as small 

~ .. . 

O"e,sers O"eneral1, in reSI)onse to major eruptions of the e .. 'e ... ' 
Geyser well (table 4). 

iYeekly measurements wcre made of springs 25 and 
:!() and. a'fter .Tanuary In·Hi: of spring 50 also. Discharge 
data fl:om these springs arc shown in figure 42. Springs 
25 and 2G commonly showcd inverse react.ions; when 
the discharge of 25 was high, that of 2G was generally 
low, and vice Yersa, providing a clear exumple of ~n 
exchange of function (Marler, 1951). Thc totnl dIS
charge from both springs is shown in figure 42. 

None of t.hese more distant springs, including spring 
50 shows convincing response to changcs in the pro
du'cincy Steamboat wells. The general incrcase in dis
charg: of springs 25 and 26 from October through 
December is probably cither it. random increase or 
t.he normal increase that many springs show from lat.e 
summer to winter. The discharge from springs 25 and 
26 and from spring 50 was nearly constant for 2 months 
after Steamboat. well 2 was cleaned in March 1946. 
Any effects on these distant springs that may be due to 
changes in the Stemilboat wells are very minor and are 
concealed by other fluctuations related to rainfall, baro
mctric pressure, and random change. 

The South Steamboat. well, drilled during the winter 
of 1946-47, is 800 feet southwest of Steamboat Resort. 
Saline thermal water was encountered from depths of 
about 30-160 feet. Thermal water that is yery low in 
chloride (6-8 ppm) was found at greater depths; chem
ical and isotope data provide strong evidence that this 
thermal water is entirely meteoric in origin. The up
per saline water is excluded from the completed well 
by casing that is 188 feet deep. All fluctuations of water 
level thus are related to the deep meteoric water that is 
beinO" heated as it flows into the thermal system. 
Fi~ure 46 shows the marked changes in water level of 

the South Steamboat well that occurred during and im
mediately after the cleaning of Steamboat well 2 on 
...\u:rust 12, 1947. The effects are comparable to those of 
spring 33 shown in figure 46. 

FifTlIrP 46 contains clear evidence that the South 
Slea~lboat. we]] has a permeable connection with Stcnm
lJOat well 2. Thc hydrodynamic gradiE'nt or d irection of 
flow of the deep dilute wnter is normally from the 
southern well toward Steamboat we]] 2 (set· water lt~yel 
altitudes, table i/), which erupts \"Cry hot salinc wnter. 
The water l(':\"el of the South Steamboat well had been 
risinl! dl1rin:r I he slimmer of 1fJ47 as the ratc of discharg-c 
from well :2 ,vas decreasing because of calcite deposition. 

TIl(' water lewl of the South Steamboat well decreascd 
2 fpet ill tlle :1 day;; following the cIt·aning of well 2 on 
.\IlI!IISt I:!, 1047. In ("olltrast , the comparaulc response 
of ::\0. :)2 (,e,"set" well only :)i/() feet northeast. of the 
(,l"I1}lting well; was no more than a fcw tenths of a foot.. 
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FIOUUE 42.-Production cycle of Steamboat well 2 as related to deposition of cnlcite in the casing, Shows influenee all nearby springs and No. 32 Geyser well, 
Low Terrace. 
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FIGURE 43.-ComIJlncd discharge record or Steamboat welle showing initiation of and changes in geyser eruptions or well 2 fiB discharge or well 4 decreased 
because or calcite depositing in ita pIpes. 
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FIOURFl 4·1.-DIschnrge record of Steamboat well 4 showing geyser eruptions superposed on normal dIscharge. Major eruptions increased in frequency and 
intensity as normal discharge de<:rensed because of calclte deposition. 
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FIOURE 45.-Fluctu.ations of water level. Rodeo Well. ~Iain Terrace. preceding the eruption of July 5. 1951. (Reference point 
for water levels about 4.65 ft above ground level.) 

}fajor changes in chloride content occurred during a 
t:yc]e of activity of Steamboat well 2 (fig. 4:2) . ..:\. smaller 
hut similar change is evident in spring ;3;3, complicated 
hy an intiux of precipitation. The chloride content of the 
spring attained a maximum value just before the Steam
boat well was cleaned; it then fell to a minimum within 

a few clays and gradually rose again. No similar change 
is evident in No. ;3~ Geyser well, and none could be ex
pecred in rhe dilute water of South Steamboat well. 

'When Steamboat well 2 was cleaned in September 
1D-1;) and also the following February, its chloride con
tent was ,-ery high (about 900 ppm, which is near the 
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FIGURE 46,-Le,el of meteoric water in South Steamboat well showing influence of Steamboat well 2 cleaned of calcite on 
August 12, 1947. 

content. of most springs). At such times, minimum dilu
t.ion by 10\\'-chloride water is indicated. In contrast, 
when the chloride content of erupted water \\'as 800 
ppm or less, extensiye dilution by low-chloride water is 
indicated, Eyidently, when total rate of discharge is 
low, pressures build up and near-surface inflow of me
teoric. \yater is largely excluded. IVhen water leyels in 
the surrounding area rose as erupt.ive discharge from 
the well decreased, water relati\'ely high in chloride was 
sror{'d in pore spares and this stored high-chloride water 
til{,ll l)eeal1lP :\yailablp Wh{,ll the \ycll was next ('l(,:lned. 
Thi~ explains why watcr discharged from the newly 
eleanecI erupting well and from spring 33 was first high 

in chloride, and then decreased to a nlll1lmum as de
creasing pressures permitted entry of low-chloride water 
from the deep aquifer of South Steamboat well. 

I:-<FLUENCE OF PRODUCI:-<G WELLS 0:-< TOTAL 
MEASURED DISCHARGE 

)Iost. of the preyiotls discussion concerns the produc
ing wells of the Steamhoat. Resort, because these wells 
were <,asily measured and were close to flowing springs. 

Thc bchayior al\(l influences of the wells north of the 
::'IIain Tl'rrare ('ould not. be determined in detail, but 
they are summarized here because thc~' probably account 
for major changes that. occurred in springs of the Main 
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Terrace between 1016 and 1045. The present West Reno 
well "'as drilled about 1030 to a reported depth of 20il 
feet and is cased to 50 feet. The measured depth on 
:\[arch :21 , 1n-1G, was only 185.8 feet. 

The East Reno well was (It'illed in ::'\[arch and April 
In-10 to n. depth of 172 feet and is cased to 100 feet .. The 
ll1Pasured depth in October 1n·HI was only 15G.il feet. 

Other wells han been (It'illed from time to time at 
the :\[ount Rose Resort, ;),000 feet north of the ::.\[ain 
Tl'lTace. This resort has ha(1 difficulty in obtaining a 
rrliable supply of hot water by the self-eruption mech
:mism .. \. common practice was to induce eruption by 
(·ompressed air introduced throu~h :l small pipe ex
tended close to the bottom of the hole. These induced 
ernptions generally ceased after an hour or so. The 
ayerage discharge over a day or week was neyer deter
mined but probably was only several tens of gallons per 
minute, because t.he requirements of the establishment 
were low. 

In contrast, hot water from the Reno Resort wells 
supplied 10 small pools and one very large outdoor 
swimming pool. The hot water was erupted into large 
tanks near the wells and, after cooling, was piped to the 
pools. The total discharge was not accessible for meas
urement at any place, except after a large part had gone 
through the various pools. Even then, the discharge 
was distributed between two and sometimes three sep
arate channels leading to Steamboat Creek. . 

From July 1949 to December 1951 a water-stage re
corder was maintained on the largest of these discharge 
streams, but little useful information was obtained. The 
ratio of discharge between the two streams was not con
stant; even more important, the large pool was com
pletely or partly drained at irregular intervals and then 
filled. At such times the large pool was drained as rapid
ly as possible to avoid unnecessary delay in refilling; 
the maximum rate of discharge exceeded 2,800 gpm at 
the gaging station. Even after efforts were made to line 
the channel near the gaging station with concrete, the 
wier and recording setup were periodically ,yashed out. 

The best measurement of combined discharge from 
the Reno wells is based on the time required to fill the 
large outdoor swimming pool. This pool is 2-10 feet lon~ 
and 100 feet wide, and the aye rage depth of filling is 
il .2 feet; its capacity is therefore about 125,000 cubic 
reet, or 9;)5POO gallons. The time required for fillin~ 
depended largely upon how much carbonate the wells 
('ontained but generally ranged from 3 to -1 days. If 
:lll aye rage time of :31,~ days is assumed, the rare of dis
dlarge into the pool was iDO !!Plll. Eyen when the pool 
W:l::; filling, about 10 gpm was used for other purposes in 
the resort. The total an rage discharge frol11 both erupt
ing wells is therefore close to :200 gpm. 

The West Reno well has a discharge of about 400 gpm 
immediately after its casing is completely freed of car
bonate. The discharge then decreases rapidly as arago
nite is deposited in the pipes (fig. -10) until remond 
eyery -!-il days. Aragonite as Illuch as 2 inches thick is 
deposited ncar the well head. and the thickness may be 
locally greater from about 1,0-% feet in depth. ~[ost of 
the water supply is erupted from depths of 0;)-110 feet 
and perhaps from near the bottom of the well. 

The East Reno well generally yields one-third or less 
of the total discharge of both wells: the East well is 
us('d principally during the summer months when the 
large swimming pool has maximum use. Hot ,,'ater 
from the East well is then run through a cooling system 
to attain the desired temperature. 

A water-stage recorder was installed on the East 
Reno well during a nonerupting interval from the mid
dle of March to the middle of April 1946. The record 
showed strong fiuctuations that were mostly related to 
activity . of the West well. Water lev~ls during the 
month ranged from 6.2 to 9.3 feet below the surface; 
the highest levels coincided with times when the West 
well was nearly choked with aragonite. After cleaning, 
the level in the East well fell rapidly for 3 days and 
then rose rapidly during the fourth and fifth day until 
the West well as next cleaned. The highest level was 
6.2 feet below the surface attained on March 28, 1946, 
when the West well was shut down for thorough clean
ing by cable-tool rig. When the West well was erupted 
into production, the water level of the East well started 
to respond almost immediately, and dropped 0.1 foot 
within 1% minutes after initiation of the eruption 
despite the fact that the two wells are 560 feet apart. 
Both wells evidently share at least one common per
meable aquifer. 

Calcite is deposited slowly in t.he East well, whereas 
aragonite is deposited rapidly in the ,Vest well . During 
the winter months no eft'ort was made to keep the East 
well free of carbonate. In the fall of 1046, this well was 
shut down successfully by closing the valve, but in the 
following spring it was induced into eruption only 
with great difficulty. During each of the following win
tel'S this well was permitted to erupt without cleaning, 
an(l its activity changed from cont.inuous eruption in 
the late fall to intermittent geyser eruptions during t;.e 
winter and late spring. ,Yhen cleaned again each spring, 
the well would again erupt. continuously. 

The East. Reno w('11 intluences spring 5;~ and other 
nearby nnts :!OO--I:O() feet. south and southeast of the 
w('11 (pI. 1: table .q. Spring ;):~, which is :300 feet south
e:lst. of the East well, does not discharge when the "'ell 
is producing continuously; the spring started to dis
charge in XO\'ember 1045 after the East well was shut 
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down, and it ceased flowing within 3 or 4 days after the 
well was cleaned and brought into production late in 
April 1D4:6. 'Yhen the spring was active, its discharge 
ranged from 0.1 to 2 ' gpm; when inactive, the water 
lenl was normally not. more than 1.8 feet below the 
surface. 

There is no direct evidence that. the Main Terrace 
springs are influenced by the Heno wells, 2,000 feet to 
the north. The actiyit.y of the springs is s1l0\,n graphi
ca.lly on plat.e 4. The 'Vest. Reno well erupt~d continn
ously throughout. the period of measurement. except 
when shut down for major cleaning by cable-tool rig. 
The ayerage rate of discharge from the ,veIl changes 
some,yhat in relation to the major cleanings, but weekly 
and monthly averages are much more nearly constant 
than for the Steamboat wells. The East well, on the 
other hand, is always at or near its maximum during 
the summer months, when water is most needed, but 
production decreases to minimum levels during the win
ters when the well is either shut down or erupts inter
mittently as a geyser. 

No detailed correlation was found between the activ
ity of the wells and the rates of discharge of the springs. 
Detailed measurements of spring 21, the northernmost 
of the Main Terrace springs, showed no evident cor
rela.tion with changes in the Reno wells. If t.he wells 
do influence the springs, t.he relationship is a greatly 
dampened one, obscured by other influences. 

The best evidence for a major but dampened influ
ence of the Reno wells on Main Terrace activity is pro
vided by L. H. Taylor's observations in 1916 (fig. 8; 
table 3). His map shows many points of discharge or 
visible wat~r in the northern half of the Main Terrace 
in places where water was not visible from 1945 to 
1965. According to Ta.ylor, the total was about '180 
gpm in October 1916; in contrast, it did not exceed 
90 gpm at any time during the interval of systematic 
observation from 1945 to 1D52 ; the average discharge 
for the months of October of these years was about 45 
gpm, or 1:1;) gpm less tha.n in 1916. This difference is 
close enough to the ayerage of 200 gpm estimated for 
RellO ,yell production to support the yie'," that. the wells 
discharge a large part. of the supply that, formerly 
flowed from natural springs. 

RANDOM INFLUENCES OF UNDETERMINED ORIGIN 

'Ye have considered a yariet}" of influences that afrect 
the springs and geothermal wells in different ways. 
Some of these relate to specific causes that haye been 
identified and, for barometric and earth tidal responses, 
are predictible. The effects of earthquakes on the other 
hand seem largely unpredictible. 

'" e have a Iso seen evidence for many changes of 
undetermined origin that seem to occur frequently and 

unpredictably in the system. For example, on plate 4, 
note the unsystematic intelTals of discharge of many 
indiyidual springs . .A comparable behavior is eyident 
in cunes E and F, which show depths to water level 
in vents 35 and 3G. Initially, measurements were made 
in these vents in the hope that depths to water level 
could be keyed to total discharge from the 1Iain Ter
race. These and other measurements soon proved that 
actiyity fluctuates everywhere, and that no single poilit, 
provides an index to the general level of activity. 

'Ye have seen that significant changes occurred in the 
system during the precipitation years 194D-50 and 
1950-51 that. resulted in a net decrease in discharge of 
at. least. 20 percent a'nd a decrease in chloride content 
of about 3 percent from the values predictable from 
general trends of the data. 

The major random changes may possibly be caused 
by changes deep in the thermal system, such as seismi
cally induced changes in permeability of fissures that 
lead from a magma chamber. Other similar changes 
may occur at higher levels in the thermal system, per
mitting variations in proportion of different waters 
with different energy and salinity contents. Local shifts 
that frequently result in increased activity at one vent, 
perhaps offset by an equivalent decrease in other near
by vents, are probably all determined within the upper 
few hundred feet of the system. One possible explana
tion for such changes is deposition and flushing of silica 
gel, precipitated near the surface. Similar changes oc
cur very frequently at Mammoth Hot Springs of 
Yellowstone Park, where abundant calcium: carbonate 
is deposited. 

In contrast, springs that lack rapid chemical pre
cipitation at the surface commonly have very stable 
vents that do not readily change position. Examples 
that can be cited from the author's personal experi
ence include : Wilbur Springs, Calif.; Utah Springs, 
Utah; Amedee Springs, Calif.; and Bowers Spring, 
N e,-. (\Yhite and others, 1963, tables 15, 16, 23, 26). 

TOTAL DISCHARGE OF THE SPRING SYSTEM 

The total surface discharge of thermal water from 
the area included on plate 1 is summarized in table 
3\'. ~Iuch additional discharge of thennal saline ,yuter 
from the same system escapes unseen into Steamboat 
Creek lJctween this area and Huffaker Hills, 41h miles 
to the north. 

In t.able ~7 we see that the cold springs of the region 
are all low in chloride. All ~pring waters with chloride 
content, exceeding 100 ppm are thermal, and all of these 
:11'(' compositionally ~illlil:lr to Steamboat Springs and 
are located in the sout hem part of Truckee ::\Ieadows 
bet.ween Steamboat Spring-s and Huffaker Hills 
(table 38). 



1 , 
\ , 
1 
1 

i 
I 

i 
~ 
( 

I 
I 

i) 

I 
I 
i 
I 
; 

) 

) 

) 

) 

E;YDROLOGY, ACTIVITY, A},'"l) HEAT FLOW C83 

TABLE 36.-Summary of SlIrface di.~charge of thermal water from 
the immediate area of plate 1, Steamboat Springs 

A verage discharge from visible 
measured springs ____________ 

Estimated discharge, visible un-
measured springs ____________ 

Unseen discharge into Steam-
boat Creek~determined b\' 
measurements of discharge 
nnd chlorinitv of the creek 2 ___ 

Average discharge thermal wells 
Stenmboat HesorL __________ 

AVl'rage discharge thermnl wells ! 
Heno Hesort ______________ -- I 

Est.imated discharge from wells, I 
~lollnt Hose Hesort __________ . 

TotaL ______ -- -- -- _ ----I 
I 

Discharce I CI (ppm) 
u:pm} 

47 SOO 

13 ~850 

I 
~250 I ~850 I 

I ~60 ~750 

I 
I 

~200 ~080 ! 
~20 I ~O')O I 

I-----~--I 590 

Di!'i char!!£' I 

l1!pm, c:1IC:1I· 
latC'd to s~u 

ppm C I 

52 

13 

260 

ii.5 

240 

22 

642 

I Water samples rrom deep drill holes, summarized by depth inten'als in table 35, 
indlc'lle chloride content or 800-820 ppm in deep risino water berore nny boiline, 
e\'aporation, or near·surrace dilution . This coiumn thererore includes an estimate ror 
discharge or steam. originally in the liquid Water at depth. 

'The northern limit or the immediate thermal nrea was taken ror convenience to 
be the VirciDia City hiehway bridg~ over Steamboat Creek near the north edge oC 
sec. 28, T. 18 N., R. 20 E. (Thompson and White, 1004, pI. 2) . 

TABLE 37.-Springs in the basin areas of the Mount Rose and 
Virginia City quadrangles, Washoe County 

Spring 

Estl· 
Location and mated 

NO.1 dis-
charge 
(gpm) 

Tem· 
pera· 
ture 
(OC) 

CI 
(ppm) 

Specific 
conduc· 

pH tivity. 
KXIO' 

--------1-----1---------
Bowers ____ • __ • • _.________ 16/19-3 BA-l 50-75 47 6 9. 4 240 
Heidenrich_. _________ •• __ 16/19-21 AD-l 25 Cold ______ • _____ ._ • __ ___ ._ 
GreiL_. ____ •• _._. __ • _____ 16/20-17 AA-l 8 15~ 7 i . 5 343 
Sutro tunnel dralnage ____ 16/21-2 DA-l 100 8 8. 28 ___ • ___ _ 
Reeves ___ • ___ _ ._. ________ 17/20-3 AD-l 20 19 6 7. i4 398 
Unnamed •••• ______ ._. __ • 17/20-3 DD-l 1 15~ 5 7.68 348 
Lona Tree' •• __ • _______ ._ 18/19-10 AA-l 15~ 3 7.6 237 
Page_. __ • ___________ ._____ 18/19-11 AB-l '--'30-- 1.1~ __ ._._. ___ • ______ ._. __ 
Unnamed ___ • _________ ._. 18119-11 CA-l Cold 3 7.46 324 
Brookllne __ •• _. _______ • __ • 18/19-12 CA-I 70 16 ____ • ___ • __ • _____ ._. __ 
CaUrey ___________________ 18/19-12 DA-l 20 ________ •• ____ ._ • ___ • ____ ••• _. 
Christman.. __ •• ________ ._. 18/19-12 DB-l 200 16 11 •• _________ • __ 
Unnamed •• __ • ___ • __ ._._. 18/19-14 BC-l 5 _. __ .___ 6 6.86 341 
Forest Service ••• ___ • _____ 18/19-22 DB-l ~ 12J.i 6 7.81 328 
HuUaker ______________ • __ 18/20-3 AC-l 5 27 420 7. 1 . __ • __ • __ 
Double Dlamond ____ ._._. 18/2(Hl BD-l 20 29 250 7.2 1,500 
Dimonte drainage ditch __ 18/20-15 C 50 20 110 __ • _______ •• __ 
Dlmonte. _ • __ • ____ ._._._. 18/29-16 DC-l iO 53 560 6.8 2,400 
Zolezz!. _ •• __________ ._. __ 18/20-17 DC-l 125 39 130 7. 4 789 
Steamboat Springs. _ •• _. _ 18/20-28,33 '590. _ ._ -900 _. __ •• ___ • __ ._ 
:o.[esa. __ ._._._. __ ._._. ____ 18/20-30 CB-l Seep Cold __ • __ ___ ._. __ • ___ ... __ 
Steamboat cold sprlng_.__ 18/20-33 D B-1 2 13 7 7. 1 435 
Unnamed_._ •• ____ • ___ • __ 18120-33 DB-2 5 Cold i i . 3 520 
Unnamed acid sprlng_ ••• 18/20-35 AB-l 2 Cold I 2812. 86 3, sao 
Lawton '. 1 ••• _ •• ____ ._. __ 19/18-13 AC-l _. __ . _._ 49 57 9. a 625 

1 Location designation system oC Water Resources Di\"ision. U.S. Gcol. Surve" 
in Ne\"ada (Cohen and Loeltz. 19&1) . The first three numbers as in 16/19-3 are. respeC' 
tivel}' , townshiP. range. and sectfon number. TI,e first letter denotes quarter section 
in counterclockwise sequence starting with A as ~E quarter: the second letter denotes 
quarter oC Quarter sectfon detennined by similar sequence; the final number is the 
specific spring or well recorded . In sequence Cor cach quarter·quarter section. 

, Data Crom Cohen and Loelt. (19&1, tahle 5). 
1 Arca oC pI. 1. 
• Located 5 mUes west or ccnter oC Reno on Truckce River. 

The actual composition of the unseen water no doubt' 
differs from place to place, but it is probably within 
the range of "isible springs such as Dimonte, Zolezzi, 
and Hutfaker (tables :17, :~8), with chloride contents 
of 110-560 ppm, averaging 250-:300 ppm. The B: CI 
mtios of table :18 are particularly significant because 
these t,,·o elements are so characteristic of thermal 

waters of "olcanic association (lVhite, 195ia, b) and 
because they are least likely to be affected by chemical 
precipitation, base exchange reactions and other factors. 
The B: CI ratio in Steamboat Creek at Huffaker Hills 
is almost. identical to that of Steamboat Springs and of 
the other analyzed high-chloride hot springs. ~atios of 
ot her constituents inc! uded in ta.ble 38 show somewhat 
greater diti'erences, bllt. all are within the ranges to be 
expected from slightly different degrees of base ex
change and other reactions with the basin sediments. 

The total t.hermal water inflow to Steamboat Creek 
can be determined, using chloride as n, tracer, by meas
uring discharge and chloride content of Steamboat 
Creek above the springs and comparing these with sim- 
ilar measurements at the narrows through Huffaker 
Hills (S",Vl/4 sec. 34, T. 19 N., R. 20 E.; Thompson 
and White, 1964, pI. 2; Cohen and Loeltz, 1964, pI. 2). 

Measurements of this type, to be reliable, must be 
made at a time that is as free as possible from compli
cations related to temporary storage of salts from 
evaporation, removal of stored salts by precipitation or 
very high runoff, and filling or emptying of the large 
swimming pool at the Reno Resort. For all of these 
possible complications, measurements from late fall 
through early spring are likely to be much the best. 
One particularly good series of measurements was made 
on April 12, 1955. The preceding 20 days were without 
trace of precipitation at the Reno weather station and 
daily average temperature had been about 50°F, which 
was too low for significant evaporation, temporary 
storage, or unusual runoff. The discharge of Huffaker 
N arrows 'vas measured by current meter by Don Clen
denon, "Vater Resources Division of the Geological Sur
'vey, and was 7.43 cis, or 3,330 gpm. The chloride con
tent of a water sample collected at the same time was 
282 ppm. In view of the fact that all cold surface waters 
and springs of the area are low in CI (table 37), and 
all major streams unaffect.ed by the Streamboat thermal 
system average less t.han 4 ppm, about 278-282 ppm of 
the CI of Steamboat Creek at Huffaker is assumed to 
be contributed by saline thermal inflow. Furthermore, 
we will assnme that all this thermal inflow is from the 
Steamboat Springs system, and has an average chloride 
r.ontent of R20 ppm deep in the system (from table 29). 
",Yith these assumptions, the inflow (X) is calculated 
from t.he formula (X) (820 ppm) = (3,:330 gpm) (282 
ppm-l ppm). The rate of inflow, then, is equi,oalent to 
1,1:30 gpm of water containing 820 ppm of chloride. 

Another series of measlirements was made on April 
2!), 1!)()-!-, with the help of of. E. Parkes, ",Vater Resources 
Di"isiono A light snowstorm had occurred on April 22 
and 23, resulting in 0.32 inch of precipitation at Reno. 
The calculated discharge of thermal water from the 
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TABLE 38.-SlImmary of surface disrharge of chloride 1·n water f70m Truckee lUeadows south of Huffaker Hills 

Concentration 

I 
Approximate D1schRl"l'e 

Site Location Cl (ppm) KINa Li/Na D/Cl HCO,/Cl SOc/CI dischnn:e (J:pm. calculated 
(J:pm) to &:10 ppm cn 

Known springs: 
Area of pI. 600-1,000_-' 0.4 O. 15 590 Steamboat Springs ___ 0.10 0.010 o. 056 640 

l. 
Dimontc _____ -- -- - __ (1) _________ 560 ________ .09 .011 .054 .65 . 14 70 48 ZolczzL __________ . __ (2) ______ 130 ________ . 1-1 .011 .049 1. 82 . 13 1"- 20 -OJ 
Huffaker ____ -------

(3) _________ 420 ________ 
. 09 .007 .052 .64 .37 5 :l 

Dimontc drainage (4) _____ ---- 1l0 ________ 
------ --------j-------- ---------- -------- 50 7 

ditch. 
Double Diamond ____ (~)-- -_.----- 130-310 20 7 -------- -------- ---------- --------

(assumed 
avg 
250). 

Total discharge of known ------------ ------------ ------ -------- -------- ---------- -------- 860 725 
high-chloridc spring 
water. 

Stream discharge: 
Dilute creeks ________ Surround- <1-9 ______ "'.29 . ", . 01 "'.017 ",50 ",2 "'2, 500 avg ",20 

ing area. 
Steamboat Creek, Huffaker 282 ________ 

------ -------- .053 1. 184 .336 (3,330) 1, 130 
Apr. 12, 1955. Hills. 

Net unseen spring dis- Outside Varied di- ----- - ------ - - -------- ---------- -------- Unknown .....,400 
charge. area of lutions 

pI. l. largely 
to 100-
600. 

1 On Steam boot Creek 1 ~ mUes north of area of pI. 1; SEH sec. 16, T. 18 N., R. 20 
E ., Vlrglnia City Quadrangle. 

: H~ miles north-northwest of area of pI. 1; near mldpolnt of south edge sec. 17, T. 
18 K., R. 2OE. . 

system (with assumed CI contentot 820 ppm) "as equiv
alent to 1,385 gpm. Any anomaly trom the storm ot 
April 22 and 23 would probably indicate too high a 
rate ot discharge ot CI trom previously stored salts, 
and consequently, too high an estimate tor total dis
charge ot thermal water. The 1955 series ot measure
ments is selected as the more conservative in later 
calculations, but it is not necessarily the more accurate. 

Ot the total in April 1955, about 640 gpm was dis
charged directly into Steamboat Creek trom the 
immediate Steamboat system (area ot pI. 1; table 36), 
and the equivalent ot an additional 85 gpm is assumed 
trom known yisible springs in the southern part ot 
Truckee Meadows south Ot Huffaker Hills (table 38). 
About 400 gpm Ot additional saline water (calculated 
to 820 ppm ot Cl) flows unseen into the bed ot Steam
boat Creek between the area ot plate 1 and Huffaker 
Hills. 

Actual total rate ot discharge ot the unseen springs 
is probably about 3 X 400 gpm, or 1,200 gpm, but in 
later heat-flow calculations (p. CDS-C103) the discharge 
ot 400 gpm, calculated to 820 ppm CI, prior to near
surface changes is much more sig-nificant. 

All this saline thermal water is presumed to rise 
within the Steamboat system, escaping northward and 

, On banks of Steamboat Creek east and southeast of Huffaker Hills 4 mUes north 
of area of pI. l. 

c Sprlngs and seeps south half sec. 15, T . 18 N., R . 20 E. 
'2h mUes north of aren of pl. I; NWr\ sec. 9, T. 18 N ., R. 20 E. 

diluted below the surface, eventually discharging as 
visible warm springs and as unseen discharge directly 
into the bed ot Steamboat Creek. 

No positive evidence was tound in Truckee Meadows 
south ot Huffaker Hills tor any hot-spring system that 
is entirely independent ot Steamboat Springs. Two 
small geothermal systems without natural visible dis
charge contain dilute water that may be entirely of 

. meteoric origin, but their supply ot heat is likely to 
be closely related to the Steamboat system. One ot these 
systems is about 11h miles northwest ot the Main 
Terrace (table 39, Nos. 68-70) ; the second system is on 
the south border ot Steamboat Valley, 1% miles south 
ot the. Steamboat. Resort (table 3D, Kos. i-11). 

.rust southwest ot Reno the iIroana geothermal system 
a.lso lacks natural flowing springs and is the source ot 
hot artesian ,Yater tor the Moa.na Springs resort and 
tor local tarm houses (table 3D, Xos. 110-132). The hot 
water is localized in the XEl!J s(>c. 2() and KIYl!J sec. 25, 
T. If) 1\., R. l!) E., about. i miles northwest. ot the ~Inin 
Terrace. TIl(> )Ioana system srems to be entirely inde
pendent of Steamhoat. Springs, except. for the probabil
ity that the ult imate source of heat is related to that of 
the Steamboat. system. 

I 
.1 , I 

I 



i 
) 1 

I 
t , 
-1 
i 
I 
t .\ 

I 
I 
! 
i 
) 

) 

) 

) 

) 

-.. -

HYDROLOGY, ACTIVITY, A},1) HEAT FLOW e85 
TABLE 39.-Depths and temperatures of some teells t'n the .Hount Rose and Virginia City quadrangles and adjacent areas, and other data 

[Compilod lrom <.lata prepared br Water Resources Division and measurements by D . E . White. Water samples lrom top 01 column] 

~o. 

3 
4 
5 
6 

8 
9 

10 
11 
12 

13 

14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
H 
42 
43 
H 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 

61 
62 
63 
64 
65 
66 

67 ' 

68 
00 
70 
71 

73 
74 
75 
76 
Ii 

78 
79 

so 
SI 

Well 

Location :0<0. 1 Loc3tlon Name 

16/19-2IAA ______ Southwest 01 Washoe Luke ________ ~liller _________________ ___ _ 
17/19-9AllL _____ Head 01 Unlena Creek ___ ____ ______ S inaL. _______ ___ ___ ______ _ 
17/20-3CCL _____ East side Steamboat Valley ___ ____ Taylor ___________________ _ 

4ADI. __ .__ Steamboat VlllIer ____ ________ ___ __ :-; eiison _____ _______ ______ _ 
4llAI ___ ________ do________________________ ____ _ J ohnson ___ ____ _____ ______ _ 
4DDL __________ do________ _________ ____ __ _ ____ _ Peterson ________ __ ____ ___ _ 

~ ~ ,~tJJJ~~ ~ ~ ~ ~ ~ ~ ~Em ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i: ~~gl~{~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ I 
17/21-6ACL _____ Vi'llinla Range ________ __ ______ ___ Young drill hole ______ __ _ _ 

IS/I9-12CAl. ____ Truckee Meadows _________________ Kuser ____________________ _ 

120..1.3 __________ do_____________________ __ ______ Caffrey __________________ _ 
120DI. ___ _ _____ do____ _____________________ __ __ Christman _______ ________ _ 

120 B2 _____ _____ do ___ ____ __ __________ ___ ____ ___ ___ __ do _______ _____ ________ _ 
13..1.01. ______ ___ do _____ __________ ______________ Ramsey __ _________ ______ _ 

18/2(HiAC2 ___________ do________________________ _ ____ J uksicb __ _________________ _ 
7C D 1 ________ __ _ do ____________ _ , _ __ ___ __ __ __ ___ Hen _____ ______ __________ _ 
80CL _____ South Truckee Meadows __________ Keithly ___ _______ ________ _ 
9BDL __________ do_______________ _____ __ _______ Double Oiamond ? _______ _ 
9D 03 ___________ do ___ ______ ____________ _____________ do ______________ _____ _ _ 

HDDI.____ East side Truckee Meadows____ ___ LeCroix ___ _______________ _ 
HBCL _________ do ___ _______________________ ___ Davidson _____________ __ ~_ 
16BDI. ____ South Truckee )[eadows __________ Humphrey ______ ___ ______ _ 
17CAL _____ ____ do__________________ ___________ (7) _____________________ __ _ 
170 CI. _________ do__ __ _________________________ Eccles ______ ____________ _ _ 
170 C2_ ____ Zolezzl Springs __ ___ ____________________ do _________ ___________ _ 
17DC3_____ South 01 Truckee Meadows_ _ __ ___ Bems ____________________ _ 
18ABL _________ do________ ____________ ______ __ _ Jenkins __________________ _ 
18AB2 __________ do____ __ ____________________ ___ Griffin ___ _________ _______ _ 
19ACI. _________ do_____ __ __________ ___ _________ Field ____________________ _ 
20..1...1.2 __________ do_ ___ _________________________ Snook _________________ ___ _ 
20..1...1.3__ ___ _ ____ do____ _ _ _ _ _ __ __ _ _ _ _ __ _ _ _ _ _ __ ___ _ __ __ do ____________ ________ _ 
2OAA4 __________ do_______________ ____ _________ _ Watts __________ __________ _ 
20AB 1 __________ do______________________ __ _____ HaIL ______ ______________ _ _ 
20..1.0 L _________ do_________________________ ____ C icchese _________________ _ 
2OAD2 ____ _ _____ do______ _____ _____ _____________ Damonte _________________ _ 
2OAD3 __________ do__________ __ ___ ______________ Dawson ___________ _______ _ 
2OBA2 __ _______ _ do__________ __________________ _ Mulert _______ ____ ________ _ 
2OBA5 __________ do____________ ________________ _ Stevens ___ _______________ _ 
2OBBL _______ __ do__________ ___________________ Zolezz!. __________ _______ _ _ 
20B B4 __________ do_____________________________ Enholder _________________ _ 
20D BL _________ do_____ ______ _________ _________ PlncolinL __________ ______ _ 
20001 _________ do___________________ _______ ___ Hen __________ . ___________ _ 
2ICAI __________ do________________ _____________ Damonte __ _______________ _ 
21 CA2 __________ do_______________ _____ _________ Sutherland _____________ __ _ 
21 CA3___ __ _ ____ do____ ___ __ __ __ __ __ _ __ _ _ _ _ __ _ __ McComas ________________ _ 
2ICA4 __________ do _____________________________ Sutherland _______________ _ 
2ICA5 ___ _______ dry ________________________ ____ _ ____ _ do __ , __________ __ _____ _ 
2ICA6 __________ do ___ ___ __ ______________________ ____ do ________ __ __ ____ ____ _ 
27CAI.___ _ Southeast 01 Truckee Meadows ____ .McKnight ____ ____ ________ _ 
27CCL _________ do______ ___ _____ __________ _____ IsbelL ___________________ _ 
28ABI. ____ Near Steamboat ___________ _______ _ Warren __________ ______ ___ _ 
28AB2 ________ __ do_________ _________ __ _________ Murray __________________ _ 
28ADI. _____ ____ do__________ ____ __ _____ _ __ _____ Damonte ______ __________ _ 
28BA2 _____ Steamboat ___ ____ ___ _________ ___ __ Mount Rose L ______ ___ __ _ 
28BA3 ______ ____ do ________ ______________________ ____ do ________ _______ _____ _ 

28DA4 ______ ____ do ___ ______ ____________ _____________ do ___ ______________ ___ _ 
28BBI. ______ ~ __ do ________ _______ ______________ Harold Herz: 

1 __ __ _________________ _ 
28RB2 _______ ___ do _________________ ____ ___ ___ _ _ 
28BD3 __ ________ <.10 ______ __ _________ ____ ___ ____ _ " j:::::::::::::::::::::: 23BDI. ___ _ _____ <.10 __ _______ __ _ • _______________ _ East Reno _____ _________ _ _ 
23D D2 _____ ___ __ <.10 ____ ____ _____ _____ ____ ______ _ West Reno ________ __ ___ __ _ 
28DD3 __________ do __________ ___ _________ ______ _ Reno ___________ ______ . __ _ _ 
28CBI. ____ . ____ do ___________ ______ __ _________ _ Senges ____ _______ _______ .• 

28CDL _________ do ________ ______________ _______ Ne..-ada Thermal Power 
Co. 2. 

:!9AAL____ Near Steamboa!.______ __ _________ Pelgh _________ __ ___ ______ _ 
29BAI. _________ do _____ __________ _________ __ . ____ __ _ do ______ ____ ______ __ __ _ 
29BCI. _______ __ <.10 ______ _____ ____ _______ __ __ ___ ___ __ do _________ ~ ______ __ __ _ 
290..1.3_____ Steamboa!. __ __ _______ _ __ ____ _____ GS-2 ________________ _____ _ 
29001. ____ . _. _<.10 _____ __ . .. __ __ ___ _ __ ______ ___ G S-6 __ ________ ______ _____ _ 
3OCAI. __ . _ 80uthwest 01 Truckee )Iendows ___ .\n<.lerson ___ __ __ . ________ _ 
3OCA~ ______ ___ _ do _______ ___ __ ___ __ . __ ____ ___ __ __ . __ do _____ . _________ __ . _ . . 
32AIII.____ 8teamboa!. ___________ _____ ____ _ • _ :\Iercur}- welL ______ ____ _ _ 
32AIl2 ___ __ ____ _ do ________ __ ___ .. _____ ______ __ _ Cox_ • . . . ___ ________ ____ __ _ 
32AD3 __________ do_________________ __ ___ __ __ ___ :O<e"-Ma Thermal Power Co.: 

3 __ _________ _________ _ _ 

32B .H __________ tlo ________ __ ____ ___ __ _________ _ _____ 6. _____ . ____ __ _____ __ . . 

i~;ii;;;;; ;;;;;~;;;;;;;;;;;;;;;;;; ; ;;;;;;;; ; ;; I ~~~j~~;~~e~~~~~~~:r:::1 
See footnotes at !!nd o( table. 

Reportod 
depth 
(leet) 

235 
115 

% 32." 
35 

: 67.15 
45 

, 52.3 
% 24. -; 
, 21.6 
, 14.H 

.56 
662 

: 150 

, 165 
, 301 

'376.5 
127 

, 130 
109 
100+ 
(1) 
, 29. 3 

'163 
, 60 
'38.9 

'137 
80 

'99 
54 

'105 
'130 
: 191. 2 

il 
100 

70 
, 73.3 
: 86 
, 22.8 
'84.7 

35+ 
'96 
107 
107 
'87 
'66 

10 
'93 
'H 
, 55 
'55 

50 
, 192. 2 
, 134. 7 
, 63. 1 
680 
77 

, lIO 
, 159. 6 

: 133.2 

'154. 5 
'153 

, 23.3 
'156.5 
'186 

, 34.3 
: 177 

964 

, 57 
t iJ. ; 
: S2. 2 

, 308 
t~12 
, f,Q • .5 

'243. 1 
, 129. 4 
'93 

1,~63 

716 
, 520 

2 j~6 
, 58.0 

, 826 

Bottom 
tempera
ture ( ' C) 

Othe r temperature 
('C); remarks 

Cl 
(ppm) 

pI! 

Speelfic 
conduct-

ance 
(micro
mho!!, 
ZS'C) 

Ii _._. ______________________ __________ ___ ______ __________ _ 
10 _______________ ___________________________________ _____ _ 
16 ________________________ __ 7.2 7.68 452 

_ ___________ 11; flowlng _______ _______ ______ ____ ___ _______________ _ _ 

19. 7 19.8; surlace___________ __ 4.0 I 7. 77 633 

ji.8 -j:j:i;-surrncc:::::::::::::1 t ~ ~: ~ ~ 
36.1 Z2.~ ; sufca.cc __ ___________ I __________________ ___________ _ 
27. " ____ __ ~~~ __ :j;i~~~:i~i~::::::: : :::::I-- - -- -~TI--T~- ---------~ 

_ ____ _______ 17.2 at 364 It___________ __ 9. 4 7.08 2,650 

14 

18 
20 

21 
11 
14.5 

14.2 at 145 It 6 months ____________________ _________ _ 
alter completion. 17 at 30 It; 16.5 at 50 I!. _______________________________ _ 

17; sur/nee when 8 ___ _______________ _ _ 
pumping. 

14.9 at 47 It; 15.2 nt 73 It_ 8.0 
9 

7. 75 256 

_ _____ ~~ ____ -i7-tiiiixiii:::::::::::::: ------7:0- ---7:08- ---------i9i 
____________ 21; flowing ______________ 133 7.18 751 

29 29; flowing_____ __ _______ 310 7.24 1,500 
'30. 7 __________ _____ ___________ 680 6.55 2,680 

29.5 24.5; Irom tap___________ 509 7.38 2,325 
16.5 ________ _________ __ __ _____ 6. 0 7. 47 313 

~. 5 :::::::::::::::::::::::::: ------6:2- ---7:67- ---------j87 
45. 5 __ ____ _____________ _______ 86 7. 57 623 
14 _______________________ __ _ 3. 0 7. 37 242 
16. 5 __ ____________________ ___________ ______________________ _ 
16. 5 __________ __________________________________ ___________ _ 

U+ -is-tiiiap:::::::::::::::: -----jo--- ---ii:80- ---------293 
19 19; pumping_____________ 26 7.13 333 
lI.5 11.5 at tap_ __ ___ _____ ___ 4. 6 6.91 184 
21+ 21 at tank_______________ 1l. 6 8. 01 308 17 _________ _________________ 2. 6 7.38 201 

____________ ___________ _______________ 6 7.03 211 
19. 5 __ ________________________ 3.8 7.13 213 
10. 5 ________ ____ ______________ 3. 2 7.48 283 
19. 5 ___________________ __ _____ 9.6 7.34 395 

______ ~: __ __ -io-tiiinp:::::::::::::::: ------4:0- ---7:43- ---------379 
19. 5 __________________________ 12. 0 7.10 197 
23. 5 ___ _______________________ 6.0 7.84 282 

_______ _____ __________________________ 3.0 6. 60 128 

~~. 5 :::::::::::::::::::::::::: -----io:o---Too- ---------214 
48 36.5 at 40 It; H.5 at 45 It _ __________________ -__________ _ 
30' 29 at 42 It. __________ ____________________ ____________ _ _ 
25.5 24.5 at 40 It _____ _______ __ ___ __ _____ ___________________ _ 
28. 5 24.3 at 124/!. ______ ______ _________ _ ___ ________________ _ 
28. 1 ______ ______ ___ __ _____ ___ _____ ____ __ _____ _____ _________ _ 
37 ________ _____ ______ ____ ___ __________ ________ -- _________ _ 

_________ ___ 37.2 at 63.3It_________ ___ 50S 6.15 ________ ___ _ 
19 19 at 62 It _____ ________ ________ ________ ___ _ ___________ _ 

! m·3 -86:.jiit~:6ii:::::: : ::::: : m --'-7:38- --. ---'-j-4OO 
• 896 ' S. 55 '3: 315 

'119.276.5at53I!. ___ _______ ___ '844 7_38 3,400 

93. 2 
89. 6 
25. S 

137.7 
137.5 
93. 8 

145.5 

(.) 

2R.l 
27.1 
33.9 

154.4 
10'!.5 

<14 
14. 2 

102.8 
0 • . 2 

(.) 

179 
-163 

IS6 
70. 0 

163 

47. Sat56Ct _____ _______ _ 1 '416 7.1 1,820 
__ _______ _______ _______ ___ 400 7.0 1,745 

-70-atii it:::::::::::: ::::'----.-868-- ---;':iii- :::::::::::: 
9d.5at30lt __ __ ____ ._ __ __ '898 7. 46 ___ ________ _ 

-liii::iiie"ji-li:::::::::::::: --- -.-826-- ---6:40- ------"3:440 
• SS2 6. 671 3,810 
• 955 8. 5 3, 770 

_________________ ____ ____ _ '1,080 
8. 4 4. :!SO 

(eruptlng) 

:::::: :::::::: ::::::::::: : -----.-45-- ---7:Z-- -------i:9.iO 
_. ____ . ____ __ . ______ __ . _. _ '87" 8.2 3,~ 

-i7S-tii7i!lii::::::::::::: :::::::::: :::::::: :::::::::::: 
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C86 GEOLOGY Al\TJ) GE,()CHEMISTRY OF THE STEAMBOAT SPRINGS AREA, J.."EVADA 

TABLE 3g.-Depths and temperatures of same wells in the 1010unt. Rose and 1'1'rginia City quadrangles and adjacent areas, and other 
data-Continued 

Well 

No. Location Name 

Reported 
depth 
(feet) 

Bottom 
tempera· 
lUre (OC) 

Other temperature 
(OC); remarks 

Cl 
(ppm) 

pI! 

Specific 
conduct· 

ance 
(micr<>
mhos, 
25°C) 

Location ~O.I I 
---�----------�---------------------�----------------�------�-------�--------------1---------1·------
82 
83 
64 
65 

86 
S7 
68 
69 
110 
91 
92 
93 
94 
95 
96 

97 
OS 
99 

100 
101 
IQ2 
103 
I~ 
105 
106 
107 
108 

109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 

126 
127 
128 
129 
130 
131 
132 

133 
134 
135 
136 

137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
}47 
145 
149 
150 
151 
152 
1,>3 
1M 
155 

~~llLJ~~;~~:~~:::::::::::::::::::::::: , §l=E::::::::::::::::::: :'~U l~:~ :~:~i~~:~:I:t~::::::::::::: ""~~p- "T~' ....... ~:~ 
18,'?:! 33AD2 •..• .••..• do •••••.•.•....••......••.•.•.• Ne\"ada Thermall'ower 1 1,830 (') .......................... 8iO 8.~ 3,66" 

18m-~r:!t::: :::J~::::::::::::::::::::::::::::: g~~:.:::::::::::::::::: : : :~H m:~ ~~.ftaI·~·lt::::::::::: ~~ i~ U~ 
33IlAL ........ do ............................. GS-5...................... , 5i~. 2 169.6 'i72:i'';i54:iii::::::::::: 826 6.00 3,2i0 
330AI. ......... do ............................. Knox..................... ' 6 13.5 .................................... . .... , ............ .. 
330A2 . .... ..... do ............. .......... ........... do..................... '56 29.9 ........................ ..... ... .. .. ....... . """""" 
33DD ........... do ............................. Car"er.................... ' 28.3 94.1' 92 at 14.6 fl ................................ """""" 
330D2 .......... do ............................. Steamboat 2 ................................................................................ , ............ .. 
33DB5 .......... do ..... ........................ Steamboat 4............... ' 184 IM.S 96 at 17 11. .• _........... 7!l2 2,700 
330B6 .......... do ............................. GS-I. ..................... '395.4 156.9 158.1 at 193 It ............ 817 6.05 3,2.'iO 
33DD7_ ......... do .................... ..... .... No.32 Geyser "·ell........ ' 43. 2 114.6 ... . ...................... • 885 7.4 3,335 

33DCL __ ....... do ............................ . 
33DC2 ____ • Steamboat Van .. y ........ __ ...... . 
34ACL .. __ Southeast 01 Truckee Meadows __ .. 
34 CD 1 __ •. __ ... do ...•• ______________________ __ 
34 n BL ..... __ •• do ... .. ____________ • ____ . ____ __ 
Ion BL____ West of Reno ____________________ • 
11DBL ____ Reno ..... ________________________ • 
11 D B5 .. __ • ____ .do .. __________________________ • 
13DB L ________ .do .. ____________ . ____________ __ 
13B CL ________ .do ____________ • ____ • __________ • 
HAD 1. ______ ... do __ ••.. ~. ____________________ . 
2ICAL____ Southwest 01 Reno __________ . ___ __ 

South Steamboat welL ... 
Car"er ..••.•••..••.•...•.. 
Johnson __ . __ . .... ........ . 
Frazier .. __ .. ______ .. __ ... . 
Schindler •• __ • __________ •. 
(1) . ... ____ .. __________ .. __ 
Magoin ................ __ • 
Johnson and Davidson .•.. 
Crystal Springs Ice Co __ __ 
Sierra Pacifte __ ..... __ ... .. 
Diamond Springs Water Co. 
Caughlin oil test __ .... __ __ 

, 258 
'77 

, 136.5 
, 160 
, 125. 4 

365 
140 
190 
118 
785 
210 

1,865 

23D C1._.__ South 01 Reno .. _. __ ._. ___ • _______ . Country Club •••.• ___ ._~ .. 140 
25A B!. ____ . • _ •• do .••••. __ .. ______ ._._. _____ .__ Moflat. .• _ .•• __ ._. ______ •. 662 
25AB2._ . __ •• _ .. do._ ... ___ • ____ ._ •• _____________ •• _.do ..•••.... _._. ____ ._.. 500 
25BA2. _____ . __ .do._ •.•••.....•....•...•..•••.. Moana Springs............ 571.45 
25BA3 .......... do .................................. do..................... (?) 
25BB7 ... : ...... do ............................. Smith .. ____ .• ____________ . 60 25BDL ________ .do ______________ • _____ . _______ • Van Siyck ________________ . 77 
25BD2 ____ • ____ .do __ •• ______________ .__________ Randall __________________ . 260 
25BD3. ________ .do ____________________________ • ____ .do. ___________________ • 111 
25BD4 .. __ • ____ .do __________________ • _________ • Johnson __________________ . 95 
25DAL ________ .do ________________________ • ___ • Pe=m .. ________________ 700 
25D CL ________ . do __ .__________________________ University larm.. .. ________ 500 
26A . .-\2. ___ . ____ .do ____________________________ . Kimberly ________________ • 155 
26AA3 .. _______ .do ______ • _____________________ • Martic ______ .. ~ __________ . 600 
26ACL ___ " ____ .do_____________________________ Erskine __________________ • 155 
26AD L ________ .do __________________________ ._. Moana. ______________ .• __ . 179 
26AD2. __ .• ____ .do __ .•• _________ ••.•...•••.•••• ____ .do ______ •••. __ . __ • __ .• ____ .• ______ .• 

26AD3. ____ ..... do. ___ ..•.. __ ..• __ •• ........... Yates •. __ •.• __ . __ ...•..• _. 
26AD4 .. __ • ____ .do. ______________ . ______ • . ____ . ____ .do __ · .... __ .. ____ • ____ __ 
26AD5 ..... ____ .do ___________________ • ________ • ____ .do ____ . ... ____ . ______ .. 
26AD7. __ .. ____ .do __ ••. ______________ .. ______ __ Frey .. __ • ________ ... __ • __ . 
26DA2 ..... ____ .do ____ • ________ .. .• ________ .: __ ,Kelty ...... ______ .... __ ... 
26DBL ______ . .. do ______ • __ . ______ .. __ .. __ .: __ ...... do .. __ .... __ . __ ... ____ . 
26D CL .. ____ ••. do ____ . ______ • ________________ • CampbelL ... __ . __ ... __ • __ 

'36BB2 .. __ ...... do ________ : ____ . ______ ••. .• ____ Allison •.•... ____ ........ .. 
36B B3 __ . ____ •.. do ____________ .. ______ . ____ __ __ Mo~an .......... ______ ••. 
36DA2. __ .. __ ... do.____________________________ Del Monte ____ __ .. ____ ... . 
36DA3 ..... ____ .do __ .... __ .. __ .... __ ... __ . __ ... Giroux . • ________ • ____ .... . 

36D C2. __ .. ____ .do ____________ .. ____ •. _______ .. Eddy._ .•..•• _._ •..••..••• 
36D C3 __ ........ do ..... __________________ . __ ... Ghi~1ieri ...•.. _ ...•...... 

19/20-19DA1. __ .. Southeast 01 Reno. ______________ .. United Airllnes .......... . 
19DCAL ....... do ..... __ ... __ ... __ ......... __ . Preston ................. .. 
19D C 1l3 ........ d" __ .•. ________ . __ . ____ ..... __ • Frnzier ••...............•.. 

Hoimes._ ...•... •.•. ...•.. 
Summers ................. . l~g g g::: I:::: :3~:::::::::::::::::::: :::: ::::: 

19DCDI_ .I ..... do .... ...... ................ _.. Dreaker ............. . .... . 
2iCAl_ •..• 1 East side 'I'mckec MeadoWS"""' 1 nirbeck ...... .......... . . 
29ADI. •..• 1 Southeast 01 Reno .••...... •....... ~itumio? .............. .. 

~~~L~ ~ i ~ ~~ ~ ~iE~ ~~ ~~ ~ ~ ~ ~ ~~~ ~ ~ ~~ ~ ~~ ~~~~~ ~~ I tl;;f]~~~:~~~~ ~~~ ~ ~ ~ ~ j j ~ 
~:;t g::::: I:::: :a~::::::::::::::::::::::: :::::: I t~ILn~~iii:::: ::::::::::::: 
311! C2 .... '1"'" .do ............ - .....•. -.-... -.. Pollard •.•••.• _ ........... . 
3IVA!. ......... do ..••..•. ""'" •.... _._.. . ... Capuro ................. . .. 

'184.2 
, 168.3 
, 197.5 

464 
200 
104 
750 

197 
175 
400 
536 

129 
142 
116 
29.5 
45 
53 
20.4 
27. 1 
80 
OS 

360 
43 

400 
:?:?II 
70 

143 
16i 
115 
139 

75.5 
19.5 
21.8 
22.0 
19.1 
13 
12 
13 
14 
29+ 
18+ 
(1) 

• 985 8.7 3,810 
10 7.43 3(5 
6 7.08 298 

12 7.20 1,9i? . i 7:9 iii' 62 'Ii:::::::::::::: 
8. 4 S. 03 367 
5.6 7.23 683 35 __ ••• ___ • _____ • ____ _ 

:::::::::::::::::::::::::: ----·i~·-- :::::::: :::::::::::: 
'2Ij'liiiiumpedwater::::: ----·30--· :::::::: ::::::::::: 
18 at tap ______ • ____ .. __ • 12 _____________ • _____ • 
"hot water reported at ____________________________ __ 

1,200 It (Anderson, 
1910). 

(1) Reported "hot" ______ • ____ __ • _______________________ __ 
41. 5 41. 5 at tap _____________ • __________________ .. ____ .. __ .. 
40.5. 40.5 at hose ____________ . 26 7.85 . 836 
53.0 40; tlowing ________________ .... __ ............ __ ...... __ 
51+ 50.8; flowing .. ________ ... 28 8.13 832 
31. 5+ 31.5 at bose .. __ .... __ .. __ 29 7.26 9« 
33.5 22 at 36 It; 29 at i2 It. .. __ • _______ .. ____ .. _____________ • 
45. 5 ____ .. __ .. _______________ ... __ .. __________________ • ___ ._ 
45.5 __ .... ____________ .. ____________________ .. _ ... _______ ._. 
44.5 ____ .. __ .. __ .. ____ . _________ .. ______________________ • ___ 
24.5 24.5 when pumped __________ • ___ .. ___________________ • 

__ " _________ . Reported" hot" .. __ ... __ .. ______________ .... ______ .. 
41 .. __ ...... ____________________ .. ____ .. ______ .. ______ • ___ 
76.5 ________________ .... ____ .... ________________ .... _______ • 
25.5 .. __ ...... ________________________ .... ______ .. ______ .... 

~:t 'ooiiatJeaklti'disCliaiio" g~ '''7:~' '--"-'i~320 
71 
71 
75.5 
82+ 
91 
95.5 
82+ 

15+ 
14+ 

pipe. 

'jjiSchii;:ge;82~::::::::::: ::::::~::: :::::::: :::::::::::: 
's·giim'dLSch;;;Xc;86.S:::: "--'48'-- '-'8:33' .. · .... i~384 
82 at leak in discharge 48 7.89 1,327 

pipe. 
15; pumped ____ .... __ ... ____ ........................ .. 
14; pumped ______ .. ____ . __ .. ____ .... __ . __ .......... __ . 
13.5; pumped ____ . ______ . ________ .... __ ...... __ ...... .. 
11.5; pumped largely .. __ ...... ____ .. __ .. __ .. ____ __ 

Irom 21 It. 
14.5 __ ............ __ .. ____ ...... __ ...... __ .. ____ .. ________ .. 
13.5 .... .. __ ...... ____ ...... __ 17 __ .... __ ...... __ .. .. 
14.5+ 14.5; pumped __ .... __ .. __ .. ____ .... __ .......... __ .... .. 
13.5+ 13.5; tlowin~ __ .. __ .. __ ..... __ ........... __ . __ ... ______ . 
14+ 14; flowing ________ ...•.. __ . __ .......... __ . __ ..... ____ • 
12+ I~; tlowin~ ____ ........ ______ ... __ .. __ .. __ ... __ ....... . 
13.5+ 13.5; flowing __ ........ __ ................ __ ............ . 

l~' 5+ . ~3~5;. ~~.~.~~~::::::::::::: .--.28.i ... '''7: 65·' .. --·--i:600 
14+ 14; flowin~ .. __ ........... 6.0 I 7. :hl 458 
~'9+ 2\1; flowing ________ ................................... . 

...... ~]~I.WfH~.~T~r-;~·;~~~~~~~~ I::::::~~i: :::i~~: :::::::::~ 
I~~+I:~~~~~::~I~,~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~ 

1 ::ec rootnotc 1,1ahlc3j; denote.c::, in ordc:-. township, rnnJ;!:C, section, Qunrtersoction, 
Qunrter.qunrter SectiOll, unO. sequence in qunrter·Quartcr section. 

: ~lensurcd depth. 

• Nonerupting . 
• Emplcd sample. 
, Not mnasurod. 

\ 
1 
I 
i 

I 
I 
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HYDROLOGY, ACTIVITY, A...'ID RE.AT FLOW C87 

Thus, nea,rly all chloride and boron supplied to 
Steamboat Creek south of Hutl'aker Hills is closely re
lated to the Steamboat system. The a\'crage discharge 
from this system is at least 1,100 gplll of water, calcu
I:Hcd to :L ehlOl'ide content of s~o ppm. On this basis, 
the average visible discharge of the flowing springs (65 
gpm) is only G percent of the total discharge from the 
system (table 40). 

TABLE -to.-Inventory of total discharge of Steamboat Springs 
thermal system in southern Truckee ,1[eadows , calculated to 
chloride content of 820 ppm 

Steamboat, measured springs (table 36) in
cluding steam calculated as water. 

Steamboat, visible unmeasured springs (table 
36) . 

Erupting thermal wells, including net excess 
condensed steam (table 36). 

Unseen discharge, area of pI. 1 (table 36) 1 ___ _ 

Visible springs north of pI. 1 (table 38) ____ _ 
Unseen discharge into Steamboat Creek 

nor,th of pI. 1 (table 38; data of Apr. 12, 
1955) -' 

I Dlscbar~c i Percent oC 
(gpm) I total 

I 
;j2 4. 6 

13 1.2 

~315 28. 0 

260 23. 1 
8.5 i . 6 

~400 35.5 

Total hot spring discharge, calculated ~ 1, 125 
to 820 ppm of chloride. 

100.0 

I Nortbern limit taken to be at tbe Virginia City Highway bridge over Steamboat 
Creek, near nortb edRe sec. 28, T. 18 N., R.2O E. (Tbompson and White. 1964, pI. 2) . 

, Northern limit at narrows oC Steamboat Creek through Huffaker Hills, SWH 
sec. 3-1, T . 19 N ., R. 20 E. 

Present production from geothermal wells accounts 
for nearly 30 percent of the total, or an average of 
about 300 gpm. Evidently, much or all of this supply 
was diverted from formerly more active natural visible 
springs, and the unseen springs that discharge directly 
into Steamboat Creek. 

TEMl'ERATURE RELATIONSHIPS AND CIRCULATION 
PATTERNS OF INDIVIDUAL AREAS 

LOW T.ER:RACE 

SPlUNGS 

The locations, temperatures, and discharges of the na
tural springs are considered elsewhere. No active 
springs now exist near the crest of t,he southern half 
of the terrace (pI. 3), probably because of diversion 
of water supply to the producing Steamboat wells. Near 
t.he central and northern axial crest of the terrace, 
spring temperatures are near boiling and most of the 
actire vents discharge as geysers or boiling springs 
I,table 4) ; the only consistent discharge from this axial 
:Lrea has occurred in t.he northern cluster containing 
springs 25 and 26, but their totn.l discharge is only n. few 
;!allons per minute. In contrast, most of the natural dis
charge from the Low Terrace is from springs of mod
ern.te temperature on the low eastern flank of the ter
race and unseen vents in the bed of Steamboat Crcek. 

Cooling by dilution is only a minor factor. Becn.use 
these springs are marginal :llld horizontaJ temperature 
gradients are high, more heat is lost by conduction than 
from the centrally loc~l.ted chaIUlel of upflow that are 
surrounded entirely by hot ground. 

DRILL HOLES 

Wells drilled on the Low Terrace show pronounced 
chunges in temperature and salinity with depth (figs. 
2+, 25, and 31). The degree of detail that can be de
ciphered depends very much on method and rate of 
drilling; a,t best., only a part of the original differences 
existing in the ground before drilling is shown in these 
figures. The circulation pattern is exceedingly complex 
in detail. The upflowing and outflowing waters tend to 
be hottest and most saline, and the downflowing and in
flowing waters tend to be relatively cooler and less 
saline, but some exceptions exist. 

In drill hole GS-1 (fig. 31), water relati,-ely high in 
temperature and chloride content characterizes a mid
dIe zone at depths of 140-220 feet and a bottom zone 
near 400 feet. A minor zone of moderate salinity exists 
near 100 feet, overlain and underlain by less saline zones 
that have slightly depressive effects on temperatures. A 
zone of water of only moderate salinity occurs near 240 
feet in depth, but associated original ground temper
atures were not well defined. A temperature reversal al
most certainly occurred here, but satisfactory equip
ment for measuring temperatures below a reversal was 
not at first available. When an uninsulated maximum 
thermometer is lowered in a well, the thermometer reg
isters the maximum temperature attained regardless of 
depth (see data, table 27). If such a thermometer is 
placed in a very well insulated receptacle, it can be low
ered rapidly through a hot zone, but held in a lower. 
cooler zone long enough to attain equilibrium, and then 
withdrawn rapidly. The measured tem'perature of 154°C 
at 3&5 feet in depth was determined by an insulated 
thermomet.er, but lower ground temperatures probably 
existed near 2+0 feet and 325 feet. 

St.eamboat well -! (fig. 25: table 19) penetrated 
aquifers characterized by temperature minima near 58 
and 10;") feet in depth. ~rinim:l. a Iso occurrcd in chloride 
content of watcr from the same (lepths. Zones of high
chloride watcr at rclatiYely h~gh temperaturL. occur near 
;")0 feet and iO-SO feet; the n~ry high temperatures near 
the bottom of the weI! are probably associated with 
high-chloride water that is dilutcd greatly by water 
from the major aquifcr near 10:> feet. 

The South Stcamboat well (fig.' 2+; table 18) is +00 
feet southwest. of drill hole GS-1 ~Uld about 200 feet 
south of the southern limit of hot spring sinter. Tem
peratures are far below boiling~:l.bout 75°C below at 
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25 feet in depth, SO°C at 1~0 feet, and 95°0 at 240 feet. 
The low temperatures are oln'iously related to the mar
ginal position of this " 'ell relatin. to the Low Terrace 
subsystem. 

.As in otIrer wells of the Low Terrace, there is a close 
hut no precise relation bet"'een chloride content of the 
water and relati"e tcmJ)erature in the upper part of the 
hole. The high-chloride zones ure generally relath'ely 
high in temperature and the low-chloride zones, low. 

Outstanding features of this well are: 1. Tempera
t.ures are 10'" compared to those of the Steamboat Resort 
wells and GS-1. ~. A major zone of saline water occm's 
betwe.en the surface and 160 feet. in depth. 3. Zones of 
less sn.line water occur within this major zone. 4. ,Vater 
below about 160 feet. in depth is ycry 10', in chloride 

. and is interpreted to be entirely meteoric in origin; as 
the well is drilled, some time is required to flush out 
high-chloride water already introduced into the well 
from a higher zone. The \yell is cased to 188 feet; sam
ples from greater depth decreased in chloride to only 
8 ppm, which is ;-ery lit.tle more than normal Steambon.t 
Oreek watcr (average n.bout4ppm). 

GEOPHYSICAL DATA 

Geophysical resistivity measurements were very use
ful in determining the limits of the thermal system 
south of the Low Terrace because hot saline water is a 
very good electrical conductor compared to cold dilute 
water (White and others, 1964, p. 1359, 1369). Specific 
conductance of normal saline spring water at 25°0 is 
about 10 times higher thm that of water from Steam
boat Oreek and South Steamboat well. This contrast in 
conductance is magnified much more by the natural 
temperatures of the enyiromnent. 

Resist-iyit)" measurements near the sout.h end of the 
Low Terrace (,Vhite aJld ot.hers, 1964, pI. 4) show a 
well-defined resisti,ity low that coincides with the axis 
of the. Low Terrace, extending sout.hwest from the hot 
springs and surface sinter. The contrast in resistiYity is 
particularly e"ident in the CUlTes of 100-foot. electrode 
spacing, commonly r.alled lOO-foot depth, but is less 
pronounced in the CUITes for 200-foot spacings (200-
ft depth). The contrast in salinity and perhaps tem
perature is eyident ly less at t he greater effect in depth. 
This is consistent with the e"icknce fl'om the SOl1th 
Ste'amboat well, which proY(';; the deepel' watpr to be. 
lowel' ill salinity: tempel'atures arc also much 10'Yer 
than in drill hole GS-l to the north. The' minimum 
l'esistiYity YahlP'; increase !'outhwest from :tilOut (j00 
ohnH'nl on Ihp tranrse through dl'illllo](' GS-] to 1.:]()(1 

ohm-cm on the tra\'(,I';;I' thl'oll!!h South Stc:1I111JOat well 
nYlIitl' allll others. 1%·1. pI. .J.), andl.DOO ohm-cm on 
tIll' tl'anrsc ~O(l feet farther to thp south, indicating 

that temperatures and salinity continue. to decreasl' 
southward, as expected from the distribution of hot 
springs and simer. The subsurface limits of the' thermal 
area can be determined mllch better from the resistiyity 
data. tll:Lll from surface. cyidence, and the strike of thp 
cont-rolling structurc is cvidently to the soutln\"(~st 

rather than to the south. which spcmed cqually probablp 
from the regional mapping (Thompson ·and 'Vhite. 
1964, p1. ~; p . .A-3S). In all these trayerses the minimlllll 
resisti,ity occurs in the 100-foot spacing curves, there
by indicating the presence of near-surfn.ce matter of 
hiQ"h conductiyit.y. The South Steamboat. well has 
sh;",n this to be ~water of high salinity, underlain by 
other ,Yater 'of much lower salinity. 

CIRCULATION WITHIN THE TERRACE 

Hot saline water rises toward the surface along or 
near the principal fault zone of the Low Terrace. The 
andesitic tuff-breccia dike penetrated by drill hole 
GS-1 is one of the chief hot-water aquifers of the sys
tem, particularly in the middle and lower parts of the 
hole. The highest temperature measured in the terrace 
is 158°0 in tuff-breccia at a depth of 193 feet. A tem
perature nearly as high, 154.9°0, ,yas found at 184 feet 
in Steamboat well 4. Both temperatures were very close 
to the boiling points for prevailing pressures. 

Very lit.tle water is discharged at the surface directly 
from faults or fissures of the Low Terrace. As the hot 
water approaches the surface, it is diverted horizontally 
into permeable sinter and sediments along the walls 
of the fissures. This "'ater, as well as other saline water 
rising into the margins of the terrace, is cooled con
siderably by conduction before being discharged at 
only moderate temperatures. Saline water in the upper 
part of the South Steamboat well is evidently flowing 
nearly horizontally to the south along and near the 
Steamboat fault zone, eycntually discharging into 
Steamboat. Creek. Its temperature decreases to the south 
because heat is heing conducted to the surface and also 
to the cooler meteoric water flowing" northeastward into 
the spring system at higher and lo'yer leYe15. The iso
tope data sumlllariz('(l on page;:; ('1:1-0];; show that 
this meteoric water is not directly from Steamboat 
Creek, except in ;;ma1l part, but probably is from 
streams Oil the flanks of the Carson :md Virginia 
Hanges, as sllggeHecl in figllre 4. 

:I!AIX TEnnACE 

SPRINGS 

'IIII' hOI springs 0 f t hi;; I l'ITaCe ha "c hpcn discm:sed 
in pn"'iol1s section:, hut an' reyil'wecl briefly here. ~Iost. 

of tllp sprin~rs of higl)(?st tl'llIperature and discharge 
issue from open fissures ncar the Cl'l'st of the terrace 
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(pI. ;1: table -1-) at altitudes abon -1-,660 feet. This in
cludes most but not all wnts that huxe discharged as 
geysers. Springs on the margins of the terrace gen
erally discharge at temperatures below DO°C, and a few 
are below SO°c. Of the latter, 1Dw, :20n, and 21s are in 
the northwestern part of the terrace, and 12sw, 3, 10, 
52, 4, and 51 are on the eastern slope. The centrally 
located springs are usually close to boiling eren if 
discharge is small, because the channels of rising water 
are surrounded by "ery hot ground and little heat can 
be lost by conduction except "ery close to the surface; as 
the "ater rises and pressure decreases, steam is formed, 
so that all temperatures must be close to the boiling
point CUlTe. In contrast, water in marginal channels 
can lose much heat by conduction. In marginal springs, 
temperatures are generally \'Cry 10" ,,·hen discharge is 
low. 'When discharge increases, a smaller proportion of 
the total transported heat can be lost by conduction, so 
that temperature of discharge then rises. A good ex
ample of these principles in operation is the record of 
spring 2 (fig. 19), w'hich shows an abrupt 150 percent 
increase in discharge following the earthquakes of Sep
tember 7, 1947. 'Why, on the other hand, did the cor
responding decrease in discharge of nearby spring 5 
result in no significant decrease in temperature? Spring 
5 had been a boiling spring, and its deep channels were 
already at boiling temperatures for prevailing pres
sures. The abrupt decrease by nearly three-fourths of 
its former discharge probably resulted in some decrease 
in the proportion of water converted to steam, not ac
companied by any significant change in discharge 
temperature, because temperatures remained on the boil
ing-point curve. 

DRILL HOLES 

Most of the available information on the subsurface 
of the Main Terrace was obtained from the Rodeo well 
and GS-3, GS-4, and GS-5 (pI. 3). A private company 
drilled a well just east of GS-3 to a depth of 130 feet 
in June 1954 ; Nevada Thermal Po"er Co. 1 was eh'illed 
to 1,830 feet just east of the )fain Terrace, and Nevada 
Thermal Power Co. 2 wa~ llrillednear the center of the 
terrace to D6"!' feet in 1D59. These three wells were 
(h·i11ed when the author was engaged in other work, 
and no other data were obtainecl. 

Data from the Rodeo well ,u'e :;hown in figure:.W and 
table:20; a cletailedlog was published by "'hite, Thomp
son, and Sandberg (WH+, tahle;3). The well was colla rpd 
only 12 feet from a fissure containin!! l)()iling wat('I'. 
bue lI1ea~ured temperatures were mlll:h helo\\' the hoil
ing-point curye for the first 100 feet of depth. This is 
related to heat. loss by conduction from the high-chloride 
zone at ~;1--!G feet deep: heat is heing eOlldllded upward 
to the surface, where the temperature is less than :20°C, 

and downward to an underlying low-chloride zone that 
is relatiyely eool for its depth of 50-82 feet. The latter 
indicates that sollle meteoric water is migrating into the 
system, presulllably frolll the small drainage area west 
of the terrace. Another minor zone of less saline ,,'ater 
is near 120 feet in depth; oxygen dissolnd in this water 
had oxidized pyrite to such an extent that water and 
mud erupted from this zone was red bl'Own. The rela
ti\'ely high bottom-hole temperatures Illeasured near this 
zone indicate that rate of inflow of low-chloride water 
is \'Cry low, at least in recent times. A major aquifer 
from about 130-150 feet contains high-chloride water 
at temperatures that are ycry close to the boiling-point 
cuneo At still greater depth from about 1154 feet to the 
unconformity at 166 feet, an impressi\'e zone of cooler 
less saline water must be migrating inward into the 
system. The chloride content of the water column (as 
sampled at water level) "as only 10 percent less than at 
higher levels, but the actual chloride content of the deep 
aquifer is, probably considerably less than,the 520 ppm 
of the sample of water diverted into a side pipe during 
the induced eruption of May 20 (table 20). The rate of 
movement of this water of probable mixed origin was 
sufficiently great to depress the temperature about 30°C 
below the boiling-point curve at this depth. The rela
tively Ipw temperature and 10\ .... chloride content is best 
explained if a considerable proportion is local cold 
meteoric water. The most reasonable source is precipita
tion in the small drainage area west of the well. 

The granodiorite is weathered and perhaps slightly 
permeable Just belo" the unconformity at 166 feet in 
depth. The rock was sufficiently soft to be drilled by 
rotary rock bits from 166-180 feet, but drilling then be
came so slow that the well was completed with diamond 
coring bits. No faults, veins, or permeable zones were 
identified from the drill core; this is evidence that the 
well erupts nearly all its water supply from depths of 
less than 170 feet. The ext.remely slow rate of attainment 
of temperature equilibrium at the bottom of the drill 
hole after the induced ernption of ~fay 20, 1%0 (table 
20), is evidence for absence of :l high-temperature aqui
fer near the bottom of the hole. 

Drill hole GS-:1 (table 2D; fig. ;~:3), just west of the 
fissures of the :\fain Terrace, was desig'ned to search for 
a wcst-(lipping thrust fault as the possible principal 
structure of the arpa Cnllite and others, 1964, p. I3-!8-
WiO). hut no eyidl'llce for thrusting was found. Tem
peratures and illtPnsity of rock alteration decreased 
sOl\lewhat near the bottom of the hole, and the rocks 
were entirely granodiorite helm\' iiO feet. 

XUll1erouS' fault,; and brecl'ia zones pl'O\-ide structural 
contl'Ol for migrating' thermal water ancl for rock alter
ation (Schoen and 'White, I!)(j ;) ), out yeins are scarce 
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compared to their frequency in drill holes GS-:l: and 
G5-;) east of the crest of the terrace (see structure sec-_. 
tioll ~ p1. ::!. and logs of holes in 'White ancI others, U1G.,1., 
table 3). 

TIll' chloride content. of all water samples from GS-i1 
arc below 800 ppm and are slightly below most other 
(h·ill holes of the Main Terrace, including' the Rodeo 
well and GS-:l:, GS-5, and GS-S (table 35). This fact, 
:tlong with data on temperature, structure, and altera
tion, indicates that. the fissures cut by GS-3 are not so 
closely related to the main channels of upwelling water 
as the' fissures cut in GS-:l: and GS-5. 

Data from drill hole GS-:l: are shown in table 30 and 
figure 3-:1:; the detailed log of the hole was published by 
\Yhite, Thompson, and Sandberg (196-:1:, table 3). Tem
peratures increase steadily to 170°C at a depth of 338 
feet. From 100-280 feet, all temperatures are within 
10°C of the boiling-point curve despite the fact that 
most measurements were obtained only 15 hours after 
previous drilling. Repeat measurements at a depth 
of 166.7 feet (table 30) at intervals of liz, ll1z, and 2l1z 
days after the last previous drilling showed differences 
of only 3.5°C, which indicated a close approach of tem
perature to equilibrium nearly on the boiling-point 
curve (fig. 34). Presumably, original ground tempera
tures at other depths from 100 to about 280 feet were 
also \"Cry close to, but slightly below, the boiling-point 
curve for pure water, but the data do not support a 
similar relationship for shallower and greater d~pths. 

In contrast to the Rodeo well and GS-3, there is no 
evidence that GS-4 intersected low-temperature or low
salinity aquifers. The deep water (table 35) has a 
chloride content of about 800 ppm, or slightly higher 
than the average of about. 780 ppm indicated for GS-3. 

Chalcedony and calcite veins and moderate to intense 
rock alteration are much more abundant (Schoen and 
\Yhite, 1965) than in drill hole GS-3 and the Rodeo 
well. This fact, in addition to the temperature and 
salinity relations just discussed, indicates that the fis
sures controlling upwelling of thermal water dip east
ward from the crest of the terrace and are intersected 
by drill hole GS-:l:, as sho\\"n in one structure section of 
plate 2. 

Drill holc GS-;; ( tahle ;31 : fi£!. 35) is one of the most 
significant. of the area. The de;ailed 100" ,,·as published 
hy \Yhite, Thompson, and Sandberg (lDG.,1., table :~). 
Temperature relations are H'I"Y similar to those of GS-:l:. 
FrOlll 100 to ahout ::!SO f('et i;l depth, temperatures -are 
\"Cry ("lose to thc boiling-poim cun-e, but repcat meas
Ilrellll'nt,: at 17:-, and :!:\(i feN indicate that equilibrilllli 
temperatures an' sli:.rhtly below the theoretical ClUTC, 

as sllf!gestl'd in GS-±. TIll' inflection at 1;i7 feet. un
checked by repeat measurements, could result from 

greater-than-normal cooling from drilling of the pre
yious day. It should be noted here that the amount of 
eooling dllrinf! drilling and thc rate of attainment. of 
t emper"ature equilibrium during a rest period arc strong
ly dependcnt upon local bottom-holc conditions. For 
example, equilibrium is attained rapidly \\"hen the hole 
is bottomed in or \"Cry near an aquifer controlling a 
yigorous through-circulation of water. Attainment of 
equilibrium is obyiously much slower ,,·hen a large '-01-· 
lllne of adjacent rock has been cooled by drill water and 
must then be reheated entirely by rock conduction. For 
this reason, when the depth accessible to the thermom
eter is considerably less than the drilled depth, equilib
rium is generally atta.ined slowly. 

Temperatures in GS-5 decreased slightly below 380 
feet in depth. Most of the measurements of table 31 were 
made with an un insulated maximum thermometer, but 
a decrease of 2112 ° C from the highest reading is indica
ted on October 23 when the thermometer was insulated. 
This may indicate, as shown in the structure sections 
(pI. 2), that GS-·5 has penetrated almost to the footwall 
of the main system of cast-dipping fissures controlling 
the up,,-elling water. 

Drill hole GS-8 (fig. 38) is shown on the same struc
ture section as GS-3 and GS-4 (pI. 2) but is farther to 
the east; its detailed log was published by White, 
Thompson and Sandberg (1964, t~ble 3). Water was 
first found at a depth of 27 feet, which is 24 feet farther 
belo,,- the ground surface than in GS-4. The water table 
therefore slopes more steeply to the east than the topo
graphic surface (pI. 2). The hydraulic gradient at the 
water table is about 80 feet vertically in the horizontal 
distance of 300 feet between GS-4 and GS-8, and is 55 
feet Yertically in the horizontal distance of 150 feet be
tween spring 43 and GS-8. Permeability adjacent to 
the fissure that supplies springs 6, 7, and 43 is evidently 
yery low, probably because pore spaces have been filled 
by silica minerals. In contrast: the water level in GS-S 
is only 15 feet. above Steamboat Creek, \\"hich is 450 
feet. farther to the east; permeability between GS-f' 
and the creek is eyidently relatiyely high. Temperatures 
are significantly lo\\"er in GS-S (ma:s:, EWoC at. 1:!:2 ft) 
than in GS-:l: (HI 0(' at 1 :-~0 ft) but rclatiyc to the water 
table, temperatures in GS-S arc only slightly lower. 

The fact that temperatl1l'es in GS-S are similar to 
those of the upper part of GS-1 , which cuts the princi
pal channcls of upflo\y, i~ eyidcncc that the rocks of 
GS-S arC' not heated elltirely by roek conduction. The 
tl'lIlperature relationships and hydraulic f!radicnts arc 
IJest explained if heat is being transported in water that 
eseapes frol11 fi ssures into the permeable wall rocks to 
the east. and thl'll migrates dOWll the hydraulic slope, 
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enntually escaping into Steamboat Creek. Heat is lost 
by conduction to the surface as the "Water migrates 
eastward. 

Auger holes -± and ;) on the apron of the :\[ain Terrace 
(pI. :2 and fig. 47), were dug to the water table. Temper
atures are near 25° and :35°C, respectively, near the 
water table, which is here about 7 feet below the ground 
surface. The water is about 30 percent higher in salinity 
(table 35) than normal spring water, which indicates 
extensive concentration of salts by surface and near
surface enlporation. Some heat is probably being trans
ferred in circulating water as well as by rock conduction. 

0 

Auger holes 11-13 were dug west of the :\fain Terrace 
and just north of the structure section line through 
GS-:3 (pI. 2) . . .:\.-11 and A-12 about sao feet west of the 
:'I[ain Terrace fissure system are relati,-ely low in temp
erature (fig. -±7) and are similar to near-surface temper
atures in the South Steamboat and Harold Herz wells 
on the south and north margins of the thermal area. 

A-13 is only 400 feet west of the Main Terrace fis
sure system, and this close proximity probably explains 
why it is higher in temperature than the more distant 
.:\.-11 and A-12 holes. Aboye the water table the thermal 
gradient in A-13 is about 3° C per foot of depth: the hyo 
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rather closely spaced measuremen'ts below the water 
t.able suggest a gradient. of only 2°C per foot of depth. 
This difference, although perhaps not significant, may 
be caused by greater thermal conduct.i,·ity of water
sat.urated sediments relatiye to similar unsaturated sed
iments; a water-saturated capillary fringe may extend 
upward 1 or 2 feet. above the water table at 10.2 feet.. 

The East. Reno well (pl. 2; tables [i, 39) had a 
temperature of about 138°C at a depth of 157 feet, 
which is about 150 feet below the probable local water 
table. This temperature is about SoC belo,; the cor
responding temperature in drill hole GS-4 and ]4°C 
below the boiling point of pure water for the depth. 

The ,Vest Reno well is located 600 feet west of the 
East Reno well (pI. 1). Its water level when measurable 
was about 26 feet below the surface (table 5). The 
altitude of the water table intersected by the two Reno 
wells is probably almost identical, sloping slightly to
ward the West well as part of a cone of depression 
during and immediateiy after inten'als of high produc
tion; natural slope unaffected by production is proba
bly toward the East well and Steamboat Creek. 

The temperature of the ,Vest well was about 138°C 
at a depth of 186 feet beiow the surface or 160 feet be
low the water table; its measured temperatures are 
slightly lower than those of the East. well. 

At. least four or five wells have been drilled near the 
Mount Rose Resort on the northern extension of the 
Main Terrace, about 1,200 feet north of the Reno Resort 
(pI. 1) ; three are listed in table 39 (Nos. 57-59). Tem
peratures as high as 133°C were measured in well 58, 
only 8°C below the theoretical boiling point for the 
existing depth and water table. The few measured tem
peratures in these wells are erratic with depth and 
time, and relationships are not clear because of the ab
sence of data as drilling progressed. The Mount Rose 
wells are commonly induced into eruption; at times 
with great d·ifficulty. 

The Murray well (table 39, No. 55) is 1,500 feet east 
of the. Mount Rose Resort and just east of Steamboat 
Creek. The well reportedly was eh'ilIed (Otto Herz, oral 
commun., 1948) many years ago to a depth of 680 feet. 
In 19,Hi the \yell was not accessible below 63 feet, where 
the relatiYely low temperature of 37DC was measured. 

Three. wells were drilled hy Harold Herz (table 39, 
X os. GO-(2) in the northernmost part. of the main 
thermal area, about 2,000 feet northwest of the Reno 
Resort, (pI. 1). Temperature and other data of well 1 
are shown in table ~1 and figure 27. The data are of 
particular interest because--

1. Bottom-hole tell1)('rat 1\)'('5 measured as drilling 
progressed are unusually close to original ground 

temperatures, because 5 days normally elapsed be
tween weekend periods of renewed drilling; the 
well was drilled by cable-tool rig, which is the 
optimum drilling method for reliable bottom-hole 
temperatures. For these reasons, figure 27 is prob
ably the best representation of original ground 
temperatures yet obtained in a thermal area. 

2. Original ground temperatures ,yere in general about 
45 D-50DC below the boiling-point cun-e for the 
prevailing enyironment. 

3. The temperature gradient in the upper 50 feet of 
the hole is 1°C per 1.8 feet of depth, and the slope 
projects to a surface temperature of 16DC (6°C 
above the mean annual temperature). The shaUow
est point at 1.8 feet is of little significance, how
ever, because of probable strong influence by daily 
and seasonal changes. 

4. A change in slope occurs at or near 51 feet (5 ft above 
the best figure for the water table as measured on 
Oct. 25 in the shallow open hole), and this slope 
extends down to 122 feet, with an average of 1°C 
per 2.0 feet of depth. The change at or near 51 
feet may be related to slightly higher thermal 
conductivity of ground saturated with water, in
cluding capillary water, relative to shallow wa
tercunsaturated ground. An interpretation of this 
nature would not be warranted by ordinary data, 
but it is suggested here as a possible application 
of very good data obtained because of the unusual 
circumstances of drilling. The interpretation of 
effects by a capillary fringe depends in part on an 
unusually reliable figure of 47.7°C at 56.9 feet 
and an equilibrium temperature that is unlikely 
to be less than 44.9DC at 51.1 feet (only 16 hI' had 
elapsed after the previous drilling). 

5. The temperature gradient from about 122 feet to 
the bottom of the hole is 1 DC per 2.6 feet of depth, 
or only t"-o-thirds of the near-surface gradient. 
The explanation for this lower gradient is not 
clear, but it, could be related to presence of an 
aquifer with slight horizontal fluid moyement near 
120 feet in depth. 

6. Convection is clearly demonstrated in this uncased 
G-inch hole by temperature measurements made 6 
and 54- days after drilling ceased (fig. 27). There 
is no eyidence for water flowing into or from the 
well at different, le\'eI5. The top of the. water col
umn was heated and the bottom cooled by convec
tion. 

7. The sediments arc all relati,-ely impermeable, and 
original ground temperatures arc probably ex-
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plained almost entircly by heat comluction, at least 
to a depth of 1:20 feet. 

GEOl'HYSICAL DATA 

Geophysical tra\·crses across the Main Terrace were 
far less reyealing than similar rra \·erses 011 and :south of 
the Low Terrace (\\T}lite and others, 1D6-1, p. B58-B61). 
A gravity trayerse through GS-:~, GS-1, and GS-8 pro
vided evidencc against major Plcistocene faulting along 
the fissures and breccia zones. ~rost of the decipherable 
:;tructural oJi"sets are evidently east. of this fissure sys
tem, as indicated in the structure scctions of plate 2. 

CIRCULATION WITHIN THE TEll.IlACE 

Drill holes GS-1 and GS-5 provide evidence that 
t.he hottest thermal water is rising up the main east
dipping fissure system, shown diagrammatically in the 
structure sections of plate 2. A little cold meteoric water 
does flow into the system from local sources west of the 
terrace, but this seems to be restricted largely to shallow 
sedimentary layers at and abo\-e t.he unconformable con
tact with granodiorite. The chloride content of about 
780 ppm in deep GS-3 water as compared to 790-825 
ppm in samples from GS-4 and GS-5 may point to 
dilutions of 1-5 percent within accessible depths below 
the unconformity. 

In the absence of more complete data from very deep 
drilling or from rates of mixing and conductive heat 
loss, the temperature gradient in the main channels of 
upflow cannot be known with certainty. All tempera
ture data from drill holes consistently demonstrate, 
however, that little increase in temperature occurs in 
the Steamboat Springs system at depths belo,,, 350 feet. 
The water temperature deep in the system is evidently 
about 1'75°0 or slightly higher, and all gases are con
tained in solution in a single liquid pha"Se because of the 
high pressures. The upwelling single-phase liquid loses 
only a little heat into the walls of the fissures because 
the horizontal thermal gradients must be relatively low 
in an old well-heated system and because the thermal 
conductivities of fresh and hydrothermally altered 
rocks are SO low (table 41) that these rocks sene as 
good insulators. 

\Yhen this hot water has risen within about 350 feet 
of the surface, howeyer, hydrostatic pressure has de
creased so much that vapor bubbles first. start to form at 
temperatures that are still about 10 0 e below the boil
ing-point curve for pure water; note in particular GS-1 
and GS-5 (fif,l"5. 3-1, 35) at depths between 250 and :3;)0 

feet. Thi:; is evidence that rhe ,"apor pressnre of clis:5oh'ed 
ga:;es, such as eo~ and H~S arc high, amI that rhe first 
vapor bubbles must be strongly enriched ill these gase5. 

TABLE 41.- Thermal condllctivities of jresh ami hydrothcrmally 
altered rocks jrom the Steamboat Sprin(jS area, .\'cmda 

Sample 

I 

I . 

I Conductivity I 
Density" mUllenl percm I sec deg' I 

----: 
.-\-17 _______ 2.69 6.23 

W 419. _ _ _ _ _ 2. 69 6. 66 

W 420-a_ _ _ _ 2. 70 6 .. 58 

W42L _____ 2.73 6.27 

WI2S-0 ____ 2.62 3.5D 

W422-a ____ 2.58 3.66 

W355_ _ _ _ _ _ 2. 54 4. 55 

W226 ______ 1. 44 1. ·1 

W366-1!J5 __ 2. 62 6 .. 1 

W387-656_ _ 2. 70 5. 45 

586_ _ 2. 66 5. 50 

225__ 2.32 5. 10 

GS-2-82_ _ _ 2. 24 6. 0 

GS-3-29 ___ . 2. 02 3. 5 

5L __ 2.30 4.2 

74_ _ _ 2. 62 6. 9 

139.._ 2. 62 7. 0 

169___ 2. 67 7. 0 

205___ 2. 61 6. 9 

24L_ 2. 53 7. 9 
255.._ 2. 61 7. 4 

360___ 2. 58 6. 5 

460___ 2. 61 6. 7 

51L_ 2. 52 6. 7 

632___ 2. 66 6. 7 

685___ 2. 66 6. 8 

GS-4-16_ _ _ 1.77 2.8 

2. 08 

:::--: I 2 .. 5S 

3. 8 

8. :J 

162.._ 1 2. 132 7. n 

218 ___ 1 2.64 10. 1 

~e" footuote at ,·u,1 of tall I ... 

Description 

Fre~h p;ranociiorite, Winters 
Creek . 

Fresh ~r:mociiorite boulder, 
crest of Low Terrace. 

Fresh granodiorite, west of 
Low Terrace . 

Fresh metatuff, southwest end 
of Steamboat Valle\·. 

Fresh Steamboat basalt, 
northeast of silica pit. 

Fresh soda trachyte, Steam
boat Hills. 

Slightly altered soda trachyte, 
east of Steamboat TIesort .. 

Porous opaline sinter, "'fain 
Terrace. 

Adularized soda trachyte, 
Senges Well. 

Slightly altered hypersthene
augite andesite, Young 
drill hole, Virginia TIange. 

IVloderately propylitized hypers
thene-augite andesite, 
Young hole. 

Hornblende-pyroxene andesite 
altered to zeolites, argillic 
minerals, Young hole. 

Opaline sinter, partiy recon
stituted to chalcedony. 

Opal-cemented arkosic sand
stone, partly opalized. 

Arkosie sandstone, partly 
argillized, cemented. 

Granodiorite, slightly altered, 
some fresh biotite. 

Granodiorite, moderately 
altered, little fresh biotite. 

Granodiorite, slightly altered, 
much fresh biotite. 

Granodiorite, moderately 
altered, little fresh biotite. 

Calcite-chalcedony vein. 
Granodiorite, moderately 

altered, biotite to chlorite, 
chalcedony veinlets. 

Granodiorite, moderately 
altered, biotite to chlorite. 

Granodiorite, similar to GS-
3-360. 

Granodiorite, strongly altered, 
biotite and plagioclase 
argillized. 

Granodiorite, slightly altered, 
some fresh biotite. 

Granodiorite, slightly altered, 
mueh fresh biotite. 

Opaline sinter, in part 
geyserite. 

Arkosic sediments, partly 
altered to opal, kaolinite . 

. -\rkosic sediment~, fine 
grained, clay minerals 
common. 

"\rkosic sediments, cemented 
·by adularia, chalcedony. 

Granodiorite, moderately 
altered. all biotite gOlle. 

Granodiorite, sheared, str()ll~ly 
altered, replaced by quartz, 
hydromica, ~tongly alterer!. 
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TABLE 41.-Thcrllla COlIC IIctivities of fresh and hydrothermally 
altered rocks frolll the Steamboat Springs area, Nevada-CoIl. 

Sample DescrIption 
I i Conduct!\'lty 1 
IDcnslty' mUll"" I pcrcm 
i, I sec de~ , 

---------, -------------------------
GS-l-26L_ 2. on 

320___ 2. 42 

35L_ 2.2!l 
.JOL_ 2. 27 
462___ 2.53 

496___ 2. 36 

GS-5-535___ 2. 44 

GS-6-16 ___ 2.51 

160___ 2. 61 I 
GS-7-20_ _ _ 1. 58 

68 ___ 1. 32 

11L_ 1. 37 

127___ 2. 42 

21L_ 2.43 

4. 9 

6. 3 

5. 7 
5. 9 
7. S 

6.5 

6. 0 

8. 1 

5. 55 

2. 6 

1.6 

2.3 

7.9 

6.3 

Granodiorite, sheared , 
strongly altered , replaced 
by hydromica, calcite . 

Granodiorite, st.rongly altered, 
plagioclase argillized. 

Do . 
Do. 

Granodiorite, sheared, replaced 
by quartz, sericite. 

Granodiorite, strongly altered, 
plagioclase argillized. 

Soda trachyte, highly altered, 
JlYdromica. 

Chulcedonic sinter, reCOll
stit.uted from opaline sinter . 

Soda trachyte, altered largely 
to adularia. 

Granodiorite, acid-leached to 
opal, relict quartz. 

Granodiorite, acid-leached to 
opal, relict quartz; pyrite. 

Similar to GS-7-68 but more 
pyrite. 

Granodiorite, acid-altered to 
alunite, kaolinite. 

Granodiorite, silicates largely 
altered to montmorillonite. 

, Dete~incd by ProC. Francis Blrcb, Dunbar Laboratory, Harvard UnIversIty. 
Temp 30 C, pressure 2,()()(Hj,OOO psI except Cor sample W226, wbere pressure was BOO 
psI. Effect oC pressurc In thIs range stated to be "only a Cew percent." Samples were 
dry, and pore spaces presumably occupIed by air. . 

As the water rises further and pressure decreases, more 
va por with increasing steam content forms and sub
stances of low volatility, such as NaCI, are concentrated 
in the remaining liquid 'Yater. Curve B of figure 38 
indicates that if no heat is lost by conduction, 14.3 per
cent of water at 172°C is converted to steam when 
pressure is lowered to the average atmospheric pressure 
at Steamboat Springs. The best yulue for chloride con
tent of the deepest and hottest waters of the Main Ter
race is 810-820 ppm (table 35, GS-4 and GS-5). For 
comparison, the aycrage chloride content of water dis
charged from the hottest and most centrally located 
springs, such as springs 18, 23, 23n, 24, 27, and 28, is 
close to !J25 ppm. This difference could be explained by 
'csidua 1 concentration from the \'a poriza t ion of about 
13 pcrcent of the dccpest, and hottest '''atcr: this fig-me 
's in very close agreemcnt with the calculatcd \,alt;e of 
14-.8 pcrcent from figure :iO. Other factors im'oh'ed in 
controlling the actual chloridc contents of incliyiclual 
\'aters are conducti,'c loss of hcat. dilution b\' coolcr 
ow-chloridc water a 11(1 near-sl11:facc COOlil;g, and 

c\'aporation in opcn fissures at temperatures below hoil-
ng. Thesc latcr factors tcnd to ofl'sct cach other in the 
I\'erage spring watcr, thus explaining in part tIl!' close 
Igrecment bct"'ccn the actual and calculated rcsidual 
concentrations cited abm'c: but thesc other factors help 

to explain existing differences in chloride content of 
indh-idual springs, which has rang-eel from as low as 
GOO ppm in spring 33 to as much as~ DSO ppm in springs 
IS and 3-1. 

Springs 9n the bordcrs of thc terrace~ such as springs 
2, 3, 1!J, l!Jn, 20, 20n, and 21~ are generally lowcr in 
temperature and in chloride content; typical chloride 
concentrations of these springs arc 860-!J00 ppm. Per
haps 5-10 percent of the deep-water supply of these 
springs was conyerteel to steam; the 10"'er temperatures 
of these springs also indicate cooling by evaporation at 
the surface, or by conducted heat flow. 

Table 35 and other tables l)l'o\'idc eyidcncc that the 
chloride content of some water at relatively dccp levcls 
is highe.r than c.an be explained by simple upflow and 
boiling; for example, 930 ppm in Rodeo well at 146 
feet as much as 828 ppm at depth in GS-5 (table 
31) ; and at least 896 ppm at 130 feet in GS-8 (table 34). 
The .best explanation for these anomalously high 
chlonde contents is that convection is occurrinO' to 

within the upper part of the system, where per-
meabilities of interconnect€d channels are presumably 
highest. Evaporative concentration occurs in the up
flowing parts, but some of this water circulates down
ward again in a complex network of interconnecting 
fissures. Independent evidence for shallow convection 
within the Main Terrace is presented else"here (,,\Vhite, 
1967a) from SO.: Cl ratios in the flowinO' sprinO's and to :::: 

drill holes. H 2S is concentrated in the vapor phase as 
boiling occurs; the vapor rises above the water table 
and SO. is produced by near-surface oxidation of H 2S; 
SO. in sulfates and H 2SO. is carried downward in pre
cipitation that falls on the area or in water condensinO' to 

from YU por in theTising gases; SO, is then incorporated 
in the water body at the ,Yater table. The higher 
SO. : Cl ratios of certain spring and well ,,'aters are 
best explained by circulation and cOllYection of this 
SO.,-enriched wat~r. 

HIGH TERRACE 

Xaturnl springs haTe not· discharged from the High 
Terrace since. the late Plcistocenc. Y cry slight c\"idence 
fOl' actiyity is obsclTable at the ground surfacc, es
pecially in i·he winter when SIIO\\' melts faster near the 
crest. of the terrace and condensation of watcr vapor 
is yisible ill "'arm fecblc gas seeps when atinospheric 
conditions are particularly fa yorablc. 

Temperature rclationships and the circulation 
pattei'll within the High Terrace must be interprctcd 
almost entircly fro1li (h·ill holc GS-2 (table 28: fi![. 40: 
structure sect ion~ on pI. :!). The detailed log of 't h~ hol~ 
"'as publ ishecl by ,'-hite, Thompson, and Sandberg 
(I!JG4~ tablc 3). 



) 

j 
)i 

I 
I 
I 

i 

, 
I 

) ! 
I 

HYDROLOGY, ACTIVITY, A.:.';""D HEAT FLOW C95 

The water table was penetrated at about 40 feet in 
depth. The temperature measured nearest the water 
table (71°C) was probably much below the original 
ground temperature, because of cooling by an uncom
monly large amount of introduced drill water; the 
water loss was high because the local rocks were brittle 
and brecciated, and because pressure of drill water was 
12-18 psi greater near the water table of GS-2 (~40 ft 
below surface) than in e!t·ill holes previously discussed. 

Below the water table, temperatures were about 10°C 
belo'" the theoretical boiling cUrYe down to a depth of 
300 feet; the maximum temperature of 161°C was 
measured at 303 feet. Temperatures then decreased 
slighthly at greater depths, probably because the hole 
penetrated the footwall of the principal channels of 
upflow of hot water, as indicated in a structure section 
of plate 2. 

Because much drill waJer was lost in drill hole GS-2, 
water samples showed no significant increase in chlo
ride over that of the drill water until 5 days after the 
hole was completed (table 28). Several zones of differ
ing chloride content could have been cut by the hole 
without detecting differences. This possibility is sug
gested by the fact that the erupted sample on Septem
ber 20, 1950, had nearly 50 percent more Cl than the 
nonerupted sample of September 21, although eruption 
of water from 160° to atmospheric pressure can account 
for only 11.8 percent evaporative concentration (fig. 30, . 
curve B). Either a low-chloride aquifer occurs below 
the cased interval or anomalous low-chloride water 
forms in the upper part of the hole, possibly by rising 
steam that condenses and concentrates near the water 
level. A low-chloride aquifer, perhaps from 150-190 
feet below the surface, is the preferred explanation. 

GS-2 was cemented to 129 feet (table 28) and cased 
but not cemented to 185 feet. The drilling of the hole 
must have changed previously existing circulation 
patterns in some unlmown way, because in the winter 
of 1950-51 steam and other gases escaped from nearby 
natural fissures at rates far greater than predrilling 
rates (fig. 48). The well was never erupted for more 
than a few minutes at a time, but a blocking of the 
casing at 86 feet in depth had occurred by May 1952, 
probably from deposit.ion of CaC03 in circulating 
water. 

The N evadh. Ore Minerals well shown on plate 1 was 
ell-illed on the east slope of the High Terrace some time 
in 1955, but no satisfactory dab were obtained. The 
well reportedly erupted continuously during its early 
life, but from about 1956 to 1965, it erupts periodically 
as n, geyser. 

Senges well (table 5: pI. 1) is near the east base of 
the High Terrace. A temperature of 145°C was meas-

264-856 0 - 67 - a 

FIGURE ,l8,-Condensing steam and other gases escaping vigor
ously near drill hole GS-2, High Terrace, from formerly 
inactive natural fissures. Water table about 40 feet below 
surface. Photograph by Dr. P. K. Ghosh, Geological Surrey 
of India, 1951. 

ured at a depth of 177 feet, which is about 147 feet below 
water level; the theoretical boiling point for this depth 
is 152°C. The well normally boiled vigorously when 
the v~lve was open but did not erupt spontaneously. 
vVhen an eruption was induced, a normal water-steam 
mixture was first ejected, followed within a minute or 
two by a steam phase with sparse water droplets. 
Temperatures clearly were high enough to sustain con
tinuous eruption, butpermeabilities of rocks in this 
well are evidently too low to sustain an adequate flow 
of water. 

The water table in the High Terrace was penetrated 
at an altitude of about 4,680 feet in GS-2; northward, 
the \vater table slopes to about 4,545 feet in the Harold 
Herz wells (table 5) and eastward to about 4,640 feet 
in Senges well and 4,580 feet in the Reno wells. No 
water-table data are available for the area just west of 
the High Terrace, but a mounding under the terrace 
with lower levels to the west as well as to east and 
north is probable. The hypothesized mounding should 
he caused by upflow of hot water in the fissure system, 
as in figure 6. The close approach of temperatures in 
GS-2 to the boiling-point cUr\'e is evidence that up
welling does occur in the High Terrace. The tempera
tures cannot possibly be explained by heat conduction 
alone or even by conduction as a major factor. Some 
water undoubtedly escapes into the most permeable 
wall rocks and flows to the east and north below the sur
face: some subsurface flow to t he west may also occur. 
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SI:o.""TER HILL 

The tempeJ"ature relationships and circulation pat
terns of Sinter Hill, an old faulted and extensinly 
eroded hot-spring teITace, are imperfectly kno"n 
(,,'hite and others, 1964, p. 51 and tahle 3). Xo springs 
han~ discharged from the hill since middle or late Pleis
tocenc time. Drill hole GS-6 is· located in the north
eastern part of the sinter deposits (pI. 1: fig. 36; 
table 32). 

Auger holes 1 and 2 are near the west. end of the hill, 
and auger hole 7 is on the north flank. 

Despite the fact that hot water has not discharged at 
the surface for many thousands of years, temperatures 
are rather high in G8-6. The measurement of May 
1952 (table 32; fig. 36) was only 18°C below the theoret
ical boiling-point curve for the environment. Heat is 
flowing from the water table largely by conduction, 
with relatively little transport by rising gases. 

The very low chloride content of 12 ppm in GS-6, 
eYen I1h years after completion (tnble 32), is evidence 
that the deep chloride water characteristic of other ter
races does not flow up to the. explored depths. The 
sampled water must be precipitation that falls on the 
area and percolates dowmya.rd, heated because of the 
high geothermal gradient. 

Auger holes A-I and A~2 are in a small basin just 
west of the crest of Sinter Hill. This basin is surrounded 
and underlain'by acid-altered rocks and has form:ed in 
part by subsidence caused by removal of matter by acid 
leaching. An old steaming well a few feet deep is on the 
southeast rim of the basin. ' 

The auger holes A-I and A-2 shown in figure 47 in
dicate a very rapid rise in temperature to depths of 6 
and 8 feet, where nearly saturated steam occurred. The 
water table was not penetrated and is likely to be at 
least 100 feet below the surface, judging from relation
ships in the nearby drill hole GS-6 and the Mercury 
well (table 5). 

Rather yigorous subsurface convection is indicated in 
the western part of the Sinter Hill area. Hot water 
probably rises along the northwest fault. that is one of 
thc structural controls of this basin (pI. 1). Tempera
turc at the water table must be at the boiling point, and 
considerable steam and other gases are eyolyed. Thc up
ward flow of steam is so hi.!!h that little is condensed ~ , 
except. yery near the surface ,,-here the thermal gra-
dient is yery strep and much heat can be removed bv con
duction. In A-2, for example, the temperat.ur~ rose 
about. (i5°e in the uppermost 1.4 feet of depth. 

The shapes of the temperature cun-es of A-I and 
A-2 (fig. 47) are characteristic of an em-ironment abo,-c 
the water table where considerable steam is beinO' 

"" e,-olved, but not at rates to permit escape at the surface 

(see Banwell, 1957a, p. 31). The hypothesized relation
ships are shown diagrammatically in the dashed-line 
cune for GS-7 (fig. 37). Similar relationships prob
ably also existed aboye the water table near drill hole 
GS-2 on the High Terrace before drilling. 

.. '\_-7 was driyen in a small collapse depression on the 
north flank of Sinter Hill. A temperature of 48°C was 
found at a depth of only 4 feet (fig. 47). Hard sinter 
prevented further deepening of the hole. 

SILICA PIT 

Springs have not discharged from the silica pit area 
(pI. 1), at least not since early Pleistocene time_ The 
area is characterized by intense alterat.ion and leaching 
by sulfuric acid, the chemistry of which is summarized 
by 'Vhite, Thompson, and Sandberg (1964, p. B45, 
B46). There is little surface evidence for abnormal 
heat flow in the area at present. 'Varm gases rise at one 
place near the base of the southeast wall of the main pit, 
where temperatur'es as high as 65°C were measured 
about 1 foot below the surface. 

GS-7 was drilled 300 feet southwest of the main 
quarry (pI. 1; fig. 37; table 33). The water table was 
penetrated at about 110 feet in depth. Original ground 
temperatures at greater depths were probably very 
close to the theoretical boiling-point curve to about 250 
feet. A maximum temperature of 161°0 was found at 
the bottom of the hole after a steady state was attained. 
In contrast to all other holes drilled below the water 
table in the Steamboat area, GS-7 after completion did 
not fill with water when its valve was closed. Steam 
,yithout water evidently rises from the bottom of the 
hole and is diverted into wallrocks at or below the bot
tom of the casing (325 ft). Some water evidently con
denses from steam in the cooler upper part of the cas
ing and drips downward; it could be collected slowly 
in a sampler lo"-ered near the bottom under pressure, 
but no standing water level was eyer identified after 
the hole was completed. All samples of ,Yater collected 
from GS-7 were very different in composition from the 
chloride waters of the flowing springs. An analysis of 
water from this hole is included in the sodium bicar
bonate type by ,Yhite, Hem, and 'Yaring (19G3, p. 
F 47) _ The origin of such watel' ,"as discussed by 'Yhite 
(H)57a). 

The measured temperatures in the upper part of 
G8-7 (fig. 37, CUITe A) suggest that original ground 
temperatures before drilling may haye been close to a 
straight-line gradient from the surface to the water 
table, presumably dominated by l'ock condition. The 
thermal conducti,-ities of three specimens of near-sur
face porous acid-leached rocks are all nearly identical 
and are only one-third as high as the conductiyities of 
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the altered rocks below the water table (table -!1). A 
geothermal gradient controlled entirely by conductidty 
of the rocks could then be relatively high. The near
boiling temperatures measured at the water table, how
e\"er, prO\'ide e\·idence for an acti\'e cOl1\'ection system; 
because the rocks aboye the water table are so porous, 
the vapor pressure of hot water at the water table must 
be nearly that of the normal air preSsure of the area. 
Some steam and other gases must then separate at the 
water table 'and rise into higher ground, thereby 
transferring some heat. The shape of the temperature 
curye above the \yater table before drilling was probably 
much more similar to the curves of A-I, ,,\,-2, and A-8 
shown in figure 4:7 than to a straight-line gradient. The 
actual temperatures measured in the upper part of the 
hole (fig. 37, curve A.) that suggested a straight-line 
gradient controlled by rock conduction are probably 
much too low because of excessive loss of cold drill 
water in these porous rocks. The estimated dashed-line 
curve B of figure 37 is qualitatively much more 
probable. 

MUD VOLCANO' BASIN 

Mud Volcano Basin, in the northwestern part of the 
thermal area (pI. 1) , was probably the site of a major 
mud-volcano eruption in middle or late Pleistocene 
time (White, 1955b). The rim of a small recent mud 
volcano is distinguishable near the south end of the 
basin (White and others, 1964, p. B43-B44). Little 
other surface evidence for present thermal activity 
exists, but temperature relationships in auger hole 8 
near the center of this small mud volcano prove con
tinued upflow of steam, gases, and heat (fig. 47). Depth 
to the water table is not known but is probably at least 
50 feet below the surface. Judging from the tempera
ture curves in figure 47, the rate of 1.l.pflow of gases is 
slightly:less than in auger holes A-I and A-2, but an 
active convection system is indicated in Mud Volcano 
Basin. 

CLAY QUA&R.Y-PINE BASIN AREA. 

The clay quarry which is about 1,000 feet northwest 
of N eyada Thermal Power Co. well 4 (pI. 1; White and 
others, 1964:, p. 52 and fig. 18) is an area of extensiye 
:dteration and leaching by sulfuric acid. There is little 
e\·idence for present activity, and most of the ground 
is cold. Condensation of water vapor in the southeast 
corner of the quarry was seen occasionally on cold days. 
An abnormal rise in temperature with depth is also 
evident in auger holes .\.-lOa and A-lOb (fig. 4:7). 
Depth to the water table is not known but is probably 
at least 50 feet below the surface, judging from the fact 
that an old well 1,000 feet farther to the west is 58 feet 
deep but does not reach water (table 39, X o. 80). The 
bottom-hole temperature of this well wasiO°C. 

Four geothermal exploration wells were drilled from 
19;"59 to 1961 in the hydrothermally altered area extend
ing east from the clay quarry to Pine Basin. Tempera
tures were measured in three of these four wells as 

. drilling progressed and are shown in tables 22-:24: and 
in figure 28. These three wells show marked similari
ties. Temperature in each increases rapidly to depths 
of 100-HO feet and then almost on a straight-line gra
dient to depths that range from 4:70 feet in X evada 
Thermal Power Co. well 6 to 550 feet or a little more in 
their well 4:. Temperatures at greater depths increase 
only slightly, and in well 5, clearly decreases below 700 
feet. 

Dati defining the water table are scanty, as is usual 
in geothermal drilling unless special attention is given 
to this important parameter. They are best for Nevada 
Thermal Power Co. well 6 (table 24). The driller's com
ment indicates clearly that the water table was inter
sected at a depth no greater than 95 feet. The shape of 
the temperature curve in figure 28 suggests that the 
water table in well 6 was close to 86 feet. The driller~s 
observations when the well was 300-400 feet deep sug
'gest a water table some 30 feet deeper. Confirmed 
changes of as much as 12 feet with deeper drilling were 
found in drill hole GS-2 (table 28), and lesser changes 
were found elsewhere . . Unless permeable channels are 
inter~ected, the water level cannot be closely defined in 
tight rocks if only short time intervals separate dis
turbances caused by drilling. Cable-tool drilling that 
removes cuttings and water by bailing depresses the 
water level, and indicated depths are likely to be 
greater than equilibrium levels unless bailing is more 
than offset by addition of water. 

The water table was probably intersected in Nevada 
Thermal Po,~er Co. well 4 at about 95 feet below the 
surface. The depth of 217 feet suggested by the driller 
(table 22) had a measured temperature close to 112°C 
when first penetrated by t.he drill; this is obviously 
much too high for a water table in direct contact with 
the a.tmosphere through fractures and porous leached 
rock. The water table in Nevada Thermal Power Co. 
well 5, just 900 feet northwest of well 4, is probably not 
more than 130 feet below the surface and is likely to be 
about 120 feet, judging from the temperature curve. 

The temperature record of Nevada Thermal Power 
Co. well 4: suggests zones of circulating thermal water 
at depths of about 90 to 14:0 feet, 540 to perhaps 570 
feet, and near the bottom of the hole . .A cooler aquifer 
is suggested near ;")i5 to 600 feet. The low chloride con
tent (4:5 ppm) of the water sam pIe collected when the 
depth was 520 feet suggests, however, that this water 
was largely from shallow meteoric circulation, heated 
in the high geothermal gradient. ,Vater erupted from 
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the well after completion had a nearly normal chloride 
content. of 874 ppm. 

K eyada Thermal Power Co. well 5 may intersect 
zones of actinly migrating thermal water near 130, 
3-:1:0, 530, and 700 feet in depth. Migrating cooler water 
may exist, near 3~[j feet and near or below the bottom of 
the hole. 

Kcyada Thermal Power Co. well 6 may have thermal 
zones from DO-140 feet and at 310, 470, and 625 feet. 
Cooler water is suggested near 575 feet and perhaps 
locally elsewhere. 

The maximum temperature of the deep wells in this 
area are close to or slightly above lS0°C, which is a 
little higher than the maximum of 172°C measured in 
the most active spring terraces. The explanation for 
the higher temperatures in the western area, where 
there is no direct discharge, is not clear. 

HEAT FLOW 

STEAMBOAT SPRINGS SYSTEM 

Much interest has been shown in recent years in the 
total natural heat flow of individual hot-spring areas 
(see summary by \Vhite, 1967 a). The total heat flow is 
a very useful parameter in exploration of an area for 
geothermal energy, providing a first approximation of 
the minimum rate at which heat can be withdrawn for 
power development of water or steam (Bensemp.,n, 
1959a; Bodvars'son, 1964). The total heat flow before 
drilling is also the most significant reference base for 
evaluating effects of accelerated withdrawal from a pro
ducing geothermal field (White, 1964, 1967a). 

In low-temperature spring systems from which all 
circulating water is discharged at the surface and none 
escapes unseen below the surface, the approximate total 
heat flow is determined easily from rate of discharge 
of water and discharge temperature. Fukutomi (1962) 
found that conducted heat flow from such low-tempera
ture areas accounts for only about 10 percent of the 
total and that discharging water accounts for about 90 
percent. The actual proportion will yary with the 
magnitude of discharge of water and the size of the 
arell iuyolved in discharge and conduction. ,Yhere dis
charge is ,"ery 10,,· and the area ill\"olnd in conduction 
is high, the rising water loses most of its heat by con
duction. In extreme cases, where. discharge is less than 
1 gpm, a mineral water of deep origin can be near the 
mean annual temperature, ,,·ith nearly 100 percent of 
its original heal COlllent, lost hy concluction. 

The total heat ftow from a spring system is much 
more diffie-ult to measure where water escapes unseen be
low the surface (Benselllan, 1D5Db), or where a large 

part of the total 'escapes in steam or by rock conduction 
under the influence of extreme near-surface geothermal 
gradients (Benseman, 1D5Da; Dawson, 1D64). 

,Vhite (1$)67a) has summarized almost all estimates 
and measurements of total heat flow published through 
1D6:2 for hot-spring areas of the world. In near-boiling 
systems that. lost much heat, in steam, temperatures are 
likely to rise rapidly just below the surface, closely 
controlled by the boiling-point curve. At some depth 
that depends on the temperature of the upwelling sin
gle-phase liquid \yithout. Yapor, the temperatures tend 
to level off, showing little further increase within ex
plored dept.hs. The most. reasonable explanation for this 
commonly observed phenomenon is that water is cir
culating in a huge convection system below explored 
depths and attains a base or levelling-off temperature 
that is characteristic for each system, depending on the 
rate of flow of water and heat in the system, similar to 
the idealized models of Donaldson (1962, figs. 2, 6). 

After heating to the base temperature, as suggested in 
figure 3 the water rises by c€lnvection within the core 
of each system because of density differences related to 
thermal expansion. Little change in temperature oc
curs in the rising insulated mass until decreasing pres
sure near the surface permits a vapor phase to form. 

This picture is no doubt much oversimplified for sys
tems with two or more coilVection cells or systems with 
convection rates so low that temperatures differ little 
between downflowing and upwelling parts, as in the 
curves of least contrast considered by Bredehoeft and 
Papadopulos (1965, fig. 2). Nevertheless, the method 
does permit an easy means for estimating the heat flow 
of the system, provided that (1) the rising water is 
relatiYely high in a very soluble constituent such as CI 
or B that is present only in low concentration in the 
normal surface and ground waters of the area; (2) all 
the tracer constituent in the thermal wat€r is discharged 
by one means or another into a river or stream that can 
be monitored, as Steamboat Creek was monitored, to 
proyide the data for tables 36, 38,' and 40; and (3) sub
surface drilling has proYided a reasonable base or 
"Ieyeling ofF temperature. 

,Ve ha'·e seen that the best figure for the CI content 
of deep upwelling water of the Steamboat Springs sys
tem is near 820 ppm, and this figure, together with dis
charge and chlorinity data from Steamboat Creek at 
Hufl'aker Hills, is used to calculate a total discharge 
of 1,180 gpm from the system. 

rsillg this discharge fig-Ilre, a base temperature of 
175 0 C, and a mean anllual temperatlll·e of 10 0 C, the 
total heat. flow of the Steamboat Springs thermal sys
tem is calculated as 11.8X 10" cal per sec, using the for-
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(
<Tal) (" cm3 per sec) Illula-total heat flo\\"= 1130!2...,- 63.1 
mm !rpm 

(1 C~3) (1 ;:6) (li5°-100C). 

.\. more conselTatin estimate of 7 X 10'1 cal per sec 
for t he heat fio\\", based on estimated total discharge of 
only 700 gpm from the system, was published by \Yhite 
(H)57a). Other measurements have indicated at least 
as much as 1,300 gpm, equiYalent to 13.5 X lOG cal per 
sec of heat flow. 

The mean heat flow of the earth (Lee and Uyeda, 
1065) is about 1.5p. cal cm~ sec, or 1.5 X 10' cal per km~ 
sec. The Steamboat Springs system, with an area of 5 
km~ pI. 1, has a total upflow of heat equindent to 780 
kIn2, or an anomaly at least 150 times 'normaL' Does 
some mechanism exist for deep circulation of water that 
collects the heat of a large surrOlmding area and funnl'ls 
it through a small hot-spring area ~ The following sec
tions examine this possibility, first assuming "normal" 
heat flow for the region and then some higher regional 
heat flow that is significantly above the world average. 

TRUCKEE MEADOWS AND OTHER NEARBY B.A.SINS 

If the heat flow of the region were near the crustal 
average, with circulating water of the hot-spring system 
absorbing most of this heat and funneling it into the hot
spring system, the surrounding region should actually 
be subnormal. This would be necessary to offset the 
strikingly abnormal flow of heat that is discharged in 
hot-spring water and steam. 

No heat-flow data are available from the surround
ing region. The only data we have to assess the possibili
ties consist of temperatures measured in wells, nearly 
all of which were drilled for domestic or industrial 
water supply. Moreover, nearly all these wells were 
drilled in the basin areas, constituting roughly 120 
square miles of the 350 square miles of total area that 
drains into Steamboat Creek and Truckee Meadows and 
could be involved in the hypothesized convection system. 

Table 39 includes 155 wells, most of which have some 
temperature data. For many of these wells, only tem
peratures of flowing tap water or artesian flow are 
available, providing probably minimum bottom-hole 
temperatures. Some additional data from the Truckee 
Meadows basin are available from Cohen and Loeltz 
(1064, table 5). 

Figure 40 shows the best available data from wells of 
the region', exc.luding those within the immediate ther
mal area and within a, broad belt that extends north
ward from the springs to Huffaker Hills. These ex
cluded wells are likely to be influenced thermally by 
subsurface flow from the spring system (Cohen and 
Loeltz, 1064, pIs. 1-3). 

In figure 40, reported temperature is plotted against 
the measured or reported depth of each well. :\Iost of 
the wells are in basin sediments unsaturated with water 
to depths that are generally only a few feet but are 
rarely as much as 100 feet or more. In the absence of 
measured thermal conducti ,"itics for thc rocks ;wd sedi
ments actually inyolyed, a reference line of a "normal" 
geothermal gradient is shown, calculated by assuming 
a "normal" heat fiow of l.;)P. cal per cm~ sec and a con
ductivity of 3 X 10-3 cal per sec cm °C. \Ye see that only 
13 points faH on or below this line and more than half 
of the points indicate geothermal gradients of at least 
two times the reference "normal" gradient. 

A closer examination of some individual points sho"l1 
in figure 40 is of interest. Points 102 and 103 are in 
Tmckee River sediments in and west of Reno; their 
low temperatures are probably related to relatiyely 
rapid inflow of water from the Tmckee River. Point 2 
is from a shallow "ell in the upper part of the Galena 
Creek fan near the base of the Carson Range. Since 
Galena Creek is fed by melt water and the average tem
perature of inflow into the fan sediments is no doubt 
significantly less than lOoC, the local geothermal gra
dient in this well may not be anomalously low. 

Points 17, 32, 40, and 74 are all near the lower part of 
Whites Creek, and point 19 is near the lower part of 
Thomas Creek. Their low temperatures may be due to 
relatively rapid recharge from these creeks, which drain 
the Carson Range just north of Galena Creek. The wells 
in the lower Whites Creek drainage al'e in or near a con
spicuous structural graben cutting pre-Lake Lahontan 
sediments 2 miles northwest of the thermal area. These 
graben faults may be significant structural channels for 
recharge for the Steamboat Springs system, as suggest
ed in figure 4. The relatively low temperatures in wells 
in and near the graben are consistent with this hypoth
esis. Cohen and Loeltz (1964:, p. S21) note that total 
seepage losses from \Vhites Creek in the 3 miles of 
streambed just' west of the graben are about 300 gpm, 
but streamflow was not measured within or east of the 
graben. 

Unfortunately, a good net of deep-well temperatures 
is not available for most of the Galena Creek fan west 
of Steamboat Hills. If a major part of the recharge of 
the system occurs west of the hills along the east front 
of the Carson Range, as fayored by the stable isotope 
data SUlllllUtrized in an introductory section and as sug
gested in the model shown in figure 4, subsurface tem
peratures in this western area should be anomalously 
low. The study by Cohen and Loeltz (1064) pro\"ides no 
additional data bearing on . this problem. 

The isotope data and the sulfate contents of the ther
mal waters are easier to explain if some recharge occurs 
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from high-sulfate streams draining the Virginia Range 
east of the springs (see Cohen and Loeltz, 1D64, pI. :3). 
This possibility is not supported by the limited temper
ature data ayailable. Points :3, 23, 24, 52, 53, and DD-101 
are all near the western base of the Virginia Range east 
of Steamboat Springs. If a high rate of recharge exists 
in this area, subsurface temperatures should be low. The 
average geothermal gradient in these 8 wells is at least 
lOoC per 100 feet, or 10 times "normal." Their relati,"ely 
high temperatures may be influenced by close proximity 
to the hot upwelling part of the Steamboat system, 
more than oti'sets the cooling effects of dmvnflow. 

CARSON A;:"""J} VIRGINIA RANGES 

The parts of the Carson and Virginia Ranges that 
drain into Steamboat Creek and that might be involved 
in the recharge of the Steamboat system constitute 
about 230 square miles of the total of 350 square miles 
that could be involved. Unfortunately, almost no sub
surface temperature data are available from this large 
area, because of its small population and its lack of need 
for water wells. 

The relatively high subsurface temperatures in the 
Comstock Lode just east of the crest of the Virginia 
Range only '7 miles southeast of the Steamboat Springs 
are well lmown (Thompson, 1956, p. '72; Becker, 1882, 
p. 386). The upflow of hot water in the mines has been 
regarded by some as an end stage of the ore-forming 
processes, and by others, including the present author, 
as more probably a subsurface hydrothermal system re
lated to high regional heat flow but not closely related 
to ore deposition. With almost no data from elsewhere " 
in the ranges, we cannot distinguish between these two 
possibili ties. 

A single drill hole with two observation points shown 
as 12a and 12b in table 39 and figure 49 provides our only 
other clues. This hole was drilled 4 miles north of Vir
ginia City in an area of acid-bleached andesitic rocks, 
propylitized and unoxidized at depths below about '70 
feet (for summary of log and alteration, see Thompson 
and White, 1D64, p. A28). The hole was drilled 656 feet 
deep by a small rotary rig in an unsuccessful search for 
gold and silver ore. Viscous mud was left in the hole at 
the time of completion. The day after circulation of mud 
ceased, the thermometer could be lowered only to 364 
feet, 's·here a temperature of 17.2°C (point 12a) was 
measurecl;" the original ground temperature unaffected 
by circulating mud must 11:1'"e been considerably higher. 
:More than G months after completion of the hole, the 
accessible depth was only 144.7 feet where the measured 
temperature was 14.2°C (point 12b). This is probably 
much closer to an equilibrium temperature than point 

12a, but many complicating factors prevent reliable 
analysis: 

1. The mean annual temperature at 6,:300 feet altitude 
is considerably less than the usual reference of 
lOoe and is probably close to ;"j~C: 

2. Oxidation of sulfides in the upper ;iO feet may coun
terbalance the al)(")\"e, at least in part: 

:3. The water table is from 42-1:3 feet deep, and ground 
water is probably migrating westward to the steep 
front of the Virginia range ; 

4. Conducti"ities of propylitizeclulloxiclized andesite in 
the hole are nIl close to 5.5 X 10-3 1 per cm sec °C 
(samples numbered 387, table 41), which is close to 
:n'erage igneous rocks: the oxidized rock nbo,"e the 
water table was not cored, and its thermal con
ductiyity is not lmown; 

5. In spite of all these uncertainties, a geothermal gra
dient of two or three times "normal" seem likely 
for this hole. 

Our knowledge of heat flow from the mountainous 
75 percent of the area is therefore highly unsatisfactory. 
There is some indication that heat flow is at least twice 
"normal," but for lack of better data, it will be con
sidered only 1.5 times "normal" in the following section. 

TOTAL HEAT FLOW AND IMPLICATIONS 

We have seen that the upwelling water of the Steam
boat system transports about 12 X lOG cal per sec of heat. 
A part of this total is discharged from the immediate 
thermal area (--5 km2) in steam and hot water and by 
conduction to the surface through the shallow parts of 
the system that have very high thermal gradients. 
About a third of the total heat included in the above 
estimate, however, is contained in very hot water that 
flows northward below the surface. This water.is cooled 
extensively by mixing with cooler meteoric water and 
by thermal conduction to the surface. The area of di
rect influence by Steamboat upflow and northward out
flow of heat is considered to be about 3 miles wide and 
6% miles long; it includes Steamboat Springs near its 
southern end and extends northward to Huffaker Hills. 
This area of possible direct influence contains about 20 
square miles, or 50 km2

• 

Other basin areas probably not influenced directly 
by upflow of heat in fluids of the Steamboat system 
include other parts of the Truckee ~Ieadows basin (70 
sq mi, or ,.....,175 km") and 'Vashoe basin (30 sq mi, or 
,.....,75 km"). The heat flow from these other basin areas 
is liot known, but temperature data from water wells 
suggest an :L\"erage of two or three times the "normal" 
crustal heat flow. 'Ve shall assn me the more consecutive 
fib"llre of two times "normal," or 3fL cal per cm~ sec for 
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the 250 km" in these other basin areas, or about 8X10G 

cal per sec. 
The ~30 square miles (,...,600 km:) of mountainous 

area that drains into Steamboat. Creek and Truckee 
~Ieaclows and that might. be im·oh·ed on a huge scale 
in recharging the Steamboat Springs system is Hen 
less ,,·ell kllown. The scanty data yield, no eyidence 
that heat. flow from this area is subnormal or enn as 
10,," as ;;normal.:' If we assume 1.5 times "normal" or 
2.2}l cal per cm: sec for 600 h.111~ of area, its heat flow is 
13 X lOG cal pcr sec. This estimate admittedly may be very 
inaccurate, but it is as likely to be too 10"" as too high. 

The flow of heat from the total drainage area of 350 
square miles (,...,900 1..11l~) thus is probably at least 
20 X lOG cal per sec, and a more likely figure is 35 X lOG 
cal per sec; these estimates are equivalent to the heat 
flows from 1,300-2,300 km~ of "normal" area. If the 
lo,,"er value is assumed, the average heat flow from this 
large area could be as little as 1.5 times "normal" if no 
heat flows directly to the surface within the mountain
ous areas; an average of at least 2.5 times "normal" 
seems much more likely. 

Up to this point a crustal average heat fiow of 1.5}l 
cal per cm2 sec has been used as the standard for com
parison. Scanty data from the Basin and Range province 
(Lee and Uyeda, 1965) suggest that the whole province 
may be characterized by abnormally high heat fiow, per
haps as much as 1.5 times the crustal average. If this 
is so, the Steamboat drainage area could have an aver
age heat flow that is no higher t11an the provincial aver
age, if the whole drainage area is actually involved in 
recharging the hydrothermal system, and if' rate of 
downfiow of water throughout most of this area is so 
high that geothermal gradients are effectively zero. 

The total calculated discharge of 1,130 gpm of deep 
water from the system is equivalent to 4,300 liters per 
minute, or about. 7 x.10 4 cm3 per sec. If recharge of this 
water were distribut€d uniformly over the total drain
age area of 900 km: (9 X 101~cm2), 1 cm3 of recharging 
liquid water must pass through each square centimeter 
of surface area in 1.3 X lOS sec, or about 4 years . .At such 
a low rn.te of inflow (a little less than 1 percent of the 
ayerage precipitation), the geothermal gradient ,,"ould 
be decreased slightly but not nearly to the zero gradient 
demanded by the model. 

A much more realistic model assumes that recharge 
occurs only in certain parts of Truckee Meadows basin 
and that ,Yashoe basin and the mountainons parts of 
the whole drainage area are not inyoh·ed. Furthermore, 
we shall assume from prCYiolls calcu1ations that total 
heat flo,,· from this basin area consists of 12 X lOG 
caJ per see from upflow ill the Steamboat, system, plus 
about S X lOG cal per see from the palts of Truckee 

Meadows basin not directly a1i'ected by the Steani.boat 
upflow. ,Vith these a!;sllmprions, :20 X lOG cal per sec of 
heat is flowing from about 90 square miles (235 km:) 
of area. Since "normal" heat flow from an area of this 
size is about 3.;) X lOG cal per sec. the indicated heat flow 
for the whole basin is nearly six times "normaF and 
the anomaly abon ;;normal" that is to be accounted for 
is about Hi X lOG cal per sec. 

If the anomaly is on a broad regional heat-flow high 
that may characterize the whole Basin and R41.nge 
province (Lee and Uyeda, 1965, p. 100) and the average 
in this province is assumed to be 1.5 times the crustal 
a verage, then ~O X lOG cal per sec of heat is flowing from 
an area that should have only 5 X 106 cal per sec of heat 
flow. On this basis, the local anomaly is four times 
greater than the regional average, but its excess of 
15 X 106 cal per sec is not much different from the previ
ous calculation of 16 X lOG cal per sec. 

·White (1957a, p. 1642) has suggested that abnormal 
heat flows of this type can be computed to equivalent 
yearly requirements of cooling and crystallizing magma. 
Assumptions are that the magma is granitic and initi
ally molten at 900°C, and that it crystalliZ€s completely 
as it cools to 500°C; the mean heat of crystallization of 
granite is 75 cal per g, and its heat capacity through 
the stated temperature range is % cal per gOC. With 
these assumptions, the total available heat is 175 
cal per g, or about 4.7 X 1011 cal per km3 (density assumed· 
2.7). The thermal anomaly of 12 X lOG cal per sec directly 
related to upflow in the Steamboat Springs thermal sys
tem is equivalent to an annual requirement of 0.0008 
km3 of magma. If the indicated anomaly from the whole 
Truckee Meadows basin is 15 X lOG cal per sec above the 
regional heat flow assumed for such an area, the magma 
requirement is 0.001 ~3 per yr. 

The age of the Steamboat Springs system is at least 
100,000 years, probably more nearly 1 million years 
(Wbite and others, 1964) . .A magma supply of batho
lithic proportions on the order of 100-1,000 km3 is re
quired to supply heat in such quantities and over such 
a long period of time. 

.:\. batholith intruded into the. shallow crust and then 
remaining static as it cools and crystallizes is not a 
satisfactory answer to the heat-flow problem unless the 
fissure system for the circulating water can extend 
itself by some means deeper into the batholith as stored 
heat is remoyed at higher leyels. One alternatin that 
can maintain nry high thermal gradients between 
conduits of circulating water and heat source is con
tingent. UPOIl ('onyec:tion withill the magrna chamber. 
This possibility is l1lost att ractiye ·in proyiding a model 
that call account fCll" II t hel1wtl anomaly oyer tells and 
hundreds of thousands of years C\Vhite, 1D5ia: Shaw, 
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1£)65, p. Hi), but the yiscosities of granitic magma are 
so high that conyection may be precluded. Very slow 
conYection may still occur in large masses in spite of 
high yiscosities; actual "iscosities in the crust may be 
lower, for some season, than indicated by laboratory
determined "iscosities; or the actual magma chamber 
Illay be anclesitic or basaltic, with viscosities lower than 
in a granitic magma. 

A second alternatiYe im'olYes progressin downTI"ard 
extension of·the fracture system controlling com-ectil-e 
circulation of meteoric water. This alternatiyc is 
{a,-ored if conYection in the magma chamber is proyed 
to be improbable. 

Other alternatiYes that might also be im-oked to ex
plain an unusually high steady-state flow of heat in
volve radioactiye decay of one or more of t.he elements 
potassium, uranium, and thorium. All available. data 
on the rocks of the region and their contents of radio
active elements indicate no marked abnormalities on the 
scale adequate to account for the huge thermal anomaly. 

REFERENCES 

Allen, E. T., and Day, A. L., 1935, Hot Springs of the Yellow
stone National Park: Carnegie Inst. Washington Pub. 466, 
525p. 

Anderson, Robert, 1910, Geology and oil prospects of the Reno 
region, Nevada: U.S. GeoI. Survey Bull. 381-D, p. 475-489. 

Bailey, E. H., and Phoenix, D. A., 1944, Quicksilver deposits in 
Nevada: Nevada Univ. Bull., v. 38, no. 5; Geology and 
!\Iining Ser. no. 41, 206 p. 

Banwell, C. J., 1957a, Origin and flow of heat, in Physics of the 
New Zealand thermal area: New Zealand Dept. Sci. Indus. 
Research Bull. 123, p. !}-s7. 

- '--1957b, Borehole measurement, in Physics of the New 
Zealand thermal area: New Zealand Dept. Sci. Indus. Re
search BUll. 123, p. 39-71. 

---1963, Thermal energy from the Earth's crust, intro
duction and Pt. 1: New Zealand Jour. Geology and Geo
physics, Y. 6, no. 1, p. 52-69. 

Becker, G. F., 1882, Geology of the Comstock lode and the 
Washoe district: U.S. GeoI. Survey Mon. 3, 422 p. 

---1887, Natural solutions of cinnabar, gold, and associated 
sulphides: A.m. Jour. Sci., 3d ser., Y. 33, p. lll9-210. 

---1888, Geology of the quicksilver deposits of the Pacific 
slope, with atlas: U.S. GeoI. Suryey :\1on. 13, 486 p. 

Benseman, R. F ., 1951la, Estimating the total heat output of 
natural thermal regions: Jour. Geophys. Research, Y. 64, no. 
8, p. 1057-1062. 

---lD5Db, Subsurface discharge from thermal springs: Jour. 
Geophys. Research, Y. 64. no. 8, p. 1063-1065. 

Blake; W. H., 1864. Xotes 011 the geology and mines of Xevada 
TerritorY (Washoe region. U.S.) : Geo!. Soc. London Quart. 
,J our., v. :!O, p. 317 -3:!7. 

Bodnlrsson, Gunnar, 1!J6-!. Utilization of geothermal energ~- for 
heating purpo~es and -combined schemes im-olving power 
generation, heating, and/or by-products: United Xations 
Conf. Xew Sources Energy, Rome lll61, Pro-c., v. 3 (Geo
thermal Enegry 2), p. 429-+18. 

Brannock. W. W .. Fix. P. F., Gianella. V. P., and White, D. E .. 
llJ4S. Preliminary geochemical results at Steamboat 
Spring>;. Xevalla: Am. Geophys. Union Trans., \". :.!!). no. :!. 
p. 211-2'26. 

Bredehoeft, .T. D .. and Papadop·ulos. 1. S .. 1DG;). Rates of vertical 
groundwater 1lI0\'enwnt ('~tilllated from the Earth's thermal 
protile: \Yater Resources Re~earch, \'. I, no. :!. p. a:.!;)....:32S. 

Browne, J. R .. lS68. Report on the mineral resources of the 
States and Territories west or the Rock~' :\[ountains: Wash
ington. U.S. Treasury Dept., 674 p. 

Browne, J. R., and Taylor, J. W., 18G •. Reports upon the mineral 
resources of the United States: Washington, U.S. Treasury 
Dept., 674 p. 

Cohen, Philip, and Loeltz, O. J. , 1!J6-!. Emluation of hydro
geology and hydrochemistry of Truckee :\[eadows area, 
'Washoe County, !\e\'ada: U.S. Geo!. Surrey \Yater-Supply 
Paper 17T!.)-S, G3 p. 

Craig, Harmon, 1ll61a, Isotopic variations in meteoric waters: 
Scienee, \'. 133, no. 3465, p . 1702-1703. 

--- 1961b, Standard for reporting concentrations of deu
terium and oxygen-18 in natural waters: Science, v. 133, 
no. 3467, p. lS33-1834. 

Craig, Harmon, Boato, Gio\'anni, and White, D. E., lll56, Iso
topic geochemistry of thermal waters [chap.] 5 of Nuclear 
processes in geologie settings: XatI. Research Council 
Comm. Nuclear Sci., Nuclear Sci. Ser. Rept. 19, p. 29-38. 

Darton, Nelson, H ., 1906, The hot springs at ThermopOliS, 
Wyoming: Jour. Geology, Y.14, p. 194-200. 

Dawson, G. B., 1964, The nature and assessment of heat flow 
from hydrothermal areas: New Zealand Jour. Geology and 
Geophysics, Y. 7, no. 1, p. 155-171. 

DeQuille, Dan, 1947, The big bonanza: New York, Alfred A. 
Knopf, 439 p., repub. of Wright, William, 1877, the history 
of the big bonanza: Hartford, Conn., American Publishing 
Co. 

Donaldson, I. G., 1962, Temperature gradients in the upper lay
ers of the earth's crust due to convective water flows: Jour. 
Geophys. Research, Y. 67, no. 9, p. 3449-3460. 

Ellis, A. J., 1959, The solubility of carbon' dioxide in water at 
high temperatures: Am. Jour. Sci., Y. 257, p. 217-234. 

--- 1962, Interpretation of gas analyses from the Wairakei 
hydrothermal area: New Zealand Jour. Sci., Y. 5, p. 434-452. 

Fukutomi, Takaharu, 1963, On the underground temperature in 
hot spring localities: Butsuri-Tanko, Y. 16, no. 1, p. 18-20. 
[Japanese, with English abstract] 

Gianelli, Y. P., lll36, Geology of the Silver City district and the 
southern portion of the Comstock Lode, Xevada: Nevada 
Uniy. Bull., Y. 30, no. D, GeoI. and :\Iining Ser. no. 2!), 105 p. 

Hague, Arnold, and Emmon, S. F., 1877, DescriptiYe geology: 
U.S. GeoI. Explor. 40th Parallel (King), Y. 2, SDO p. 

Henderson, John, lll38, Te Aroha thermal water: !\ew Zealand 
Jour. Sci. Tech., '-. 1!), p . 721-731. 

Jones, J. C., lll12, The occurrence of stibnite at Steamboat 
Springs, Xevada: Science, new ser., v. 35, p. 775-776. 

--- lllH, The occurrence of stibnite and metastibnite at 
Steamboat Springs, Xe\'ada [abs.] : Geo!. Soc. Am(,:'ica Bull., 
\-. :.!5, p. 126. 

Keenan, J. H., and Keyes, F. G., lll36, Thermodynamic proper
ties of steam: Xew York, .Tohn \Viley & Sons, Sll p. 

KlUnne, F. W ., lS80, Die periodischen Schwankungen des Was
ser:;pil'g"els in den ill\'ondi~ten KohlenschUcten \'on Dux in 
del' Periode yom :-; April bis 1;; Sl'pternbl'r ISm: K. Akad. 
Wiss., Wien, :\[ath.-natur. C!., Y. 81, sec. 1, Jahrg. 1880, 
no. 1-5. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

GENERALIZED 

Mines Library 
University of hlevada - Reno 
Reno. Nevada 89557-0044 

PROFESSIONAL PAPER 458-C 
PLATE 

Generalized from White, Thompson. and 
Sa.ndberg (1964, pI. 1) 

EXPLANATION 

Sinter 

III 
Alluvium 

D 
Basaltic andesite of 

Lousetown Formation 

Granitic and metamorphic 
rocks 

u 
D 

Fault, fissure 
U, upthrown side; D • downthrown side 

GS-B -<r 
Drill hole 

-<rRodeo 

Well 

0"45 

Spring 

N 

1 

>-
0: 
<{ 
Z 
0: 
W 
l
.e:( 
::J 
a 

120." :lS:'-=::::::::r.2~0~~~~ ______ ~1~19~·~4~5~' ________ ~1~19;·~3~0~"-=-____ -r~1~1~9·1~ · 
39'45' r 

39'00' 

10 MILES 

--~---I 
NEVADA I 

, Ar~a shown on 1\ 

Index map 

0-1' I 
v~'~ I 

04'"",.., r-1 
-1 ,~ 

'(~:S~;::) Area . outllnod by hachuro. 
38-45' L-~. __ ~~ ____ -J ______ ~~ ____ U-__ ~~~ar~e~h~,g~h~e~r~th~a~n~7~.~~~ft~ __ ~ 

LOCATION OF STEAMBOAT SPRINGS THERMAL 
AREA. WASHOE COUNTY , NEVADA 

GEOLOGIC MAP OF STEAMBOAT SPRINGS THERMAL AREA 
WASHOE COUNTY, NEVADA 

500 
I 

o 
I 

500 
I 

1000 FEET 

I 
CONTOUR INTERVAL 100 FEET 204-0511 0 - 07 (In poc,,"ul) 



UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

-"--. 

.. _-....." 

, 

+++++-t 
+ + + + + + 

+++++++ 
+ + + + + + + 

+++++++ 
+ + + + + + + 

+ + + + + l' + 
+++++1' 

+ + + + + l' + 
+ + + + + l' 

+ + + + K+rl + + 
+ + + +,g ..... + + 

+ + + + + + + 
+ + + + + + + 

+ + + T + + + 
+- + + + + + 

t + + + + + + 
+ + + + + + 

• + + + + + + 
++++++ 

t + + + + + 
+ + + + + + 

.. + + + + ,+ 
+ + + + + 

• + + rI--±..-"f 
+ + 

• + + + + 
~ + + 

+ + 
, + 

/t.PP~ O~I M"" [ ",CAN 

DECLIN"'UOH. 1961 

Opaline sinter 
Stippled where disintegrated 

bl! acid 

Alluvium contemporaneous 
with Lake Lahontan 

Qalc, opal·ce1nented sand and 
silt 

>-
0:: 
« 
Z 
0:: 
W 
f« 
=> o 

L 
\ 

\ 
\ , 
I 

~ 
\ , 
\ 

"-\ 

W''""'""" '" \\ 

, 
, 

\ 

\;- 'i\ " \,,\ \~ \\ 

'L_:" \ -:~ \ 
I I 
, I 
, , 
, I 

i I 
o , 

'II( Il \\ C1~~,,',', \. "'- ',, ff/O~~)~ \ \ \:, 
/ I, \ \ I 
: I I I 

Qs 1[3:1~ / / \ II I 

, I 

I I 
I 

I I': i I \ \ I I ,I 

\ I
i // ;3 1s I \ I \ I : 

32 :.' - i II I i 
, t, I ~ 32e' i I II \ i 

\ la95t I) l (,.- \ ' 32~e I' I', I 
I V (-- \ ~ L \r i \ ~ , .... =:\ (- ! ;-' I J) 1 ) --~i :jj ~J.( I.. \ 0 I' 

I )rJ i .------~ \' Ii I ,f \ 
I '\; ........ \' r 
\ "~ ~ \ \., \" 1/ I ,i \\ I ,,"'-', \ \ 
I '" ." \ \ ' I i ii j / 

EXPLANATION 

+ + + } 4:1Il + -Kgdi- f- =>0 
+ + + W o::w 

Granodiorite U U 

Approximately located c""tact 

Fissures 
Solid where open; daahed where 

closed and/illed 

-... --
Natural openings 

~c~--~ ' \ I II' /I/! 

/ /~/ ! III /( § 
i 47 / I 1 I , ~ 
I . I ' I \ g 
I .''1T~,nJ' ! I! \ / " ~ 

'; / I I \, _"-_/ I, ~ l : ,'---,( , Q 

I '-- l I \ " \ Qalc -- ( 0 

, l :r ) f' 1-, \, ~ + 1 ~45)a~soat I ~ ' ~ 
if J _=v, rjt.earnboat lU 

i ~ 1 ,~ ReSOIL] ~ 
I ' , " \ I ~ \ ' j Iii) Q 

'\ 'II .J .J <: 
\ I //il <=; " 
I' ' '. I ..., !\ 

I II i: _--1 <: , I / Ii ~--, ~ I I !, ' I ~ 
! I /I/.!/ 
! 'I i 11/ f~-l 
' /// 11 - , 

I " IlL! J{ ! I ! / / 
I /,1 J (~~<.> 

Sinter cone and ridge Spring 
Numbers indicate measuring points 

c::::= ~ 

Manmade trench and pit 

4 5 ,1 

Geological Survey drill hole 

-9-ROdeo 

Well 

.,: 
Plugged or abandoned well 

Pre-Lake Lahontan alluvium 
Alluvium cemented by opal 

from /wt-8pring watera 
S/Wwing approximate aize and shape 

~~~~ 
, . - \ 

1/ ~ I 

/ ' / .~ I 
I I 
I 

, I 
:00: 
/' Qs 

f 
I 

" --" 
'0' , 
I 
I 
I , , 
I 
I 

. 1/, 
: ! '21w " r' 

\ 

" \ " , , 
( _. -\~Ii 
~ \)11 

+ 
+ 

+ + 
+ + 

+ + + 
+ + 

+ + + 
+ + + 

+ + + + 
+ + + + 

+ + K+ rl + + 
+ -I' g.,. + + 

+ + + + + + 
+ + + + + + + 

+ + + + + + + 
+ + + + + + + 

Ii 

'r3E 

\ 
,1 
'. \ ' 

, 
,I , ! 
I" I I 

I I , , 

I, ~ ;' r 18 

.- _/ ~ 

\ 

--.', 

\; 
\ 

! 
! 

1 
\ , , 
'5E 

0 , 

\ 

\ 

J 

~ ~ . 1\ 
'" '\, \ 

\ \ 
\ \ 
\ : . \ 

\ 
I \ !, 

,J-;;v- j. " 

I II / 
i I I 

\ \ : 
i' iii . I I I 

, / / i!J 
i ~ 

I 

/ 
: i ' Q 

J i i S 

\ ' ) j 
\, , " I 
I ' 
I I 
I 
! 

,/ I 
J ./ 

: / ;' 

/' / /f 

I : 
... ./ c. , 

I 
! \ 

, , 
I 

,; 
! / I 

/ / I 
I / ! 

, 
, 
o 
I 

, 
I , 

I 

/ . . , ! , , 
, , ,,,~:, 

' I I 
;\. J 
1\.'1.;, 

I 
, 

PROFESSIONAL PAPER 458-C 
PLATE 3 

\ \ \ 

\ \ , \" 
\ \ 
\ \ ' 

Traverse 4 

, 
i 

I 

\ q" 6E I, 
, \ o 7E 

; 

/ 
I 

.I 

'.~:' 

/ 

! 

" 

( 
I 

\ 

) '~'i" 
( / 
, I 

\~ ! 
I 

/ 
.a>.: ./ 

\ , 
I 
I 
, 

\ , 
, 

:' 
/ 

/ 

I 

( 

) 
\ 

\ , , 
, 
, 

" 

; 
! 

/ 

: 

I 
\, 
, 

, 
, , , , 

. :/ 
/ 

/ 

i 
i 

, , , 
I , 

I 
; , 

I 
I 

I ; ',-
! I ~' 
, ')C,< 

/ 
! ./ 

I 

I 

I 
( , i~ i 

I 

/ 
/ 

/ 

, 
I 

Qs I ~ 
I 
, 

I I 
1 

" I r \ T\:\ ,\ - \ ', .. ,-: ) \ \' " TraVer~ 

16 
"i16se 

7EO 8E 
'. 0 

/ 

, , , 

" 

I 

\ . 
\\ 
I j , ' 
,i \ 

\ I ': 
, , , , , , 

I , , 
i 

/ / 
I ' 
, / 

, 
! 

({j , r ~ / / 
/ (/ 

i' ' \ 
I: \ \ 
/) I 

,/ / ! 
./ { I 

I 

I ' 1/ 
, , 
: I 
I , 
i 

, ) 

! / ' 

(/ { 
I 
I 

il' ; / j 
/. ( 
( )i)4 ) 
/( ( 
\ \ \ \, , I 

I I 
I I 
I ' 
l J 

. \" ( \' \ \ \' , 
',I I 

MAl N TERRACE 

Traverse 3 

V
/~':' 

, -· . 
• 0 o • 
• 0 " < , -
• < 
_ 0 

; 
",PP IIO. , ,.A1( MCAN 
D[CLINA'ION 1!il61 

llE 
o 

I 

I 

_J 

GEOLOGIC MAP OF THE LOW TERRACE AND OF THE MAIN TERRACE, STEAMBOAT SPRINGS, WASHOE COUNTY, NEVADA 

o 
I 

100 
I 

200 
I 

CONTOUR INTERVAL 25 FEET 

300 FEET 
I 

264-856 0 - 67 (In pocket) 



) 

') 

) 

) 

) 

) 

) 

el04 GFXlLOGY A.c'D GEOCHEM.'ISTRY OF THE STE'AMBOAT SPRIKGS AR.E:A, KEYADA 

Laur, P ., 18G3. Du gisement sement et de l'exploitation de l'or 
en Califoruie: Annale:; )[jnes. ser. G. y. 3, Jl. 347-135. 

LeConte, Joseph, 1883. On mineral yein formation now in prog
ress Ilt Steamboat Springs eompared with same at Sul
phur Ball),: Am. Jour. Sci., 3d spr., Y. :!5, 11. 424-128. 

Lee, W. II. K., and V~'eda, Spiya. wa;:;, RHic\\' of Ill'at flow data , 
ill 'Yo H . K. LeI.', I'd., Terrestrial Ill'at 1l0\Y: Am. Geophy~. 
Lnion, Geophys. )lon. 8, p. 87-190. 

Lindgren, Wu.1demar, 1003, )lemllic sulfides from Steamboat 
Sprillg:::, Xeyada [abs.]: Science, new ser., Y. 17, p. 792. 

--- 100G, The occurrence of stilJllite at Steamboat Springs, 
XHada: Am. Ins,t. Mining Eng-. Trans., Y. 3U, p. 27-31. 

--- W33, )lineral deposits, 4th I'd.: Xew York, )lcGraw-Hill 
Book Co., 930 p. 

Lugn, A. L., and "'enzel, L. K., 1938, Geology and ground-water 
resources of south-central Xebraska, with special reference 
to the Platte River Yalley between Chapman and Gothen
burg: U.S. Geol. Suryey Water-Supply Paper 779, 242 p. 

)larler, G. D., 1951, Exchange of function as a cause of geyser 
irregularity: Am. Jour. Sci., Y. 249, p. 329-342. 

--- 19M, Effects of the Hebgen Lake earthquake of August 
17, 1959, on the hot springs of the Firehole Geyser Basin, 
Yellowstone National Park: U.S. Geol. Survey Prof. Paper 
435-Q, p. 185-197. 

Meinzer, O. E., 1939, Ground water in the United States; a sum
mary of ground-water conditions and resources, methods of 
scientific in,estigation, and literature relating to the sub
ject: U.S. Geol. SUITey Water-Supply Paper 836-D, p. 157-
229. 

Melchior, P. J., 1959, Sur I'effet des marees terrestres dans les 
Yariations de niyeau observees dans les puits, en particulier 
au sondage de Turnhout (Belgique). [On the effect of earth 
tides on yariations of leyel observed in wells, in particu~ar 
in the Turnhout borehole (Belgium)] : Technique de l'Eau, 
,. 12, no. 143, p. 21-30. 

"lorrison, R. B., 1961, Correlation of the deposits of Lakes La· 
hontan and Bonneyille and the glacial sequences of the 
Sierra Ne,ada and Wasatch "lountains, CaIifornia, Xe,ada, 
and Utah, in Short papers in the geologic and hydrolOgic 
sciences: U.S. Geol. Survey Prof. Paper 424-D, p. D122- . 
D124. 

Nishimura, Eiichi, 1950, On earth tides: Am. Geophys. Union 
Trans., y. 31, no. 3, p. 357-376. 

Xomitu, Takaharu, and Seno, Kinzo, 1939, The Beppu hot springs 
and the tide, with the effect of the atmospheric pressure: 
Kyoto Imp. UniY., ColI. Sci. )lem., ser. A, Y. 22, p . 403-128. 

Peck, A. J., 1960, The water table as affected by atmospheric 
pressure: Jour. Geophys. Research, Y. G;:;, no. 8, p. 2383-
2388. 

Phillips, J. A., 1871, On the connection of certain phenomena 
with the origill of mineral yeill~: Philo:;. )lub'., 4th ser., Y. 
42, p. 401-113. 

--- 1879, A contribution to the history of mineral Yeinl> [based 
on American ore deposits] : Geol. Soc. London Quart. ,Jour. 
\'. 3;:;, p. 300-30;:;. 

Piper, A. )I. , 1032, Geology and ground·water resources of the 
Dalles region , Oregon: U.S. Geol. Sun'ey 'Yater-Supply 
Paper G;:;D-B, 11. lO7-18D. 

Po;:;eplI~' , Franz, 1002, The gelle:;i>; of ore dellosits: );('w York, 
Am. lus t. )1iuillg Eub'., p. S;:;;:;. 

Hichanboll, It. :'If., 10;:;a, Tidal fiuctuations of water le\'el ob· 
sen'ed in wells in t'ast Tennl':;~ee: "\.m. Geoph~·:; . Union, Y. 
37, no. 4, p . 4G1-1G::!. 

Robinf'on, T. ,,'., H)3!), Earth-tides shown by fiuctuations of 
water-Ieyels in wells in Xew )lexico and Iowa: Am. 
Geophy>,. Lnion Trans., ::!Oth Ann. :'IItg., pt. 4, p. G;;c,-GGG. 

ROlllney, C. F ., and )leekpr, ,T. E., l!l~S , Earthquake in northern 
California aud til!' rpgi"tratiou of earthquakes from July 1, 
1!H7, to September ao, 1047: California Unh·. Seismol. 
Sta. Bull., \'. 17, no. 3, p. OD. 

Schoen, Robert, and 'White, D. E., 1 IlG;:; , Hydrothermul ultera
tion in GS-3 and GS-4 drill holl'~, )lain Terrace, Steamboat 
Springs, Xe,ada: Econ. Geology, Y. GO. 110. 7, p. 1411-1421. 

Sha\y, H. n., lOG;:;, Comments on \'iscosity, crystal settling, and 
convection in granitic magmas: Am. Jour. Sci., Y. 2G3, no. 2, 
p.120-152. 

Sigyaldason, G. E ., and "·hite. D. E ., 10G1, Hydrothermal altera
tion of rocks in two drill holes at Steamboat Springs, '\Va
shoe County, Xeyada, in Short papers in the geologic and 
hydrologic scences : U.S. Geol. SUT\'e~' Prof. Paper 424-D, p. 
D116-D122. 

---1962, Hydrothermal alteration in drill holes GS-5 and 
GS-7, Steamboat Springs, Neyada, in Short papers in geol
ogy, hydrology, Ilnd topography: U.S. Geol. Survey Prof. 
Paper 450-D, p. D113-D117. 

Stetson, H. T., 1944, Modern evidences for differential moye
ment of certain points on the earth's surface, pt. 2 : Science, 
y. 100, no. 2589, p. 113-117. 

Stewart, J. W., 1961, Tidal fiuctuations of water leyels in wells 
in crystalline rocks in North Georgia, in Short papers in 
the geologic and hydrologic sciences: U.S. Geol. Sur,ey Prof. 
Paper 424-B, p. B107-B109. 

Stretch, R. H., 1867, Annual report of the State Mineralogist of 
the State of Nevada for 1866 : Carson City, Nev., 151 p. 

Theis, C. Y., 1939, Earth tides express in fiuctuations of the 
water level in artesian wells in New Mexico: 'Washington, 
Internat. Union Geodesy and Geophys., 11 p. [mimeo
graphed]. 

Thompson, G. A., 1956, Geology of the Yirginia City quad
rangle, Nevada: U.S. Geol. Survey Bull. 1042-C, p. 45-77. 

Thompson, G. A., and Sandberg, C. , H ., 1955, Structural signifi
cance of gravity surveys in the Yirginia City-)lount Rose 
area, Xevada and California: Geol. Soc. America Bull., Y. 

69, no. 10, p. 1269-1282. 
Thompson, G. A., and White, D . E ., 19M, Regional geology of 

the Steamboat Springs area, " ' ashoe County, Xevada: U.S. 
Geol. Survey Prof. Paper 4;:;S-.A., ;:;2 p. 

Tolman, C. F., 1937, Ground water. 1st I'd. : XI'\\' York. )lcGraw
Hill Book Co., [iD3 p. 

U.S. Department of Agriculture, 1041, Climate of Xe\'ada, in 
Climate and mall: U.S. Dept. Agriculture Yearuook 1041, 
p. 070-0SS. 

,,'hite, D. E., 10;;;;a, Thermal I'pring''' lind epithermal ore de
posits : Ecou. Geology, ;:;Olh Aunh'er"ary Yoiullle, 11l0;:;
I!);;;:;, p. 9D-154. 

---19;:;;:;b, Yiolent 1lI11l1-volcano emption of Lake City hot 
spriug;;, Ilortheasteru California : G('ol. Soc. Anl\'rica Bull., 
Y. GG, no. 0, p . 1l01l-1l30. 

---lD;:;7a, Thermal water" of volcanic origin: Gpol. Soc. 
America BUll., \'. as. uO. 1::!, pt. 1, 11. 1G37-1G58. 

---lU;:;7b, )lag-matic, connate, and metamorphic water:;: Geol. 
Soc. American BUll., Y. GS, no. I::!, pt. 1, p. 1G;:;D-1G82. 



) 

) 

) 

) 

HYDROLOGY, ACI'IVITY, A ... 'iD HEAT FLOW C105 

'Yhite, D. E., 1064. Preliminary evaluation of geothl'rmal areas by 
geochemistry, geology, and shallow drilling: United Nations 
Conf. Xew Sources Energy, Rome Hl61, Proe., v. 2 (Geo
thermal Energy 1), p. 402-WD. 

---lD6;:;, Geothermal Energy: U.S. Geo!. Survey Circ. ;:;W, 
17 p. 

---lD67a ~rercurr and balie metals deposits with associated 
thermal and mineral waters, in H. L. Barnes, I'd., Geo
chemistry of hydrothermal ore deposits: New York. Holt. 
Rinehart. & Winston. 

---lDG7b, Some prinCiples of geyser acti\'ity, mainly from 
Steamboat 'Springs, Neyada: Am. Jour. Sci.. \'. 2w. no. 8, p. 
tH1.....()S.!. 

White. D. E .. and Brannock, 'V. "'., 1950, The sources of heat 

White. D. E .. and Roberson. C. E., 1002. Sulphur Bank. Cali
fornia, a major hot-~pring- IjuicksilYer de!lo~it. ill Engel. 
A. E . . T •• J:llne:<. H. L., allli LE'OIJ:lrd B. F., E'ds .• PetrologiC 
studies: Geo!. Soc. America. Buddington ,'oltlllle, p. 3D7-
428. 

"-hitI', D. E., Sandberg", C. II .• and Br:lllllo ... k. W. "-., W;:;3. 
Geochemical and geophy:<ieal approaches to the problems 
of utilization of hot-~!lring water and heat: Pacific Sci. 
Cong., 7th, Xew Zealand In·H), Proc .• \'. 2. p. -lnO-WD. 

White, D. E., Thompson. G. A .• and Sandberg, C. A., 1nG4. Rock>,. 
structure, and geologic history of Steamboat Springs ther
mal area, " ' ashoe County. Xeyada : U. S. Geo!. Survey Prof. 
Paper 4;:;8-B. 63 p. 

and water supply of thermal springs, with particular ref- Whitehill. H . R., 1877, Biennial report of the State ~Iineralogist 
erence to Steamboat Springs, Xe\'ada: Am. Geophys. Union of the State of i'ie\'ada for the years 187;:; and 1876 : Carson 
Trans., Y. 31, no. 4, p. 566-574. 

White, D. E., Brannock, 'V. 'V., and ~rurata, K. J ., 1956, Silica 
in hot-spring waters: Geochim. et Cosmochim. Acta. v. 10, p. 
27-59. 

White, D. E., Craig, Harmon, and Begemann, F., W67, Sum
mary of the geology and isotope geochemistry of the Steam
boat Springs area, Nevada: (Spoleto Conf.) (in press). 

White, D. E., Hem, J. D., and Waring, G. A., 1963, Chemical 
compOSition of subsurface waters, in Fleischer, ~Iichael, 

tech. ed., Data of Geochemistry, Sixth ed.: U.S. Geo!. Sur
vey Prof. Paper 440-F, p. FI-F67. 

City, Nev., 226 p. 
'Wooding, R. A., 19;)6, Steady state free thermal convection of 

liquid in a saturated permeable medium: Jour. Fluid 
~Iechanics, v. 2, pt. 3, p. 273-285. 

Young, Andrew, 1D13, Tidal phenomena at inland boreholes 
near Cradoek: Royal Soc. South Africa Trans., v. 3, pt. 1, 
p. 61-106. 

Yuhara; Kozo, 1961, HydrologiC study of Atami Hot Springs 
(Japan): Kyoto Univ. ~Iem., ser. A, Y. 29, no. 3, p. 
283-311. 



) 

) 

) 

) 

) 

) 

I ' 

Page 
Acknowledgments .......... ...... .........• C3.5.7 
Age, Steamboat Springs system ... ........... 1O! 
Altitude, springs oC Low Termce .. "'.'...... /8 

springs oC :-fain Termce.................. /8 
Air pressure, etTect on discharge.............. :3 
Andesite flow, basaltic, Lousetown Fonna· 

tion ...•..........•.•...•..•.•.... 12,13 
AquiCer eruption... .............•••.•.....•.. 8,7! 
Aragonite, dominant carbonate in West Reno 

w eU •••••••••••••••••••••••• 60,61,61,75 
Artesian weUs, influcnce of barometric pres· 

sure~ ••• __________________________ !!6 

Auger holes, temperature .......•......•••..•• 91,96 

B 
Barograph, recording......................... £1 
Barometric efficiency, methods of calculation. £1 
Barometric pressure, influence on artesian 

weUs.. ...............•..•••••.•.. £6 
influence on flowing springs.............. £3 

influence on water levels in nonflowing 
vents of Main Terrace............ fO 

Barometric response, subsystems............. £9 
sustained pressures....................... 31 

Basin and Range province, heat flow......... 10£ 
Becker, G. F., quoted .....•.....•••••..•..... 33,35 
Boiling, subsurCace ................•••••••. SO, 56, 93 
Boiling·point curves.......................... 54 
Boiling points and pressures in a column of 

pure ,vater... •••.•.•••.••........ 56 
Bredehoeft, J . D., cited....................... 43 

C 

Calcite versus aragonite • .........•••••.••. ... 61,75 
Calcium carbonate, deposition................ 59 

rate of deposition ..••••••••.•..•.••....•.• 60,81 
Calcium carbonate in weUs, removaL........ 61 
Carson City, earthquake shocks.............. 44 
Carson Range ..•••......•........ 0,13,15, 88,Il9, 101 
Chloride-bearing water, Steamboat Creek.... 18 
Chloride concentrated by boiling ...........•. 7S,9. 
Chloride content, changes in spring 33........ 79 

changes in Steamboat well 2 on Lower 
Terrace........................... 79 

tlm,ing springs by quarter years.......... S3 
response to precipitation.................. 40 
versus depth .•..•.•.•..•. •.....•.......... 73,88 
water samples Crom drill holes ........... . 7.'1,94 

from springs.......................... 9. 
Clay quarry, tempernture rel3tionshlps and 

circulation pattern................ 97 
Climate.. .....••••............ ... ..•..•... ..• 31 
CQ,pH ro~tionships.. ... ....... .. ....... .. .. 60 
Comstock Lode, high subsurCace temperature. 10/ 
Convection. in magma chamber.............. IOJ 

in system, shallow .............•....... 94.96.97 
in wells __ __ _ ~-:_ ._. __ . _. _______ __ _________ ;~. 9! 

Convective circulation. major systems........ 8 
Czykowsky, John. citcd...................... H 

n 
Definitions .... .. . . .. ......................... . 
Density oC water with tempernture .... ... .... 8.56 
Deuterium content, hot springs...... .. .. ..... /3 

INDEX 

[Italic pnge numbers Indlcnte mnjor references] 

Dike. andesitic tutI·breccia .................. . 
Discharge, controlling Cactors •......••.••...•. 

etIect oC air pressure ........... . •••.....•• 
flo\\ing springs by quarter years .•.•.•.... 
IIutIaker "arrows .•...............•...... 
influence oC earthquakes ................. . 
influence of producing weUs on total 

measured •...........••.•..••..... 
seasonal variations ..........••..••.•.•.•.. 

Page 

88 
/9 
~3 

33 
83 
37 

so 
33 

springs, etIects oC Individual storms....... 38 
:\Iain Terrace........................ 16 

Steamboat Springs thermal system In 
Truckee Meadows................ 87 

subsurCacc ..••• •••..•. ............•. 18,81,88,90 
surface, chloride in water from Truckee 

Meadows......................... 84 
oC thermal wllter from lIrea............ 81 

Drill hole short~ircuits aquiCers.............. 73 
Drill holes: 

Chloride content of water Samples .••••••. 73,94 
OS-I. .. ••. . •••••.•.. ............ 54,59,61,87,88 
0S-2 ......•••••...........••••••••• 60,67,74,94 
0&-3 .••••••••••••••••••••• 58,61,68,74,89,90,93 
0&-4 .••••••••••••••••••••••••••• 6£,69,89,90,93 
GS-5 . .••.••••••...•••........... 63,70,89,90,99 
0&-6 .......••••••••..........•...• , 58,64,71,96 
0S-7.c ....••••...............•••.•• · .• ; 64, /Z,96 
0S-8 ••.....•..............•..••••••.. • 65,73,90 
Low Terrace, temperature relationships 

and circulation patterns.......... 87 
Main Te"Tllcc, temperature relationships 

and circulation patterns.......... 89 
U.S. Geological Survey................... 50 

Drilling methods, advantages ofeacb .••...... 45,52 

E 

Earthquake response, unpredictable... . ...... 45 
Earthquake sbocks, Steamboat Resort on Low 

Terrace........................... 44 
Earthquakes, effects on recording instru· 

ments____________________________ .:.4-
influence on discharge ••••••..••••••..•.•. 37,89 
Influence on springs ...................... 44.89 

Earth·tldal influence on Main Termce suh· 
system........................... 43 

Earth tides, Influence on water levels......... 4i 
Erupting weUS .. ••.•.•...... ...........•.. 59, 65, 7~ 
Eruption, superposed ...................•.• 67,71,78 
Evaporation, Steamboat Creek water......... 13 
Exchange oC Cunction ...................... ... ·10 

F 

Factors in determining charncteristics oC 
upper part oCa hot·spring system. 

Fault, thrus!. ..................... ... ....... . 
Fault systems .•.............................. 
Faults, Pine Basin .......................... . 
Fieldwork ...••....•.......................... 

/Z 
89 
U 
12 
3 

Fissure system, :-[aln Termcc .............. .. 93 
Fissures on :-[aln Terrace .........•.•...•.... 89.90 

open ...•...•...•...•.•. c .......•.........• 13,:4 
Flashing, boiling \\;th decrease in pressure .... SO. 5. 
Fluctuations in water le,el, Low Termcc..... Z3 

Page 

Frnctures..................................... 13 
}"umaroles, distribution .. _. _________ .________ 18 

G 
Galena Creek................................. 13 
Galena Creek Can............................. Il9 
Geochemistry, isotope........................ /3 
Geology, summary oC generaL................ Ii! 
Geothermal exploration wells................. 59 
Oeothermal wells, changes with time......... 73 

etJcets on natuml \"cnts___________________ ~5 

eruption __ ___ _____ _____ ____ ____________ 56,66,71 

relationship oC water supply to continuous 
eruption.......................... 58 

water supply............................. 71 
Oeyser .............•........•.....•..•.• 7,17,53,89 

influence oC water table................... 76 
subterranean.. •••........•..•.....•....•. 8,30 

Geyser eruption, aquifer______________________ 7E 
Geysering wells ...........••••.......... 53,58,66,78 
Geysers: 

Low Termce.. ....•........•.•....•..••.. 18 
No. 32......................... ... ... ..... 53 

eruptions .•.•.....•.•......•.•.••••... 58,76 
Main Termce.. ...••••.............•••••. 17 

Oeophysical data, Low Termce............... 88 
;vrain Termce............................ 93 

H 
Harold Herz well L .................... 49,54,58,91 
Harold Herz '.-ells .••......•.•... ~. ....... .... 95 
Heat ftow, Basin and Range province. ...••.. /Oi! 

Carson Range............................ 101 
implications 01 totaL ... ,."., .. " .. , •. . ,. 101 
Steamboat Springs system................ 98 
totaL .. : ..•.•• ~.......................... 9S 
Truckee Meadows........................ 99 
Virginia Range .••••••........•..•.•.• :... /01 

Heat flow anomaly, regionaL................. 102 
Heat flow equh·alent, magma................ JOe 
Hebgon Lake earthquake, effect on springs 

and geysers oC Yellowstone Park., ~5 

lIi~h Termce, temperature relationships and 
circulation patterns......... ..••• . 94 

High Termce thermal subsystem............. Ii! 

Hot·spring deposits, Siermn glnciations ..••••. /?, J.3 
Hot·spring systems: 

eoncepts oC geometry and hydrodynamics. 8 
driving Corce.............................. 8 
CacUlrs in determining characteristics oC 

upper parL....................... 12 

pattern oC tempernture distribution....... 10 

steamboat Sprin!'S ...... .•.•.........• .. 8,9,12 

ThermopoliS. Wyo . .. .......... ..... .. 8 

Hot sprill~s. deuterium contrnt............... /J 

HutTaker lIi11s ............. .•.....•.•......•... \il.I, \J'J 

IIut{:lk('r :"arrows, mr3sun'menl oC di~ch3r:.!t·_ So} 

Introllucti~n_ : __ • ___ _____ _____ • _________ ____ _ 

10\\:\ City. Iowa. {'arlit-tidal influrncc on 
w:lIrr le,·.1 ill welL .........•.•.. :!3.43 

Isotope gl'Ochl'mistry. ______ ______ _____ . ______ J.1 

Cl07 



) 

) 

) 

) 

) 

) 

) 

) 

CIOS 

J 
Jones, J. C., Quoted . . . .. . •...• .....• ... .• ... . 

L 

Page 

15 

Loe, W. II. K., cited.. . ....... ... ........ •... 102 
LOC3tioll of nr(,:l . . ~.__________ __ ______________ ! 

Lo~s of wells and drill holes.... . •.....•... ... 50 
Lousctown Fommtiotl. bnsnltic nndrsitr flow _ 1::!,13 
Low Terrnce, circulntion within______________ S8 

fluctuations in water Irvcl. ____ ______ ____ _ !S 

~oophysic:1l daw.......... .......•.••..... 88 
~eysors. ..•.•..•••.•........... •.•.••.•... 18 
metooric water from Steamboat Creek .... 15 
>;0.32 Geyser well.. ...•••........•.••••. 53 

eruptions .•..•••.•••.••••.•......•.•.. 68,7G 
South Steamboat well, meteoric wateL... 13, 

14, IS, 45, i6 
sprln~s.. .............•......•.••......... 18 

50, meteoric water.................... 14 
Steamboat Resort, earth~uale shocks..... 44 

~eothermal welL.. .•.•....•.••.•.•... 45 
Steamboat. we114 ___ ~7,52tM,65,66. 7£,87,88 
wells .•..•••••••••...•..•••••.....• 6£,80,88 

vent 31n, influence of barometric pressure. f3, 
27,.4! 

Low Terrace subsystem...................... 18 
explanation of ditIering rcsponS!'.s......... fG 
lack of earth·tidallnfluence............... 43 

Lugn, A. L ., cited............................ 26 

M 
Magma chamber. ...•...••••........••.•....• 13 
Main Terracc .•. . . ...•......••.•......•.••.• . 

barometric Influenee on water levels in 
nonflowing vents................. fO 

circulation within... ...•.•....•.•..•..... 93 
fissure system. ..........•.......•..•.•..• 93 
fissures ....••.• ... •....•.••........•.•••• . 89,90 

open ...•.•••••..•.•....•.••.•......•.. 13, £4 
geophysical data.......................... 93 
geysers. . ... .....•.•••. ••.•..• ..•.•.•....• 17 
interrelated changes in springs 2 and 5.... 37 
Rodeo well. .••.•... , •...••........• 47,53,68,74 

fluctuations of water leveL ........ 38,41,79 
springs ............••••.•........•••..• 17,18,81 

discharge.. ... .•..•••..... .•....•.•... 16 
increase in chloride content in response 

to precipitation................... 40 
2, discharge........................... 89 
5, dIscharge........................... 89 
16, meteoric watcL___________________ 14 
21. ____________________ . _. __ _ __ _ _ __ _ _ _ 82 

24, etTect oC changes in barometric 
pressure. ______________________ £0, 2i, 4= 

temperature relationships and eirculation 
patterns, springs.................. 88 

'Vents, barometric influence on water Je~els 
in nonnowing ___ ._ _________ _____ __ £0 

3S, fluctuations of water leve!.. ....... 31,38 
36, influence of barometric pressure... fO 
37, influence of barometric pressurc___ :!O 

;\Iain Terrace subsystem. .................... 14 
r!lrth-tidal influence._____________________ ~3 

cxplan:ltion of differing- rcsponses_________ £fj 

~Iammoth Hot Sprin~s, Yellowstone Park. 
calcium carlxmatr dl"'posits_ .. _ __ _ 8~ 

;\Iarler, G. D., cited.......................... 45 
Meeker, J . E., cited. ..... .. .................. H 
;\Ietrorie water, South SteamUoat welL ... 13, 7C, 88 
;\Iethods of study. .................. .... ..... 3 
~loana J!cothemml !'ystrtll____________________ S.: 
:\lo::ma Sprin~s rrsarL _______ . ____ ____ ______ ._ 
;\Iount Hose quudrancle. depths IInli temper· 

atures of rome wdls .. _ . _. _______ _ 
spTjn~!" in basin areus ____________________ _ 

:\lount Hose Rrsort wrll~.1II('3surrd rHsdlarJ!r_ 
temprr:lturr _____________________________ _ 

~lud Volcano Basin, temprratuf(' rrlalion-
sh ips and circulation pattrnls ___ _ 

~lurray well, Pine Basin, tetllperature _ . . __ _ 

0.; 

1\:; 
iiI 
.q~ 

97 
92 

INDEX 

Nnturnl \,,('nts, present nctil"ity ______________ _ 

l'emda, elimnte of western ....•..• .•...••..•. 
:-iemdn Ore Minerals weI!.. ....... . .•..... ... 
Xevllda Thermal Power Co. wells : 

I ... ......... . ... . ....................... . 
2 ___________ ___________ ________ . _________ _ 

4, eruption ..... ...•.•.•. •••....... ...... . 

Page 

III 

31 
95 

89 
89 
59 

-Hi, temperature mc.%urements ..... 46,60,55,97 
New Me.ico, earth·tidal Influence on water 

levels In brine welis .....•......... 23,43 
Nishimura, ElichI, cited ....... ............... 43 
:-iomitu, Takaharu, cited ....••••.••.••.•••.•. 26,43 

P 
Peck, A.. J., cited............................. 2(i 

PermeabIlity versus depth.................... 9 
pH, erupted samples.. ...........••.••.....•. CO 
Pine Basin, laults.. ............. ........ ..... 12 

Murray well, temperature................ 9t 
precIpitation.... ......••.••••.•••..... .•• 40 

Pine Basin area, temperature relationships 
and circulation pattern........... 97 

Piper, A. M., cited........................... 26 
PrecIpitation, etIects.......................... 31 

flowing springs........................... ~ 

Pine Basin............................... 40 
seasonal variations........................ ~ 

Steamboat SprIngs ...•..• _............... 3t 
yearly variations ..•••••••••••• _..... ..... 35 

Precipitation by fndividual storms, Reno..... 35 
Steamboat Springs ......•. ,.............. 3S 

Previous work................................ .7 
Purpose and scope of report................... t 

R 
Random changes .....•.•.•...••.. :........... 8~ 

Recharge of system ..•..••••••••.••••••••.•.. 99,10£ 
Reno, earthquake shocks..................... 44 

precipItation by Individual storms . . .•... : 35 
Reno Resort welis............................ 45 
Reno weather station, average monthly pre-

cipitation......................... 3f 
average temperature by yeaL............ 31 
monthly mean temperature........... ... 31 
yearly precipitation...................... 31 

Reno wells: 
East, calcite domInant carbonate......... 61 

measured.. ................•....••.•.. 81 
temperature .•.•.••..•....... : ........ 9! 

West. •••••••.••• •...•. .••••.•........••.• 65 
aragonite dominant carbonate •• 60, GI, 6!, 76 
measured discharge................... 81 
temperature.......................... 9~ 

Robinson, T. W., cited •......... ....... 23,26,42,43 
Rodeo "ell, eruption......................... 7~ 

on Main Terracc ..•...•...•.. 47,53,68,74. 89, 90 
fluctuations of water leveL ....•••• 38, M, 79 

Romney, C. F., cited......................... 44 

S 

Salinity discharge, direct relationship......... 35 
Salinity increasc, c,nporation ____ .____________ .41 
Senges welL •......................... . .... .. 58,95 
Seno, Kinzo, cited ...•• ... ....••.•.. .......... 26,43 
Sierran glaciations, hot·sprIng deposit.s .••..... If. 13 
Silica pIt, temperature relationships and cIr· 

culation patterns. ................ 9G 
Sinter lIilL. •....••.......•..•....•........•. 19 

temperature relationships and circulation 
patterns ___________ . ____ ._. __ .___ __ 9IJ 

South Steamboat well on Low Terracc. .•. •.. ~", 
58, i4, ';G, SO, 87, SS 

meteoric water ........•..... _ ... 13,14, IS, ~5, ';G 
Springs: 

basin areas, ;llount Rose Qundran~le..... 8j 

Yirginia CIty Quadran~le............. 83 
"Chicken Soup." Sa Spring 33. 

Spring.-Continued Page 
chloride content of water samples......... 94 
discha~e, MaIn Terracc . ..............••• 16,89 
distribution.. ...•..•.••......•..........• 18 
eUect.s of IndivIdual major storms on dis· 

charge............................ 38 
Influence of barometric pressure ••....••.. !3,4! 
influence 01 earthquakes .... . ..•.•..... .•• 44,8.9 
Influencc of major random changes... .... 8f 
Low Terrace............................. 18 

temperature relationships and cIrcula· 
tion patterns..................... 87 

50, meteoric water .•.................. 14 
53, mC3Sured discharge............... 81 

MaIn Terrace ..•.•.....•..••••.••••••. 17,18,81 
Increase In chloride content In responsc 

to precipiwtion................... 40 
Interrelated changes In springs 2 and 5. 37 
temperature relationsbips and circula· 

tlon patterns..................... 88 
2, discharge........................... 89 
5, discharge.... . ...................... 89 
8, etIect of changes In barometric pres· 

sure.. •••• ......•••••••.••••••••.• f7 
16, meteoric water .•...........•.....• 14 
21.. .•.••••.....•• ••.•................ 82 
24, etIeet of changes In barometric pres· 

sure ..••••.•........•••....••.. fO, 27, +t 
Steamboat Creek......................... 18 

Steam, condensation 01....................... 96 
Steam from boilIng versus InItial temperature.. 67 
Steamboat Creek ...•....•.....•.•..••••••••.. 12,98 

chloride bearing water.. •..........•...•.. 18,88 
discbarge of thermal saline water Into ..... 8!,83 
evaporational trend line. .•.•.•.••........ IS 
meteoric water. ......•••.••.•.•••••.••••• 15 
prebomb tritium content................. 14 
springs. . •.••.•.•.•••.... .......... •...... 18 

Steamboat Creek water, variations in isotopic 
composition ..•.•. ,............ ... 13 

Steamboat Hills Rhyolite... .•••.••.••••••••. 12 
Steamboat Resort on Low Terrace............ 21 

earthquake shocks........................ 44 
geothermal well... .•.••..•.•.••.......... 45 
Steamboat well 4 .••..•. 47,52,54, liS, 6G, 7£, 87, 88 
wells .........•... . ..••.•.•.....•.•.•.. 6£, 8D, 88 

Steamboat Springs, eruption from wells... ..• 6S 
hot·spring system .....•.•.•.•••.•.•..... 8,9, If 
precipitation... ..•.•.••••.•••.••••.•.•... Sf 

by indi,Idual storms ...•.....• ... _... 33 
Steamboat Springs fault wne .••..•......•...• IS,88 
Steamboat Springs system, age............... 102 

heat flo"·................................. 98 
reasons for existcncc_____________________ 18 

Steamboat well 1 on Lo,,· Terrace............ 65 
Steamboat well 2 on Low Terrace ...... 65, G6, 74, 7G 

changes in chlorIde contcnL.............. i9 
production cycle__________________________ ;7 

Stetson, H. T., cited.......................... 43 
Stewart, J . W., cited.. ....•.•.•••...••......• 43 
Sulluric acid, oxidation of H.S................ 94 

T 
Taylor, L.U., cited ..• .•................•...• 15,82 
TrmprTnturc, Duger holes _________ ____________ 91,9') 

flowing sprin~s, a\"era~e annuaL......... 35 
by quarter years...................... 33 

;\Iount Rose Resort wells................. 9! 
~luTTay well. Pine nn~in ___ ·_______ _______ 91 
Hr.no w('U!', East. _ _______________________ 9! 

West................................. 9! 
T('lllprraturc decrr3sc by conduction v('rsus 

bollin~........................... E..? 
T(,IIlJlerBtur('-dischnr~c r(,lation5hiJ)~ . . . ____ S/i. Si, f.9 
Tl'l11prraturl"'uistriuution pattern. hot-sprill~ 

systems... .....••.............•.. 10 
Tcmperatur(' j:!'rndient, ('fIect ofwntrr tablc___ 9! 
TC'JIlprraturc {:,wdicnts 800\"(' water t.aule_____ 00 
Temperatures in w('lIs, drillin~ methods______ 45 
Temperature maxima, subsurface __ .. __ .______ 98 

I 
I , 
I 



) 

Page 

Temperature measurements. ~cY3da Thcmlal 
Power Co. wells 4-6 .. . . ____ 46,50,55,.?8 

Temperature relationships and circul3tion 
patterns______ _ ___ _____ __ ____ ___ _ _ 87 

Temperature relationships anu the eruption 
process ... _____ . _________ _____ _ ._ _ .51 

Temperature re\"O=ls. ________ . ________ 59,87,00,95 

Thermal area, uetaileu activity .______________ 15 
previous observation_ __ __ ____________ __ __ 15 

Thermal conductivities 01 Iresh and hydro-
thermally altered rocks _____ ______ !!J 

) Thcrmopolis, Wyo., hot-spring system ______ _ 
Thomas Creek ___ :_______________ __________ __ ·99 

Tritium content, prebomb, Steamboat Creek_ H 
Truckee ::I[eadows ________________________ 82.84,11)2 

discharge 01 Steamboat Springs thermal 
system _ __________________________ 87 

heat lIow_________________________________ 99 
surlace discharge 01 chloride in water _ _ _ _ _ 8~ 

U 

U.S. Dept. Agriculture, quoted_______________ 32 
U.S. Geological Survey drill holes____________ 50 
Uyeda, Selya, cited___________________________ 102 

v 

Vapor transport oC heat above water table____ 96 

) 
Veins_____ _ ___ _____________ ______ ___ _ _________ 90 

Vents, Low Terrace, 31n, influence oC baro-
metric pressure ________________ 23,27,-l£ 

Main Terrace, 
35, fluctuations oC water leveL ________ 31,38 

35, influence oC barometric pressure ___ to,!1 

36, influence oC barometric pressure_ _ _ !O 

37, influence oC barometric pressure___ to 
Virginia Range __________________________ 9,13,15,88 

Virginia City quadrangle, depths and tempera-) 
tures oCsome wells_______________ 85 

springs in basin areas_____________________ 83 
Virginia Range, heat flow _ ___________________ 101 

) 

) 

INDEX 

Page 
Viscosity oCwater versus temperature ________ 9 

W:\Shoe basin, heat 1I0w __ __________ . ___ . ___ lOl.lO"! 

Washoe \-"lIey, cart h'luake shocks___________ H 
"-aler, density-temperature relationships___ __ 8.56 

sources oC meteoric_ _ _ _ _ ______ ________ _ _ _ _ 15 
Water levels, inlluence oC earth tldes ____ ____ _ _ " .-
Wuter samples from drill holes ______________ _ 5! 
Wnter-sta~e records from nonllowing vents___ 38 
\Yater supply, geothermal wells.__ __ _________ 71 

relationsh ip to continous eruption in geo-
thermal wells ___ ___ _______________ 58,7! 

W:\ter table ___ __________________________ ._ 11,90,9. 

Wells: 
artesian, barometric influence. _ __________ fa 
brine, ;';ew ::I[e,ico, earth-tidal Inlluence 

on water levels_________ __ ________ 43 
drilled by private interests _______________ 45,89 
eruption at Steamboat Springs___________ 53 
geothermal, changes with time___________ 73 

elIects on natural vents _______________ ~5, 81 
eruption ___________________________ 56,66,71 
exploratlon_ _________ _________________ 59 

relationship of water supply to contin~ 
uous eruption_ _ __________________ 58 

water supply _________________________ 71 

Harold Herz______________________________ 95 
Harold Herz 1. _____________________ ~,54, 58, 9! 
in adjacent areas_ _ _______________________ 85 

induced eruptions ________________________ 54,81 

inOuence on totai measured discharge_____ 80 

Iowa City, Iowa, earth-tid~1 infiuen~e on 
wat.er leveL _ _ __________ ____ ______ 43 

Low Terrace 
No. 32 Geyser _ _______________________ 53 

eruptions ________________________ 58,76 

South Steamboat _________ . 46, 58, 74, 50, 87, 88 
meteoric water _____ __ _____ 13,14,15,45,76 

Steamboat L_________________________ 65 

o 

ClOg 

Wells-Continued Page 

Low Terrace-Continued 
Steamboat 2 ____________________ 63,66, n 76 

ch31lgcs in chloride contcnL._______ 79 
Steamboat Resort _________________ 6!, SO, 88 

Steamboat 4 ____ _____ ~7, 52, 54,65,06, 7!, 78 
::IIaln Terrace 

Rodco ____________________ .$7. 5J. 58. 7~ . 89, 90 

lIuctuatlons of water leveL ________ 38, ~/, 79 

::IIount Rose quadrangle, depths and 
temperatures.__ _______ __ ___ ______ 85 

::IIount Rose Resort, measured dischar~e__ 81 
temperature___________ _ ____ __________ 9! 

;';evada Ore ::Ifinerals____________________ 95 
;';evada Thermal Power Co. L____ __ _____ SO 
;';evada Thermal Power Co. 2____________ SO 
;';evada Thermal Power Co. 4, eruption__ 59 
;';evnda Thermal Power Co. 4-u, temp-

erature measurements ______ 46,50,55,97 
Pine Dasin, ::I1urray, temperature___ __ ___ 9f! 
producing, influence on nearby springs 

and vents________________________ 7~ 

Reno, East, calcite domi=t carbonate___ 61 
East, measured dlscharge_____________ 81 

temperature__ __ _ ___ _ _ __ _ _ _ _ _ _ __ ___ _ 9f! 

West.____________________________ ____ 65 

aragonite dominant carbonate_ 60,61, 6e, 75 
measured discharge_________________ 81 
temperature___________ _ ____ _ __ _____ 9f! 

Reno Resort ______________________________ 45,95 
Senges ______ ___ ___________________________ 58,95 

Steamboat area, calcite dominant car-
bonate____________________________ 60 

Virginia City quadrangle, depths and 
temperatures___ ____ _____ __ _______ 85 

Wenzel, L. K., cited__________________________ 26 
White Creek _________________________________ 13,99 

Y 

Yellowstone Park, elIect oC Hebgen Lake 
earthquake on springs and 
geysers_ __ __ _____________ _________ 45 

Young, Andrew, cited________________________ 43 
Yuhara, Kozo, cited__________________________ 26 


	White_StmbtSprgs_1968_start-C19
	White_StmbtSprgs_1968_C20-C39
	White_StmbtSprgs_1968_C40-C59
	White_StmbtSprgs_1968_C60-C79
	White_StmbtSprgs_1968_C80-end



