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Abstract

Most thermal waters issuing in Lassen Volcanic National Park (LVNP) are
acidic (pH <3.5), low-C1 (concentrations < 30 mg/L) hot springs which are
characteristic of vapor-dominated hydrothermal systems and, as such, are not
useful for liquid chemical geothermometry. Thermal waters at Drakesbad and in
Little Hot Springs Valley, hot spring localities characterized by neutral pH
and low C1 containing water, may have equilibrated in shallow aquifers so that
temperatures estimated by both the Na-K-Ca and Na-Li geothermometers approach
the measured spring temperatures of 65° to 95°C. Waters rich in chloride
(>2000 mg/L), such as those at Growler Hot Spring and Morgan Hot Springs,
situated south of LVNP, are the most appropriate springs for liquid chemical
geothermometry and indicate subsurface temperatures between 220° and 230°C.
The chemical and thermal characteristics of these springs may result either
from boiling at depth and subsequent mixing with meteoric water or from
conductive cooling during lateral flow. In either case ~220° to 230°C thermal

water probably originates inside LVNP and flows south to Morgan Hot Springs.

Introduction

Hot Springs, fumaroles, and other active hydrothermal manifestations in
Lassen Volcanic National Park (LVNP) are situated primarily in the
southwestern (Sulphur Works, Bumpass Hell, and Little Hot Springs Valley) and
southern (Devil's Kitchen, Drakesbad, Terminal Geyser) part of the Park.

Interpretation of chemical characteristics of thermal waters issuing from hot
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springs and fumaroles in LVNP and vicinity can provide insights about the‘
nature of the volcanically associated hydrothermal system. Waring (1915)
reported three thermal water analyses - two from LVNP (Bumpass Hell and
Devil's Kitchen) and one from Morgan Hot Springs, which is situated outside
LVNP approximately seven km south of Bumpass Hell (fig. 1). Day and Allen
(1925) reported chemical analyses of waters from 23 acidic hot springs
collected exclusively from LVNP during their studies of the then erupting
Lassen Peak and surrounding area. White and others (1963) reported analyses
from two hot springs in the vicinity of LVNP - an acidic spring from Bumpass
Hell and a neutral spring in the vicinity of Morgan Hot Springs, probably
Growler Hot Spring. Ghiorso (1980) reported chemical analyses for 34 hot
springs, pools, and mud pots in LVNP; these analyses are the most numerous
compilation of acidic thermal features in LVNP. Thermal springs within the
boundaries of LVNP are predominantly acidic (Waring, 1915; Day and Allen,
1925; and Ghiorso, 1980) and can be characterized by White and others' (1963)
definition of "acid sulfate springs associated with volcanism", while thermal
waters from Morgan Hot Springs and Growler Hot Spring can be classified as
"thermal waters from geyser areas in volcanic environments" (White and others,
1963). Individual springs at Bumpass Hell and Morgan Hot Springs were used by

White and others (1963) as examples for the two types of water.
FIELD ANALYSIS

Field analyses included temperature measurements and determination of pH,
dissolved ammonia, and hydrogen sulfide (as either HZS or HSl').
Temperature measurements of hot spring waters were obtained with a maximum

reading, total immersion, mercury-in-glass thermometer; those of nonthermal
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springs were obtained with a conventional, total immersion, mercury-in-glass
thermometer. Determinations of pH were made with E.M. Colorphast pH strips.
Dissolved ammonia and hydrogen sulfide concentrations were determined with a
Bausch and Lomb (B and L) Minispec 20 spectrophotometer and B and L
spectrokits using methods based on APHA (1975) procedures 418B and 428C,
respectively. The B and L spectrokit for hydrogen sulfide is specific for

dissolved HZS or HSl'

and does not detect other forms of reducible sulfur;
therefore, its results may be different from those obtained using an
iodometric titration. A visual discharge estimate was made for each spring

where the complete discharge could be observed.

LABORATORY ANALYSES

Silica was analyzed at 640 nm by a modification of the molybdenum blue
spectrophotometric procedure described by Shapiro and Brannock (1956) using 10
mL of spring water sample diluted in the field to approximately 60 mL and then

brought to 100 mL total volume immediately prior to the determination.

Boron was determined spectrophotometrically by the carmin procedure at 600

nm (Brown and others, 1970).

Bicarbonate was determined as alkalinity titrimetrically using a constant
drive buret, a combination pH glass electrode, a specific ion - pH meter, a
strip chart recorder, and standardized sulfuric acid (0.05N). The laboratory

pH was taken as the pH at the start of the alkalinity titration.
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Sulfate was determined by a spectrophotometric titration using the

thorin procedure (Brown and others, 1970) at 520 nm.

Chloride was determined by potentiometric titration using the same
equipment as the alkalinity determination except that a silver billet
electrode, a double junction reference electrode, and standardized silver
nitrate (.015N) replaced the combination pH electrode and acid used for the

alkalinity determination above.

Fluoride was determined by an Orion ion specific electrode; TISAB II

was mixed 1:1 with all samples and standards.

Bromide was determined spectrophotometrically at 590 nm by a
modification of the phenol red method (APHA, 1975): the oxidizer
concentration was increased 2x and the developing time was reduced to

approximately two minutes.
Sodium and lithium were determined simultaneously by flame emission
spectroscopy (FES) in a fuel rich, air-acetylene flame with added potassium

jon (0.1 percent v/v) at 589.0 nm and 670.8 nm, respectively.

Potassium was determined by FES in a fuel rich, air-acetylene flame

with added cesium ion (0.1 percent v/v) at 766.5 nm.

Rubidium and cesium were also determined simultaneously by FES in a

fuel rich, air-acetylene flame with added potassium ion (0.1 percent v/v)

at 780.0 and 852.1 nm, respectively.
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Calcium and magnesium were determined simultaneously by atomic

absorption spectroscopy (AAS) in a stoichiometric air-acetylene flame with

added La(III) (1.0 percent v/v) at 422.7 and 285.2 nm, respectively.
Barium and strontium were determined simultaneously by AAS in a nitrous
oxide-acetylene flame with added potassium ion (0.1 percent v/v) at 553.5

and 460.7 nm, respectively.

Iron and manganese were determined simultaneously by AAS in an

oxidizing, background corrected, air-acetylene flame at 248.3 and 279.5 nm,

respectively.

Zinc was determined by AAS in an oxidizing, background corrected,

air-acetylene flame with added potassium ion (0.1 percent v/v) at 213.9 nm.

Aluminum was determined by AAS in a nitrous oxide-acetylene flame with

added potassium (0.1 percent v/v) at 309.3 nm.

Hydronium ion was determined as acidity titrimetrically using the same
equipment as the alkalinity determination above except that standardized
sodium hydroxide (0.025M) was used rather than sulfuric acid. The

laboratory pH was also taken at the start of the titration.

Arsenic was determined by AAS in a stoichiometric, background

corrected, air-acetylene flame at 193.7 nm.

5 4631c 23 March 83



RESULTS AND DISCUSSION

Spring waters were collected using methods similar to those described
in Thompson (1979a and b) and Thompson and Hutchinson (1980). Analyses of
64 hot springs, one nonthermal spring which is apparently a highly diluted
thermal water, and four background, nonthermal spring are reported here
(table 1). Because water samples from acidic hot springs are not usually
representative of any deep thermal fluids, neutral springs are preferred
for 1iquid chemical geothermometry. Except for Growler Hot Spring and the
unnamed springs at Morgan Hot Springs, all the thermal waters in the LVNP
area contain <30 mg C1 L"1 (table 1) which are characteristic of

surficial waters from vapor-dominated hydrothermal systems.

Calculated geothermometer temperatures are reported in table 2. At
Bumpass Hell, Devil's Kitchen, Boiling Springs Lake, and Terminal Geyser
calculated temperatures using different geothermometers (table 2) are not
consistent. Waters from acidic hot springs such as those from Bumpass
Hell, Devil's Kitchen, and Boiling Springs Lake are usually derived from
shallow thermal fluids which often are oxidized in the near surface or
surface environment. These fluids condense with water at the surface
forming an acidic solution which dissolves the surrounding country rock;
hence, the chemistry of the hot springs is independent of the shallow

hydrothermal system, but dependent upon the country rock.
At Drakesbad, having low C1 and pH neutral spring waters, the

calculated Na-K-Ca (Fournier and Truesdell, 1973) and Na-Li (Fouillac and

Michard, 1981) geothermometers yield temperatures that are close to the
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measured spring temperatures. In Little Hot Springs Valley (LHSV) eight
out of fourteen neutral springs have calculated Na-K-Ca temperatures near
the measured spring temperatures and at Sulphur Works five out of eight
neutral springs have Na-K-Ca temperatures near the measured temperatures.
For both of these areas (LHSV and Sulphur Works), however, most of the
calculated Na-Li temperatures are invalid because they are significantly
lower than the measured temperature (table 2). The Mg corrected Na-K-Ca
temperatures (Fournier and Potter, 1978) are essentially the same as the
Na-K-Ca temperatures for Drakesbad, LHSV, and Sulphur Works because the
indicated Na-K-Ca temperatures are quite low and the Mg/Mg+K+Ca equivalent
ratio is low, generally around 0.10. Apparently, the rate of flow of this
local, dilute thermal water at Drakesbad is sufficiently slow so that a
chemical equilibrium (as defined by agreement of different geothermometers)
is established between the country rock and the water. The origin of this
thermal water is probably local. It does not appear to be associated with
any deep thermal fluid, and its source is probably shallow. This shallow
groundwater may be heated by a gaseous thermal fluid (steam and C02u)
and/or by a high local heat flow. A similar situation may exist at LHSV
and Sulphur Works because the Na-K-Ca geothermometer (Fournier and

Truesdell, 1973) indicates temperatures near those measured.

Growler Hot Spring and Morgan Hot Springs contain high concentrations
of dissolved Na, C1, and As. Diller (1889) proposed that the C1 in these
waters initially originated in marine sediments. Taft and others (1940)
reported that Late Cretaceous marine sandstones, shales, and conglomerates
are deposited in the Chico Formation that outcrops approximately 33 km west

and 33 km southwest of Morgan Hot Springs. This formation may underlie
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part of LVNP. White and others (1963) proposed that any water having a
C1/Br weight ratio less than 330 is likely to be connate. The C1/Br weight
ratio for these waters, calculated fron the data in table 1, ranges from
111 to 254 with a mean of 157, well be1o& the 330 suggested by White and
others (1963) for connate waters, indicating these waters may have a

connate contribution, probably not exceeding 15 percent.

Morgan Hot Springs and Growler Hot Spring are also the only thermal
areas in the vicinity of LVNP having thermal waters which consistently
indicate high subsurface temperatures (>150°C) by liquid chemical
geothermometry: the adiabatic silica geothermometer (Fournier and Rowe,
1966) indicates temperatures between 176° and 187°C and the Na—K-Ca
geothermometer indicates temperatures between 213° and 230°C. Nehring and
others (1979) reported that sulfate geothermometer temperatures are near
230°C for many of these same springs. Disparity between the silica,
Na-K-Ca, and sulfate geothermometers may be caused by mixing of different
types of water or by precipitation of silica. At Growler Hot Spring and
Morgan Hot Springs the descrepancy apparently is caused by silica

deposition.

Chloride and silica contours (figures 2 and 3) were drawn for the
thermal springs at Growler Hot Spring and Morgan Hot Springs. The Cl
contours (figure 2) indicate that the most concentrated thermal water is
found at Growler Hot Spring and that the thermal water becomes diluted as
it flows southward to Morgan Hot Springs. The silica contours (figure 3)
indicate the same pattern of water movement; however, the percentage loss

of silica is much greater than that of chloride. The Cl/SiO2 ratio
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changes between the two hot spring areas; at Growler Hot Spring (LJ-79-14,
Table 1) the C1/5i0, weight ratio is 8.71, whereas at Morgan Hot Spring
(LT-79-15) the ratio is 17.86: a relative change of over 100 percent!

Morgan Hot Springs water may also be slightly diluted compared to water
at Growler Hot Spring. From unpublished data of D. E. White (written
communication, 1982) and the chemical data acquired during this study
(table 1), the chloride concentrations at Growler Hot Spring reported in
table 3 vary from a high of 2510 mg/L (June 1951) to a low of 2270 mg/L
(July 1975). This range in chloride concentrations suggests that Growler
Hot Spring water may contains as much as 10 percent meteoric water if the
water containing 2510 mg C1/L is representative of the undiluted thermal
water and the 2270 mg C1/L is the most diluted water. Generally, though,
the water is only diluted ~5 percent. Because chloride concentrations are
easy to determine and very precise (relative standard deviation, RSD, is
about 1 percent), chloride is preferred over other conservative species
(such as B and As) which may much higher RSD's. Unfortunately, no other
analyses of Growler Hot Spring water are available for collection times
between the cessation of White's study and the initiation of the current

one, a period of 20 years.

Beale (1981) reported C1 concentrations as high as 2100 mg/L in waters
from the Walker "0" No. 1 well at Terminal Geyser. This well was drilled
to a depth of >1200m immediately east of a fault (the Terminal Geyser
Fault, Clynne, Brook, and Muffler, written communication, 1982) extending
from near Drakesbad through Boiling Springs Lake and Terminal Geyser. The

fault terminates just south of Terminal Geyser. The northern portion of
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the fault terminates after intersecting the Hot Springs Creek Fault
(Clynne, Brook, and Muffler, 1982) which extends from west of Devil's
Kitchen to south of Kelly Camp. From the surficial hydrothermal
expressions along the faults, the greatest activity occurs at Devil's
Kitchen and the activity decreases towards Terminal Geyser; however, all of
the current hydrothermal activity is predominately acid sulfate (White and
others, 1963) and no high C1 waters are found. Temperature measurements
reported by Beale (1981) for the Walker "0" No.l well at Terminal geyser
suggest that thermal water at temperatures 3170°C flows laterally along the
Terminal Geyser Fault and possibly along the Hot Springs Creek Fault.
Upward leakage of this fluid may give rise to the thermal features at
Devil's Kitchen, Boiling Springs Lake, and Terminal Geyser. The neutral
springs located at Drakesbad may be heated by thermal fluids (steam, COZ,

and other such fluids) moving along these faults or by the high heat flow

also associated with these faults.

No known neutral, high C1 hot springs issue south of Terminal Geyser;
although, Domingo Springs, located approximately 7 km south of Terminal
Geyser, contains ten times more C1 and six times more B than typical cold
springs (table 1). More importantly, the C1 and B concentrations at
Domingo Spring are 100 times less than the C1 and B concentrations found in
the Walker "0" No. 1 well (Thompson, unpublished data, 1982). Thus,
Domingo Springs may be the outlet or one of the outlets for the high Cl
thermal water for the Walker "0" No.l well at Terminal Geyser (Beale,

1981).

A11 of the chemical data supports the initial model proposed by
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Truesdell and Hulston (1980) and elaborated by Muffler and others (1982)
who have described the Lassen geothermal system as a vapor-dominated
reservior which discharges steam and gas in LVNP. The vapor-dominated
reservoir is centered beneath Bumpass Hell and is underlain by a thermal
brine which discharges south of LVNP at Growler Hot Spring and Morgan Hot
Springs and below Terminal Geyser. Isotopic data (Truesdell and Hulston,
1980), suggest that the thermal water discharging at Growler Hot Spring
flows there from the vicinity of Bumpass Hell without any significant

dilution.

White, Hem, and Waring (1963) reported analyses of Tuscan and Wilbur
Springs in their description of "spring waters similar in composition to
oil-field brines of the sodium chloride type." In addition to containing
relatively high Na and C1 compositions, these waters are also characterized
by relatively high B and NH3 concentrations. Both Tuscan and Wilbur
Springs are located in the sedimentary rocks of the Great Valley Sequence
and it is probable that the B and NH3 in these waters have been derived
from organic material in the sediments (Barnes, 1970). The high B and
NH3 in the waters issuing at Growler Hot Spring and Morgan Hot Springs
also are likely to have been derived from sedimentary material, most
probably the Late Cretaceous Chico Formation. This also supports Diller's
(1889) conclusions that the high C1 concentrations originate from marine
sediments. It cannot be presently determined where or how this high Cl

water enters the hydrothermal system.
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CONCLUSIONS

The chemical data supports the previously published models for the
Lassen geothermal system. Thermal water discharging at Morgan Hot Springs
and Growler Hot Spring and the deep thermal water at Terminal Geyser
probably originate inside Lassen Volcanic National Park near Bumpass Hell.
The temperature of the parental brine beneath Bumpass Hell is ~230° to
240°C. The deep Terminal Geyser water may be diluted by as much as 100
times before discharging at Domingo Springs. The thermal waters at LVNP
may have interacted with sedimentary rocks, as indicated by the C1/Br
weight ratio that is lower than seawater and the relatively high
concentrations of NH3 and B. Thermal decomposition of organic material

contained in the Chico Formation may provide both the NH3 and B.

ACKNOWLEDGEMENT

I thank the U.S. National Park Service, Lassen Volcanic National Park
for allowing the collection of hot spring waters inside Lassen Volcanic
National Park and E. Seward for allowing the collection of the thermal
waters from Growler Hot Spring and Morgan Hot Springs. I also thank M.A,
Clynne, R.0. Fournier, C.J. Janik, L.J.P. Muffler, A.H. Truesdell, and D.E.
White for stimulating discussions on the Lassen hydrothermal system. David
Mehl, Lawerence Yee, Ed Mendez, and Lane Tanner assisted in the collection
and chemical analyses of the waters. This manuscript was improved from

reviews by C. A. Brook and M. L. Sorey.

12 4631c 23 March 83



REFERENCES

American Public Health Association, 1975, standard Methods for the
Examination of Water and Wastewater [14 th edition]: Washington, D.C.

p. 412-415 and 503-505.

Barnes, Ivan, 1970, Metamorphic waters from the Pacific Tectonic Belt of the

west coast of the United States: Science 168, p. 973-975.

Beale, J.J., 1981, A hydrologic model based on deep test data from the Walker
"0" No. 1 well, Terminal Geyser, California: Geothermal Resources

Council, Transactions., vol 5, p. 153-156.

Brown, Eugene, Skougstad, M.W., and Fishman, M.D., 1970, Methods for
collection and analysis of water samples for dissolved minerals and
gases: U.S. Geological Survey Techniques of Water Resources

Investigations, Book 5, Chapter Al, 160p.
Day, A.L., and Allen, E.T., 1925, The volcanic activity and hot springs of
Lassen Peak: Carnegie Institution of Washington Publication no. 360,

190 p.

Diller, J.S., 1889, Geology of the Lassen Peak district: U.S. Geological

Survey Eighth Annual Report, part 1, p. 413.

13 4631c 23 March 83



Fouillac, C. and Michard, G., 1981, Sodium/Lithium ratio in water applied to

geothermometry of geothermal reservoirs: Geothermics, v. 10, p. 55-70.

Fournier, R.0., 1979, A revised equation for the Na/K geothermometer:

Geothermal Resources Council, Transactions., v. 3, p. 221-224.

Fournier, R.0., and Potter, R.W., II, 1979, Magnesium correction to the
Na-K-Ca chemical geothermometer: Geochimica et Cosmochimica Acta, vol

43, p. 1543-1550.

Fournier, R.0., and Rowe, J.J., 1966, Estimation of underground temperatures
from the silica content of water from hot springs and wet steam

wells: American Journal of Science, v. 264, p. 685-697.

Fournier, R.0., and Truesdell, A.H., 1973, An empirical Na-K-Ca
geothermometer for natural waters: Geochimica. et Cosmochimica Acta,

v. 37, p 1255-1275.
Ghiorso, M.S., 1980, Studies in natural solid-liquid equilibrium: Ph D
thesis, University of California, Berkeley, University Microfilms

International, Ann Arbor, MI, p. 138-371.

Klein, F.W., 1979, Earthquakes in Lassen Volcanic National Park, California:

Bulletin Seismological Society on America, v. 69, p. 867-875.

14 4631c 23 March 83



Muffler, L.J.P., Jordan, Raymond, and Cook, A. L., 1983, Maps showing
thermal features and topography of Devil's Kitchen and Bumpass Hell,
Lassen Volcanic National Park, California: U.S. Geological Survey

Miscellaneous Field Studies Map MF-1484, 1:2,000.

Muffler, L.J.P., Nehring, N.L., Truesdell, A.H., Janik, C.J., Clynne, M.A.,
and Thompson, J.M., 1982, The Lassen geothermal system: Proceedings of
Pacific Geothermal Conference 1982 incorporating the 4th New Zealand

Geothermal Workshop, Auckland, New Zealand, p. 349-356.

Nehring, N.L., Mariner, R.H., White, L.D., Huebner, M.A., Roberts, E.D.
Harmon, K.A., Bowen, P.A., Tanner, L., 1979, Sulfate geothermometry of
the western United States: U.S. Geological Survey Open-file Report
79-1135, p. 11.

Shapiro, Leonard, and Brannock, W.W., 1956, Rapid analysis of silicate

rocks: U.S. Geological Survey Bulletin 1036C, 56 p.

Taft, J.A., Hanna, G.D., and Cross, C.M., 1940, Type locality of the
Cretaceous Chico Formation: Geological Society of America Bulletin,

v. 51, p. 1311-1328.
Thompson, J.M., 1979a, A reevaluation of the geothermal potential of the

Wilbur Hot Springs Area, California: Geothermal Resources Council,

Transactions, v. 3, p. 729-731.

A



Thompson, J.M., 1979b, Arsenic and fluoride in the Upper Madison River
system: Firehole and Gibbon Rivers and their tributaries, Yellowstone
National Park, Wyoming and southeast Montana: Environmental Geology,

v. 3, p. 13-21.

Thompson, J.M., and Hutchinson, R.A., 1980, Boundary Creek Thermal Areas of
Yellowstone National Park: II Thermal water analyses: Geothermal

Resources Council, Transactions, v. 4, p. 189-192.

Truesdell, A.H., 1976, Summary of section III - geochemical techniques in
exploration in Second United Nations Symposium on the Development and
Use of Geothermal Resources, San Francisco, May 1975, v. 1, U.S.

Government Printing Office, p. 1iii-Ixiii.

Truesdell, A.H., and Hulston, J.R., 1980, Isotopic evidences on environments

of geothermal systems in Handbook of Environmental Isotope
Geochemistry, V, v. 1: The Terrestrial Environment, P. Fritz and J.C.

Fontes (Eds.), Elvservier Press, p. 179-225.

Waring, G.A., 1915, Spring of California: U.S. Geological Survey Water
Supply Paper 338, 410 p.

White, D.E., Hem, J.D., and Waring, G.A., 1963, Chemical composition of
subsurface waters in Data of Geochemistry (M. Fleicher, ed.): U.S.
Geological Survey Professional Paper 440-F, U.S. Government Printing

Office, Washington, D.C., 67 p.

16 4631c 23 March 83



4 3

Buludg plon peweuun
)

. — WY iJ“ sBuudg ooa:_Eon_ sBulidS 10H
WX S ueBIOW
Sb ol ieshop o.._“uw;%u
cnooxc..m € olc -.“ ..o.”.“._%w
M_m_umg....o.oao: u.o.".>oo~n~_v_ 10H o_zo.._ °
jIeH ssedungj
68 AemybiH n
,0€ o0V —+ )yead uasse _|
¥ Aemybiy
Olued|OA udsse
Alepunog )jied [euolleN 68 Aemybiy

MVad N3ISSV1 HVIN Sv3HV TVANHIHL 40 dVIN NOILVOOT

17



CHLORIDE CONTOURS AT MORGAN
"HOT SPRINGS

/ ,
. / s
Mill Creek/' 2370 ;.

/7 2400 mg/L

-*

s YA
-~ ] )
a (2259'Cf /

(NS, Py Tree Line
,_\i/ ‘}‘\f_ﬁzf’) N g-—’\/\‘
- \ 2310 \ U~ ,
‘5“1'90 ‘2200‘\‘ \ L
2:&.’; o 2200'\ h .
\ . e2260 N {\2300 mg/L
2200{_ 2200 N, 7 L=
R : <
\\‘ \ //) §7 \\\
2200 mg/L \‘\\ ;v 1 (z-,-\,,
V\. \_ /
Dirt Road W 4 \\‘
\ *
\_;\ ‘:\ l\“ Mill Creek
0.5 Mi )

3 \\
\ \ \\
1 KM

)8



SILICA CONTOURS AT MORGAN
HOT SPRINGS

/

. /

. Mill Creek :
7

® o o *

- : y %
: \ s
Y /i N~ /200 mg/L (?)
‘ / NV
- .
? \
\ : { // ~
Dirt Road\ :/)\:’. G
| o/
. 0 ~
\ \l
\ :
0-5 MI \\q ‘:§\ ‘.\l ['
N |
1 KM \\v’ \“\\\..\
N oy D

\ 7/
19



£8/90/€ I1ED 4

- 9°G 201 - #°1 €€ 0L L°9 5§ 2 (86°0E, 121  (B1°L2,00  PUd N )40 apys M uo Hds wiem (lews 67 bny 1i6Le
-~ 200 L°6E 91" $0°> 2SI  6I'9 9°S 88 1 J6°06,121  ,81°£2,0p 4vwny Asjou au “jodpnw M1q “340 apjs 3 6L bny [ ot6Lr
- 19 (°S¢ SI° g g2  65°9 S§9°S £6 1 ,08°0¢, 121  ,59°92,0p 691-9/~W1 “Coud bujypsodap bupids 62 Bny | 6060
€6° §°9 2°6§ - -~ Al 8L - - - LPUOE T2T  ,29°92,.0 $00~9L-W1 se auwes (4 dag LoLLe
1 L°8 1T S9° 20°> €€l %€'8 8% 56 2 (P°0E, 121 ,29°92,00 $00-9/-W1 se awes g7 dag 2 01940
- 6%l €% 18° 9°L1 291 1€ 8°¢ %6  8/1 ,08°0€, 121  ,99°92,0p $91-9/~W1 S awes 97 das 2 6090
- (2 $'9T $0° 20> S§6 §§°L  §°9 w €/ £8°0E, 121  ,89°92,0¢ ‘291-9.-W1 se awes g7 das 2 809.0
8 6°€ w 81° ot 911  20°L 6°S 16 au 08°0€,121  ,59°92.0p ¢s34 bupypsodap “691-9/~W1 Se awes g/ dag 2 LooLe
9 5°6 8 0" £9° 8 05°8 8°9 18 ¥/1 JALTTET2T ,€8°92,00 1¥1-9-W1 se awes g7 dag 2 909L0
£°¢ 8°ST §s2 6%  20° 16 65t - 69 §°0 SO°TE, 12T ,82°L2.00 IET-9L-W1 Se awes g/ dag 2 5090
I°¢ S°p1 802 OF" 90> 001  JAT AL 1 60°TE, 121 ,62°L2,0p tPA 43ddn uy 6ds bupiysodap aujjsaaes) 9y das 2 pooLr
- 9% 6€ - - LIl €89 S 16 1 .08°0€,12T  ,69°92,00  A3}A300 JO RAJR UpRw 334D APYS 3 g9y bny 69T9LW
- 9 &£ - -~  SI1 L S°¥ £6 1 (£8°0E,121  ,89°92,0p  A3}AL3I0% JO eaJe ujew X934 apys 3 g, bny 2919/M
9°2 1 261 - - 101 8L S§°9 99 1 (60°T€, 121  ,62°L2,0p LeA 13ddn u} bds Sujijsodap aupjsaaesy 9z bny Q6219/W
Aaytep sbupads o4 a3
9° 9°6 9°8c 90" 90> I  £1'8 8°9 99 1 2292, 121 ,09°92,0p  Lood bujumyms buppaay bujads 3ysaybyy 9¢ dag | £09LL
' 1°9 8¢ - -l 11°L  §°9 59 2 22°92,121  ,09°92,0y Lood Gujusuims Buypaay bujads 3saybjy 9, bny 2629LM
peqsaje.q
- 2L 601 #0°> g°1 oy 91’9 -~ - au 6L Aine 18 806LL
- 08 §°81 1 L°11 §91 21 - - au 6L AIne 1€ L0620
- (2 2€T S0° €1 2 e - - au 2092, 121  ,56°92,0¢ JIEE-6L-W1 se awes 6L AInp 1€ 90640
- 6° 2°6 L0° 1 991 219 -~ - au 100°92,121  ,$6°92,0b 4062-6L-W1 se wes 6/ Ainp 1€ SO6LP
- ¥t L% LO° W 09 S0°, 8°9 £6 2 .90°92,12T  ,95°92,00 LEE~6L-W1 “do3 Bujaanod sayoueaq 67 AIPp 1€ 060
- 2°€l 2°21 80" $0°> €81 88°L 9°S & N 06°62, 121  ,15°92,0¢ 9, das 1 209L0
-~ %9 S0l 80 1°9 W1 92t §°2 89 2 16°52.121  ,6¥°92.00 9L dag | 1090
-~ L0 12 - - - £0°8 9 17 1 06°52. 121  ,1§°92,0¢ udyd3eN S, (4A3Q u} Bupads 3samoy 9y bny 6£29LW
- 0% S¥ - -~ glz 18°L 6°1 S6  v/¢ §6°62,121  ,69°92,0¢ bpaq 4u 12> wouy wGz ojosewny abae| G/ A1np LT 8OSLP
“- %1 19 - -  ®IT 689 0°L 6 au 00°92,121 ,$5°92.0¢ 90SLP puokoq wooz sadols L1jy MN SL ALNP /T LOSLC
- Gp* 0OI°6 - - §°'1¥ Iy S°¥ 56 au G6'62,121  ,8v°92,00 ued Aiy ‘%2347 oy 4u “bujids paweuun ¢/ A\hp 9T  905LL
uaydy s, Liaag
-~ 95°9 §'%¢ 02° 21 9g2  9€°2 012 §°2 9 OT°CE, 12T  ,9¥°L2,00 33}sodwod vaie ujey 6L bny | gi6L0
-~ §0°9 §°61 2 01 SIZ S§°2 81°2 S S (65°0E, 121  ,Sb°L2.0¢ 191300 e sa|jog big 6L Bny 1 2eLe
-~ §'§ §°8 - -~ 281 6§72 - - - .00°0€, 121  ,2€°L2,00 bugads paweuun 126LW
- 9T 1I°1 - -~ g6l S6°T (L°1 06 E£/1 1§6°62,121  ,€5°L2,0 u0}323s uidyzsou “Gupids paweuun G/ AP 9T GOGLP
-  §°2 60°¢ - -~ $°9 9£°2 0°2 £6 au ST°0E, 121  ,8Y°L2.00 bupids paweuun g/ A(np 91 pOSLD
LLOH Sssedung
-~ 10°€¢ 16°6 - - (€ - - S6 au 08°€2,121  ,8€°€2.0¢ dNAN “49sheg |eupwsd) 1g das §2 10180
-~ 6¢°1 §2°6 #0°>  I> 9 £9°L 02°S 56 62 08°€2,121  ,8E°€2.0¢ dNAT¢4ash99 (eupuia) 6L ALnP TE  E€06LC
-~ 06°1 02°8 - - 9 §9°9 S§°¥ 26 1 \08°€2,121  ,8E£°€2,00 dNAT “43shkeg (eupwid) 9, bny S6T9ZW
- 2°S1 9°12 - €9 202 1e°2 2> 6 doss ,69°€2,121 60°92,0¢ dNA1 “pud 35 “ayeq sbupads Bupirog 6L A 1€ 20640
495499 |euwid) - dyeq sbujadg buj|iog
a8 by ©) up 94 oS Hd Hd dwd] wupw/|eb *buoy 30 uo}3dpaosag 10/pue ey g 9 (dues
el plad LIV}
*3s3

(/6w up saskeuy)
sbujidg |ewioyy eady udssei--° a|qey

26



£8/0/¢ 2199 61
— - - - - 05T 2°9 101 szt £ - - 50°> 89 - 11640
- « - - 10° - s€*  £°F 022 FA 2'T - - 50> §§ - or6Lr
- #° - - £0° - 8  2°§ 106 61 5 -~ - 50°> 8 -~ 606L0
- - - - - - 22° €% £L8 (8 - 10" $0° 10°> 16 9°1 L0LLe
- - - - - - (1 A A 62y 281 - 80° g0°  20° €6 2°'1 otoLr
- - 8°1 - v'1 - oL 5°0 11§ 0 - e -~ 80° 86 - 6090
- - - - £ - 99° S5y £ S - - - 10° 001 - 809.0
- - - - b - 2t §'1 262 €2 - 90 1% 10° 8L ¥ L09L0
- - - - - - 6y  S°§ 61 162 -~ 90 60° 10° 01 8 9090
- - - - - - 25° L0 L1s s - 80 90"  20° 59 L S09.L0
- - - - - - $5° 6°0 8y ISE - 90" 60°  20° oL ¥ $09L0
- - - - - - (3¢ 2 oce 2 - == - 10° - 6919W
- - - ~ - - S € 62 1 - - - 10° % - 29T9LN
- - - - - - 69° FA Uy 01¢ - 80" 13 AN X1 74 £°1 q6219LW
A3t Len sbupads o4 31331
- — - - £ - §I° 60 261 (174 - 90 or°  £0° ¥ 5* £09.0
- - - - - - SI°  0°t T2 S 14 - (0 P4 S X1 N 1 #°0 2E9LN
pegsayeaq
- ¥e* - - or* 1> - L2 L9 S5 LE GL* -~ - 50> €°1I 0°9 - 806L0
- 9°L 0°t - G 9° - g€* 8% 6L1 0 £°S -~ - 50> ¥ 641 - L0640
- 99° £°1 - SI0°  I> -~ 22° a w (] Sp°T -~ - 50> 1°1 '8 - 906L0
- p°> - - s10° §°1 - 1€’ I 9 9z -~ - S0°>  6°¢ '€ -~ S06L0
- €L - - €0  I> -~ 22° 91 8¢ 28 0'T -~ - 50>  I°'1 FA - $06L0
- - - - - $°1 - 2 1 81 ¥£2 - L0 SI°  $0° p°Ll €t - 209L0
- - 91 - - £ - e s 922 0 .- e~ - 610° 2t 0°2 - 1090
- - - - - vz - 81° v 92 612 - - - $0° 61 ¥ - 6E29LW
- - ' - - v - | R -2 Vi R 15 o't - - 10>  2°¢l g - 805L0
- - - - - L - £ S 2y 6€ $5° - - 10 ¥ G'€Q - L0§L0
- - 2 - - 9° - 2°  §°> 8s 0 't - - 10> L°T 1°s - 905, ¢
udyYdIN S, LhA3q
- 9°L1  9°01 - - - 82* 2§ Lys 0 - - - 0> 2°01 8°2¢ - gl6Ll
- 291 2t - - - 10 Sl A $9¢ 0 e - S0°> 09°9 122 -~ rA(T1y
-~ - — - - - I*> F4 obe 0 - e - 10°> 0% $°s - 126(W
- - v's2 - 2 - 1> 6> - 0 Syl - - 10°> 1% 0 - 5050
- - 8'8 - G* -- £ § gsy O §9°1 - - 10> 6°¢ 0°'8 - yosL0
LL3H ssedwng
- - - - — - 61° §° s 61 - - - 10° £°L - 1o18¢
- ¥ - - - - 61° 92 91 $2 - - - 50> 5°L - £06L0
- - - -~ - - 1> £ 12 £€ - - - 10> 8 - S6TILN
- 6°Gl - - - S§° €T oL O - - - §0°> 99 - 206L0
495499 eupwid) ~ ayeq sbupads buyyjog
sy H uz s°H a8 4 v Ys oo Yuwn ) ay N W a1 dumg

(1/6w up saskieuy)

(*3u0d) sbupads (ewady] eaay uasseq--°1 atqel

2l



£8/90/€

J1e9y

*(€861) %00) pue ‘uepJop 4ILJjNW U} UO}3EI07]

81

*

—~ 62 €£°§ - - o 00°L 6°§ o1 au  ,p8°02,121 ,99°12,00 sbujadg obujwoq 6/ Bnv 2 21641
- 9L 9°l1 - -~ 6€ 9 §°9 ot U ,01°82,121 ,L£°02,00 MPW SPLIYD Au peod 3XP7] UOSLIM IS N 6L Bny 2 TI6LL
- $1°  £%2 - - 05 - 'y 5 au 121 OF upejunoy j409304g U0 34) 6L by 22 £06LL
-~ 11 0°S - - 92 S¥°'9  8°'S 6 au 9526121 ,69°€2,00 %9949 Auuey jo saajempedy 6L bny 22 2061
-~ 27 8% - - $€ 66°9 6°S FA 0T (E§°SE. 121 ,G.°02.0 abpiig 9347 (LMW 30 yInos w p/1 6L by 12 TO6LL
sbuypads pio)
26° S92 SIT 08° OI° 6f s2'8 2°¢ 88 /1 JLLC1E 021 (L2020 (9t dues sszaw 9/9(W se awes g/ dag ¢ FAC TR
62° 2'82 (a4 - - $2°8 L 18 L ST (98 ¥ QT ATT N *M °s 49ddn uy Bds bujpjpsodap 2594 gz Gny 99N
-~ 7' 9°€l  #0°> $0O°> 211 91'8 279 16 /1 25°1€. 0121 ,§9°2,0 (9L dues so:aaw LS9LN Se awes g7 das ¢ £19L0
- 02 9'U - - gl 69°L 9 (8 /1 25°Ig M2l ,59°12,00  dab sniejosd up Bds bupyjsodap 2594 9/ bny LS9LN
- gc 881 Ov-  20°> Ofl 01'8 69 8 v £0°26,121 ,88°92,0b (oLdwes snojadad) gTi9/W se awes gz das 2 9L
-~ G§(¢ 6§51 - - $S1 AL 59 £8 2 .£0°2,121 ,88°92,00 ‘M °S M(q Bujuds Bujpyjsodop aupjsanesy g/ bny 9TT9LNW
- 0L'T 96° - -~ 201 o1’ 0% 8¢ 2/ 91'ee. 121 ,96°92,00 L}e43 JoO 3pjs N U0 G/ Ainp LT OTIGLP
-~ g'6¢ 8'8 - - £12 €2 61 98 daas  ,91-2g, 121 ,96°92.0¢ Pd4P 04 uLBW JO ISPIW U} G/ AINP LT 60540
SY40M 4nyd (ng
- 2 () S - 9L - 6 au  ,8L°0E,121 ,60°E2.00 bupads paweuun g/ By vz 926(1
- 9p°1 01 -~ - u 09, -~ 28 au  ,9/°0g, 121 ,01°€2,00 bupads paweuun 6/ bny vz  526/1
- 1p'% 0°02 - - 29 0'g -- 02 au  ,/9°0g,121 .E1°'E2,00 bupads paweuun g/ bny $2  226/1
- 09°'l ¢€°'c8 - -~ €61 82t -~ 1w au  ,0L°0€,121 ,21°€2,0f bujsds paweuun 6, bny yz 12641
- g% 8°91 - -~ § A6 -~ 81 au  ,pL°0E,T2T  L1'E2.00 bupids paweuun 6/ by y2 0261
-~ l§° 8°66 - -~ 9yl 99'L -~ 88 T LL70E 121 ,L1°E2.00 fupads paweuun 6/ bny p2 61641
-~ 1€ ;71 S - 051 s8°L - 28 9/1 . 18°0€,121 ,L1°€2,0% bujads paweuun 67 bny 2 BI6LL
-~ 69°1 14 S - 291 95, -~ 8 $/1  6L°0€,121 ,12°€2.00 Bupads paweuun 6/ bny p2 L1641
-~ 2'l 6°88 - -~ 951 xL - {8 /1 8L°0c,121 ,£2°82,00 bupads paweuun 6/ by 2 9161
- I£° 96 - -z 06°L -~ 9 au pL°0E, 12T  (H2°E2,00 fupads paweuun 6/ bny p2  SI6(L
- 2° 1'88 - - 921 oL - %6 S  SLTOE, 121  ([2°€2.00 bupads paweuun g/ bny 92 H16LL
't op°  6°16 20°  10*> 002 69°L 69 £6 2 SLUOE 21, L2°E2.0p «A91M049 913347, Jo weauysdy 6/ bny | 81640
't Ly L°€6 €0° 10" s22 80°8 S2°¢ 6 2 WL0E 121 b2°E2.0F (51940 se &_aw LA31M049 3(3317, 9L by | 91640
6" (0° 18 10°> $0° 22 §8°L Sb°L 56 S JIp°0E. 121 $9°€2.0p upads 304 43 m0ay 97 bny | vi6Ll
9°T II° 98 $0°>  $0°> OL1 86°L #°L 68 2 1870 121 ,I1°€2,00 bujpads paweuun g/ deg ¢ 9t9LL
ST 9T 6°S8 80°  2L°S ¢8I $9°L  1°¢ 9% T b0 121 $2°E2.0v «A3[M049 313347, 9L deS € S19L0
€1 (b° §°S8 $0*>  $0°> 2L1 8L 1°L 6 T .SL°0E 121 ,L2°82.00 fujads paweuun g/ das ¢ p19L0
o't 08" 06 - el TA we 2t 88 2 JLL°0ET21  ,50°E2, 0 mopeaw u} bupads 3593104 G2 ALnp 91 £OSLP
0°'1 Sb° 26 - - 101 91 2°L 58 1 W8°06,121 ,62°E2,00  ,491M049 3133}7, WO4y 4D ssosde BdS §; Anp 91 205
W so° 08 - - 1£2 6L €°8 56 € b0, 121 ,$99°E2,00 Bupads jo4 421m049 G/ Ainp 9T TOGLC
sbuyads 304 uebioy pue bupids 304 43|Mmo4y
s 6w e) u 94 201S Hd Hd dwaj upw/ (eb *6uoq *3eq uo}3da3saq 40/pue weN ajeQ 3 dureg
qel  PLa44 MoL4
*3s3

(/6w u} saskieuy)

(*3u02) sbujads [ewdyl eddy uassel--°[ 3iqel

T



- -~ - e -- 9 - T 12 e 8L -~ -~ - 10°> 92 0°et -~ 216L1
- -~ -~ - - > - 1° 4 € 8E1 -~ - -~ 10°> 6°'1 't - 11641
- - - -~ i > -~ I 4 (%3 2t -~ -- -- 10°> 6°1 ¥°E - €061
-~ - -~ i -~ Ll -~ [ 4 2 114 -~ - -~ 10°> L I°1 - 2061
—- -~ b - -~ I*> -~ I 4 8 09 i - - 10°> FA § ¢e - 10641
S4338M PLO)
- -~ -~ - -- I*> -~ L s 92 0€2 -~ 90° g0* 10°> L2 € €1 araLe
-~ -- -- - - 8° -~ e’ 2 LE2 692 - S50° 60° 10*> 0t £ 8° 9L9/K
-~ - - g - > -~ g2 91 99 b6 - -~ it 10°> o1 S¢ -~ gr9L0
- -~ - - - 6° -- SI* §°¢ L 8L - - - 10° b8 82 - LS9LNH
b -~ - - - ‘N i Ly s 148] STt -~ L0° ert 2o L°ET 89 0°2 1toLe
- - - -~ - AN | -~ es° e (3 192 -- 80° yI°  20° 1 Ad A 0L 9°T 9TT9IL/NW
- - 0°¢ - -~ > - 6€° S§° €S1 0 (¢ A -~ -~ 10*> 0°S S°1 - orsLe
- - | A S - FANE A i GE* §O 8E6 0 (1 - 10°> €8 44 - 605.0
SY40M Anyding
- - - - - 0L -~ 9°2 002°2 L6 09 - 0°¢ 62°'T 8°9 132 0511 - 92641
- -~ - -~ el o -~ €2 0022 L6 09 - 6°l €'l (L'9 1249 0sST°1 - §26L1
- -~ - - - A ¢ -~ (1 9% 4] 05 - S0°> §0°> IT° 9°¢t 6°€2 - 226l
et - - - - 89 -~ 1°2 0922 101 1 -~ 9°[ or°'r L9 1428 0sT°1 - 12641
- - - -~ - L - e 8s 4 9§ - 20" S0*> 90° 9°2 £°st - 026L1
i -~ - i ~-~ el - 9°'2 002°2 vol 9% - 6°T et L9 [§ /1 061°T - 616L1
-~ il -~ - i el - §°2 051°2 e1t 294 -~ 81 6I°T #°9 It ovI‘l -~ 816L1
- -~ - -~ -- 2L el 9°2 061°C L0T 801 - 0°¢ 62°'l L°9 6%1 081°T -~ L16L1
el -~ - - i 1L -~ 92 002 L0t %] - 81 9I°'l 8°9 Wi 0221 - 916.1
- -~ - - - 1/ -~ 9°2 082° 101 (1] - 8°l we'r 1L 1 ove‘1 - ST6L1
- - - - - /8 - §*2 o0L2° (44 0L - 1°¢ wt 1L 65T 092°t - pi6Ll
£°01 e’ -~ 10°> 10° T4 g2t 6'2 052°2 2L €9 §°tt or°¢ 9%°1T 9 991 082°1 1°t 8i6L0
9°01 ¢ - 10° S¢0° 1 48 Sl 0t 01292 g2l 89 el 60°2 eyt 1°9 91 0921 0t 916L0
0°11 | Al - 10°> 20’ 8 1°0t €2 0LE2 118§ 55 G'6 22°¢ L9°T €°9 gLl ove“1 G2 pi6L
2°6 -- - - 1°¢ 98 12 G2 Ovee 66 99 b 82°2 96°T §°L 6.1 0251 §°1 9t9LL
1ot -~ - -~ It 28 ST 52 022 66 9L -~ 4 4 't ¥l €L oLy ‘1 0°1 stoLe
9°6 i -~ -~ -~ S8 L L'z 012 86 19 - 80°2 L 6°L 281 09y 1 0°'t yroLe
L6 - i -~ -~ 18 S°I1 8'2 062 86 29 6¢ " A L0z 0°8 991 0LE‘T S°1 gosLe
£°¥e - - -~ ¢l 06 | AR 0t €I1£°2 €2l 144 1% A ¢t €12 2°8 591 08¢ ‘1 L1 cosLe
0°tl -~ -~ - 8l S0T ¥°€l €2 EL22 €L S9 L €°¢ gpe e°ll €02 (T ¢ 21 TosLe
sbujads 04 uebioy pue Bujpids 04 43 M04YH
sy v H uz s°H g 49 4 v  Yos foon Yww s @® N » Y °g  9ldwes

(/6w up sasAjeuy)

(*3u02) sbujids (ewsayjy easy uasse]--°[ Ilqel

23



Table 2. Calculated Geothermometer Temperatures

Sample  Measured Silica Na-K Na-K-~Ca Na~Li4
Number Temperature Adabaticl Cond.l F and T! Revised? Not cor.l Mg cor. 3

Boiling Springs Lake and Terminal Geyser

J7902 94 180 193 277 281 14 14 234
M76195 92 100 98 417 364 53 53 89
J7903 . 9% 114 114 262 271 29 29 218
J8101 9 84 80 344 323 38 38 %4

Bumpass Hell

J7904 93 132 135 495 405 63 63 89
J7905 0 167 177 854 553 99 50 133
M7921 92 -~ - - ~— - - —~
J7912 55 173 185 361 333 69 69 126
J7913 52.5 179 191 370 338 75 75 100

Devil's Kitchen

J7606 95 97 94 387 348 32 32 116
J7607 94 140 144 271 277 82 82 36
J7608 95 173 184 367 337 81 81 13
M76239 71 - - 542 428 109 60 85
J7601 68 161 169 406 359 84 60 62
J7602 73 164 174 511 413 120 60 85
J7904 93 111 111 174 210 21 21 173
J7905 - 159 167 196 226 73 73 96
J7906 ~-— 119 120 223 245 20 20 210
J7908 - 159 167 359 332 54 54 155
Drakesbad
M76232 65 151 158 317 307 79 79 56
J7603 66 152 158 325 311 75 73 61

Little Hot Springs Valley

M76129b 66 134 138 301 297 62 62 35
M76162 a3 140 145 235 253 109 109 13
M76169 o1 141 146 349 326 107 107 5
J7604 -~ 134 137 300 296 59 59 21
J7605 69 129 132 306 299 53 53 23
J7606 81 126 128 117 165 56 56 15
J7607 91 141 146 327 312 104 104 7
J7608 94 131 134 230 250 118 118 14
J7609 94 158 166 239 256 95 80 66
J7610 95 148 154 255 267 75 75 69
J7707 ~— 161 170 240 257 85 85 11
J7909 93 144 149 224 245 98 98 10
J7910 88 154 162 346 324 91 91 72
J7911 55 148 154 221 243 57 57 61
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Table 2. Calculated Geothermometer Temperatures (continued).

Sample  Measured Silica Na-K Na-K~Ca Na-Li4
Number Temperature Adabaticl Cond.l] F and T! Revised? Not cor.l Mg cor.3

Growler Hot Spring and Morgan Hot Springs

J7501 95 177 190 227 248 230 230 234
J7502 85 134 138 206 233 217 217 206
J7503 88 163 172 207 233 218 218 205
J7614 94 161 170 211 237 222 222 197
J7615 96 165 174 204 231 218 218 190
J7616 89 160 169 204 231 219 219 188
J7914 95 187 202 216 240 223 223 184
J7916 95 176 188 215 240 219 219 187
J7918 93 169 180 216 240 221 221 190
17914 94 145 150 213 238 219 219 201
T7915 96 143 149 212 237 217 217 203
T7916 87 156 163 201 230 213 213 200
T7917 85 158 166 213 238 215 215 202
T7918 82 154 161 210 236 212 212 201
T7919 88 152 159 205 232 212 212 201
T7920 18 121 122 256 267 168 73 168
17921 n 118 119 212 237 217 217 204
17922 20 113 112 237 255 168 78 182
17925 82 161 169 212 237 215 215 204
T7926 95 161 169 211 236 214 214 206

Sulphur Works

J7509 86 173 184 672 485 86 3 72
J7510 38 135 138 4114 994 12 12 22
M76116 83 155 163 287 288 62 62 21
J7611 84 150 157 284 285 57 57 22
M7657 87 144 149 362 334 91 91 29
J7613 91 139 144 351 327 96 9% 21
M7676 81 105 104 837 547 2 2 155
J7612 88 94 91 769 523 1 1 155
1 Truesdell (1976) 3 Fournier and Potter (1979)
Fournier (1979) 4 Fouillac and Michard (1981)

29 4R~ A3 /04 /82



Table 3. Chemical analyses of Growler Hot Spring

[temperature in °C, discharge estimates

in gallons/minute, analyses in mg/L]

Date~~~mmm- 24 Jun 47 29 Jun 49 1 Jun 51 7 Sept 54 16 July 75 1 Aug 79
Temperature 95 95.2 95 96 95 95
discharge~~ 8-10 nr 8 7 3 2
pH ------- - 7.77 7.8 7.93 7.4 8.3 703
S$S10p~~~mmmm 230 233 - 111 231 225
| - 0.2 -~ - -— 0.1
Mn-------“- Ladad - ot badad ——— 0. 3
As --------- - 2. 2 _—— fadad 11 11.
Ca “““““““““ badad 79 b 82. 5 m 93- 7
m ......... badad 0'8 — 3. 4 .05 .47
Sremmmmmn~~ - 14 -~ 14 .77 1.1
Ba --------- — - —— - 1. 2 205
Na~~~mmmmm— -— 1,400 - 1,380 1,450 1,340
| . -~ 196 -~ 187 203 173
Li ~~~~~~~~~ hadad 9.2 loiad 8035 11.2 6.3
NHg~~mmmmmm -~ 1 - - -~ 9.5
HCO 3~~mmmm~ -~ 52 - 57 65 55
S0g~mmmmmmm - 79 - 123 73 110
Clerrmmmeae 2,430 2,430 2,510 2,400 2,270 2,370
F ———————— Lasad 1. 5 — - 2. 3 2. 3
[ R ——— - 88 -~ 86 105 84
Analyst White Brannock White Kramer Thompson  Thompson

Not recorded
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