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makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
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recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
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Government or any agency thereof.
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GEOTHERMAL INVESTIGATIONS IN IDAHO
. Part 3
An evaluation of thermal water

in the Weiser area, Idaho

By H. W. Young and R. L. Whitehead

_ABSTRACT =

The Weiser area encompasses about 200 square miles
in southwest Idaho and contéins two thermal water areas:

(1) the Crane Creek subarea, which is 12 miles east qf -
Weiser, Idaho, and (2) the Weiser Hot Spfings subarea,
which is 5 miles northwest of Weiser.

Volcanic and sedimentary rocks of Miocene to Pleistocene
age have been faulted and folded to form the northwest-
trending anticlines present in much of the area. Basalt of
the Columbia River Group or underlying rocks are believed tb

constitute the reservoirafor the hot water.

Gravity and maghetic anomalies are present in both sub-

" areas. A pfeliminaryVaudio-magnetotélluric survey indicates
' that a shallow conductive zone is associated with each thermal

“site.,



Above-normal ground temperatures measured at a depth of
1 metre below the land surface in the Weiser Hot Springs subarea
correlate with relatively high concentrations of boron in under-
lying ground waters, which, in turn, are usually associated
'with,thermal waters in thé study area,

Sampled thermai waters are of a sodium chloride sulfate
or sodium sulfate type, having dissolved-solids concentrations
.that range from 225 to 1,140 milligrams per-litre. Temperatures
of sampled waters ranged from 13° to 92.0°C. Minimum aquifer
'temperatures calculated from chemical analysis of water, using
geochemicél thermometers, were 170° and 150°C in the Crane Crecek
and Weiser Hot Springs subareas, respectively. Estimated max-
imum temperatures ranged from 212° to 270°C and 200° to 242°C,
respectively, in these subareas.

The probable heat sources for both subaieas are (1) young
'magmatic intrusive rocks underlying the basalt or (2) ébove:

normal temperatures resulting from thinning of the earth's crust.



INTRODUCTION
Preliminary data descfibing the occurrence of hot water
in the vicinity of Weiser, Idaho, were collected by Young and

Mitchell (1973) as a part of their survey of thermal springs

"and wells in Idaho. Evaluation of these data ind;catéd that

this area might contain significant quantities of hot water and

ithat further study of the area might reveal a potential

for the development of geothermal power.

- The Weiser érea, as shown in figure 1, comprises about 200
square miles in southweétern Washington County and is at the
northwestern end of the Snake River Plain.k The area has a cool,
semiarid climate with about 11 inches of precipitation annually
(Ross, 1956, p. 83). The Weiser River, its tributaries, and a
few small streams that»flow directly into the Snake Rivér at
the western edge of the area, provide drainage for the area{

A series of northwest-trending anticlines composed of

faulted volcanic and sedimentary rocks of Miocene to Pleisto-

cene age are exposed in the northern part of the area. Lacustrine

and fluviatile deposits of Pliocene to Holocene age underlie the

Llowlands in the southern part of the area. Altitudes in the area
‘range from about 2,000 feet in the lowland to about 4,000 feet on

the higher ridges.
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The two known major occurrences of hot water in the Weiser

area are widely separated; for this reason, in this report, the

‘area has been divided into two subareas to facilitate discussion

of the thermal anomaly each contains. The subareas are: (1)
’f}Crane Creek, which.%S'about 12 miles east of Weiser; and (2)

 Weiser Hot Springs, which is located about 5 miles northwest

fof Weiser (fig. 1). The name Weiser Warm Springs is given on

_the Olds Ferry and Olds Ferry SE U.S. Geological Survey topo-

graphic qﬁadrangle maps, but in this réport, these springs are
referred to by the local name of Weiser Hot Springs.

The Crané Creek subarea contains two éroups of undeveloped
hot springs that lie along the banks and in the stream

channels of Crane Creek in T. 11 N., R. 3 W., sec. 7, and of

Cove Creek in T. 10 N., R. 3 W., sec. 9 (for locations,

see figs., 4 and 6). The water from.these springs 1is unused
and discharges into the streams. The Hot springs along

Crane Creek are at the mouth of a steep-walled canyon that

is cut in sandstone and volcanic rocks of Miocene and Pliocene

age. The Cove Creek site is in a relatively'shallow draw cut

~ in fine-grained sedimentafy deposits, with the springs issuing

from the coarser alluvium in the stream channel.

1



In the Weiser Hot Springs subarea, thermal water is

obtained from wells drilled near the original hot springs.

These springs no longer flow noticeably at the surface,
“although several nearby wells and springs discharge small
‘amounts of warm water. Thermal water produced from four

‘closely spaced wells at the Weiser Hot Springs is used to

fill a swimming pool and to heat two greenhouses. Water

from other nearby wells and warm springs is used to water

-livestock and to irrigate small pasture areas.

/0
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Purpose and Scope

After Young az=——=C Mitchell (1973) recognized that the Weiser

————m
area could have si——=

ificant potentlal as a source of geothermal

: energy the U.S. G====0logical Survey, in cooperation with the
i 4

. Idaho Department c———- Water Resources,

initiated-a study - -
Whose purpose wass ~—=0 better define the geothermal resources
o W

_in the area. Thi=— purpose is met-in this report by presenting

(1) chemical anal===58s’ 'of water from selected wells and sprlngs

for use in estlmzz:2-n8 aquifer temperatures at depth and in

‘describing the c==="1cal character of the thermal waters

(2) a

geologic map of === ?2r€d Prepared from existing data

’ (3) an
t1ine of areas =—— anomalous ground
~ou

temperatures mez==—=2d at a depth of 1 metre, and (4) results

-of\geothSical s—=—7eys made as an aid to understanding the

i gtructure of thZ z=iderlying rocks and to help in locating geo-

-
-
-

\\\

physical anomal in the subsurface.
P
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. Water samples were collected from 11 wells and 9 springs

i » for standard chemicai analyses, which include the common

«  jons and silica. Additional samples were collected for analyses
of the less abundant eléments--ﬁercury, lithium, boron, and'arsenb

‘Samples were also collected from cold-water wells and springs

for background data. Samples ofldeposits from hot springs
i : :were analyzed to determine their mineral constituents.

Data derived from pfevious gedlogic reports were used
:to prepare a geologié map fof the area. The geologié data
'were modified from reports by Shah (1966), Ross (1956),
and Kirkham (1931b). |
. “© °  Ground temperatures measured at a depth of 1 metre
é at 74 stations were used ‘to prepare a map showing the extent
) of warmer ground in the vicinity of the Weiser Hot Springs.
* Additional information on the éxtent of the geothermal

anomalies was derived from analysis of gravity and aeromagnetic

"data, plus some reconnaissance audio-magnetotelluric data by

D. R. Mabey, D. L. Peterson, D. B. Hoover, and L. L. Tippens of

the U.S.~Geologica1-Survey.
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Previous Work

Reports by Russell (1902 and 1903), Dorf (1936), McDivitt
(1952), Newton and Corcoran (1963), Washburne (1909), Kirkham
'(1927), and Anderson (1941) contain some data on the geology,

'paleobotany, and the potential for producing natural gas in

:the Weiser area. These reports are generalized and are
Eof a reconnaissance nature. Data from more detailed reports
by Shah (1966), Kirkham (1931b), and Ross (1956) were mainly

~used to Compile a geologic map for the Weiser area (fig. 4);

In figure 4, the individual units of the Idaho Group as des-

‘cribed by Shah (1966) are not shown separately but are included

in the Idaho Group, undifferentiated. Also, the locations of

some anticlines, synclines, and the outcrop area of pre-

Tertiary rocks shown in the geologic map (fig. 4) were taken

from Kirkham.(1931b)} Invaddition, several -areas of mineral-

~ization shown by Ross (1956) are included in figure 4.

‘e
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Well- and Spring-Numbering System

The numbering system used by the Geological Survey in
idaho indicates thellocation of wells or springs within the;
official rectangular subdivision of the public lands, with
reference to the Boise base 11ne and meridian. The first
two segments of the number designate the townshlp and range.
The thlrd segment gives the section number, followed by three
jetters and a numeral, which indicate the quarter';ectlon,

T the 40-acre tract, the 1l0-acre tract, and the serial number
of the well within the tract, respectively. Quarter sections
are lettered a, b, c, and d in counterclockwise order from
the northeast quarter of each section (fig. 2). Within the

) - quarter sections, 40-acre and 10-acre tracts are lettered in
the same manner. Well 11N-6W-10ccal is in the NE%SW%SW%
sec. 10, T 11'N., R. 6 W., and was the first well 1nventor1ed in

that tract. Springs are designated by the letter "S" follow-

ing the last numeral, 11N-3W-7bdblsS.
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Factors for Converting English Units to .
International System (SI) Units

The International System of Units is being adopted for use
in reports prepared by the U.S. Geological Survey. To assist
- readers ot this report in understanding and adapting to the new
L " system, many of the measurements reported herein are -given in-—  — -
. - - -both units. In addition, a graph (fag. 3) and the factors
S " listed below are presented as an aid to conversion from one
system of units to another. Chemical data for concentrations
are given only in milligrams per litre (mg/l) or micrograms per
litre (ug/1) because these values are (within the range of values
" presented) numerically equal to equivalent values expressed in
parts per million, or parts per billion, respectively.

Multiply English Units By To Obtain SI Units
“ inches (in) ¥ - - 25,4  millimetres (mm)
W feet (ft) N . I - .3048 metres (m)
miles (mi) K o 1,609 kilometres (km)

| - i: "' Area |
i acres ’ . . .4047 = hectares (ha)
L square miles (mi?) = ' .2.590  square kilometres (km2)
%, T  Flow
% cubic féet per secop@w(ft3/s) 28.32 - i"litres per second tl/s)‘
{ * gallons per minute (gal/min) , .06309 . litres per second (1/s)
S S B S R DO |
| 2 I TR T SR
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GEOLOGY

Wells and springs discharging warm to hot water are foﬁnd

§§ : at several places along the northern margin of the western Snake

‘River Plain between Weiser and Boise, a distance of about 60 mile
. =~ Evidence from gravity, seismic, and geologic studies indicates th
‘lv. - ?the western part of the Snake River Plein is a graben with high-~
| iangle northwest-trending faults along its'nOrthefn"fIéhkm(Mei&e,'
o V,f °1959). ‘Malde also found that along this flank of the grabeﬁj’

| | | ‘rocks of carly and middle Pliocene age have been displaced at lea
¥ 5,000 feetj that younger rocks have, with time, experiencedipro—

‘gressively smaller displacements totaling about 4,000_feet;vand t.

i i " very little displacement has occurred in the youngest rocks of
&b late Pleistocene age. |
The lowlands in the southern part of the Weiser area are,
according to Kirkham (1931c), within a part of the downwarped
jShake River Plain, and some faulting associated with the downwarp:
ing has occurred along the margins of the lowlands. Data from a
E i few well logs also indicate that a fault probably exists along the
northern edge of the lowlands.
%} " A system of northwest- trending, eroded and, in some places,
= -~ faulted anticlines composed of volcanic and sedlmentary rocks
"~ _occurs in the northern part of the Weiser area (fig. 4). This
system of anticlines dips toward and abruptly terminates at the
‘northern margin of the structurally depressed Snake River Plain
"where it cuts through the Weiser area (fig. 10). The lowlands in
" the southern part of the Weiser area are underlain by a thick se-

li . .q' . quence (greater than 1,500 feet) of relatively undisturbed sedl-
s ~mentary rocks (Klrkham, 1931a, p. 237).

N
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The rocks in the Weiser area range in age from pre-Ter;-
Vtiary (Permian) to Quaternary. (See table 1 and fig. 4.) Vol-

' canic rocks inpermian and younger age and granitic rocks of

: ECretaceous age underlie volcanic rocks of the Columbia River Group

> of Miocene and Pliocene age as evidenced by exposures in th¢ '

. ;canyon of the Snake River in T. 11 N:, R. 7 W.,'sectionsfs,‘B;
éand Zd—along the westefn.edge of the study area. Although ;
Ethese small exposures are not -shown on~the*geqlogic map, an?
:exposure'of pre-Tertiary-age rocks in the northwestern part?of

i""jthe area is shown. _ | ,Wﬁmmﬁﬁufv |

The volcanic rocks of the Columbia River Group are be- -

i . . lieved to ﬁnderlie most of the area (Shah, 1968). Basaltic vol-

" 2 canic rocks of the Columbia River Group occur both above and
- below the rocks of the Payette Formation of Miocene and Plio-

" cene (?) age. Kirkham (1931a, p. 213) stated that known thicknesse
- of the basalt overlying the Payette Formation.range from 445

to 1,000 feet in and near the Weiser area. The occurrence éf
 the Payette Formation within basalts of the Columbia River |

| Group is. a cﬁaracteristic‘featufe that helps to distinguish

theIPayetterFormatidn from rocks of the Idaho Group that overlie

- the younger basalts of the Colu@bia River Group. Rocks of

the Idaho Group range from Pliocene to Pleistocene age and

!
¢

- are widespread throughout.the area. 'In the lowlands and valleys,
Ealluvium and%colluvium of Pleistocene and Holocene age genefally

-overlie the older rock units. . . .. ...
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‘yv S As indicated in the preceding discussion, faulting and
folding of rocks has occurred along the fianks of the northern

é o ‘margin of the Snake River Plain, and from this, it can be in-

“' :ferred that deep-seated faulting may also have occurred in the

o iWeiser area. Faulting of this nature could provide conduits

d :for the intrusion of magma to relatively shallow depths, which,

"in turn, could be a source of ﬂeat for overlying ground
s water. - These faults could also act as conduits enabling cif-

! ' 4

culation of water to hot rocks at depth. Outcrops of silica-

: - cemented sandstone and conglomerate in the Payette Formation —

o H and in the Idaho Group seem to be associated with oc-

Lo 1. currences of .thermal water. -
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The thermal springs in the Crane Creek subarea are in the

canyons of Crane Creek and Cove Creek and are alined in a north-

‘westerly direction, which is parallel to the structural trend
of the area. The subarea is centered around the site of the Idaho

"Almaden Mines Company mine, which was at one time a leading

producer of mercury (quicksilver) in the United States. The

-mine, which is about 12 miles east of Weiser and is between the

‘two groups of hot springs in the Crane Creek subarea, is in a
'sag on the crest of a northwest-trending anticline (Anderson,

‘1941, see fig. 4). The Crane Creek hot springs and the Cove

Creek hot springs are on the eastern and wéstern limbs of this

‘anticline. Thermal water at both sites issues from alluvium and
colluvium. A sandstone, which is underlain by basalt of the
Columbia River Group, is exposed on the hillsides above the spring

" vents and is believed to be a part of the Payette Formation.

U, S GOUVERNMENT PEINTING QFPICEH 2 1672 ) - 40778

20



In this subarea, the Payette Formation and Idaho

AGroup were mineralized by hydrothermal action. Much of

:the rock has’ been permeated by silica-rich (opal) hydrothermal
¢ Esolutions, and in some places, mercury (in the form of
a-?cinnabar) was deposited. The mineralization occurred duriné
g Eseveral pulses, the last of which, according to Anderson (1941,

fp. 8), could have been no older than early Pleistocene. The

® __hydrothermal solutions probably rose along faults and may

J have resulted from shallow(?) magmatic intrusions associated

: W'%with zones of tension fractures. The hot springs in "the

Crane Creek subarea may represent a modern manifestation

i i - of the same processes thét produced the mineralization,

‘D’ “ The Weiser Hot Springs subarea is at the margin of the

" lowlands near the cfest of an anticline (fig. 4). No intensive

mineralizétion, such as in the Crane Creek subarea, has been

b noted. However, in T. 11 N., R. 6 W., in the north half ofjsec-
~tion 10, an outcrop of silica-cemented and, in places, oﬁalized
sandstone is present (not shown on the geologic map) , whichiis
jsimilar to the sandstone at the site of the Idaho Almaden Mines

”';COmpahy.mefcﬁry mine. Seﬁeral warm-water springs and wellé

' . are present near the sandstone ridge. : _

\
[}
1

;,,.‘.k..v_‘q.,‘
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In the Weiser Hot Springs subarea, wells at'the Weiser Hot
> Springs may be supplied with water from basalt of the Col-
:umbia River Group. Evidence for this is from the driller's
o ilog for well 11N-6W-10cca1; which indicates that a hard, muiti-
‘ ;colored rock unit (basalt?) was penetrated at 83 feet belowiland
. isurface.,_Although this rock unit pfobably is basalt of the
- Columbia River Groﬁp, wells to the south and southeast of

‘Weiser Hot Springs have not penetrated this basalt, possibly .

‘because most of these wells are less than 200 feet deep, and

| * because of faulting along the northern margin of the lowlands

j H (fig. 10).
| . .
ﬁ . - Other wells and springs in the subarea are supplied with
i :
ib o water from surficial deposits of alluvium and from sedimentary

rocks of the Idaho Group that overlie basalt of the Columbia

River Group. The areal alinement (fig. 4) of springs '

e 11IN-6W-10acblS and 11IN-6W-18ccclS, well 11N-6W-17bddl, and the
“hot wells at Weiser Hot Springs, in addition to the similarity

~of ratios of selected chemical_constituents in water from these

B - - wells and springs (see section on chemical ratios), suggqsti:

:
3
4
i
1
&
£
l

" that the water probably rises along a fault to issue at the
' surface or enter shallow aquifers. ' , ' . ‘ %

é -Ba?ed on méager data from drillers' logs and the known

. geology of the Weiser area, the reservoir rocks for the thermal

:water'iﬁ the Crane Creek and Weiser Hot Springs subareas are
. . probably the basalts of the Columbia River Group or underlying
: - rocks of Cretaceous to Permian - Y- N
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GEOPHYSICAL SURVEYS

Regional gravity and magnetic anomalies

UL S COVRPAMENT PUINTING OVIICE - J8i2 0 - 43505

23 '(3.3a. m/“‘/‘a”&’r—

. j : ' »A‘gravity map (fig. 5) of the Weiser area was compiled:
; %by D. R. Mabey and D. L. Peterson of the U.S. Geological
X ESurvey using 59 stations established by the Survey and 32
: (--gstations obtained from the Department of Defense Gravity é
? f_W?LiBfafy:¥ The Bouguer;éhbﬂély gravity values were computed
? . ?using_a density.factor of 2.67 g/cm?® (grams per cubic WWMW?
% . ?centimetre). No correction for terrain effect has been ap-% 777777
| . jplied. The data are referenced to the North American |
- -graVity base station at the Boise airport at the south
l?- edge of Boise (Woollard, 1958). The station density is
‘% . ~ low, and the gravity map defines only the gross character |
g _of the more extensive gravity anomalies.
e P—
| |
2 i
T e % i ;
- ; o . . e



ﬁﬁ? ; The Weiser area lies at the northwest end of a large
»  regional gravity high that is approximately coextensive
:with the entire length of the Snake River Plain, Elsewhere;

most of the area encompassing this large gravity high is under-

o

~lain By sedimentary and volcanic rocks of Tertiary and Quaternary
- _”ﬁ, Eage. In the Weiser area, however, the high extendS"over'an‘area

»  underlain by basalt of the Columbia RiféreGrdupf*”fhiexﬁaéait

® may be part of the cause of the gravity-high7”but“a”ﬁGEit*Ve”4“WA
9 fmass anomaly at depth related to isostatic compensation -
xO’gfcr the low average surface altifude relative to areas to

" the west, north, and east is aIEO a probable cause of part ef
| '*  the anomaly. Over the western Snake River Plain, this deeper
é B “mass anomaly appears to reflect a pronounced thinning of the

upper crust,

1=

The highest Boﬁguer gravity values in the Weiser area |

~occur west of Weiser where the average surface altitude

is the lowest in southern Idaho. Bouguer gravity values
Py | * decrease north and east toward areas of higher average

| " surface altitudes. Data presently available do'not define
ithe gravity high west of Weiser in adequate detail to deterhine
’ 1f the related positive mass 1s in the near surface or burled

deep in the crust,

: . . ) !
' . !

!

Yo

N Y |
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ﬁ@ﬂ v East of the Weiser River in the area of Crane Creek
'is an extensive gravity low, On the west, the low is bounded

+ by a steep graVity gradient that suggests a high- i
: |
+ angle interface between rock units of different density.

5. One possible interpretation of the anomaly is a thickening

g . :of low-density sediments in the érea of the gravity 1ow.rr§~w~~~~
? ? é In the area of Weiser Hot Spring, northwest of Weiser,
éi _&; ga low amplitude gravity high is apparently related.tq~aw ?
; o ° fnear-surface-mass anomaly; howéver, no indication of the
| !O~§cause of the anomaly has been reported.
n ; Aeromagnetic data are available from a survey flown
% ‘ 12 511,000 feet above mean sea level with north-south flight 1iﬁes

‘b %72 miles apart (fig. 6); The magnetic intensity in the Weiser

§ i ':area is generally high, presumably reflecting the abundance

!

- of strongly magnetic basalt.
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: West of Weiser, the north end of a magnetic low

; .extends into the area of the Weiser Hot Springs. This

+ ‘anomaly can be produced by structure affecting the basalt,
s+ by variations in magnetic properties of the basalt, or by
.. a greater abundance of sedimentary rocks in the subsurface.
4 A north-northwest-trending magnetic high separates a . -
’ ;magnetic low west of Weiser from another low to the east.
| s :The eastern low appears to be related to. the gravity-low— -~
§ » ' jn this area and could also be produced by a thickening
? ic , of low-density sediments. B o
* ' noo - . _ v ,
. oo ' o
15- - ;
)
16 5
17 S r
: o
i ; :
. f
5 ; %
; i i
| | 3
! . ! i
i |
o .’ '
| e e R —— J
U, s, u)}'r;vz‘:’:.'n!;x"r PRINTING GVVICE $ 4672 0 - 437 84|

ATEER




b
i
t
%
i
[

3

§ of the Weiser Hot Springs. A complete description of the

Whitehead (1974).

Audio-Magnetotelluric Surveys : ;

A preliminary AMT (audio-magnetotelluric) survey

. was conducted by D. B. Hoover and C. L. Tippens of the

| U.S. Geological Surfey in both the Crane Creek and Weiser

Hot Springs subareas. The‘surVey‘consisted'éf'two soundings

in the Crane Creek”subaréa and three soundings in the area -

o

ﬁ AMT method is given in "Geothermal Investigations in Idaho,

' Part 2, An evaluation of the thermal water in the |

Bruneau-Grand View area, southwest Idaho" by Young and

The soundings (written comm., D. B. Hoover, 1974) in

E the Crane Creek subarea indicate apparent resistivities of

.

% 10 to 20 ohm-metres at the surface and at an intermediate

"Level with an apparent resistivity of 1 ohm-metre at depth;

~ The soundings in the Weiser Hot Springs subarea were generélly

" under 10 ohm-metres with a gradual decrease in apparent

i
!
'

: {
i |

| resistivity with depth.

I . e

Although the number of AMT soundings in the Crane Creek

and'Weiser Hot Springs subareas are too few to indicate-the

areal extent of any possible existent geothermal system, g

they do 1nd1cate that a resistivity anomaly of unknown 51ze
does exist at depth.

1

<
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'+ Ground-Temperature Survey in the Weiser Hot Springs Subarea

i The occurrence of anomalous ground temperatures in the
« area surrounding a hot spring has been used to delineate the
; . . i
: !
¢ ! size and shape of a thermal anomaly. Ground temperatures |
s-. at l-metre depth (39.37 inches) were used to indicate the
*  boundaries of an area of high heat flow at Wairakei, New |’
7~ | Zealand, by Thompson (1960). ) N ﬁ
o ,
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15—

Ground temperatures were measured at a depth of 1 metre
at 74 sites (spaced on a one-half mile grid) in the vicinity
of the Weiser Hot Springs during the period August 30 to
September 19, 1974. Seasonal and diurnal temperature changes
occurring during the survey were corrected using ground ‘
temperatures that were monitored continuously af a site:10f

cated in the southeast corner of section 10,7T. 11 N., R, 6 W.,

approximately 0.75 mile east of Weiser Hot Springs. —- %"@*"~

The procedure used to measure ground temperatures at’

'i the selected sites is as follows:

(1) A hole was driven into the ground to a depth of

. ....1 metre, and a temperature probe was inserted.

(2) “Five minutes after inserting the probe, a series:
of five ground-temperature readings were recorded
at 2-minute intervals, and an equilibrium temp-
“erature was calculated using a method by Parasnis
(1971)

(3) Ground temperatures were then obtained by adjustlng
the calculated equilibrium temperatures for the
seasonal and diurnal fluctuations observed at the
monltor site during the survey. ;

i

i
'

i
!

e - - i e
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6ﬁﬁi, ! 3 The results of the ground-temperature survey for the

i

%’ ? ? Weiser Hot ‘Springs subarea are shown on figure 7 by iine% |
3 E of equal ground temperatures. In addition, the extrapolated
and the adjusted temperature for each measuring site and |
the recorded seasonal variation (August 1973 to

¢ | March 1974).fo¥ the area are also shown on figure 7. . _ =

'
'

' As shown by figure 7, ground temperatures in the immediate

; vicinity of Weiser Hot Springshare123:t0163Cmm I
f higher than in the surrounding area, and the area of higher

10

- ground temperatures encompasses the area of hot springs and
E wells. = | - n S :
Chemical analysis of ground-water samples collected w;th-

‘b " in or near the 24°C line (fig. 7) around the Weiser Hot Springs
show that higher boron concentrations (table 2) occur here:

'S~ than elsewhere in thé'area. The correlation between ground

températures and boron concentratfons indicates the possibility

~ that the high boron concentrations found may be indicative of

thermal water leaking upward from depth. ' | f

|
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GEOCHEMICAL SURVEYS

Eleven wells and nine springs in the Crane Creek and

;Weiser Hot Springs subareas (fig. 4) were selected for water-

*- and their proximity to the two thermal anomalies under -

: quality sampling on the basis of measured water'témperaturé

i

H
1

}’investigation. Water samples collected from these wells. ..

f for each well or spring sampled is given in table 2. 1In the

and springs are believed to be representative of the thermal

and nonthermal ground waters -in each subarea. A standard.

- chemical analysis, plus mercury, boron, arsenic, and lithium

f following pages, these analyses,are.used fd provide a chemical

characterization of the water sampled, to estimate aquifer temp-

eratures at depth, and to calculate the ratios of sélected?

- chemical constituents.

Samples of hot-spring deposits ffom,four active spring

- vents and three inactive spring vents were also collected for

; mineral identification by X-ray diffraction. The results Qf

. these analyses are giVen-in table 3.

i
{

e l
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Geochemical Thermometers

§ Geochemical thermometers are being used to help describe and

;evaluate geothermal systems. Two geochemical thermometers;

" the silica geochemical thermometer (Fournier and Truesdellﬁ‘

1970)}and the Na-K—Ca'(éodium-potassium-éalcium) geochemic#l
i thermometer (Fournier and Tfuesdell; 1973) were used to estimate
aquifer temperatures at depth in the Weiser area. 1In addi?ion,
; . a mixed-water geochemical thermometer, (Fournier ahdﬁTrueséell,
; 1974).was used to estimate a maximum water temperature |
| at depth and the percentage of cold water in the waterﬁfwné——
f sampled. This latter téchnique assumes th;t the water sam?led
§~ ; is composed of a hot-water component from depth and a cold{
db: N ~water component from a shallower source. | é
The silica geochemiéai thermometer (curve A, Fournier%
1}  and Truesdell, 1970) utilizés the silica concentration |
_of the thermal water to obtain a temperature estimate,”wvmi_dmwm,,
" The fe@perature éstimatéd is based on thevassumption.that
the_aséendihg water is cooled entirely by conduction, that
‘the siiica.concentration of the watér is in equilibrium i
,with-qgértz; and that ho dilution or precipitation'of siliéa

i : |
has occurred. o : USSR

4
%
b
i

L)
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The Na-K-Ca geochemical thermometer utilizes the molar
§ © ' concentrations of Na, K, and Ca in the thermal water. Thev

* 1
‘temperature estimates are based on ‘the assumption that the*

concentrations of Na, K, and Ca are in chemical equillbrlum

' with the thermal aquifer and that no dilution or enrichment

i
. S t

occurs as the water ascends to the surface.

'
1

A thermal-water sample from a spring or well may, ;

as indicated previously, be composed of hot water from depth

~

. that has mixed with a shallower cold water. The original
A temperature of the hot-water component and the percentage |~
" of cold water in the mixture can be estimated (Fournier and

%_; - :Truesdell, 1974) from the temperature of the water sampled;
"  " the silica concentration of the mixture, and the temperature

; and silica concentration of the nonthermal ground water in
" the area. Fournier and Truesdell suggest asing the Na-K—Ca
: geochemical thermometer to indicate whether or not the o
sampled thermal water is of mlxed origin. According to i
g : | them, temperatures estimated u51ng the Na-K-Ca geochem1ca1§
thermometer that are within about 25°C of the temperature
g»' Y of the water at the surface usually indicate that mlxlng }
' has not occurred; whereas,'estlmated temperatures at depth‘

.that are not within 25° ’C of the temperature of the water at

the surfacefstrongly suggest a wateg of mlxed origin,
b : . i

b
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" ' ; Estimated temperatures were calculated using the mixed-
d E- . . :
d : i
i > i water geochemical thermometer for samples from wells and !
3 é springs where Na-K-Ca estimated temperatures exceeded the !
i |
* | surface temperature by 25°C. The temperature and the %
s-| percentage of cold water was computed using the following |
P P 4 ‘ ,
§ . ¢ -1 assumptions (Fournier and Truesdell, model 1, 1974): (1)
E_ ! ? water and newly formed steam rise'together, (2) the silicai
gv ® . concentrations are in equilibrium with quartz, and (3) the
E °  temperature and the silica concentration of water sampled .
! 1o~ from nonthermal springs are representative of the nonthermal
" " ground water in each area. f
A Estimated aquifer temperatures calculated using the ;
'ib', * - three geochemical thermometers described are given in tablé
' ' 4 and shown on figure 8. E
15~ ’ f
; 16 '1
1 : ;
' A7 : ’ !
iR ; .
LA . '
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|
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b _ _ Chemical Ratios :

| 2 The ratios of certain chemical constituents (White, 1970)
[ . !
3 3 i can be used to help describe and evaluate the origin f

* | of thermal water. The atomic and molar ratios of selected?

&ﬁ_chemical constituents from sampled wells and springs in —

¢ gthe Crane Creek and Weiser Hot Springs subareas are given iv—w—«-

'E in table 4. Included iﬁ this table are the following i.

| f ® | ratios that have been used to identify similar watersrwith£n~7*'»
? ’ o ; a geothermal area: (1) C1/HCO; + CO3 (chloride/biCarbOnaté

| "°'§p1us cérbonate), Fournier and Truesdell (1970); Cl/B (chloride/

" ; boronj, Ellis (1970); and C1/F (chloride/fluoride),

i < 'Y . Mahon, (1970). These selected ratios are also shown
® " in figure 9. : ' | . ]
14 o ' ! |
15— |
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. v Crane Creek Subarea

The chemistry of the sampled thermal water in the

-3 f Crane Creek subarea indicates that the water is of a sodiuﬁ

* é Chloride sulfate type. The water is slightly alkaline witﬂ

5? pH values ranging from 7.1 to 8;0:*'Dissolved-solids'conceﬂ-““
QAE trations range from 1,070 to 1,140 mg/1l (milligrams per~li€re).
{

7 | Sampled nonthermal ground water is of a calcium or sodium

8 gbicarbonate type and contains-less than 300'mg/1~dissolved%*m*mWf~
i | solids. Chloride concentrations (table’ZI'in the thermal :
e water in this subarea range from 200 to 310 mg/l. Chioride
S concentrations in this range:indicate that*a hot-water
% ) 2 system with temperatures above 150°C may exist at depth
‘b}_ '* ' (White, 1973, p. 8). Ground-water temperatures measured
. at the surface range from 13.5° to 92.0°C'(fig. 8) with the
'*~ highest temperature at spring 11N- 3W-7bdb1S. é
| Aquifer temperatures estimated using the siliea geo-
i» :Achemicél thermometer indicate that temperaturee at depth »
| ; range from 153° to 17750. Aquifer temperatures estimated using
E the NafK-CaAgeochemical thermometer suggest that temperatures
”; at depth raﬁge from}163° to 172°C which'is in good agreement
,E.w1th temperatures estlmated u51ng the silica thermometer. %
f Mixed- water temperatures were qalcuiated for samples from three
ilsprlngs in the Crane Creek subqrea.. The temperatures estimated
= uSing this method range froh 2£2° to 270°C, with cold water com-

- L prising 67wto“76;percent_of“the_water,atwthensurface.ﬂm;mﬂj>

i i
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y . ) ; Boron concentrations (table 2) in samples of hot-spring
. é water ranged from 7,800 to 11,000 ug/l (micrograms peT 1it?e).
3 ~: The water from the nonthermal spring, which was sampled for back-

3 % ground data in this subarea (12N-4W-34abblS) did not contain boror

.. Water from two shallow wells (L1N-4W-12ccbl and 11N-4W-12cdcl,

fig. 4) contained boron concentrations of 590 andmllolug/l;»re—

spectively, which may indicate that there is some thermal“ﬁater
# ' leaking into the shallow ground-water system in this~subaréa.ﬂ~”'
“ ; Lithium concentrations for all waters sampled ranged from
1w} 10 to 660 ug/l. Concentrations in the thermal waters were'mark-
n ? edly ﬁigher, 560 to 660 ug/l, than in nonthermal waters, 10-20
2 ug/l. | .
ibl;; B Mercury concentrations in the thermal and nonthermal Qaters
| “';_sampled ranged from 0 to 0.3 ug/l'and'showed no appreciablé dif-
1%f ferences between the two waters. Similarly, no general differen-
te Zces were found in arsenlc concentrations in the thermal and non-
; thermal waters sampled, although Sprlng 10N-3W- 9ccclS conta1ned
o ;510 ug/l and well 11N-4W-12ccbl contalned 170 ug/l of arsenlc
| ;The 51gn1f1cance of the anomalous lithium and arsenic concen-
| o
!
!

. trations is not now understoodq
A - i

2

|

]

|
Lo
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The respective Cl1l/(HCO; + CO3), C1/B, and C1l/F ratios
(flg. 9) for sampled hot-spring water along Crane Creek are very
$1m11ar and indicate that the thermal water is from the :

same aquifer. The ratios of these constituents in water from
Spring 10N-3W-9cclS, located approximately 7 miles south ’
along Cove Creek, were h1gher. These>higher -ratios are- duefﬂf:ZW—

chlefly to the higher chlorlde concentrations of the water at
'thls spring. However, the 51m11ar1ty=ofwthevwaterffrom~thlsr-w~f

spring and the springs located at the Crane Creek site indicate

- that the water could conceivably be from the same thermal aquifer.

1<

The presence of a large number of mounds composed of sinter
‘(amorphous siliceous material) distinguish the hot springs occur-
'ring along Crane Creek from springs found elsewhere in Idaho.

Some of the mounds from which water no longer issues appear'to

- pe quite old. Others appear to have been overlapped by younger

v

dep051ts from which some hot water still issues (springs ;
11N-3W-7bdblS and 11N-3W-7bdb28). At spring 11IN-3W-7cbblsS, from

which the largest volume of water issues, little if any sinter

ihas és yet been deposited, and a mound has not been form'ed._E The

e U . ! . ! '
/mlgratlon_of the hot-spring vents apparent here and the large

o . }

'fmounds of sinter that have been forméd are a consequence of the

’zsilica-rich thermal waters. Evidently, as the thermal waters

reach the land surface and cool, silica is precipitated out'ahd

thus gradually builds a mound of 51nter around the sprlng vent
1 I i . [
! e : __J

S SO 1
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With time, as the mound enlarges, silica is precipitated in

';the vent and spring channel, and the vent is,thereby gradually

choked off to the extent that it can no longer transmit water.

‘A new vent is then formed where the water has succeeded in

- finding a new permeable channel

|

to the sdrface;.

1
i
M

{

active- and inactive-spring sites are primarily sinter with,

Samples of hot-spring deposits along Crane Creek at bothﬂ~»4a:

minor amounts of quartz, feldspar, calcite, -and clay minerals.—

The feldspar and clay minerals probably represent country rock

’“jfhat was incorporated into the spring deposits during deposition.

11
iz
13

14

16

18

The presence of sinter-deposits (White, 1970) at the springé

vents in the Crane Creek subarea indicates that the water d¢-

;positing this material was in excess of 180°C at depth.

]
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v Weiser Hot Springs Subarea

2 ; The thermal water in the Weiser Hot Springs subarea
is mostly a sodium sulfate type water and is alkaline with

|
4 bH values ranging from 7.2 to 9.3. Dissolved-solids i

s- concentrations range from 225 to 852 mg/i;f The~nontherma1~—?wv
; « ground water (as represented by water from*springWIZN-7Ws,Wi,
7 é4addls and well 11N-6W-25cacl) is of a calcium bicarbonate

% f, 8 type having dlssolved solids concentrations of.192 and 466 .

'mg/l, ‘respectively.
1°~?_ The chloride concentration for thermal waters sampled.
H in this area is generally about 50 mg/l. Chloride concentraiions
% -' ? of 50 mg/l or higher in thermal waters generally indicate ji
ib -~ a hot-water system at depth (White, 1970). Ground-water |
temperatures measured at the surface (fig. 8) range from

l5,‘*13 0°cC at well 11N 6W- 25cac1 to 77.0°C at well 11N-6W- 10cca2

U, € GOVERNVENT PRINTING OFFICE 1 1672 (0 - 457. 053¢
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with the exception of spring 12N-7W-24addlS (sampled for

. background data) approximately 7 miles northwest of Weiser

| respectively, have high boron concentrations. The notice-

"ébly high boron concentrations in the immediate vicinity
water into the shallow ground-water system.

. where the lithium concentration was 140 ug/l)

) eratures estimated using the'Na-K-Ca geochemical thermométef

e e o e e s e e i e o e e e ey

Boron concentrations (table 2) in the water from all
wells and springs sampled in the Weiser Hot Springs subarea
: |

rénge from 0 to 4,100 yg/1. Regardless of surface temperatures,

all sampled wells and springs néar the Weiser Hot Springs, E
4 : _ ’

Hot Springs, and two wells (11N-6W-25cacl and 11N-5W-20bddl);-

approximately 5 and 3 miles southeast of Weiser Hot Springs,:

of the Weiser Hot Springs may indicate leakdage of thermal

Lithium, mercury, and arsenic concentrations for most
sampled waters in the Weiser Hot Springs subarea are less

than 100 pgll} The excepfion.is spring 11N-6W-18ccclS,

Aquifer temperatures_estimaﬁed uSing the silica geol

: _ 0 _ |
chemical thermometer range from 63° to 157°C. Aquifer temp-
: i ) }

i

e range from 3° to 145 C. "This large range in estimated tempera-

P I

' I
tures may be due to ‘a mixing of thermal and nonthermal waters,

: to
Wthh can affect the chem1ca1 composition of the water. ; ;

fTemperatures estimated u51ng samples from the wells dr111ed| :
at the Welser Hot Sprlngs show very good agreement and range _

from 153° to. 157 C for.the.silica. method and 141° to_145°C__

T LS GOVERTMENT PRUSTING CFFICKE : 1977 O - 4557 0hy
for the'Na-K—Ca method. , AR

i

41/



:
i
P
¢
|
i
H
i

2

>~ ‘water sampled.

7

&

10

Mixed-water temperatures were estimated using samples

jfrom the four wells in the Weiser Hot Springs subarea. Maximum

estimated temperatures ranged from 200° to 242°C with the

?cold-water component making up 70 to 97 percent of the

i

b

Efor water from the sampled wells and springs in the Weiser

Hot Springs subarea have a large range in values; however, |

15--

HOEE

at the time of deposition. TheTWater-soluble residue is

N

Zh -

?the general similarity in ratios, particularly the C1/B
rat10, indicates that the waters sampled are probably from

the same aquifer. The dlfferences in calculated ratlos

The C1/(HCO3 + CO3), C1/B and C1/F ratios (fig. 9) !

'
1

are probably due to mixing of the ‘thermal water with nonthermal

3
o water.

at the Weiser Hot Springs from both active- and inactive- |

Samples of hot-spring deposits (table 3) collected

‘spring vents consist of sinter, quartz, feldspar, water- f

soluble residue, calcite, and minor amounts of clay m1nerals.

The quartz, feldspar, and clay minerals probably represent f

‘country;rock that was incorporated into the spring deposit

0

f
P
|
!
i
!
!
1.

‘a

f
f

l : :
t the surface. ! ' _ j

!

S ! . . ! !
iprobably evaporites deposited when hot water evaporated: %
o |

Development of the thermal’ water by the drilling of §

our wells has- virtually e11m1nated all natural dlscharge f
rom these springs.- -
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fthermal potential of an area are:

|
i
i
i
|
|
i
]
!

8 i

g

Some Considerations Regarding the Occurrence and |
Evaluatlon of Thermal Water in the Weiser Area 3

Four important factors to consider in evaluating the geo-

1) A source of heat;

2) A reservoir in which to store heated water;

3) A flow regime to circulate heated water to p01nts
of discharge; and — e

4) A source of recharge to replace dlscharged water.

l
!
!
i
!
!
i
1
i

!

The source of the heat that warms the water 1ssu1ng

from the thermal springs in the Weiser area is not known and

‘can only be speculated on. Washburne (1909) reported that f
:

15-

‘the numerous hot springs of the region were generally
:thought to be associated with underlying hot lavas. He also‘

reported that certain of the hot springs in eastern Oregon,5

)

~in particular those nearby at Vale, Oregon, may be yielding%

‘water from a great depth or water that has escaped from

ascending magmas rather than meteoric water that has been heated
by contact w1th hot lavas. Kirkham (1935) mentioned the as*
soc1atlon of hot water with volcanic plugs, and he reported

that the hlghest temperature water was, found in those areas

-closest to the intrusive rocks.i Klrkham (1935) concluded that

t
i

*'the occurrence of hot water in areas where no 1ntru51ve rocks

. I

‘ -a 5111 rather than a plug. o oL

r__..'. e e

'were at the surface suggests that - the heat source is probably

1
§
|
i
}

\ .
N . - . .
. B |

| i '
— - e
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o T e
L Existing geologic and geophysical data are too sparse

fto indicate whether or not a shallow heat source(s) 3
3 underlles the Crane Creek and Weiser Hot Springs subareas.

4 Geologlc factors that may indicate the presence of a relatlvely

S

-;shallow heat source(s) in the area are: (1) the nearby down-
€ éfaulted block of the‘Snake River Plain that may have displaced
funderlying magma laterally and thereby caused an upward movement
% "‘ e ?of magma in the Weiser area; (2)71:he.--’extens:'ni'eerstructural"***fE
| :deformation that occurred in the afea during Miocene, Pliocene,
‘”Tand early Pleistocene time; (3) the opalization and mercuryf
‘enrichment of rocks by solutions that may have emanated
T 1 :from shallow magmatic intrusions along fault systems, possioly
‘ﬁb 11 %as recently as -early Pleistocene time; and (4) the reportedl
'presence of a rhyolite (?) d1ke (not shown on the geologic map
°7 nor preV1ously dlscussed wh1ch may be indicative of a '%
;shallow intrusion) in the canyon of Crane Creek just upstream
from thé hot springs. Although'the geophysical data collecced

ido not 1nd1cate the presence of: any shallow intrusive rock, |
i i

| _ the data are sparse and for thid reason are not deflnltlye.i\

| 0 |

b However, the few AMT soundings made d1d show that a shallow

19

A
' re51st1V1ty anomaly is present 1n the area., This anomaly could
| " be 1nd1cat1ve of an underlying shallow heat source. Also, |

an 1nd1cat1on by Pakiser (1963) that a th1nn1ng of the ?

earth' ‘crust does occur in this area enhances the p0551b111ty

: :;,that an’1ntru51ve magmatic body. ex1sts at_shallow. depths._nj
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i For an area to have geothermal potential, a reservoir

|

capable of storing, transmitting, and yielding large quantities
+ of water must be available. The lack of subsurface data

|

!
| |
~* greatly inhibits description of the hot-water reservoir

s-'in the Weiser area. As indicated previously, the reservoir
) . i
i

© ?ould occur in (a) basalt or sedimentary rocks of the .
7 bolumbia’River Group, (b) fractured granite of the Idaho
: i

3 Patholith of Cretaceous age, or (c)"undifferentiated,volcanic
9 ?nd consolidated sediméntgry rocks of Permian and younger age.
m-gInterflow zonés, sedimentary rocks, and fractures in rocks 6f
b fthe Columbia River Group could constitute a‘*significant .
12 :reserfoir capable of yielding large quantities of hot water?
‘ 5 or steam, particularly if alteration of ‘the rocks has occurfed.
| 4 Similarly, fractures in zones of faulting could provide a |

1>>large reservoir in the underlying Cretaceous granite and thé

' Permian and younger volcanic and sedimentary rocks, if these

7 rocks are present.

I

i

I

i

. ;

: : ; !
: i

i

1

U —_— —_—— S —— et

[N (-'):\ EHNMUNT PRINTING OFIICE - 1972 O - 457004
1

EYARE P




ﬁi ) ; . Rechérge to the reservoir supplying the hot water
2 {to springs and wells in the Weiser area is probably derived%
3 from precipitation on nearby mountains that hoves downward %
a ithrough cracks and £raétures in the surficial rockS to |
-»Akeated rocks at depth (fig. 10.) Most of the precipitation:
o on the mountains occurs in winter as snow. ‘Although the
(7 7 Welser Ba51n is generally regarded as being hot and dry, rel-
8 _atlve to many other areas in Idaho, snowfall on the” mountalns”
* is significant. At the Boulder Creek and Placer Creek snow'i
nm courses (60'aﬁd 40 miles north of Weiser, fespectively); snow
1 :depths were 96 inches (water content 33.6 inches) on Februafy,
12 26, 1974, and 74 inches (water content 23.5 inches) on March
.D B2, 1974, respectively (U.S. Soii Conservation Service, 1974f.
{"y 14 It is generally con51dered that for a geothermal reser-
1=- voir to successfully functlon as a significant source of hot
16 water or steam, it must be capped by materialrof lesser per;
meablllty and a convection cell formed. 1In such‘a cell, th§
c1rcu1at1ng water can attain temperatures high enough to make
e E1t usefql for power generation. An 1deallzed schematic deplc-
**ftion oféa 10¢a1ized geothermal-conveétion cell fqrmed in a ﬁon-
;zfifined'réservoir as a result of the upwérd flow ofvheat from?é
E ~ 24 §10c31 héat sdurce is shown'in»figurelll The temperature attained
é : & 1n a ce11 of this type is a functlon of (1) the amount of heat

Vallable to the cell, (2) the amount of water leaving the
- cell either by upward leakage oriby 1atera1,flow, or (3)1thé
< (‘n ¥ S OVIUNYEG OFFICE - 1572 (- 417- 084

upward leakage of heat by conduction. ‘ -
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Figure 10.--Schematic geohydrologic section for the Welser
area, Idaho.
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I
ﬁp(- o At the Almaden mercury mine, a near-surface cap rock, f

Ipartially eroded away) prevented the upward movement and

(3%

:» dissemination of mercury vapors to the atmosphere, thus causing
s ’them to precipitate in the rock. This indicates that the |

s - mercury bearing solutions (vapors) were able to move relatlvely

i [

3 freely upward from the source of the mercury (a shallow =
7 :1ntru51ve body?) to the cap rock and that, consequently, no;rel-
8 jatively impermeable rock layer exists between the shallow cép”“
9-drock and the postulated deep intrusive source. For this reason,

0-'it is unlikely that a capped geothermal reservoir underlies :

" " the area around the mercury mine. Similarly, other nearby
12 :areas wherein mercury-bearing and opalized rocks are found i
i’ 13 :may not be underlain'by a capped reservoir in which hot
| fwater can be stored. Additional evidence that a,cabped EEE
xstreservoirjmay not ‘exist at depth is provided by the fact .
16 vthat the hot waters of the area have low dissolved-solids

concentrations (less than 1,140 mg/l). These low a
iconcentrations of dissolved solids iddicate that the .
‘* water has moved from a rechargelarea to the discharge area i
relatlvely quickly. Had the water been c1rcu1at1ng and stored
for a long tlme in a geothermallreserv01r of the type 111ustrated

v 1n flgure 11, more mineral solutlon and therefore hlgher d1s-

20

o solved 5011ds concentrations would be expected. Nevertheless, it

i

flS poss}ble that a reservoir of the type illustrated in figure 11
! : ; S -

‘does occur in the Weiser area and that the water_in the reservoir
leaks upward at small rates through fractures, or, faults "
in the capping rocks. | ORE f
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i%:Certalnly, the manner in which 1t occurs in the Weiser area

. is unkn?wn. For this reason, the full potent1a1 for

"heated at depth, rises relatively freely, and the heat in

- the water is dissipated at shallow depths.. Because the - .

Hot water or steam moving upward through faults or other

It is quite likely that a hot-water reservoir of the

type sketched in figure 12 underlies some part of the Weiser

area. In this type of reservoir, the recharge water is

water does not circulate in a convection cell, it R S
does not attain a very high temperature. Often, however, I
eemperaturc emihently suitable for agrieultural,rrecreationai,

end space-heating purposes is attained.

It is aiso possible that a combination of the two types

ef geothermal reservoirs illustrated by figures 11 and 12 do

occur, although such has not yet been found elsewhere. As il-

lustrated in figure 13, a reservoir containing a convection cell

cquld underlie the simpler type.df free-flowing reservoir.

more permeable zones from the lower reservoir could

be the heat source for the uppe{ reserv01r.

A511nd1cated by the above dlscu551on hot water can

occur under qulte 51mp1e to extremely complex condltlons.

development of the thermal water in thlS area cannot now
be assessed. Definition of the reservoir supplying the
hot water issuing from springs and wells and assessment ‘of
the potentlal of the Weiser area as a geothermal prospect
can be accomplished by the use of test drilling and

other exploratory techniques as described and dlscussedl
below: @ | | ]

e e e e e e i e oy i o L s e el e s e E e
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ﬁﬁ, V! 1. Preparation of a detailed geologic map of the area.
' ' This map would be useful in not only providing know-

O ledge of the structure, lithology, and stratigraphy
. t . i__of the surficial rocks, but would also serve as a . =
L \ valuable guide to selecting areas where geophy51ca1 __
' surveys should be made, and in locating test-drilling
4 sites.

_ 2. Geophysical surveys using gravity, AMT, and deep- =~
. ‘Tesistivity techniques. The gravity surveys would
e provide knowledge of deep’ structural features and depths -
to bedrock. The AMT surveys would be used to map such
conductive (hot water) anomalies as may exist in the
subsurface. The deep-resistivity survey would be used

L 8 ‘ to help define subsurface rock units and structures,
g o - and to help locate such intrusive bodies as might be
: L present in the subsurface. :

1o 3. Drilling of test holes. Utilizing the data provided

j by items 1 and 2, test wells could be sited to provide
" a maximum of information. Depth of the test holes

- needed could also be estimated using the information

. 12 gained from items 1 and 2. Information to be collected
o ; should include (1) the lithology, thickness, and depth
i’ "o - of the rock units overlying the basement complex;
. ‘ - (2) water-quality data for the formations penetrated;
1 (3) water-level and water-yield data; and (4) water and

rock temperatures at selected depths.

B
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- | " SUMMARY

. The Weiser area comprises about 200 square miles
3 ln southwestern Washington County and includes two subareas
s ﬁaving thermal water: the Crane Creek eubarea, which is
»‘ebout 12 miles east of Weiser, and the Weiser Hot Sprinés |

'subarea, which is about 5 miles northwest of Weiser.

Although the surficial geology of the Crane Creek and

8 Weiser Hot Springs geothermel subareas is somewhat different;

9 khe.general stratigraphy is similar. Volcanic and sedimentery

~10-;ocks of Permian and younger age,vgranite of Cretaceous age; or

1 the older basalts of the Columbia River Group of Miocene and

12 Pliocene age méy underlie the Weiser area. However, the scant

i' 1*  data available indicate that the reservoir rock is most likely
'f‘ composed of the older.basalts'of the Columbia River Group.

IS‘Miocene ana Pliocene (?) sedimentary rocks termed the Payette

i Formation overlie older basalts and are, in turn, overlain

7 by a younger sequence of basalts of the Columbia River Group.

)

For the most part, sedimentary rocks 'of the Idaho Group
o of Pllocene and Pleistocene age-overlle the younger basalts.{

o Alluv1um and colluvium of Plelstocene and Holocene age cover
o much oflthe older rock unlts, partlcularly in the lowlands

f o and valleys.

z3
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| Gravity surveys indicate that the Weiser area is at
the northwest end of a 1arge regional gravity high that is

associated with the western Snake River Plain. The Crane

Creek subarea is characterized by an’ exten51ve graV1ty low.

A low-amplitude gravity hlgh indicates that a dense,

anomalous, near- surface mass may underlie the Weiser Hot Sprlngs
subarea. Magnetic lows are found in both the Crane 5
Creek and Weiser Hot Sprlngs subareas. Preliminary aud;of
magnetotellurlc soundlngs suggest that an anomalous conductlve
_zone is present at shallow depths in both subareas.

. A ground-temperature survey made in the Weiser Hot

Springs subarea apparently outlines an area of high heat

’flow centered'at'or.hear the Weiser Hot Springs- and it also

correlates very well with high boron concentrations measured

in water samples collected in the area of the survey. =~ = |

v
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10

Most of the thermal waters sampled in the Weiser area
are of a sodium.chloride sulfate or sodium sulfate type.
Dissolved-solids concentrations ranged from 1,070 to 1,140
mg/l for thermal: water 1n the Crane Creek subarea and from é
225 to 852 mg/l in the Weiser Hot Springs subarea. - '~v~mé'fW“'
Thermal water sampled in the Crane Creek subarea . _ _
%ad noticeably higher concentrations of chloride and boron
than did thermal water sampled in the Weiser Hot Spfingsfsub?rea.ww
; Measured ground-water temperatures ranged from 13.0° :
to 92.0°C, and were highest at a spring in.the Crane Creek l
Eubarea. Estimated aquifer temperatures, using the silica
and the sodium-potassium-calcium geochemical thermometers, i

ranged from 153° to 177°C in the Crane Creek subarea and

from 3° to 157°C in the Weisér Hot Springs subarea. Estimated

" aquifer temperatures for samples from wells at the Weiser

Hot Springs ranged.from 141° to 157°C. In the Crane Creek and
Welser Hot Springs subareas, respectlvely, estimated maxlmum
temperatures at depth, using the mixed-water method, ranged from

212° to 270 C and from 200° to 242 C with percentages of cold

!

 water ranglng from 67 to 76 percent and from 70 to 97 percent

i
|
|
J
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! ; Analyscs of hot-spring deposits from active- and inactiﬁe-
: ﬁpring_vents indicated that, although the mineral constitutents
3 in samples from both subareas are similar, the deposits in the
', Crane Creek subarea contain much greater amounts of sinter

5~ than those from the Weiser Hot Springs subarea. This indicates

e ihat the water depositing this material was at temperaturesf

7 ﬁn excess of 180°C at depth. i
A The source of the heat for the thermal water in the Weiser

° area is believed to be a cooling young intrusive implanted |

- at shallow depth in late Miocene or early Pleistocene time,g

' or above-normal heat flow caused by the high temperatures aﬁ

' relatively shallow depth resulting from a general thinning of

13

the earth's upper crust in this area.

AE]
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CORRELATION OF MAP UNITS

2 Holocene ‘

Pleistocene |

...... and

..... :}.Pleistocene i

Pliocene

.l TERTIARY

41 Pliocene
;} and
4] Miocene

PRE-TERTIARY

DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS--Alluvium and
colluvium, includes clay, silt,
sand, gravel, and some landslide
debris. :

Qa!

SRRRae IDAHO GROUP, UNDIFFERENTIATED——Poorly

QTiv to well sorted fluviatile and lac-
ustrine deposits of clay, 'silt, sand,
and gravel, compacted to poorly con-
solidated. Contains some beds of
ash and intercalated basaltic lava
flows. :

~y.+] BASALT OF THE COLUMBIA RIVER GROUP--

PR - Flood-type basalt, light to dark gray,

derise, crude columnar jointing at
places, folded and faulted, and may
include some andesitic and rhyolitic
rock types. Payette Formation is
. sandwiched between units of this

v

basalt at places. ;

PAYETTE FORMATION——Compacted beds of
clay, silt, sand, and volcanic ash
intercalated in basalt of the Columbia
River Group.

PRE-TERTIARY ROCKS, UNDIFFERENTIATED--
! Includes Seven Devils Volcanics of

! Permian and Triassic age and related
| rocks--including sedimentary rocks

| and some granitic rocks of the Idaho
! batholith of Cretaceous age.

2 {ROCKS AFFECTED BY OPALIZATION (Ross, 1

|
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EXPLANATION

- (1) (4) TEMPERATURES, IN DEGREES CELSIUS--

(1) Measured water temperatures

i
!
. ,-..4«...».4!,.

|
L

82.0 235
©

at the surface.

(2-4) Estimated

173
(2)

163
(3)

aquifer temperatures:

2, silica

gcochemical thermometer, curve A,
Fournier and Truesdell (1970);

sodium-potassium-calcium geochem-
ical thermometer, Fournier and

Truesdell (1973); 4, Mixed-water
geochemical thermometer (tempera-
ture of the hot-water component),

116°45'
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wells and sprmgs m 1he Welser area |daho.

. 9‘

?pa

——

e e e g oy e e,

. Model 1,

(1974).

Fournier and Truesdell
Dash in parentheses in-

&

12cdcl

o 9ccclS

1

i

dicates no temperature estimated

or obtained.

SAMPLED WELL AND NUMBER

SAMPLED SPRING AND NUMBER
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(CizF) (clsB) bonate; F, fluoride; B, boron

j (C1/HCO5+C03) EXPLANATION

1""':F'IG-‘UR"_E¢9._;‘-T—Ratios of selected chemlcol constituents for. sampled wells and springs
SIS T s in the Weiser area, Idoho. | . B | | ©izcder| SAMPLED WELL AND NUMBER
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