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Thermal and Tectonic Implications of Heat Flow 
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Geothermal data from 248 wells and drill holes, a thermal model for the effects of the Snake Plain 
aquifer on observed heat flow, an estimate of the regional heat flow in the eastern Snake River Plain, a 
detailed moving source, regional thermal model, and a discussion of the origin and the relationship of 
the eastern and western halves of the Snake River Plain are included in this paper. In order to 
determine the thermal structure of the eastern Snake River Plain, an extensive geothermal gradient and 
heat flow survey was carried out. Data from 248 holes show high heat flow values along the margins 
but low values along the center because of effects of the extensive Snake Plain aquifer. Based on a 
thermal model of the aquifer, a heat budget was derived from which a mean heat flow for the eastern 
Snake River Plain of 190 mW m -2 was calculated. This value can be compared to observed values 
along the margins of 120 mW m -2 and two values in deep holes along the northeastern margin of 110 
and 109 mW m -•. The areas of highest expected values, in the Island Park caldera region, have not 
been sampled by heat flow measurements, however. Based on the heat flow results from the eastern and 
the western Snake River Plain and other geophysical and geological data, a finite-width moving- 
source-plane thermal model is developed for the Snake River Plain. Even though the geological and 
geophysical characteristics of the eastern and western Snake RiVer Plain are somewhat different, they 
are attributed to the same moving heat source, and the spatial geological and geophysical differences 
are explained by different stages in a time-related sequence of thermally driven geological and tectonic 
events. The Snake River Plain is due to a strong thermal source interacting with the crust with the 
resulting complete chemical reorganization of the crust. The major immediate driving mechanism is a 
thick mafic intrusive emplaced in the midlevels of the crust. Associated with this thermal event are 
regional uplift of a kilometer or sO as the heating occurs, associated melting of the upper crust, and 
subsequent rapid subsidence of approximately 1/2 to 1 km because of the change in density of the crust 
and upper mantle section associated with the emplacement of the basic intrusive and the disruption of 
the granitic upper crust. After the heat source moves eastward, continued subsidence occurs due to 
cooling of the lithospheric section (similar to that seen for oceanic regions). Along with the subsidence 
and soon after completion of the extensive silicic volcanism, basalts began to be extruded. Thermal 
contraction also generates faulting on the sides and perhaps in the center of the hot spot track. The 
subsidence causes reversal of the dips of the silicic ash flows from their initial away-from-the-source 
configuration, to the toward-the-source configuration observed in the Snake River Plain. Continued 
subsidence and cooling cause the formation of the basin which is then filled by sediments, causing 
additional subsidence due to isostatic adjustment (the western Snake River basin). Thus all aspects of 
the Snake River Plain-Yellowstone region are consequences of a single thermal event, and all stages in 
the future history of the Yellowstone region and the past history of the western Snake River basin are 
represented by westward or eastward traverses (respectively) along the Snake River Plain. 

INTRODUCTION 

The Snake River Hain is a major volcanic-tectonic feature 
of the North American continent. It extends in a large arc 
approximately 550 km long and 100 km wide across southern 
Idaho. The Snake River Plain differs physiographically from 
adjacent regions because of its relatively lower elevation and 
relief. The surficial rocks are all late Cenozoic volcanic and 

sedimentary rocks, but a geologic and tectonic distinction 
has been made between the western and eastern parts. The 
western half is described as a rift Or graben [Malde and 
Powers, 1962; Newton and Corcoran, 1963], whereas the 
eastern part is described as a regional downwarp [Kirkham, 
1931]. The northern and southern borders consist mainly of 
older rocks: Cretaceous plutonic rocks o,f the Idaho batholith 
make up the west half, and Paleozoic to Mesozoic sedimen- 
tary rocks of the Rocky Mountain Foreland province make 
up the east half of the margins. Pre-Snake River Plain silicic 
volcanic and sedimentary rocks of the Basin and Range 

province commonly cover the older rocks along the southern 
margin. 

Christiansen and Lipman [1972] discussed a systematic 
eastward decrease in age of silicic volcanism along the Snake 
River Plain. Subsequent potassium-argon dating of the Ce- 
nozoic silicic volcanics (mainly rhyolitic ash flows) along the 
margins of the western, central, and eastern parts of the 
Snake River Plain shows that the ages vary from 9 to 13 
m.y., 8 to 10 m.y., and 4 to 5 m.y., respectively [Armstrong 
et al., 1975]. Armstrong et al. [1975] suggested that the 
eastward progressive episode of silicic volcanism propagat- 
ed with a velocity of about 35 mm yr -•. The rhyolitic ash 
flows at the far eastward end (in the Island Park-Yellow- 
stone area) range in age from 2.6 to 0.56 m.y. and appear to 
be the youngest members of this volcanic progression [Smith 
and Christiansen, 1980; Eaton et al., 1975]. The basaltic 
activity for each of the locations began at approximately the 
same time as the silicic volcanism but has continued inter- 

mittently to the Pleistocene-Holocene. 
Several thermal-mechanical models consistent with the 
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Snake River Plain [Brott et al., 1976]. Brott et al. [1976] 
observed heat flow values of about 70 mW m -2 along the 
center and values of 100 mW m -2 and greater on the 
margins. Brott et al. [1978] related this heat flow pattern to 
the combined effects of high mantle heat flow, crustal 
thermal refraction, and cooling of a large crustal intrusion. A 
two-dimensional model was constructed, and it was conclud- 
ed that calculated heat flow profiles for cooling ages between 
10 and 15 m.y. best fit the observed heat flow distribution. 
Because of the correspondence of this time period with the 
9-13 m.y. potassium-argon dates of the Cenozoic silicic 
volcanism in the western Snake River Plain, a moving source 
model, consistent with the age progression of the silicic 
volcanics for the entire Snake River Plain, was proposed. 
This model, which consisted of a constant temperature plane 
source moving through a slab, is similar to McKenzie's 
[1967] model for oceanic ridges. The parameters of this 
model were chosen to be consistent with known geophysical 
and geological data: the slab thickness of 42 km was based 
on the crustal thickness derived from a reversed seismic 

refraction profile [Hill and Pakiser, 1966]; the uniform 
velocity of 35 mm yr -• was consistent with the progression 
of ages of the silicic volcanism [Armstrong et al., 1975]; and 
the background temperature distribution of the slab was 
calculated using a Basin and Range mantle heat flow of 60 
mW m -2 [Blackwell, 1978]. On the basis of the moving 
source model, Brott et al. [1978] suggested that mean crustal 
temperatures should systematically increase from west to 
east, peaking beneath the currently active Yellowstone 
caldera. Only a few heat flow data were available for the 
eastern Snake River Plain at that time, and the predicted 
eastward increase in heat flow could not be confirmed. 

However, it was pointed out that a systematic increase in 
elevation along the axis of the Snake River Plain from west 
to east could be caused by thermal expansion of the litho- 
sphere. The similarity to correlations between elevation, 
age, and heat flow that are well established for the oceanic 
lithosphere [Parsons and Sclater, 1977] is obvious. 

Following the 1978 study, an extensive heat flow program 
was carded out in the eastern Snake River Plain. A major 
problem in determining the regional heat flow is that low 
surface heat flow is observed in the eastern Snake River 

Plain because of widespread circulation of cold groundwater 
in the Snake Plain aquifer, a major regional aquifer system 
[Brott et al., 1976]. The approach to the difficulty in making 
conventional heat flow measurements was to make many 
measurements in the aquifer and to calculate thermal models 
for, and a heat budget of, the aquifer. A few deep holes 
supplement the heat budget approach, as do measurements 
along the margins of the Snake River Plain, outside the 
aquifer. 

The purpose of this paper is to present the new heat flow 
data in the eastern Snake River Plain, to develop a thermal 
model for the effects of the Snake Plain aquifer on the 
observed heat flow, to estimate the heat flow in the eastern 
Snake River Plain, to refine the moving-source regional 
thermal model presented by Brott et al. [1978], and to use 
this refined model in a discussion of the origin, and the 
relationship of the eastern and western halves, of the Snake 
River Plain. 

PREVIOUS GEOPHYSICAL STUDIES 

Most of the published geophysical studies discuss the 
eastern and western parts of the Snake River Plain separate- 

ly. This separation, in part, is due to the fact that pertinent 
data, such as extensive detailed geological mapping [Malde 
and Powers, 1962; Malde et al., 1963] and a seismic refrac- 
tion profile [Hill and Pakiser, 1966], were published for the 
western half in the mid-1960's, whereas the same type of 
data were not available for the eastern half until recently. 
Another reason for the separation is the structural differ- 
ences of the eastern and western Snake River Plain. The 

various studies are summarized in the following section. 

Seismic Data 

A seismic refraction-reflection profile along the axis of the 
Yellowstone-eastern Snake River Plain region was interpret- 
ed by Braile et al. [1979] and Schilly [1979]. The crustal 
section derived from these data consists of four different 

crustal layers: an upper sediment layer about 1 km thick with 
P wave velocities of 2 to 3.4 km s -i, a 3- to 4-km-thick 
volcanic layer with an average velocity of about 5.4 km s-l, 
a thin layer of 'normal' or 'granitic' crust about 4 km thick 
with a velocity of around 6.0 km s -1, and a 32-km-thick layer 
with a seismic velocity of 6.7 to 6.8 km s -•. The Moho was 
interpreted to be approximately 40 km below the surface. 

A seismic profile across the eastern Snake River Plain was 
interpreted by Olsen et al. [1979], Sparlin et al. [1979], and 
Sparlin [ 1981]. They proposed an abrupt northward thinning 
of the upper crust, coincident with thickening of the total 
crustal section at the southern margin. The total crustal 
thickness increases from 25 to 35 km under the Basin and 

Range province (the adjacent region to the south) to about 40 
km under the eastern Snake River Plain (a seismic section is 
shown below as part of Figure 11). Thus the interpreted 
crustal section is almost identical to the one across south- 

western Idaho. Hill and Pakiser [1966] interpreted a total 
crustal thickness in the western Snake River Plain of about 

43 km with a thin layer of upper crust (about 10 km thick) 
above a 33-km-thick lower crust. This unusual crustal struc- 

ture and its similarity in the eastern and western Snake River 
Plain are strong evidence that the two halves developed in 
the same manner. 

A microearthquake survey at various locations in the 
Snake River Plain was conducted by Pennington et al. 
[1974], and during a 3-week recording period, no earth- 
quakes were observed. The reasons they proposed for the 
aseismicity were that the source that produced the recent 
basaltic volcanics is presently inactive or has migrated and/ 
or the temperatures under the Snake River Plain are high 
enough to allow aseismic creep throughout most of the crust. 

Gravity and Magnetic Data 

Studies of the Bouguer gravity in Idaho [Mabey et al., 
1974; Bonini, 1963] show that the eastern Snake River Plain 
is composed of a complex pattern of subsidiary highs and 
lows superimposed on a general gravity high. Since the 
overall high is related to the lower elevation in the plain with 
respect to its borders, the entire region is in approximate 
isostatic equilibrium [Mabey, 1978]. Mabey [1978] and La- 
Fehr and Pakiser [1962] explain the broad regional gravity 
high by thinning of the upper crust beneath the Snake River 
Plain and outward to several tens of kilometers beyond the 
physiographic margins. The interpretation of the local highs 
and lows is not yet clear. 

In the western Snake River Plain, in addition to the 
regional gravity high, a clear local Bouguer gravity high is 
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observed in the center, and gravity lows are observed along 
the margins [Mabey, 1976; Bonini, 1963; Hill, 1963]. Several 
two-dimensional models which satisfy gravity profiles across 
the western Snake River Plain require a very thin or com- 
pletely missing 'granitic' upper crust [Mabey, 1976; Hill, 
1963]. The margins of the western Snake River Plain proba- 
bly have a greater thickness of sedimentary rock, which 
results in lower gravity values, whereas in the center there is 
a thicker sequence of basalt. 

A residual aeromagnetic map shows a very complex 
pattern of magnetic highs and lows in the eastern Snake 
River Plain [U.S. Geological Survey, 1971; also see Mabey, 
1976, 1978]. The magnetic highs appear to correspond with 
gravity lows and vice versa. Mabey [ 1978] suggested that the 
origins for the gravity highs are structural highs covered by a 
thinner layer of Cenozoic rocks and the magnetic highs are 
structural lows covered with a thick sequence of Cenozoic 
rocks. In general, topographic and gravity highs and magnet- 
ic lows coincide with the axis of the eastern Snake River 

Plain. If these topographic highs along the axis were due to 
baõalt, a magnetic high would be expected. Mabey [1978] 
suggested that one possibility for this combination of topo- 
graphical, gravity, and magnetic observations is that greater 
subsidence has occurred along the margins than in the center 
of the eastern Snake River Plain. 

The magnetic pattern observed in the western Snake River 
Plain is generally characterized by magnetic lows along the 
northern margin and magnetic highs along the southern 
margin. Mabey [1976] suggested that these magnetic trends 
are related to the north and south edges of a magnetic layer 
(basalt) which underlies the western Snake River Plain. 

Geoelectrical Data 

An electrical resistivity profile across the eastern Snake 
River Plain (from Arco to Blackfoot) was completed by 
Zohdy and Stanley [1973]. Under the center of the profile 
they interpreted four resistive layers: an upper layer of 300 
to 500 m of dry basalt, a 2- to 4-km-thick layer of wet basalt 
intercalated with clay-rich sediments, a unit of Paleozoic (?) 
rocks, and basement. Near Arco they encountered a fifth 
unit that they interpreted as sedimentary rock and/or rhyolit- 
ic ash flows. 

Magnetotelluric soundings along a profile extending from 
the Raft River geothermal area in southern Idaho to Yellow- 
stone National Park, Wyoming, have been discussed by 
Stanley et al. [1977]. Along the portion of the profile which 
approximately parallels the axis of the eastern Snake River 
Plain, they interpreted a resistive layer 18-24 km thick to be 
older sedimentary and metamorphic rocks along with the 
granitic crust. Under Yellowstone Park, this layer abruptly 
thins to about 5 km. This resistive layer ranges in depth from 
2 to 3 km below the surface and generally thickens from 
Pocatello to Island Park. The boundary between the upper 
resistive layer and the deeper low resistivity layer does not 
correlate with any seismically determined layering. From 
these data, they proposed that given isotherms would rise to 
the west in the Snake River Plain and Island Park caldera 

with a very sharp thermal boundary between the IslandPark 
caldera and Yellowstone Park. This interpretation is not 
consistent with the observed heat flow data, the elevation- 
distance relationship, or the regional model presented in this 
paper. However, the results do show that the resistivity in 
the resistive layer decreases systematically from west to 

east; from a value of 310 f/m northwest of Pocatello to 1.0 to 
4.7 f/in Yellowstone. This systematic resistivity variation 
may correspond to the systematic temperature variation 
from west to east. 

Contemporary Deformation 

Reilinger et al. [1977] presented results based on relevel- 
ing studies of benchmarks in southern Idaho, southwestern 
Montana, and Yellowstone National Park. They found that 
the Snake River Plain is subsiding relative to points to the 
north and west of the province. Further, they found that the 
eastern part of the Snake River Plain is subsiding faster than 
the western part. On the other hand, uplift rates of up to 14 
mm yr -• have been found for parts of the Yellowstone 
caldera [Pelton and Smith, 1979; Smith and Christiansen, 
1980]. These results are compatible with the predicted 
behavior of these areas based on our thermal model. 

HEAT Fi•ow DATA 

Geothermal data from 248 holes in southeastern Iaho are 

listed in Table 1. Because of the nature of the control on 

surface heat flow, Table 1 has been divided into two parts. 
In the first part, Table la, 112 conventional heat flow meas- 
urements are presented. In Table lb geothermal data for 
136 wells in the Snake Plain aquifer are listed. The data in 
Table lb do not represent heat flow measurements in the 
conventional sense. The data are summarized in Figure 1 
where the 'corrected' heat flow values from Table la and the 

'above' heat flow values from Table lb are plotted (for 
locations where two or more wells are too close to be 

resolved, a representative value is shown). Most of the wells 
in the study were drilled for water, but 11 of the wells, 
averaging 100 m in depth, were drilled specifically for heat 
flow, and four wells over 500 m in depth Were drilled in the 
Snake Plain aquifer for geothermal studies. More details of 
the heat flow data are given by Brott et al. [1981]. 

Data shown in Table l a include the township/range-sec- 
tion location, the latitude-longitude location for each hole, a 
brief hole name and logging date, collar elevation, and the 
depth interval of the gradient calculation. Location within a 
section is given by the convention that A, B, C, and D 
represent NE, NW, SW, and SE subdivisions, respectively, 
and the sequence is from 1/4 to 1/4 1/4 to 1/4 1/4 1/4 section, 
respectively. Thus hole 2ABB is in the NW 1/4 of the NW1/4 
of the NE1/4 of section 2. Average thermal conductivity is 
shown as are the uncorrected and the corrected geothermal 
gradients. Terrain corrections were applied to the few holes 
for which such corrections were necessary. The topography 
is relatively subdued in most of the study area, and therefore 
terrain corrections were not necessary for many of the holes. 
The final column shows the heat flow quality with an 
approximate error indicated according to the convention that 
an A quality indicates an error of _5%, a B quality indicates 
an error of --+ 10%, and a C quality indicates an error of 
-+25%. Standard error of the least squares fit straight line to 
the temperature-depth data and the mean harmonic thermal 
conductivity is shown below the appropriate thermal con- 
ductivity and uncorrected gradient values. The lithology 
encountered in most of these wells consists of rhyolite ash 
flows (welded and unwelded). In some holes, basalt and 
Cenozoic sedimentary rocks were also encountered. Typical 
thermal conductivity values of the rhyolites are approxi- 
mately 1.9 to 2.4 W m -• K -•. Lower values in Table la 
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TABLE la. Geothermal Data for the Eastern Snake River Plain Outside the Snake Plain Aquifer 

Section 

l•N/37E- 
18C• 

11•z3ZE- 
3SDDC 

l•x33E- 
24ACD 

9•z30E- 
•iDD 

6BDA1 

9•/4L•E - 
•CCD1 

Hole ID Collar Depth Uncorr. Corr. 
N Lat. W Long. Date Elev. Interval Avg. TCfNo. Gradient Gradient 

Deg. Min. Deg.Min. Logged m m Wm- 1K-1 TC "C/km 'C/km 
44-•?.8• lll-43.•3 •MU i• i987 •?.5 1.EEl 2 81.4 

6•• 6•.0 .83 3.2 

44-19.67 112-12.77 SMU SP3 17•9• 10.0 2.86 5 S4.5 51.4 
6/•9• 89.0 .•3 1.1 

44-•P.07 112- 8.58 SMU SP• 18S9 •.0 1.67 S 4S.7 38.8 
8,'15/7• ?8.2 .88 1.S 

44-24.14 111-•.44 SMU I(G1 194S •.0 2.?-•. 7 10.2 10.2 
9/'d9/"/9 98.0 .10 .7 .7 

44-13.8S 11•-3•.• SMU • 18•8 12.S •.PP 18 17.8 17.8 
8/15/'78 14•.5 .18 .5 .5 

44-10.8S 11•-31.•8 SMU LHS1 16• 18•2.S 2.43 8 
6/-=c3/T9 151.5 .06 i.2 

44-11.•9 11•-•6.94 kl• 1S44 1•.0 ( 2.43) •.S 
8z19/T? 138. ß 1.3 1.3 

44- 8.33 112-S6.6B • B_M 19S1 lee.e ( 1.46) 33.7 33.7 
8/•1/?T 183.0 1.3 1.3 

44- 7.9s 11•-5•.7• • 1•87 15.o 2.43 I 38.3 
7/'d9/78 188. ß 1.8 

44- 4.• 11•- 7.6• RDH-U-R• 1• 1S.0 2.38 I •.3 16.7 
7/31/7• 65. ß 1.7 

44- 8.38 111-3•.88 kl• •EUIL 17•4 •.0 (1.S1) •.7 •'•.7 
7/27/'/'? 15•. ß .6 .6 

44- S.•1 111-31.94 • 1• •.0 ( 1.88) 
6, 7/7• 53.S 

Corr. 

mWm-2 Qual. 

146 

64 B 

•3 C 

143 

71 c 

3• C 

34 C 

9•- 

I•q•34E- 

14BDC 

8•/39E- 
17DBD 

8•/43E- 
•DDA 

8r4/43E- 
3SAAA 

•44E- 
1SCDB 

1SAB 

19DC 

44- 4.46 111-•7.17 •J• CITY 1599 •.0 1.9• 1 ?8.3 ?8.3 
le/16/T? l?•. ß 2.6 2.6 

44- 4.71 111-•.79 •&• CITY• 1• 15.0 1.9• 1 •. 1 6•. 1 
• 13/78 1•. ß 1. S 1.5 

43-•i1•.46 113- 1.89 I•4-PB1 8121 17.S 3.PP 2 24.3 33.3 

44- 2.5'? 11•-48.• •I•BALL 16• 7•.0 1.46 I 3•.9 3•.9 
6,19,'77 138.0 1.0 1.0 

44- .97 11•-•9.61 USBR 1465 •.0 (1.46) 31.0 31.0 
7/11/"/7 ?8.0 .8 .8 

44- 1.3S 111-49.76 SMU STF• 16• 7.5 1.84 18 58.8 61.6 
6,16/78 1•3.S .07 .9 

44- 1.•9 111-•.94 SMU STA1 1• 12.S 1.E• 6 46.7 4•.3 
6,16X'78 •9.0 .09 .9 

43-•9.18 111-•.49 k•4 1748 98.0 ( •.eS) S3.6 53.6 
8/Z•/T? 198.0 1.2 1.2 

43-•7.S• 111-•.49 • HI•S•B 1748 88.0 ( •.•) 
6/5/7'? 188.0 .8 .8 

44- .93 111-15.11 •1• • I?E• 1•.0 ( •.eS) 36.7 36.7 
6/ 4/'7? Z3e. O .4 .4 

43-•. 34 111-•9.01 U• 1•46 10.0 1. • 1 •4.0 3•. 6 
6,14/7• 8•. 0 1.1 1 ß S 

43-•.53 111-3•.67 U• C 1594 i0.0 ( •.•) 18 •7.8 •7.8 
6, •'74 198.0 .88 2.2 2.2 

4•. EKa 111-3•. 88 • 1• 1'7•. 0 .9• i 213.2 213. 
8/ • 19•.0 9.3 9.3 

119 

113 

11o 

119 

•43 

179 

116 
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TABLE la. (continued) 

Twn/Rng- N Lat. W Long. 
Section Deg. Min. Deg. Min. 

• - 

Hole ID Collar Depth 
Date Elev. Interval Avg. TC No. 

Logged m m Wm-IK -1TC 

k•NEDK3 1678 110.0 1.• 1 
9,' • 253.0 

Uricoft. Corr. 

Gradient Gradient 

øC/km øC/km 
, 

36.7 32.0 
9.0 ?.9 

Corr. 

mWm-2 Qual. 

7•'•- 43--•9. •9 111-•. 21 
E'?DCB 

2.e•) 18 
.EEl 

?4.2 ?4.2 
1.6 1.6 

7f•'•- 4•-•4.40 111-31. 
E"9BD 1 

L_r•:3R__ 1634 6•.0 1.76 
8• 8/7• 1•.0 

133.9 133.9 
E.E 

'•'•- 43"r•4.4• 111-32. 
3CLAD 1 

I. JSBR 1536 E•.O ( 2.•) 18 
8/ • 1•.0 .EEl 

131.3 114.5 
1.1 1.0 

?N,'4EE- 43-•3.68 111-32.11 
3E•!B 

USHR D 1631 Ee.O ( 2.•) 18 
?,/31/74 140.0 . • 

1•7.6 1•7.6 
3.5 3.5 

'R•/•- 43-•3.49 111-30.98 USBR B 1649 10.0 ( 2.•) 18 
8/18,,"• 13a. • . EEl 

10'7.9 107. 
5.7 5.? 

7N/432- 43-•7. E7 111-E2. ee 1719 10.0 ( 2.•) 18 
34•.0 .ee 

44.5 44.5 
1.9 1.9 

91 

?N,'432- 43-•7.eE 111--•. 11 

'R$,'43•- 4:3-•. •, 111-22.77• 

?N,'4•- 43--53.87 111-E6. •7 

7N/432- 43-S3.4• 111-24, 95 

t.•HR 1743 88,0 ( 1.'•) 
8/1•>,'"• 110. ß 

LISHR I'TE? 4•.0 (1.46) 
8/12,,'"• 215. o 

k• 17'32 10. O ( 2. •) 18 
•/14,,"• 2•E•. ß . • 

kl• LIND• 174• ,•e.O ( 1.•1) 
8/E1/'73 2,10.0 

14.7 14.? 
.4 .4 

19. ? 19. ? 
.8 .8 

1W7.5 1•7.5 
3.6 3.6 

12. ß 12. ß 

21 

18 

6N,'41•-- 43-Sl. 4? 111-3•. •7 USeS 1•'91 30.0 ( 2. e•) 18 
8/1,•,/74 188. ß . • 

11o.4 11o.4 
5.3 5.3 

8%,412- 43-49.3• 111-34.88 NEDRE 1687 a,•.O (1.51) 
77/le,'777 180. ß 

6.1 6.1 
4.1 4.1 

•4,/41E- 43-49.15 111-33.'• 
EEADC 

•4 HEDR1 17713 10.0 ( 1.51 ) 8.6 8.6 
1.1 1.1 

13 

614/432- 43-•a. 45 111-•6. Zx3 kK4 HE•_Y 1771 •0.0 ( 1.51) 
4/2•xTT 188. ß 

17.4 17.4 
.9 .9 

•r4•442- 43-48.01 111-13.2• 
3SDRD 

• BI(I• 1812 10.0 1. • 5 79.3 79.3 
5.5 5.5 

4N,,'4•E- 43-41.39 111-44. •3 
l•7dqD 

kl• lS•4 10.0 (1.8•) 
8/14/74 88. ß 

94.9 94.9 
10.4 lO. 4 

,g,I/4•E- 43-4•. 54 111-41.88 
13CRB 

I,J.I • 177•7 10.0 ( 1.8•) 
6/277/'• 198.0 

96.7 96.7 
4.4 

173 

3N,'18•-- 43-34.06 114-16. 7.5 1.88 I 33.8 ES.'7 
1.2 1.0 

S1 

314/39•- 43-3•. •T 111-48.53 
13DRD 

3t4,,',•E- 43-3•. 11 111-•4.61 

3P•4•E- 43-3•. 32 111-43.64 

R1 1.•61 10, 0 1. EM 
7/1S,,•7 45. ß 

P-41-X lb'"• 10.0 ( 1. EM) 
6-•8/?'7 69. ß 

kl• SIt•lq 12•9 •.0 ( 1.EKa) 
6•16/77 110.0 

63.3 63.3 
P-.3 

45. ß 45. ß 
3.4 3.4 

49.1 
2.6 

49.1 
2.6 

113 

81 

L•I/4•E- 43-&•9.64 111-46.01 
•aABD 

kl• BROLIq 1859 E0.O 1.88 
6/14/77 98. ß 

41.8 
7.4 

41.8 
7.4 

;E•I/4•E- 43-Zx3.16 111-4S. S6 
21CDB 

k&4 Ct•LL I62•3 •.0 (1.E•) 
7/1•'"•7 •. ß 

?•.6 72.6 
2.5 

18/1•-- 43-•. 33 114•. 78 
13•1 

18/132- 43-•. 72 114•-T. • 
7DCA 

18/142- 43-18.83 114-49.37 
•CDD 

1S/1SE- 43-19. S• 114-41.48 
21ABC 

USeS 15•Sl 15.0 1.37 
9/74 68. ß . • 

•4 1•E•1 10.0 ( 1. E•9) 
7/86/77 60. ß 

10.0 (2.51) 

141 FRS'TS 12•;26 10.0 ( 2.51) 

89.1 
E.3 

7•..9 
4.0 

181.4 
3.4 

89.8 
3.6 

89.1 
:•.3 

72.9 
4.0 

181.4 
3.4 

199.0 
3.6 

417 
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TABLE la. (continued) 

Twn/Rng- N Lat. W Long. 
Section Deg. Min. Deg. Min. 

Hole ID Collar 
Date Eiev. 

Logged m 

1S/18;- 43-19. •3 114-19.49 
16DCC 

SMU FF1 1S24 
8/23/78 

1•'18E- 43-17. • 114-•. •3 
32AOZ 

E•/14E- 43-11.96 114--44.3S 
36DCC 

SMU MBH1 1F•9 
7,' 7/79 

2S/17E- 43-16. ?7 114-•4.11 
2;:CC 

1474 

2S/'-J•E- 43-14.67 11•- ß • 
I•D• 

•.• C[• l•E• 
7/ 5,78 

1019 

SS/16-E- 43- 1.39 114-43.8• 
6BBC 

6S•1•;- 4•-•.84 11•- 4.E•3 
19CDD 

983 

*•,,I•W_- 42-43.4• 11•-- 1.2•8 
23A6• 

8S/3•E- 4•-,4•. 21• 112-•4.77 
23DCD 

8S/31œ- 42-4•.• 112-58.• 
4C3•1 

8S/31E- 4•-44.24 112-rJ•. • 
8CAC 

i__•zB•__ 11E• 
7,74 

9S/13E- 4•.-3•. • 114-•-7. •3 
•'DD 

9S/13E- 4•-•-35.98 114-•6.47 

9S/13E- 4•-•-3•. 98 114-S6.74 
33CB 

• BLGU_ 11• 
6/E7,74 

•4 BL•J_ 1169 
6/E7,,'74 

9S/14E- 4•-•. 20 114-47.98 
•3ABA 

144 1012 
9/ 

hi,4 LCKLY 1112 
9/ 3/7B 

7,'12,74 

9S•28E- 4•-98. • 113-13. 
18BAD 

I•'DDD 

10S/'•E- 4•-31. •? 113-21. 

1E•--•'•E- 42-31.91 112-•3.8• 
24CDD 

•.•"I•1 15i3 
6/3/79 

1•S/31E- 42-3•. 37 112•-•j3.14 
19BCC1 

11S/I?E- 4•--•. 98 114-•4. •9 
25-DDD1 

11S•19;- 4•-•. 17 114-13.36 
7/31/'76 

Depth 
Interval Avg. TC No. 

m Win- 1K-1 TC 

2•. o 2.43 9 

lO.O 2.44 17 
110.0 

10.0 1.41 lO 
98.2 .•S 

•;.0 (1.•) 
1•.0 

117.5 1.E• 1 
•80.0 

3•.0 

1S.0 1.21 1 
3•.0 

9S.O (2.•) 8 
i65.0 

,•.0 1.fi3 ! 
04.0 

10.0 1.• 1 
T•.0 

•.O 1.4• 1 

L•.O 2.8G 8 
300.0 .lO 

30.0 (:•.•) 8 
•;•O.O 

98.0 (2.•) 8 
210. ß .10 

3•.0 (2.8S) 8 
1•.0 

•.0 (2.•) 8 

•;•o.o 1.•9 1 
61.S 

3•. o 1,63 1 
9S.0 

2'7.5 1.•3 1 
119.0 

15.0 1.38 1 
5EI.0 

10.0 1.42 1 

lO.O 1.S1 1 
110.0 

.o (1.•1) 
215.o 

2•.0 1.76 I 

2S.O (1.Sl) 
2•.0 

10.0 (1.S1) 
248.0 

lO.O 1.a• I 

lO.O 1.•3 1 
11s.o 

%• corr. Corr. 

Gradient Gradient 

"C/kin øC/kin 

65.7 64.0 
.S .S 

51.4 •1.4 
2.0 2.0 

136.2 136.2 
i3.6 13.6 

38.0 38.0 
.2 .2 

1.2 1.2 

94.9 94.9 
2.8 2.8 

113.0 113.0 
2.0 2.0 

•.o •.o 
1.1 1.1 

4•.6 4•.6 
1.2 1.2 

148.6 148.6 
4.1 4.1 

6•.5 6e.S 
2.2 2.2 

•6.9 •6.9 
1.2 1.2 

63.9 63.9 
3.7 3.7 

';'2. S '•.S 
2.6 2.6 

6•.7 6•.7 
1.6 1.6 

71.4 71.4 
9.S 9.S 

4•.1 
2.1 

4•.1 
2.1 

39.4 
3.0 

39.4 
3.0 

49. S 
S.3 

49. S 
5.3 

•3.1 
4.4 

93.1 
4.4 

?9.9 
4.9 

121.3 
le.S 

81.4 
3.8 

48.4 
1.9 

?9.9 
4.9 

121.3 
lO.S 

81.4 
3.8 

•4.1 
3.5 

48.4 
1.9 

Corr. 

mWm-2 

69 

171 

71 

146 

137 

111 

69 

217 

147 

T1 

67 

12•B 

148 

1EE• 

Qua!. 

B" 



TABLE la. (continued) 

l•n/Rng- N Lat. W Long. 
Section Deg. Min. Deg.Min. 

Hole ID Collar Depth Uncerr. Corr. Sort. 
Date Elev. In=ez-val Avg: TC No. Gradient Gradient HF HF 

Logged m m •n-•K -ITC •C/km øC,/]•n mWm -2 Qual. ,. . 

11S,/21E- 4•-•8.67 113-•9.4e l.l.I 1318 7•.0 ( :P.O•) 8 48.7' 48.7 98 B 
9DDA 9,'18,•'• 148. e 3.3 3.3 

11S•"•-- 42-•. 05 113-F•4.61 kl.I 1313 10. ß 1.88 1 43. ? 43. ? 8• B 
• ?/'dBx"g? 140.9 4.3 4.3 

11S•'•=•- 4•-•. 3• 113-•3.8• kl• 13•4 19.9 1.0• I 158. :• 158.2 1F•B B 
3,ko/)C •/ • 1•0.9 6.8 6.8 

12S/1SE- 4E-:•1.• 114-39.19 kl• 13B0 30.0 ½ 1.46) 39.2 39.2 •? B 
2•mADD 9/13/'•3 ZE30.9 . S . S 

1•'1•"E- 4:P-21.58 114-48.98 l.l.I 137'7 .2S. 9 ( :P. 91 ) 1 44.6 44.6 9• C 
• 9/13,•"• 158.9 . 4 . 4 

1•S/192- 4•-24.6• 114-11.64 kl.I 1304 30.9 ( 2.05) 8 66.4 66.4 134 B 
• 7/31/76 100.9 2.3 2.3 

1•Sx20œ- 4•'-24.61 114- 3.49 kl.I 1309 20.9 2.93 8 27.4 27.4 58 C 
1AC• 9/17/',•'• 190.9 . 19 4.6 4.6 

12S/20E- 4:P-24.40 114- 6.:Pl l.l.I 13L• 40.9 1.26 1 ?'7.6 ?'7.6 9'7 B 
3C]H) 8/ 1/"• 188.9 4.6 4.6 

I•m/'•OE- 4•-21.04 114- 4.91 • 14•7 1S.9 ( 2.05) 8 40.8 40.8 8• B 
• •IB/?• 1•0.9 2.1 2.1 

1•:,/•1œ- 4•-24. S7 113--6-/. 03 USBR 1329 60.9 2.93 8 58.4 58.4 13• B 
• ?/•9/-g? Z•BO. 9 . 19 1.3 1.3 

1•-S/21E- 4•'-•0.4S 114- 2. F•3 WW 1396 40.0 2.03 8 68. S 68.6 139 B 
31BDB 8/ 1/76 9•. 0 . 10 2.9 2.9 

I2S/•lE- 42-•0.•9 114- 2.88 WW 1417 20.0 2.03 8 60.1 60.1 122 B 
31]BCC 9/17/'/• 100.0 ß 10 2. S 2. S 

1•S• - 42-•3.21 113-35.• WW l•W•4 10.9 ( 1.30) 60.3 60.3 •8 C 
• 8/ 3/77 17•.0 •.4 27.4 

13S/I•-E- 4•-18.8• 114-39.3• WW 139S 10.0 1.34 1 68.2 68.2 90 B 
!lAAD 9/12/?• 95.0 3.4 3.4 

13S/162- 42-18.64 114-33.94 WW 1410 S.0 ( 1.34) 94.9 94.9 128 B 
10DDB1 9/ 9/?S •0.0 S. 3 S. 3 

13S/212- 42-19.00 114- 1.4S WW 1426 10.0 ( 2.0S) 8 6•.7 6•.7 123 B 
SCF. D 9,' 17,""• 110.0 2.2 2.2 

13Sx21E- 4•-16.92 114- .6• WW 169• 30.0 (2.0S) 8 5B. 6 66.2 13S B 
2•D 7/31,4•6 115.0 4.1 

14S/142- 42-12.73 114-47.31 WW 1SB• 15.0 (1.38) 40.8 40.8 'S6 B 
14BBB 7/1S/77 140. o .9 .9 

14S/15•- 4•-11. • 114-39.88 WW 1S•2• 10.0 1.05 1 192.8 19•.8 200 B 
23CD ?/1P./74 9•. 0 14.6 14.6 

1,:S/1SE- 42-11.04 114-40.34 WW 1S--• 10.0 1.09 1 1•8.0 178.0 190 C 
26BB 7/12/74 58.0 31.4 31.4 

laS/1-cE- 4•-10.95 114-42.18 LLSGS 1516 20.0 (1.09) •L•3.6 •'•3.6 it39 C 
•-SBAD2 7/12,'74 58. o 33. ? 33.7 

15S/162- '•2- 6 •. 71 114-36.74 WW 170• 2S. 0 1.80 1 S3.7 S3.7 • B •.OBC 7/17/77 330.0 1.9 1.9 

'.55/•62- a•_- 9.00 ! •. •-•.•. •0 RR-1B 14•B .0 1.05 1 i30.0 130. 

SS/a•g- 4•- S.80 113-•3.60 RR-3B 148S .0 1.67 180.0 le0.0 292 , • 

200.0 860.0 334 . B 

ISS/•5E- 4•- S. 60 113-21.70 RI•-P_B 14•2 .0 1.26 200 0 •00 0 2S1 * B ZSA•C S/ • ' ' 

The standard error of the thermal conductivity (TC) and uncorrected gradient are shown below the average value. Blanks within a 
particular column signify that measurements were not made or calculated. 

? Brackets around the thermal conductivity value signify value is from surrounding well or wells. 
õ Quality: A, 100-m linear gradient and several core conductivity values, estimated error '--5%' B, linear gradient, estimated error +_ 10%' 

and C, disturbed gradient, uncertain thermal conductivity, estimated error ---25%. 
* Heat flow data from Urban and Dintent [1975]. 
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TABLE lb. Geothermal Data for the Eastern Snake River Plain Inside Boundaries of the Snake Plain Aquifer 

Section 

Z4•AB 

N Lat. W Long. 

Deg. Min. Deg. Min. 

,44-::=1. •1 111-16. •'7 

Hole ID Collar Depth 
Date Elev. Interval Avg. TC No. 

Logged m m ' Win- 1 K- 1 TC 

WW •P •4 5.0 ( 1.13) 

40.0 (i.46) 
•.0 

Corr. Corr. 

Gradient }fF 

øC/kin mWm -2 

WW IP 1914 •.5 (1.46) 

Status 

53.3 -•9 AB 
5.5 5 
4.0 5 IN 
5.3 

ll 8.0 

Temp. 
ß C 

7.6? 

S. 07 

1 i M/29E- 
!ICDA 

1 IM/40E- 

44-17.57 111-49. 
3/77 50.0 

WW •L•CK 203• •. 0 (1.46) 
5/1•77 •0.0 

9.1 
1.3 

5.9 
.1 

13 

6.01 

!OM/39E- 44-13.02 111-•3.,•3 WW LUSK 1•? •0.0 ( 1.46) 

60.0 (1,46) 
200.0 

7.6 
.6 

14.5 
.7 

ll 

21 

•B 

7.67 

10M/4P_E- 
•A•I 

•0.0 (1.46) 
50.0 

•o.o (1.46) 

-•. •_ 
3.1 

20.8 
1.5 

30 

9M/39E- 
4P•C 

44- 8.49 ww B•LL 1T'•S •0.0 (1.46) 
S/19/77 •0.0 

6.9 
.2 

10 •B 

9M/40E- 
EDDD 

44- 7.SS 111-46.51 ww 16E• 10.0 (1.46) 
• 190.0 

i90.0 (1.46) 
•0.0 

7.3 
.3 

17.3 
1.4 

10 •B 

IM 10.07 

9M/•4E- 

•,M/34E- 

44-- 5.80 111-15.;• 

44- .9'7 11E-•9.61 

ww IP 1Ta• 10.0 

USBR 146• •. 0 
8/13/'• 1•o. o 

12o.o 
1E•.O 

1.51) 

1.46) 

1.46) 

1;•,6 
1.3 

30. •- 
.3 

1.8 

AB 

AB 

IN 13.97 

8N/4•E- 
1CAD1 

44-' 2.78 111-41.36 20.0 
1•. 0 

10•.0 
114.0 

(1.46) 

(1.46) 

•.8 
3.4 

;•1.4 
4.4 

31 

AB 

IM 13. 

8M/4•E- 
E1DDD3 

•/31E- 
:•,,ZBDD 

13::•qD4 

7N/_'4SE- 
16BDD 

7•/•8E - 
23DBA6 

7N/39E- 
34C•B1 

7N/4•E- 
16BIll 

19RP, D1 

7•/4•E- 
•CDC3 

44- .• 111-•4.• 

43-•5.37 11•-44.71 

43--•.43 11•--16.?• 

43-•.10 111-56.5• 

43-•3.•1 111-•1.41 

43-•.13 111--4•.•9 

43-•. 49 111-46.70 

43-•4.84 111-46.• 

•0.0 
114.0 

MRTS AM• 1S04 •_0.0 
6/L•7/77 110.0 

MRTS PW1 1493 20.0 
6,•x77 105.0 

USBR 1460 i5. o 
7/ 7,,77 BO. 0 

WW 149• •.o 
?x 1•,"?"• 81.0 

L•BR 14•9 T0, o 
7/lm-/77 l•. 0 

USBR 14• 30.0 
• 14/'74 70.0 

LJ• 14•9 .0 
•1•/'74 40.0 

USBR 1400 . o 
7/ • 46.0 

USeR 1404 46.0 
7/ B/F? 1•0.0 

(1.46) 

(1.46) 

(1.46) 

(1.46) 

(1.46) 

(1.46) 

(1.46) 

(1.46) 

1.46) 

(1.46) 

45.0 
1.9 

21.0 
1.7 

-10.8 
.4 

-9.0 
.5 

1.6 

4.5 
.4 

1.9 

16.7 

31 

-13 

41 

-10 

•B 

AB 

•B 

IM 

AB 

IM 

IM 

IM 

13.11 

ll.•l 

6•31E- 
•BAD1 

43-49.43 11•-,•4.• HRTS 7 14• ?0.0 
6/ 5•77 10•.0 

10•.0 
•60.0 

(1.46) 

(1.46) 

1•. 1 
3.3 

11.8 t7 IM 
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TABLE lb. (continued) 

Section 

6M/3•E- 

•SDDB1 

6M/36E- 

10BBB4 

4C• 

II•BB 

14CAD1 

2•C'__CC1 

N Lat. W Long. 

Deg. Min. Deg. Min. 

43-5•. • 11•-39. •7 

43-49.12 112-40.07 

43-49.0• 112-40.0:: 

43-48.8• 1!•-3•. 30 

43-=J•.18 112-10.81 

43-49.67 11•-11.6B 

43-49.31 11•- 7.19 

43-49.31 

43-49.•0 11•- 1.64 

43-5•. 15 111--•1.36 

43-49.18 111-•3.16 

43-49.• 111--•4.0• 

43-=5•.•0 111-4•.34 

43-47.8? 112--•'?.30 

43-•4. •0 112-.4•',,. 98 

43-4•. 47 11•-43.60 

43-43.• 112-46.• 

43-45.96 11•-41.34 

Hole ID Collar 

Date Elev. 

Logged m 
, 

M• AMPlO 14•9 
6z14/78 

M• A•P 9 1459 
•14/78 

L•BR 1468 
?/ 9/77 

B_M 1• 
F=W•1/79 

• 9 148o 
7/ 1•4 

USH• 1474 
8,' 

us• 14e• 
7/ 

• 14•3 
8/?? 

USER 1470 

us]• 1468 
7/ • 

USeS •3 1489 
7/ 9/?9 

• 19 1463 
7/ 6/7? 

• 18 1496 

• S14 1461 
7/•1/77 

uses • 14S9 
?/ 

Depth 
Interval Avg. TC 

m ' Wm-IK -1 

65.0 (1.46) 
80.0 

•.0 (1.46) 
•0.0 

•0.0 (1.46) 
?0.0 

?0.0 1.46 
100.0 

•0.0 (1.46) 
?0.0 

?0.0 (1.46) 
90.0 

10•.0 (1.46) 
215. ß 

•0.0 (1.38) 
•0.0 

30.0 (1.46) 
11o. ß 

11o.o (1.46) 
1•o.o 

•o.o (1.46) 
1•o.0 

30.0 (1.46) 
13•.o 

13•.0 (1.46) 
17.o 

40.0 (1.46) 
80.0 

80.0 (1.46) 
170.o 

•o.o (1.S1) 
•.0 

10.0 (1.46) 
•.0 

8•.0 (1.46) 
13•.0 

4•.0 1.•9 

40.0 (1.46) 
170.0 

•0.0 (1.46) 
8•.0 

1S.0 (1.46) 
1•.0 

1•.0 (1.46) 
33•.0 

8•.0 (1.46) 
lO•.O 

30.0 (1.46) 
90.0 

90.0 (1.46) 
215. ß 

lO.O 1.46 
96.0 

1.33 
.13 

a,•7.5 1.84 
7B9.5 .•6 

NO. 

Corr. 

Gradient 

øC/kin 

15.0 
::.3 

2.1 
.4 

41.3 
7.9 

=•.4 
5.? 

1.4 
.4 

-•1.8 
::.6 

7.0 
1.6 

-:=1.3 
1.3 

.8 

.2 

1.0 

-14.8 
.5 

8.0 
.1 

-4.1 
1.1 

4•.3 
5.0 

31.4 
5.8 

-19.3 
1.9 

18.8 
.9 

44.3 
1.0 

9'7.6 
•.0 

33.5 
1.6 

1.7 
1.4 

4.2 

5.5 
1.7 

7•.4 
10.0 

16.1 
.4 

•9.8 
1.0 

Corr. 

mWm-2 

-31 

-31 

-21 

11 

47 

143 

49 

o 

113 

109 

11o 

Status 
, 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

•B 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

Temp. 
ø c 

15.•4 

10.61 

8.10 

8.14 

9.51 

9.47 

16.98 

13.3'7 

16.91 
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TABLE lb. (continued) 

Section 

N Lat. W Long. 

Deg. Min. Deg. Min. 

Hole ID Collar 

Date Elev. 

Aogged m 

Depth 
Interval Avg. TC No. 

m ' Wm-IK -1 TC 

Corr. 

Gradient 

øC/kin 

Corr. 

Aqu. 
Status 

Temp. 
ø C 

13BDC1 

5•/33E- 
Z3DDD1 

9BD•I 

1•%•c1 

SCaB 

::IABB1 

9DCD1 

4t•'k:9E- 
14C• 

6ABB1 

4M/3•E- 
•BDD1 

43-46.4• 11•-34.33 

43-46.88 

43-4•. 4• 11•-36. •8 

43-44. ?3 11•-3•. 35 

43-46.94 ll•-•8.35 

43-44.1:: 11R-•B.B5 

43-4•. 35 11•-13. • 

43•44.8• 11•- 6.E• 

111'-.47.16 

43-46. •? 111-46. •3 

43-4•. 07 113-•. • 

43-48.93 113- 

43-41.48 

43-39.63 

43-3B. 47 11•-•1.13 

• 31 1453 

• 30 14,38 
6/E4/"F7 

NETS 3E 1,1E• 

LJ•BR 1,•1 
7/ 9/77 

L•BR 147•a 
7/13/"• 

RICKS 
•/11•?• 

8/14/'74 

USGS 1643 
9/19/"• 

• • 1,•B 
7/ 6"77 

• S17 14•7 
6/14/•8 

MRT• 15 1467 
6/ES/77 

MRT• 1:: 1469 
6,/10/"• 

• 17 1473 

•0.0 (1.46) 
8e.0 

B8.0 (1.34) 
9•.0 

Re.O (1.46) 
EE•.O 

E•.O (1.34) 
16•.0 

16•.0 (1.84) 
216.0 

Re.e (1.35) 
73.0 

Re.O (1.38) 
73.0 

•.0 (1.34) 
1•o.o 

•.0 (1.46) 
E•.O 

E•.O (1.34) 
I•B.O 

•0.0 (1.46) 
100.0 

5.0 (1.46) 
115.0 

1E0.0 (1.34) 
•30.0 

5.0 (1.46) 
9•.o 

100.o (1.34) 
1•o.o 

•.o (1.46) 
70.0 

70.0 (1.34) 
1•.0 

48.0 (1.46) 
80.0 

E•.O (1.34) 
lOO.O 

•o.o 1.8• 
145. o 

•o.0 1.46 
1Ro.o 

1Ro.o (1.34) 
1•.o 

1•.o 1.38 
•-7.0 

100.o (1.34) 
16o.o 

•o.o 1.51 
1•o.o 

1•o.o 1.• 
::15.o 

30.0 1.4:: 
100.0 

100.0 (1.34) 
1•0. ß 

110.0 (1.34) 

76.1 

44.4 
4.1 

13.0 
1.4 

:EEl.:: 

lol. 3 

7.4 

•.9 
7.9 

19.9 
.8 

.4 

•.0 
1.0 

.7 

8.1 
.5 

6.4 

17.1 
1.6 

-0.0 
1.4 

1.5 
.3 

3.0 

-1.6 
1.0 

47.4 
::.7 

5.1 

49.8 
1.1 

1.0 
.6 

1.7 
.4 

.9 

::4.7 
.8 

::4.0 

•8.1 
1.8 

111 

i7 

140 

10 

-11 

-3 

43 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

IM 

13.69 

11.10 

11.43 
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TABLE lb. (continued) 

Section 

N Lat. W Long. 

Deg. Min. Deg. Min. 
. 

I•DD1 

43-41.•3 112-18.12 

43-3T.7T 11•.- 9.93 

4•/38E- 

3•/E6E- 

43-41.4 111--•. •4 

43-37.41 113- 3.9• 

3m/•9E- 
19CBB1 

43-34.3B 113- 3.33 

3H/•SE- 
36BCB1 

3H/3gE- 
I•CDD1 

3•30E- 
31P•D1 

13DCB1 

43-33.38 11•-S•. • 

43-3•.•S 112-•.18 

43-3•. 67 11•-49.1S 

43-3•.88 11R-5•.• 

43-3•. 17 11•'-38. E• 

3b•x34E- 
3•BBC1 

3•/37E- 
•]•D1 

1Z•DB 

43-33.33 11•-43.38 

43-33.12 

43-36.93 11•- 4.6• 

43-36.38 1l•- 3.3• 

43-31.3• 113-12.• 

Hole ID Collar 

Date Elev. 

Logged m 

1493 

USB• 15 1• 

1__[9'•__ 
7/ 8/77 

USeS 1619 
7/31/77 

9x10/78 

• 3• 1•3 

NRTS s 

1498 

c•Bo• A1 16-•4 
6/26/•8 

6/•1/77 

1467 

1449 

tE•_ 1•34 
8/ i,"'/7 

Depth 
Interval Avg. TC No. 

m Wm-IK -1 TC 
. .. 

•.0 1.46 I 

13•.0 1.38 
17'7.0 

llS. 0 

13•.0 (1.3B) 
•3•.0 

S.0 (1.3B) 
•S.0 

4S.0 (1.34) 
6•.0 

6•.0 1.38 I 

19•.0 (1.34) 
2L•3.0 

87.5 (1.4•) 

•3•.0 

•.0 
•-•.0 

•-•.0 
1•.0 

1•.0 2.?6 
31•. • 

•.• 1.S1 
199.0 

•.0 1.S1 
199.0 

•.0 (1.S1) 
14S. 0 

Z•.O (1.51) 
14S. 0 

150.0 

2•,e (1.51) 
141.0 

•.• (1.51) 
2e•.0 

2e•.0 1.3B 
237.0 

•.• (1.51) 
2e5.0 

&•.O 1.46 
22e.0 

•&•.o (1.38) 
24e. 0 

•.o (1.3B) 
110.0 

5.0 1.3B 
•.0 

•.o (1.34) 
c•.0 

10.0 
310.0 

•.o (1.51) 

23e.o (1.3B) 
24S. o 

lO 

Corr. 

Gradient 

øC/kin 

7.5 

36.0 
2.9 

3.4 
1.0 

1.i 
.5 

15.5 
.4 

4•.1 
.3 

47.1 
.3 

49.9 
1.6 

39.5 

7.6 
2.7 

9.7 
.3 

E3.3 
1.7 

9.1 
1.0 

19.7 
.8 

.2 

.1 

17.6 
.2 

-1.9 
.7 

•.9 
7.4 

9.5 
.4 

3.4 
1.0 

Corr. 

... 

31 

10 

49 

199 

81 

11 

14 

13 

-2 

14 

status 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

AB 

IN 

IN 

IN 

IN 

IN 

IN 

Temp. 
ø C 

13.51 

10.61 

>12.88 

13.16 

13.15 

10.67 
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TABLE lb. (continued) 

Section 

N Lat. W Long. 

Deg. •in. Deg. Min. 

113- 

t3AAA1 
43-30.38 11•-•E•. • 

•31E- 
3•DCC1 

43-31. E? 112-53.78 

43-•. 44 11•-41. • 

l•'29E- 
21DCC 

1N/Z9E- 
3eBBD1 

1!•38E- 

1CCB1 

11•I•3•E- 
I•'•BP3 

1•'•1E- 
13DB 

14DCC 

43-3•. 3• 11•-19. E? 

43-3•.31 111-•'9.•3 

43-•3.81 113- 3.•9 

43-•3. F• 113- 

43-•6.3• 1 l•:•rJ5.9• 

43-•6.• 112-10.88 

43-•S. 47 11•- 5. c• 

43-19. cJ8 113-•. • 

43-•. •3 113-48.93 

43-18.15 113-41.64 

43-19.8• 113-16.3• 

24DDIq 

45/l•E- 
24CDD 

43-17.88 11•- 4.17 

43-16. ?8 114- 1. • 

43-11.•? 114- 2.15 

43- 8.67 113-14. 

43- 3.2 114-•3.• 

Hole ID Collar 

Date Elev. 

Logged m 

NRT• C• 1•3• 
7/77 

k•4 1444 
7/18/77 

• 11 1•44 

1518 

U•BR 14•4 
•'11/'• 

USBR 1416 

146'? 

• 14 1564 

1311 

Depth 
•nterval Avg. TC 

m Wm-IK -1 
, 

•.8 (1.51) 
197.8 

•3•.8 (1.51) 
168.0 

16•.8 (1.38) 
•.8 

1.46 

1.34) 

•e.8 1.51 
18•.8 

L•.8 2.34 3 
388.8 .12 

388.8 1.97 
4•S.8 .13 

45•.8 1.88 3 
53T.5 .17 

•.8 (1.34) 
345.8 

1.34) 

•.8 1.51 
7e.8 

7.5 2.?6 
1•6.8 .86 

•ee.8 (1.34) 
212.8 

18.8 1.46 

18.8 1.46 
61.8 

•.0 1.46 

18.8 1.•6 
38•.8 

158.o (1.46) 
318.8 

3•.0 (1.46) 

1L:e.8 (1.38) 
218.8 

18.8 1.• 

La9.8 1.3• 
58.8 .•6 

18.8 (1.46) 
98.8 

1.38) 

18.8 1.4• 

•:•.8 1.51 
57.8 

Corr. 

No. Gradient 

TC øC/km 
, 

?.8 

16.1 
.2 

8.1 
.3 

1.1 
.2 

29.5 
.4 

31.7 
.3 

5.3 

41.7 
1.8 

.1 

.2 

4.8 
.5 

16 9.3 
.2 

.8 

.4 

-9.1 
9.8 

?.2 
.9 

.5 

.3 

34.8 
1.8 

18.9 
.9 

112.8 
6.7 

54.3 
1.5 

2.8 
.3 

15.8 
.5 

-7.3 
.9 

31.8 
.8 

Corr. 

11 

24 

11 

44 

74 

-13 

18 

51 

15 

173 

74 

-18 

47 

Aqu. 
Status 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

Temp. 
ø C 

13.74 

13.14 

14.15 

19.43 

18.01 

13.67 

15.45 

11.18 
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TABLE lb. (continued) 

Section 

4S,•4E- 

5•I•-•- 
I?BCB 

a6aP_•l 

6ACC 

17CAA 

S.•E- 
L:•6BBD1 

65•13E- 
l•C•:tD1 

6S/14E- 
R3DDA- 

65/19E- 
18BCD 

31CAB 

3aDCC 

i• I 

'?•4E- 
•DD1 

•E- 
1,4CC•1 

8S/14E- 

85/14E- 

N Lat. W Long. 
Deg. •lin. Deg. Min. 

43'- 2.89 114-24.49 

43- fi.•9 113-39.• 

43- 6.11 11•-4•.• 

4•-•9. •6 114-4E. 61 

4E-=.6.84 114--39.74 

4•-7.7• 114-E4. •? 

43- 1.15 114"-:•1.74 

4=•-5•. lo 114-•. 34 

4=•-•4.11 114..-14.83 

4•-46.99 114-•1.39 

114.-16.89 

Hole ID Collar 

Date Elev. 

Logged m 

B_M • 1341 
6,•4• 

US• 13•6 

kI, J 1381 

1341 

?/18/74 

L_m•__ 1El3 
6,•4• 

1386 

LJSBR 134:: 
7/14,•78 

4•-43.88 11'•-49. ?8 

L_m•__ 1E4• 

Depth 
Interval Avg. TC 

m Wm-IK -1 

•0.0 1.51 

?•.8 (1.3B) 
118.0 

18.0 (1.38) 
188.8 

•.• (1.51) 
189.3 

3'7.5 (1.38) 
6•..5 

?.5 1.88 
53.5 

10.0 1.51 
•.5 

?•.o (1.51) 
1E1.8 

15.8 (1.35) 

15.8 (1.4•) 
158.8 

155.8 (1.34) 
175.8 

1.51 

215.8 1.4• 

10.0 (1.4•) 
•.8 

1.38) 

67.5 1.46 
7.5 

1.55 
.88 

1.37 
.88 

15.8 (1.46) 

15.8 (1.46) 
35.8 

98.5 

1.34 

lo.o (1.51) 
•.0 

1.51 

1.61) 

?0.8 1.4• 
89.8 

18.8 (1.35) 
•.5 

.8 
16.E 

18.8 (1.51) 

'Corr. 

No. Gradient 

TC øC/kin 

.E 
1.1 

5.4 
.3 

-6.? 
.? 

16.0 

44.5 
5.7 

35.8 

17. ? 
.3 

E4.0 

9.5 
.9 

-1.0 
.3 

.9 

3.6 
.6 

4.9 

9.8 
E.3 

.1 

.4 

3.E 
.3 

•8.B 
4.• 

9.7 
1.4 

lB. 1 
1.6 

.6 

.E 

1.6 

18.4 

Corr. 

mWm-2 

24 

14 

-1 

146 

13 

-1 

14 

Status 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

Temp. 
"C 

>11.,41 

14.14 

13.19 

9.74 

14.47 

15.16 
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TABLE lb. (continued) 

Section 

Hole ID Collar Depth Corr. Corr. Aqu. 
N Lat. W Long. Date Elev. Interval Avg. TC No. Gradient HF Aqu. Temp. 

Deg. Min. Deg. Min. Logged m m Wm-IK -1 TC øC/kin mWm -2 Status eC 
., 

8•/•4E- USeR 1383 10.0 (1.51) 31.0 
•qBB1 7/19,'7• 78.0 .m. 1 

78.0 ( 1.38) .9 I IH 12.48 
88.0 .4 

•- 4•-4i.•3 113-•.•3 USBR i• ie.e ( i.$i) •:9.6 44 R• 
3•DAql 7/'•7/7• 38. e i. i 

38.0 ( 1.38) 1.4 • IN 12.89 
•.0 .3 

8S/•GE- 42-44.90 113-•4.Z7 U•BR 13L:• 10.0 1.51 I •.4 38 RB 
3CDD1 7/16/78 110.0 2.3 

110.0 1.38 I 12.4 17 IN 13.8• 
145.8 3.7 

8•'•9E- 4•-4•.78 113- 3.fi• L•BR 1337 •.0 ( 1.38) 10.1 13 IN 11.8S 
34CBC3 7• 6•. 0 

6•.0 1.•'9 I •3.4 84 BL 
119.8 1.3 

9S/14E- •-40.• 114-46.• TH•US • 988 .0 IN 14.44 
•qCC •1/78 

9S/14E- 4•--4•.8B 114-48.• USGS 97• :•'P.5 ( 1.38) 19.0 • IN 14.15 
3ABB1 9,' 1,'78 •B. 0 

9S/1•- 4•-38.• 114-3•.4• L_•3F•__ JCC 1•91 .45.0 ( 1.38) 1.3 I IN 13.61 
19RBA1 •'•/78 •. o .5 

9S/19E- 4•-3•. 98 114-11. •7 USBR 1198 10.0 1.51 I •:•.3 1• •B 
=_L•-;3BC_• 1 7/18/78 4•. 0 10. ß 

4e.O (1.38) 
47. S 

I•S/•IE- 4R-3!.R4 i'.a- .4• USBR 1•6• •.0 (1.•) -8.? -13 lhl 
•BC 7/'•6,'7T 1•. o 2.3 

IN 15.•3 

i•S•- 4R-3•. •4 li3-•4.34 U•BR l•c• •. 0 ( 1. •) -7.1 -10 IN 13. • 
L•CD 7/'Z7• 1•9.0 1. ß 

The abbreviations in the aquifer status column (Aqu. Status) are AB, gradient above Snake Plain aquifer; IN, gradient in Snake Plain 
aquifer; BL, gradient below Snake Plain aquifer. Aquifer temperatures (Aqu. Temp.) are the observed temperatures within the Snake Plain 
aquifer. Blanks in a particular column signify that measurements were not made or calculated. Brackets around the thermal conductivity 
values signify that the value is from surrounding well or wells. 

indicate that the holes or intervals were in Cenozoic sedi- 

mentary rocks or basalts. Only a few of the holes encoun- 
tered pre-Cenozoic rocks. These holes included 9N/30E- 
2CDD and 9N/32E-30BCA, which were drilled in Paleozoic 
limestone; hole 8N/28E-3CCC1, which was drilled in Paleo- 
zoic quartzite; and holes 1S/18E-16DCC and 1S/18E-32ACC, 
which were drilled in Mesozoic granite of the Idaho batho- 
lith. The last four holes shown in Table la were drilled in 

the Raft River geothermal area and published by Urban and 
Diment [ 1975]. 

The data shown in Table 1 b are from wells drilled in areas 

occupied by the Snake Plain aquifer. The predominant 
lithology of all the holes in the Snake Plain aquifer is basalt. 
Occasional interbeds of sedimentary rocks are present, but 
volumetrically these are minor. Similar data for each hole 
are shown as in Table la except that no uncorrected heat 
flow values are shown and there is a gradient status column 
instead of a heat flow quality column. No terrain corrections 
are needed for any of the holes in the aquifer so no 
uncorrected gradient column is included in Table lb. The 
interval gradient and heat flow data from wells located 
within the boundary of the Snake Plain aquifer as shown in 
Figure 1 are divided into as many as three heat flow regimes 
identified as 'above,' 'in,' and 'below' the aquifer system. 

Abbreviations for these categories are shown in place of the 
heat flow quality shown in Table la. The 'above' regime 
appears to be generally conductive; the heat flow is con- 
trolled by the difference between the mean annual surface 
temperature and the local aquifer temperature and may be 
negative over large areas. In a significant fraction of the 
holes the 'above' temperatures are disturbed according to 
what has previously been described by Brott et al. [1976] as a 
'vesicular' basalt effect. In these holes, which typically 
exhale or inhale air depending on atmospheric pressure and 
temperature conditions, air circulation completely disturbs 
the gradient above the water table and produces an exagger- 
ated annual wave with amplitudes of several degrees centi- 
grade to depths of 100 m or more. No 'above' values of 
gradient or heat flow are reported in Table 1 b for holes which 
display this disturbance. Within the top tens of meters of the 
aquifer the heat flow regime is convective and the tempera- 
tures are approximately isothermal due to the mixing of 
circulating fluid. Thermal conductivities for these holes, 
which are generally in basalt, were estimated for measure- 
ments from samples all over the eastern Snake River Plain. 
Due to the nature of the heat flow, errors introduced in 
assuming thermal conductivity are probably insignificant. 
The significance of the aquifer data will be discussed in more 
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Fig. 1. Generalized heat flow map of southeast Idaho. The heat flow values are coded as shown. The values are 
listed in Table 1. The eastern Snake River Plain is outlined, and the geology is generalized after Bond [1978] and Ross 
and Forrester [1947]. The inset map shows the location of the study area with respect to the state of Idaho. 

detail below. Below the aquifer system the heat flow regime 
appears to be generally conductive because positive, con- 
stant gradients occur in three of the four deep holes. 

Figure 2 shows a composite cross section of the heat flow 
values across the far eastern part of the Snake River Plain. 
The heat flow values are plotted on a scale which shows their 

o 
- o 

o 

-60 , 120 80 40 0 0 80 120 
North Distance, km. South 

Fig. 2. Two heat flow profiles perpendicular to the axis of the 
Snake River Plain. The solid curve is the smoothed eastern Snake 

River Plain profile (fit to the data represented by solid and open 
circles) and the dashed curve is a theoretical heat flow profile (from 
model 1, 12.5 m.y. solution of Brott et al. [1978]) which best fits the 
western Snake River Plain data. The open and solid circles represent 
data tak. en inside and outside the Snake Plain aquifer. These data are 
projected into the composite profile from a 50-km strike length 
extending east from a line between Arco and Pocatello. The values 
are plotted on a scale which shows their perpendicular distance from 
the axis. 

perpendicular distance from the axis of the Snake River 
Plain. The figure shows generally high heat flow values 
(many over 100 mW m -2) on the margins and lower values 
(mostly in the range of -30 to 20 mW m -2) in the Snake 
Plain aquifer. Although a qualitatively similar heat flow 
distribution is observed in the western Snake River Plain 

(shown as the dashed curve on Figure 2), i.e., low heat flow 
in the Snake River Plain and high heat flow on the margins, 
the causes for the pattern are completely different. The low 
heat flow in the western Snake River Plain results from 

large-scale refraction of heat due to crustal thermal conduc- 
tivity contrasts, while the low heat flow in the eastern Snake 
River Plain is caused by regional cold groundwater circula- 
tion in a major aquifer system. The thermal refraction effect 
in the eastern Snake River Plain is minor because a large, 
deep sedimentary basin (as observed in the western part) has 
not yet developed. 

Using the large quantity of data, the average heat flow and 
gradient values for five different areas are listed in Table 2. 

TABLE 2. Heat Flow and Gradient Averages for the Eastern 
Snake River Plain 

Gradient, Heat Flow, 
Location Number øC km-' mW m -2 

Northern Margin 23 55 --_ 9 93 --_ 13 
Northeastern 13 36 --- 6 73 --_ 12 
Northwestern 10 74 --+ 12 112 ___ 14 

Southern Margin 80 71 --- 7 113 --- 11 
Southeastern 42 66 --- 6 124 --_ 13 
Southwestern 38 76 --_ 7 101 --_ 8 

Snake River Aquifer 125 18 +-- 2 27 -+ 4 

Plus or minus values shown are standard errors. 
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Fig. 3. Temperatures in the Snake Plain aquifer. The solid heavy lines show the locations of recharge and the dashed 
lines show the locations of discharge [after Mundorffet al., 1964]. The internal heavy solid lines show the location of the 
Mud Lake (western) and Arco (eastern) hydrological barriers [after Hasket and Hampton, 1979]. The aquifer 
temperatures are listed in Table 1. The locations of four deep (i.e., >400 m) holes are shown. Each narrow line is a flow 
line representing 18.5 m 3 s -• of water flow. 

The division of the northern and southern margins of the 
eastern Snake River Plain (east and west) is along a line 
which passes approximately through Arco and Pocatello. 
The values east of this line are associated with silicic volcan- 

ics which are 5 m.y. old or younger. The low heat flow 
values on the northern margin near Arco are due to a lateral 
movement of groundwater into the Snake Plain aquifer, and 
these values are not included in the averages. The large 
variation of values internal to each of the areas suggests that 
geothermal systems have a major effect on the distribution of 
surface heat flow along the margins of the Snake Plain 
aquifer. The average values for the northern margins are 
poorly constrained due to the paucity of accessible wells. 
Most of the wells along the northern margin, 8 out of 11, 
were drilled specifically for heat flow. In spite of these 
complexities, the average surface heat flow values are 
clearly anomalously high on the margins and anomalously 
low in the Snake Plain aquifer. 

SNAKE PLAIN AQUIFER 
Introduction 

The Snake Plain aquifer (see Figure 3) is approximately 95 
km wide and 300 km long [Mundorff et al., 1964]. The heavy 
solid lines on Figure 3 show the recharge areas, and the 
dashed lines show the discharge areas of the aquifer. Each 
flow line on the figure represents 18.5 m 3 s -l flow of 
groundwater. The two solid lines which cross the aquifer 
show the locations of the Mud Lake (eastern) and Arco 
(western) hydrologic barriers. The water table drops approx- 
imately 30 to 60 m across each of these barriers. Hasket and 

Hampton [1979] suggested that these barriers may be sedi- 
ment zones on the 'downstream' side of old centers of 

volcanic activity which now are covered by younger basalt 
flows. Wells from Table lb are shown on Figure 3 with the 
observed aquifer temperature given by the coded symbols. 
Generally, the aquifer temperature ranges from 8 ø to 9øC in 
the recharge zones to 14 ø to 15øC in the discharge zone. The 
temperatures in the central part of the aquifer vary from 10 ø 
to 20øC, with a general trend toward high aquifer tempera- 
tures to the west. 

The hydrological features of the Snake Plain aquifer have 
been extensively described (Mundorffet al. [1964], Norvitch 
et al. [1969], Hasket and Hampton [1979], and many others). 
The total discharge of the aquifer is approximately 185 m 3 
s-I and occurs primarily on the western edge of the aquifer 
at Thousand Springs. Reported horizontal flow rates range 
from about 1 rn to several meters per day, but the average 
horizontal flow rate is less than 1.6 km yr -l. The aquifer 
system is composed of many Quaternary basalt flows with 
occasional interbedded sediments. In the western part of the 
Snake Plain aquifer the younger flows (basalt of the Snake 
River Group) overlie a thick sequence of older basalt flows, 
consolidated sedimentary rocks, and silicic volcanic rocks of 
Cenozoic age [Malde and Powers, 1962]. In general, the- 
permeability of these older rocks is less than that of the 
Snake River Group, and they are not considered to be part of 
the aquifer system. Moreland [1976] reported that a large 
number of the springs in the canyon walls at Thousand 
Springs occur at the contact between the Tertiary and 
Quaternary rocks. 
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Fig. 4. Two-dimensional transient Snake Plain aquifer model. The model contains three layers. The upper layer 
represents the rocks above the aquifer, and the mechanism for the transport of heat in this layer is purely conductive. 
The center layer represents the aquifer convection zone and the mechanisms for the transport of heat are convection 
and conduction. The lower layer is below the aquifer, and the mechanism of heat transfer is purely conductive. The 
surface geothermal gradient profiles before initiation of convection and in the presence of convection are shown above 
the model (dashed and solid lines, respectively). 

Hydrological models of the Snake Plain aquifer were 
constructed by Mantei [1974] (electrical analog model) and 
Moreland [1976] (digital model). The aquifer parameters 
used in our thermal model were selected to be consistent 
with these hydrological models. 

Snake Plain Aquifer Thermal Model 

The two-dimensional Snake Plain aquifer thermal model 
(Figure 4) is a transient model; the solution was obtained by 
a finite difference solution of the two-dimensional heat flow 

,. 
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Fig. 5. Temperature-depth curves of wells 10-30 km away from 
the southeastern margin of the Snake Plain Aquifer. The longitude 
and latitude for each well are given on the figure. 

TEMPERATURE, oC 
5 I0 15 20 

! i I i ! i ! " 

* ' ' I " ' L oLNOG cATION - 
• . LAT. : . o 112 ø 16.7' 43ø56.4' z 
• '• ' lllø56.5' 43 ø55. l' 

I I 2 ø 56.8' 4• ø 20.3" 

Fig. 7. Temperature-depth curves of wells in the Snake Plain 
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aquifer. The longitude and latitude for each well are given on the 
figure. 

equation with a one-dimensional velocity term [Brott, 1976]. 
The initial temperature distribution and the heat flow at the 
base of the model were obtained from the finite-width 

moving-source model which will be discussed below. The 
surface temperature distribution of the model was obtained 
from a least squares linear fit to surface temperature versus 
elevation for 300 wells in the eastern Snake River Plain. The 
surface elevation in the model was obtained from a third- 

order polynomial fit to the observed elevation in the Snake 
River Plain. The surface geothermal gradient profile without 
convection is shown above the model (dashed line at top of 
Figure 4). The individual isotherms without convection 
(which are not shown) have approximately the same shape 
as the topographic surface. 

Given the initial temperatures, convection was allowed to 
occur in the aquifer. The model velocity assumed for the 
flow in the aquifer was 1 km yr-l (about 3 m d-l). The active 
convection zone shown in Figure 4 extends from approxi- 
mately the Island Park area to Thousand Springs. The top of 
the convection zone is the water table and corresponds to 
the result of a third-order polynomial fit to the observed 
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Fig. 6. Temperature-depth curves of wells in the major recharge 
areas of the Snake Plain aquifer. The longitude and latitude for each 
well are given on the figure. 

water table. The thickness of the aquifer was assumed to 
range from about 200 to over 300 m. The aquifer may vary in 
thickness up to 750 m or more [Robertson eta!., 1974], but 
the effect of the aquifer on the near-surface isotherms would 
be the same. The temperature distribution does not change 
above and within the aquifer after a period of circulation of 
about 10,000 years. The temperature distribution below the 
aquifer shown in Figure 4 corresponds to the numerical 
solution after convection has occurred for a period of 
100,000 years. The actual temperatures below the aquifer 
will depend on the history of evolution of the aquifer, which 
is currently unknown, and therefore the constructed iso- 
therms are only hypothetical. At a distance of 5-10 km 
outside the aquifer the calculated gradient profile shows little 
to no effect from the aquifer system (top left side of Figure 
4), but a rapid lateral geothermal gradient change is observed 
where the fluid enters the aquifer. In the aquifer approxi- 
mately 100 km 'downstream' from the inflow region, the 
calculated gradient profile above the aquifer becomes posi- 
tive, indicating that the fluid has been heated to a tempera- 
ture greater than the surface temperature. 

The simple two-dimensional aquifer model was developed 
to evaluate the effects of rapid groundwater flow and to see if 
such effects could explain the observed temperature-depth 
curves. The model is not to be taken literally because of its 
simplicity. For example, the western inflow regions (of 
which there are several) are not taken into account. In 
addition, many of the pertinent aquifer parameters are 
currently uncertain. 

Comparison of Snake Plain Aquifer Model to Observed 
Data 

Outside the boundaries of the aquifer, temperature-depth 
curves (Figure 5), as predicted, show little regional water 
effect. The curves shown as examples in Figure 5 are 
generally linear with gradients as high as 120øC km -•. The 
location of the wells shown is approximately 100 km from 
the Yellowstone Plateau on the southern margin of the 
aquifer in the vicinity of Idaho Falls. 

The temperature-depth curves of wells in the Quaternary 
basalts in the recharge areas show negative gradients (Figure 
6). Negative heat flow and very low aquifer temperatures are 
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common characteristics of wells which are located in the 

major recharge areas of the aquifer (Figures 1 and 3) because 
the recharge water, which originates mainly from snow melt 
at high elevations, is at a lower temperature than the mean 
annual surface temperature of the recharge areas. The 
resulting negative shallow gradients in the recharge areas are 
consistent with the predicted surface aquifer gradient profile 
shown at the top of Figure 4. The aquifer thermal model is 
two-dimensional, whereas in reality, water enters the aquifer 
at many locations along the aquifer boundary (see Figure 3). 
The calculated isotherms for the inflow region of the model 
aquifer tend to wrap arond the fluid flow (Figure 4) which 
results in the negative shallow gradients. 

As the groundwater becomes heated in the aquifer, the 
temperature of the water becomes equal to, or greater than, 
the mean annual surface temperature. At this point the 
temperature-depth curves will become isothermal. At great- 
er distances, temperatures will increase with depth. Typical 
temperature-depth curves at various locations in the aquifer 
away from recharge zones (Figure 7) show that gradients 
become isothermal or positive at a distance of 100 km or 
greater from the inflow areas of the aquifer. Figure 3 shows 
that a trend of increasing aquifer temperatures, from 8 ø to 
9øC in the recharge areas to values of 14 ø to 15øC in the 
discharge area in the southwest, is generally observed. 
Figure 1 shows a similar trend of increasing surface heat flow 
from negative values in the recharge areas to values of about 
60 mW m -2 in the discharge area of the aquifer. These 
observed trends and their magnitude are consistent with the 
model predictions. 

Heat Flow Below the Aquifer 

Temperature-depth curves of four wells which are deeper 
than 500 m (see heat flow data section) are shown in Figure 
8. Well USGS-G3 is located in the recharge area near the 
eastern boundary of the aquifer. The other three holes were 
drilled near the northern margin of the aquifer east of Arco 
(see Figure 1 and Table 1). Two of the wells (USGS-G1 and 
-G2A) have positive gradients beginning between 400 and 
500 m which locate a lower boundary for the aquifer. INEL- 

500 

0 ̧ , 

250 

'750 

I000 

TEMPERATURE, øC. 
20 40 

'./•.. ' I ' ' ' I ' ' 

ß ,,..•, '"..• 

SGS-GI 

\ ",•, 
'\ 

'\ '.\ 
U S G $-G3 • GS-G2A 

INEL-GTI•• 
i i 

60 

Fig. 8. Temperature-depth curves of wells greater than 500 m in 
depth. The longitude and latitude of each well are as follows: USGS 
GI, 112ø41.1 ' and 43ø29.4'; USGS G2A, 112041.3 ' and 43ø46.0'; 
USGS G3, 111045.3 ' and 43ø52.2'; and INEL GTI, 11304.0 ' and 
43034.7 ' . The locations of these wells are shown on Figure 3. 

GT1 has a positive gradient beginning at around 250 m, 
apparently indicating a shallower and thinner aquifer at that 
site. The curve labeled INEL-GT1 (Figure 8) shows a local 
gradient disturbance at 800 m. This disturbance is due to 
natural downflow along a fracture zone. Below the aquifer 
system, wells USGS-G2A and INEL-GT1 have heat flow 
values of 110 and 109 mW m -2, respectively (Table 1). 

The three wells drilled east of Arco are located in an area 

which is not characteristic of the Snake Plain aquifer tem- 
peratures and surface heat flow are higher than in the areas 
to the south and west (Figures 1 and 3). This difference 
implies that the flow rates and nature of the aquifer are 
somewhat different, probably because the rocks are less 
permeable and porous. Well USGS-G3 is also located in an 
area which is not characteristic of the aquifer. The aquifer 
temperature near this well is higher than surrounding areas 
in the aquifer, which may indicate leakage of hot water from 
the Newdale geothermal anomaly (which is about 10 km to 
the east [Brott et al., 1976]) into the aquifer system. 

Heat Budget Analysis 

The surface heat flow within the boundaries of the Snake 

Plain aquifer (Figures 1 and 3) was areally integrated, and the 
total loss of heat above the aquifer was calculated to be 42.3 
MW. The total discharge of the aquifer is approximately 185 
m 3 s-•. The heat required to change the temperature of this 
volume of water from 8 ø to 14.5øC is 287.3 MW. Thus the 

total amount of heat required from below the aquifer system 
would be 329.6 MW or an average heat flow of approximate- 
ly 190 mW m -2. The heat flow values actually measured 
below the aquifer in wells USGS-G2A and INEL-GT1 are 
110 and 109 mW m -2, respectively (Table 1). The average 
heat flow from the heat budget calculation is 190 mW m -2, 
but the heat flow is predicted to be much higher to the east of 
these holes where the age of the volcanic activity is less. 
These observed trends are consistent with the model predic- 
tions. A similar areal integration was done using the heat 
flow predicted by the finite-width time-progressive model 
which will be presented later in this paper. The predicted 
heat loss is 221 MW, and the predicted temperature increase 
is 4.9øC. The predicted increase is consistent with the 
observed temperature increase. 

REGIONAL THERMAL MODELS 

Introduction 

The geological and geophysical characteristics of the 
eastern and western Snake River Plain are somewhat differ- 

ent (see previous discussion). The important question is 
whether or not the origin of these differences is related to the 
same or to different thermal-mechanical mechanisms. In this 

section, we will present a moving-source thermal model and 
will argue that the observed spatial geological and geophysi- 
cal differences can be explained as different stages in a time- 
related sequence of thermal events. 

The observed low surface heat flow in the eastern Snake 

River Plain is not characteristic of the regional heat flow. In 
the discussion of the Snake Plain aquifer, three different 
arguments supporting anomalously high heat flow below this 
circulating water are given: modeling which shows that high 
heat flow below the aquifer is transported laterally; two deep 
wells which penetrate the aquifer and have observed heat 
flow values greater than 100 mW m -2 in the section of the 
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holes below the aqu•cr; and a heat budset analysis which 
shows the need for a larsc heat input to Sencrate the 
observed water temperature distribution in the aquifer. A 
rough arsumcnt is that heat •ow values of 1• mW m -• and 
greater are observed at many locations alon8 the marsins 
(Figure 1). Thus wc conclude that hish regional heat •ow 
exists below and alon8 the marsins of the Snake Plain 
aquifer. 

ß hc earlier work of Brott et M. [1•78] showed that the 
observed heat •ow profile across the wes'tern Snake River 
Plain could be reproduced by coolin• of a large (ma•c) 
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Fig. 11. Predicted subsurface isotherms (250 ø, 500 ø, 750 ø, and 
1000øC) below the axis (solid lines) and margins (dashed lines) of the 
Snake River Plain. 

emplacement spans the ages of silicic volcanics in the 
western Snake River Plain (9-13 m.y. [Armstrong et al.; 
1975]). The silicic volcanics probably originated from crustal 
melting and/or differentiation of the magma chambers at the 
time of emplacement. This time correlation coupled w•th the 
age progression of the silicic volcanics and the observed 
systematic decrease of elevation going from east to west in 
the Snake River Plain supports the hypothesis of a time- 
progressive thermal event. 

Finite-Width Moving-Source Model 

The finite-width model is a refinement of the model which 
McKenzie [ 1967] proposed for oceanic ridges, and its ramifi- 
cations are used here to explain many of the observed 
physiographic and tectonic features of the Snake River 
Plain. The mathematical details of the finite-width model are 

discussed in the appendix. The parameters of the model 
were chosen to be consistent with geological and geophysi- 
cal data (see previous discussions). The initial temperature- 
depth distribution in a 42-km-thick slab of lithosphere was 
calculated using the Basin and Range value for mantle heat 
flow (60 mW m -2 [Blackwell, 1978]). A 120-km-wide source 
plane was moved through this medium at a uniform rate of 35 
mm yr-2. The lithosphere is assumed to return (cool off) to 
the initial temperature distribution at a great distance behind 
the source. The geometry is shown in Figure 9 where the 
rectangular source of width 2a and thickness b (120 km and 
42 km, respectively) moves at velocity v through a medium 
with an initial linear temperature distribution versus depth. 
The source distribution on the plane is such that the tem- 
perature on the plane is constant. 

The predicted temperature distribution was integrated 
from the surface to a depth of 42 km along the axi s of 
symmetry of the model. The integrated temperature profile 
(solid line in Figure 10) was scaled so that it and the observed 
average elevation along the axis of the Snake River Plain 
could be directly compared. The cooling curve for an 
infinite-width constant-temperature source plane [Brott et 

lines, ,respectively). Average observed elevation along the axis of al., 1978] is shown as a dashed line on the figure. Both 
the Snake River Plain is shown on the figure. The elevations and curves give a reasonable fit to the observed elevations along 
integrated temperatures are scaled for comparison. The top scale is 
square root of distance, and the bottom scale is square root of time. the axis of the Snake River Plain. 
Various towns and other locations along the Snake River Plain are Figure 10 shows that the observed elevation difference of 
given below the graph. about 1.7 km corresponds to about 2.3 x 104øC km change 



BROTT ET AL..' TECTONIC IMPLICATIONS OF HEAT FLOW 11,729 

-,oo ].4x,o , 
140 3.0xlO 4 

I oo .xlo 
220 2.2x104 

NW V- 4.8- 5.3 V- 5. 6 SE 
0 

I0 

2O 

3O 

4O 

5O 

I00 km 50 0 50 I00 km 
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solution are shown on the model. The Bouguer gravity [Mabey, 1978] and integrated temperature profiles across the 
Snake River Plain, which are shown above the model, are scaled for comparison. The seismic P wave velocities and 
refraction boundaries are from Spadin [1981]. 

in integrated temperature. The coefficient of linear thermal 
expansion required to produce this elevation change is 
approximately 7.4 x 10 -5 cm/cm øC. This value cannot be 
taken too literally because of the simplifications of the 
model; however, the order of magnitude is the same as the 
value reported for ocean lithosphere (3.2 x 10 -5 cm/cm øC 
[Parsons and $clater, 1977]). This simple relationship of the 
integrated temperature and elevation suggests that the pri- 
mary cause of the systematic change in elevation from east 
to west along the Snake River Plain is thermal contraction of 
the lithosphere. Figure 11 shows the predicted subsurface 
isotherms (250 ¸, 500 ø, 750 ø, and 1000øC) as a function of time 
and distance behind the thermal event in the center and at 
the margin of the thermal event (0 and -+a in Figure 9). The 
isotherms do not include the effect of the Snake Plain aquifer 
which would cause the isotherms to be depressed near the 
surface. The isotherms indicate that the subsurface below 
the margins of the source cools off more rapidly than below 
the axis. The isotherms also show that the upper 10 km of the 
crust is over 2/3 of the way to the equilibrium state 5 m.y. 
after the passing of the thermal event. 

The finite-width model also predicts that lateral thermal 
contraction will occur across and along the Snake River 
Plain. The lateral contraction across the Snake River Plain 
was calculated by integrating the lateral temperatures at a 
depth of 6 km, from the center to -+60 km from the center of 
the model. The change in the lateral integrated temperature 
after 15 m.y. of cooling (525 km from the source) is 2.0 x 

104øC km. Assuming the coefficient of thermal expansion 
to be 7.4 x 10 -5 cm/cm øC, a lateral contraction of about 1.5 
km (1.3%) is predicted to occur across the Snake River Plain 
as the crust cools. The normal faulting, which is characteris- 
tic of the western Snake River Plain margins and apparently 
absent in the eastern Snake River Plain, may in part be 
related to this lateral contraction. Many rift zones which are 
perpendicular to the axis are mapped in the eastern Snake 
River Plain by Kuntz and Covington [1979]. They suggest 
that the locations of these rifts are controlled by structural 
weakness due to preexisting normal faults in the Basin and 
Range province before the development of the Snake River 
Plain. Longitudinal contraction along the axis of the Snake 
River Plain is a mechanism which could account for the 
opening of these rifts. 

The vertical integrated temperature profile for 175 km (5 
m.y.) across the finite-width model and an observed Bou- 
guer gravity profile [after Mabey, 1978] are shown at the top 
of Figure 12. The gravity profile extends on a line which 
passes approximately through Arco and Blackfoot, Idaho 
(see Figure 1) and is at a location approximately 175 km west 
of the Yellowstone caldera. The seismic refraction profile 
[after Spadin, 1981; L. W. Braile, personal communication, 
1980] shown at the bottom of Figure 12 extends approxi- 
mately along the same line. The isotherms shown on the 
seismic section in Figure 12 are from the 175 km (5 m.y.) 
solution of the finite-width model. The integrated tempera- 
ture profile, which was scaled to the gravity profile for 
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Fig. 13. Predicted elevation and observed topographic profiles 
across the Snake River Plain at various locati6ns (or times) along the 
axis. The predicted elevation profiles before and after the density 
increase of the modified model are shown on the right-hand side 
(dashed and solid lines, respectively). Becaus• of symmetry, only 
half of each predicted profile is shown. The corresponding smoothed 
topographic profiles are shown on the left-hand side of the figure. 
Each set of profiles is coded with a different symbol. The moving 
source extends 50 km on either side of the axis. 

comparison, predicts that greater subsidence has occurred 
along the margins of the Snake River Plain, as suggested by 
Mabey [1978] (see the previous gravity and magnetic data 
discussion). The correlation between the integrated tempera- 
ture and the gravity profiles suggests that the regional 
gravity anomaly observed in the Snake River Plain may, in 
part, be related to density and structure changes caused by 
thermal processes. The mechanism for these processes will 
be presented in the next section. 

Modified Model 

Thermal events in the western United States commonly 
produce lithospheric density changes which eventually re- 
sult in lower elevation. For example, the Basin and Range 
province has a thinner crust, lower 61evation, and higher 
heat flow than the Colorado Plateau to the east and the 

Sierra Nevada Mountains to the west. Similarily, the Snake 
River Plain has lower elevation and higher heat flow than its 
adjacent regions. To account for this lower elevation, the 
finite-width model was modified to include a density in- 
crease associated with the thermal event with resulting 
decrease in elevation (a denser crustal section) after cooling 
of the 42-km slab compared to the prethermal event setting. 
The density increase could be caused by such mechanisms 
as extension, extrusion of ash flows and their dispersion of 
granitic material away from the source, and/or erosion while 
the source region was elevated. All three effects probably 
combined to produce the actual density change. 

A density increase was introduced into the model by 
fitting the 35-km (1 m.y.) predicted elevation profile across 
the model to the average topographic profile across the 
western edge of the Yellowstone Plateau (Figure 13). The 
location of the topographic profile is obtained by assuming a 
uniform velocity of 35 mm yr -• for the thermal source and 

using the Yellowstone caldera as the present location of the 
source. The 1 m.y. predicted elevation profile (dashed line 
on right side of Figure 13) was constructed from the integrat- 
ed temperature profile for the finite-width model assuming a 
uniform thermal expansion coefficient of 7.4 x 10 -5 cm/cm 
øC for the 42-km slab. In order to fit the predicted elevation 
to the observed topography a uniform density increase of 
0.06 g cm -3 is required over a lateral distance of 40 km on 
both sides of the axis of the Snake River Plain. The 0.06 g 
cm -3 density increase corresponds to the replacement of 4.8 
km of upper crust (density of 2.68 g cm -3) with 3 km of 
mantle material (density of 3.2 g cm -3) or with 8.4 km of 
lower crust (density of 2.9 g cm-3). 

The same density increase is assumed to be uniform along 
the length of the model and is applied to the predicted 
elevation profiles for 5, 10, and 15 m.y. Since the predicted 
profiles have symmetry about the center axis, only one half 
is shown (the right side of Figure 13) before and after the 
density change (dashed and solid lines, respectively). The 
corresponding actual topographic profiles are shown on the 
left side of the figure. The reasonable fit between the 
predicted and observed elevation profiles suggests that the 
lower elevations which are observed in the Snake River 

Plain are, in part, related to upper mantle and crustal density 
changes associated with the initial passage of the thermal 
event. 

DISCUSSION 

Surface Heat Flow 

Earth temperatures are dominated by the Snake Plain 
aquifer to depths of 200-700+ m in most of the eastern 
Snake River Plain. Measurements have been made in as 

many holes as possible to investigate the regional variation 
of aquifer temperatures, geothermal gradients above, in, and 
below the aquifer. The results cannot be related to the 
crustal heat flow in a conventional sense, and so a numerical 
model of the aquifer was calculated to investigate the 
significance of the observed parameter variations. Along the 
margins, heat flow rates are high but variable, and many of 
the values are probably also related to fluid convection but in 
geothermal systems rather than groundwater systems. 

Regional Heat Flow 

The approach to the evaluation of the regional heat flow in 
the eastern Snake River Plain has been somewhat unusual 

because conventional heat flow measurements are not possi- 
ble in the geologic setting there. On the basis of the heat 
budget studies the apparent heat flow is 190 mW m -2, while 
the heat flow in the two holes which penetrate well below the 
aquifer is about 110 mW m -2. Both values are well above 
regional values [Blackwell, 1978]. Both holes are about 175 
km from the active hot spot (corresponding to an age of 
about 5 m.y.) and are near the edge of the source track where 
the temperatures and heat flow are lower than in the center 
of the propagating source (see Figure 11). Many objections 
and qualifications can be applied to both numbers, and the 
fact is that the best evidence for the high heat flow in the 
eastern Snake River Plain is the general consistency of the 
elevation-distance (time)-volcanic age relationship and the 
fact that the hot spot thermal model predicts many hereto- 
fore uncorrelated phenomena, such as the elevation relation- 
ship, the reversal of ash flow dips (presently dipping toward 
their source in the Snake River Plain), the origin of a thick 
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sedimentary basin on top of a volcanic center, the contempo- 
rary subsidence of the Snake River Plain while the Yellow- 
stone region is rising, and others. The volcanic age progres- 
sion and the identical crustal structures of the Yellowstone 
caldera and the eastern and 'the western Snake River Plain 
are also uniquely explained by the model. 

Discussion of the Thermal Model 

The theoretical age, elevation, and integrated temperature 
relationships are approximate because of the simplicity of 
the models. For example, erosion and sedimentation, which 
are not taken into account, would modify these relation- 
ships. In fact, lithological logs from deep wells in the western 
Snake River Plain show that the basalt and sediment se- 
quence is as thick as 3 km [Bowen and Blackwell, 1975]. 
Other factors not taken into account are phase and tempera- 
ture changes in the upper few kilometers of the crust due to 
the Snake Plain aquifer. Even though these complexities are 
not taken into account, their effect will not be large enough 
to change the conclusion that the age-elevation relation 
observed in the Snake River Plain is primarily related to the 
time-progressive thermal event. 

Comparison With other Models 

Most theories of the origin of the Snake River Plain 
proposed in the past 10 years have attempted to relate it to 
some facet of plate tectonics. These models all acknowledge 
the obvious effects of some source of heat but differ in how 
this heat was initiated. Did some mechanical event (i.e., a 
zone of weakness or a propagating crack) allow the hotter 
material from below to rise, or did some thermal instability 
in the upper mantle initiate the whole process? 

Morgan [1972] suggested that the Snake River Plain 
represented the track of a mantle plume across western 
North America during the late Cenozoic. In this model the 
source of thermal energy would be similar to that at Hawaii. 
Smith and Christiansen [1980] and others have suggested a 
less precisely defined 'mantle hot spot.' A possible mantle 
thermal source, which is consistent with the regional tecton- 
ic history, is heat that was stored in the mantle wedge above 
the slab of Pacific Ocean lithosphere subducting beneath the 
western United States during much of the Cenozoic [Black- 
well, 1978]. Various magma pockets may have developed 
and coalesced along the axis of the Snake River Plain more or 
less in the same manner as salt flows from the mother bed, 
laterally into some initial perturbation to form a salt dome. 
Another argument for this sort of model is that the ages of 
the silicic eruptions do not progress as uniformly northeast- 
erly as most other mantle thermal models suggest [Prostka, 
1979]. Since the crustal heat source dominates the surface 
heat flow pattern, surface heat flow data cannot be used to 
resolve the geometry of any thermal source structure in the 
upper mantle. Additional studies of elevation, gravity, and 
seismic wave propagation might allow examination of such a 
zone. 

The second approach views the origin of the Snake River 
Plain as essentially a mechanical process in which the 
thermal effects are induced. In these models the Snake River 
Plain is treated as a propagating fracture or zone of extension 
[Smith, 1977, 1978; Furlong, 1979; Lachenbruch and Sass, 
1978]. Our finite-width model is compatible with these 
mechanical models of the origin of the Snake River Plain 

only if the mechanical effects are considered as an initiating 
effect which localizes the crustal expression and controls the 
direction of propagation of the heat source. For example, 
Smith [1977, 1978] suggested that a propagating fracture is 
rising over a diapir in the upper mantle which is related to 
the thermal effects of subduction. Thus the origin of the 
Snake River Plain in his model can be considered to be 
thermal. 

Furlong [ 1979] pointed out that the seismically determined 
stress pattern along the southeast margin of the Snake River 
Plain could be satisfied by mechanically decoupling the 
north and south margins. A mechanism which would ac- 
count for this decoupling and the aseismicity in the Snake 
River Plain is a corollary of the thermal model. The predict- 
ed temperatures are sufficiently high to allow for elastic 
decoupling of the margins with only aseismic creep occur- 
ring in the Snake River Plain in response to regional stresses. 
The deflection of the Intermountain Seismic Belt around the 
Snake River Plain at a distance of about 100 km is evidence 
for such a mechanism [Smith and Sbar, 1974]. 

Models that relate increased surface heat flux to spreading 
rate have been presented by Lachenbruch and Sass [1978], 
and it is tempting to apply these models to the Snake River 
Plain. If the decrease in elevation of the Snake River Plain is 
assumed to be related to lateral extension and if the dimen- 
sions of Yellowstone caldera are used for our calculations, 
then 1% of extension has occurred in 2 m.y. Thus with a 
background Basin and Range reduced heat flow value (60 
mW m -2) this extension rate would generate a steady state 
surface heat flow of 80-120 mW m -2. However, the aver- 
aged observed combined conductive and convective surface 
heat loss at Yellowstone is 800-2000 mW m -2 [Fournier et 
al., 1976; Morgan et al., 1977], so the maximum rate of 
extension is inadequate to generate more than 1-10% of the 
observed thermal anomaly. 

Implications of the Thermal Modeling 
The identification of a thermal-mechanical mechanism for 

the changes in elevation has important tectonic and geother- 
mal implications which can be tested by other geophysical 
and geological observations. For example, the very interest- 
ing regional elevation (age) and heat flow (integrated tem- 
perature) relationship, which is explained by simple thermal 
contraction, is consistent with the regional downwarping in 
the eastern Snake River Plain described by Kirkham [1931] 
and the aseismic nature of the region [Pennington et al., 
1974]. Also, the approximate isostatic equilibrium of the 
eastern Snake River Plain with its adjacent regions [Mabey, 
1978] is consistent with the modified model. The hypothesis 
that most of the upper mantle and crustal density changes (or 
crustal loading) occur during passage of the heat source 
suggests that the subsurface temperatures are still high 
enough for plastic flow, which allows for rapid and relatively 
local isostatic compensation. 

The thermal model predicts an interesting relationship 
between time and distance which is as follows: The past 
geologic history for any point along the Snake River Plain is 
identical to the different geological settings from Yellow- 
stone caldera westward to the location of the point. The 
future geologic history is identical to the different geological 
settings from the point westward to the western Snake River 
Basin. For example, consider the Oregon-Idaho border area. 
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Approximately 17 m.y. ago, extensive rhyolitic ash flows 
were erupted and large calderas formed, associated with 
regional uplift to 2 km or more, similar to the present-day 
Yellowstone region. A few million years later, the silicic 
volcanic activity progressed eastward, and the area began to 
subside and then resembled Island Park. Later, the surface 
of the caldera complex sank to a lower elevation than the 
surrounding terrain and was covered with basaltic lava flows 
and sediments similar to the eastern Snake River Plain. 

About 10 m.y. ago, normal faulting began at the margin of 
the trail of the extinct calderas because of lateral thermal 

contraction, and the area began to appear as a graben or rift 
structure. The area continued to subside and became filled 
with additional basalt flows and sediments which loaded the 
crust and caused additional subsidence and sedimentation. 

Thus, the observed structural differences in the eastern and 
western parts of the Snake River Plain represent the different 
stages in a sequence of thermally related events acting on a 
continental crust and upper mantle. 

Geothermal Energy Potential 

At this time, in spite of the many young volcanic features, 
the Snake River Plain-Yellowstone region has not been 
extensively explored for high-temperature geothermal re- 
sources. There are numerous areas where warm water is 

being used for various sorts of low-grade uses but as yet no 
temperatures in hydrothermal systems in excess of 100øC 
have been reported in literature. Of course, very high 
temperatures, over 250øC, have been reported from drilling 
in Yellowstone [White et al., 1975]. In part, this apparent 
lack of high-temperature geothermal systems outside Yel- 
lowstone Park is probably due to the extensive cold ground- 
water aquifer circulation in the eastern Snake River Plain. 
The youngest extensive silicic volcanism outside Yellow- 
stone Park has come from Island Park. There, resistivity data 
have been interpreted as suggesting very low geothermal 
potential [Stanley et al., 1977]; however, the geology and the 
model presented in this paper suggest that, in fact, the 
geothermal potential of Island Park should be quite high and 
only the ubiquitous shallow circulation of cold groundwater 
is hiding the geothermal sources present at depth. Through- 
out the remainder of the Snake River Plain there has been 

extensive basaltic volcanic activity up to quite recent times 
as well as minor silicic volcanic activity as far west as Big 

location of significant geothermal resources in the Snake 
River Plain; however, not enough exploration has occurred 
to illuminate the form or location of these geothermal 
resources. 

APPENDIX 

The finite-width thermal model is similar to the moving- 
slab model of McKenzie [1967] for oceanic spreading cen- 
ters. The finite-width model consists of a temperature plane 
which moves through a slab of given thickness (Figure 9). 
The initial temperature-depth distribution in the slab is linear 
and the temperature at the base of the slab is To. The 
temperature distribution on the moving plane is such that the 
combined temperature on the slab and' plane is To. The 
boundary conditions are as follows: the bottom of the slab is 
at To, and the top of the slab is at zero. Therefore, the 
mathematical representation of the moving plane must ex- 
tend from negative to positive infinity (Figure 14). If steady 
state is assumed and internal heat generation is neglected, 
then the temperature distribution is governed by the time- 
independent equation of heat transport: 

v. VT = KV2T (A1) 

where v is velocity of moving plane, T is temperature and k is 
diffusivity. If v is vx in the x direction (Figure 3), the Green's 
function for (A1) has the form 

(1/4,rR) exp (- ox(R - (x - x')/2K)) (A2) 

where R • = (x - x') • + (y - y')• + (z - z') •, (x, y, z) are the 
space coordinates, and (x', y', z') are the source coordinates 
[Carslaw and Jaeger, 1959, section 10.7]. The origin of the 
system is assumed to be the moving plane, and the tempera- 
ture distribution on the moving plane source can be ex- 
pressed as 

Try', z') = To + 2n) - z' 

for ly'l • a 0 -< z' -< 2b (A3) 

T(y', z') = 0 for ly'l • a 0 -< z' -< 2b 

where b is thickness of the slab and a is the half width of the 
plane (Figure 9). The temperature in the slab as a function of 

Southern Butte (near Arco) as recently as 300,000 years ago x, y, z is 
[Armstrong et al., 1975]. The only major characteristic 
possibly required for the occurrence of high-temperature 
geothermal resources lacking in the Snake River Plain is 
active faulting to open and maintain passageways for deep 
fluid circulation. Because of the high temperature the crust is 
plastic at relative shallow depths. Still the crust should be 
brittle to depths of 5-10 km, and there will be regional and local 
stresses in this depth range which could cause fracturing. 
Whether or not the fracturing is sufficient for formation of 
geothermal systems is at present unknown. Indeed the whole 
nature of circulation of groundwater beneath the Snake 
River Plain is a complete mystery except at the sites of the 
deep drill holes. In two of these, USGS-2A and INEL-GTL, 
there is no evidence for fluid circulation below the Snake 

Plain Aquifer. In a third, USGS-3, there is evidence for the 
circulation of cold groundwater to depths of 800 or more. At 
this time therefore geologic and other evidence points to the 

oo I2(n+ l)b T(x,y,z) = To z/b + (k/K)(To/4sr) • J2nb dz' 

ß f• dy' [(1 + 2n - z'/2b)(1/R) exp (-v•,(R - x)/2n)] a 

(A4) 

where k is the thermal conductivity. 
The space c•ordinate x, which is the x distance from the 

plane (see Figure 9), is related to time t by the velocity Vx: 

x = v•t t = X/Vx (A5) 

Therefore, distance can be expressed as the time elapsed 
after passage of the source plane. For example, at a large 
distance from the moving plane or a long time after the 
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,/' 

• T 

Fig. 14. Temperature distribution on a moving-source plane. 
The linear temperature distribution in the medium is shown as a 
dotted line. The limits of the temperature distribution on the plane 
extend from negative to positive infinity because of the upper and 
lower boundary conditions. 

passing of the plane, the vertical temperature distribution in 
the slab will return (cool off) to the initial linear temperature- 
depth distribution. 
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