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Introduction
A caldera complex in the Rexburg area of the eastern Snake River

P]ain‘haé been defined on the basis of geologic evidence provided by.
H. J. Prostka and G. F._Embreev(written communication, 1977) and named
the Rexburg caldera complex. Geothermai reéources in the Rexburg area
are likely to be related directly or indirectly to thié caldera complex,
and the area of the complex was selected as the farget of geophysical
' -surveyS'hade:as'part of an investigaticn of the geothermal resources of
the area. To supp]ement existing gravity and magnetic sufveys in the
RexBurg érea, additional gravity and hagnetic data were obtained in the
summer of 1977. The purposes of these surveys were to (1) confirm the
- existence of the caldera complex and provide data on the boundaries,
(2) obtain data on the rocks within the cé]dera complek, and (3) search
for geophysical anomalies relating directly or indirectly to geothermal

features..



Gravity Data .
.Gravity stations in the area of interest had been obtained by B]aﬁk
| and Gettings.(1974} as part of a study in the Island Park drea; by LaFehr
- {1962) as part of a study‘of the eastern Snake River Plain; and by Mabey,
Petersaon, and Wilson (1974) as part of the survey to comp]ete.the_gravity
map of.southern Idaho. Immediately to the east is a survey of Teton
'Valley by Rosa-Lee Brace (unpublished mapping, 1974). To supplement the
data from these sources, 250 édditiona]lgravity measurements were made to
obtain-more detail withinithe Rexburg caldera complex and to define the
boundaries of the compiex where it is covered by younger rocks. The data
| fkom thesélfive surveys have been mergéd to produce the gravity map in
ffgure 1. - The data were reduced to the Bouguer‘anoma]y assuming a density

of 2.67 g per cm°

for the rocks forming the surface relief. Several
topographic features are'less dehse than this and will be fef]ected in the
Bouguer anoméiy map. -Terrain correctioﬁs'have not.béen applied to the
data. The terrain correction 1s“significant only in the southwest cornér
of -the map and near .Menan Buttes. In these areas the corrections are not

. large enough to affect the general form of the major features of the

, gravity anomaly map.
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Figure 1. . Bouguer gravity: anomaly map of the Rexburg area, Idaho
- showing the outline.of the Rexburg caldera complex as.
.. inferred from the gravity data.- Contour interval.is - =
- 2 milligals. - o - g '



~ The Rexburg caldera complex lies a]ongrthe southeast edge of the
Snake River P]ain, with'which a large regional gravity high is associated
(fig. 2). HWesf of ‘the Rexbdrg caidera'complex, the regional anomaly over
the}eastern‘shake’River P1ain.cén be moﬁeled by a thinning of the crust
(Mabey, in pfess), and this;interpretatjon appea}s to be genera]Ty
consistent with the data in the area of the'Rexburg'caldera complex.
However, to‘the northeast the amplitude of the regiona]-gravity high over
thé'plain decfeases, and in the Island Park area the amp]ftude of the
regiona] gravity high is small. Farther to the nortﬁeast,~oVEr the
Yellowstone Plateau on the:projectidnaof the Snake River Plain, the
regional,gravity'anoma1y~i$ a 1argé Tow. The nortﬁeast decrease in the
amplitude of the2800guer gravity and rise in éurface e]evafion have  been
'reIated to the evolution qf the northeastefn Snake River Plain (see Eaton

and others, 1975).
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* . Figure 2. Bouguer gravity anomaly map of southeastern Idaho.

~ showing the location-of the Rexburg caldera complex.



A_gravjty;?ow inAthe Rexburg_érea superimposed on the regional high
- is apparent on the Bouguer-grav1ty map'of southeastern Idaho (fig. 2).
This anomaly is here ca]]ed.the Rexburg_gravity low.. The near-circular ‘
form‘ofthe:Rexburg-gravity Tow, in contrast with pronounced elongated
Tows typical of the.Bésin and Range structures north_andfsouth of-the
Snake River Plain, suggests thét the Tow reflects a caldera and that the
extent of the‘andmaly is épproximately coincident with-the extent of the
caldera comp1e¥ jnfehred by Proétka and Embree. On the west an extensive
arcuate gravity high‘bodnds the gravity-iow. The highest Valueé
- associated with the ﬁigh are about 30 km northwest of Idaho Falls. The
férm»of the gravity anomaly near the highe§t values suggeéts that a o
pért ofAthe high, the Bouguer anomaly values appear to be apperimate]y
normal for this elevation.on the eastern Snake River Plain- (Mabey, 1966).
R On the soutn the Rexburg'grayity low is-in;ersected by a north-trending
'gfayity Jow that is an extension of a gravit& Tow 16 Swan and Grand
Val]éys. The southeastern edge of the Rexburg gravity low is coincident
with the ﬁorthwestern limit of pre-Tertiary rocks in the Snake River Range.
| To the northeast the low is intefsected\by the northern end of the gravity
Tow in Teton‘Va]Iey. |

i
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‘ Aeromagnetic Data -

Regional'aefdmaénetic'data are<availéb1e from a survey of eastern
Idaho_(U.S.,GeologicaJ Survey,.1972), and a more-detai]ed survey was -
- flown of the~Heisg Hot Springs area as part of thé.geothermal'study. The
regional map is based primarily on data obtained along flight Tines 3650 m
above sea level and five minutes of latitude apart. ‘Surface elevations
- range from about 1500 m on the Snake~R1Ver.P]ain to‘Qver 2500 m in the
.mountains south of the plain. »A“part of this map'sh6w1n§ 100 gamma
cohtours is illustrated in figufe 3.

. No regional magnetic anomaly is coincident with‘tﬁe Rexburg caldera
: cémp]ex, but there are magnetic'anomalies that appear to be related to the
complex. The west edge of the complex is coincident with thé éaSt edge
of a magnetic'high in the area of a gravity high.centered northwest of
Idahd Fa11s, A large magnetié highv0ccur$ within the complex near Heise
Hot Spriﬁgs, and a smaller magnetic high (indicated on the map by + because
it is not défined by the 100 gamma contours) ié near the east edge of the
complex. Fjight-iine spacing is such tﬁat the shape and ampfitude of the
Tatter anémaTy aré not defined. . The more detailed magnetit map of the
. Heise area (fig. 4), fldwn 2300 m:above sea-level“wiﬁh f]ight 1inesv1.6 km
apart, prdvides better definition of the large high'centered at Heise Hot

Springs and defines several smaller anomalies.
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Figure 3. Aeromagnetic map of southeastern Idaho (from Eaton and others, 1975) showing the
Tocation of the Rexburg caldera complex. - ‘ :



Interpretat1on

The boundary of- the Rexburg caldera comp]ex is best defined by the
surface geo]ogy 1nAthe southeastern quadrant, and here there is very goodr
“correlation between‘the boundaky,of»the Rexburg gravity low and the
-caldera complex boundary. «bn the west and north-the gravity data may be
the best information avaf]ab1é on the bcundary of the caldera ccmplex, and.
the . inferred boundary of the caldera comp]ex shown in figure 1 coincides
with the edge of the negat1vp mass anoma]y 1nd1cated by the grav1ty data.
"To the northeastvthe caldera complex appears to overlap another depression,
.aand the marg1n here is not well def1ned by either the geo]ogy or the
'grav1ty data. The 1nferredAboundary here is primarily a connect1on,of the
better defjned seéments; The lowest gravity values occur in the.éaStern
and westarn- narts of the ca1deré tomp]ex, near Menan Butteé and east of
Rexburg. The subdﬁed“high between these Tows apﬁears»to be a northwéstward-
ffending_gravity high centered bvér Heise Hot Springs and a southweSt—

trending high west of Sugar City.



Gravity 1ow§ associated with ca]deras in the western United States
usually résu]t from two sources: low density fill within the ca]déra or
an under}ying‘body of intrusive rock that is less dense than-the entlosing
basement. The coincidence of the southwestern boundary df.the Rexburg
caldera complex with steep gravity gradients suggests a near-éurface
source, caldera fill. Except in the vicinity of the gravity high at
Heise Hot Springs, the roéks exposed or péhetrated by drill holes as deep .
as 420 m fn the afed of the gravity low aré-stream gravels, basait and
welded tuff of Quaﬁernary age,.and Pliocene rhyo]ite. Mo attempt has -
‘been made to determine the density of thgse rocks in the area of the
Rexﬁurg caldera compliex, but the average bulk density of similar rocks in
the region‘ranges<frdm;about 2.0 to 2(65rg per‘cm3. The -average bulk
density'Qf pre-Tertiary’rdcks ih thé-region is about 2.65 g per cm3. Thus
.a mass of the low-density Quaternary and Tertfary sedimentary'and volcanic
. rock enclosed by pre-Tertiary rock Qo&ld bfoduce a gravity 1ow; énd this
seems a prbbab]e cause of a major part of the 1ow. Nowhere does the
~gravity anomaly require a deep source, although the existence of such a
sourcé smaller in extent tﬁan the inferred caldera complex is not

inconsistent with the gravity data.



A!thdugh the Rexbufg'éravity 10& éppears in large part to reflect
fill within the Rexburg caldera complex a precise quant1tat1ve |
interpretation of the anomaly is not justified. The amp11tude of the
gravify Tow cannot be accurately détermfned because;of uncerta1nt1es in
isolatihg tﬁe andma]y from -the moré regiohal high associated with ‘the
eastern‘SnakeARiver Piain,- No approximation of the regional gravity
-anomaly over the Snake kiver Plain can béicomputed by as;uming that a
Iinéar relationship exists between the gravity anoma]y'and the reg1ona1
topography (Mabey,v1966). However, in the northeast part of the Snake
River Plain, thé area over which thele1evations are averaged strongly
'affects.the regfonalwdétermfned and thus the amplitude of the combuted
residua1 Even 1f the 1oca1 Tow could be isolated from the reg1ona] hxgh
'~ the f111 and the enclosing rock cannot be accurate]y estwmated Also
the possibility qf‘a significant contribution to thevgrav1ty anomaly by an
underlying intrusfve body-cannot be discéunted; The residual amplitude
of gravity is estimated to be about 20 mgals. The average density
contrast between:the-fi1] and the enclosing rock is likely to be between

3

0.2 and 0.5 g per cm”. A 20-mgal anomaly could be produced by a thickness

. of 1 to 2. 5 km of rocks hav1ng th1s dens1ty contrast



The most prominent local gravity and magnetic'anomaliesvare highs
within the Rexburg caldera complex in the area of Heise Hot Springs.
Although the crests of the anomalies are coincident, the extent of the
“anomalies aré different and they cannot reflect entirely the same mass.
Mesozoic sedimentary rccks overlain by Pliocene rhyolite flows and welded
tuffs are exposed in the area of the anoma]iés. Rhyo]ite dikes are

locally abundant. The northwest-trending Heise fault (Prostka and
| Hackman, 1974), which fofms a southwest-facing scarp locally 300 m high,
is parallel tec and near fhe cfest of the anomalies. The correlation
jbgtween.the.gravity high and outcropping Mesozoic sedimentary rock
suggests that the gravity anomaly reflects in 1érge part a structural highif‘
~elevating the more densé'pré-fertfary rocks. The shape and exteht of tﬁe
magnetic anomaly, the abundant rhyolite dfkes in the area, and the
indicatiqn'by the magnetic gradients that the sourcetlfes below the surface
all suggest that a major part of the magnetic high is produced by é 1afge'
buried intrusive body. Some features of the magnetic anomaly reflect the

near-surface volcanic rocks.
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Figure 4;1 Residual aerohagnetic map of the area of Heise Hot Springs
at Heise Hot Sprinas and a aravitv low to the east.

showing the 1otation of the gravity high




A profile (fig. 5):nokmal to the frend of the grayity h%gh shows a
section that wpuld pfoddte fhe major;features of the gravity and magnetic
ffe]dé,in the vicinity of Heise Hot Springs. The gravity anomaly is
atfributed to a high.on the surféce'df-the-pre-Ceno;oic rocks at Heise
Hot Springs and to an area of thicker Cenozoic rbcks under the valley of
the Snake River to the southwest. The depression containing the thicker
‘Cenozoic rocks,ié‘para11e1 to_and'within‘a northwestward projectién of the
Swah-Grand Va]]ey'trend into’the'Rexburg<ca1dera cdmpTex. The magnetic

- anomaly has twokmajor components: - a local high at Heise HOt Springs
"‘,sgperimposéd on broadér; more deeply buried éource. Both components
'probabTy refTect-é 1argé body of intrusive rock with the apex near Heise

Hot Springs. The intrusive mass, which may be-fhe‘same age as the

rhyolite dies, lies within the Rexburg caldera complex where the Swan-
'uGrand‘Valley trend'interseqts thegta]déra. Maghetic anomalies suggesting
a sim%1ar intrﬁsivé body occuf elsewhere é]ong tﬁé southeastern margin of
the Snake River Plain, where major Basin and Range structures intersect the
. plain (Mabey, in press). . Along the northeastern part of the profile, the
magnetic anomaly appears to reflect both‘Cenozoié volcanic rock and the.

underlying intrusive body.
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Heise Hot Springs and the warm Springé to the northwest occur along
~ the crest of the gra?ity and magnetic highs. - The springs érevin a
structurai]y'complexyarea where northwest—trending faults, prqbabTy
,ré]ated,to the Basin ;nd Range structure of Swan. and Grand Valleys,
displace a structura] high qvef the inferred intrusive bbdy.‘ Although
the Heise fault forms a prominent-southwest-facihé scarp and the presencé
of the Snake River against this scﬁrp.attests to recent movement of the
| fault, the geophysical data indicate that the Heiéeifault'is}néar‘the |
- crest of the structuha] high. o |
The north,sidé~of~the magnetié high is an. east-trending zone that
: c6incidesAWith é Sﬁbt1e4éast trend in the‘gravity‘anOmaIy contours. The
ioné coincides'with west-tfending,segments of_méjorjcanyons aﬁd is north
~of the northernmost outckpps'of rhyolite. Another'éast;trending.gravity
feature is abparenttaboutIS'km farther north.

Aboaf 8 km east of Heisé Hot Sbrings are coincideni gravity and
'hagnetic Tows (fig. 4). The cause of the lows is not apparent on the
- geologic map of Prostka and Hackman (1974). Thé anomalies appear to

: reflect a zone in which both the density and magnetizatiqn of the
| under]ying roCks>ar¢.1ower;than7those of the enclosing rocks.

"'vPincock‘Hot‘Spfing, on the.east edge of the Rexburg caldera, lies
g midwayﬂbeﬁweén'two f1fght lines éboutv9 km apart on the regional map
(fig. 2): A]oné both flight 1ines'a;magnet1c7higﬁ.was,measured opposite
 '£he hétusbf1n§.= A1thdugh existing data are not adequate to define this
A»anomaiy;ﬁthe dat5@sugge§f.éﬁmagﬁeficﬁhigh‘in the érgawof'Pincock~Hot

- Spring.



~ Away from»Heisé Hot Springs'the gravity field within the Rexburg
céidera fs,a.comp]ex of local anomalies and trends. The low marked by
the -180 closed contour is over Canyon Butte, but elsewhere the
cqrreTation of the local gravity features with surface geologic features
s not.apparent.» The-]ocaT gravity anomalies 1ike1yrfef1ect both mass
ahoma]?es within the Cenozoic vo]éanic.and sédiméntarylrock and relief
on .the top of the under1ying rock.. - A northwest trend of the gravity
v.contdurS'is apparent,in‘the‘southWesthuarter of the caldera, perhaps
reflecting structure‘felated tb thé Swan-Grand Valley trend‘td the
.$outheast. vIn the‘anthwest quarter, east to northeast trends are
' dominant. Although 6ut§ide.of_the area of Heise Hot Springs the gravity
data alone cannot'besused'to infer"a_modeT.qf the subsurface geology within
‘the Rexburg caldera, any model based on other datéjmust be consistent with

;; the gravity data.



Geothermal Resources -

A]though-the heat-flow anomaly associated withvthe-eastern Snake River‘
Plain is not- we11 def1ned the data available indicate the presence of a
maaor crusta] heat source apparent]y related to the plain (Brott and
B]ackwe1], 1976). .Thus relatively high thermal gradients are to be exbected :
in the Rexburg aréa»éthdepths where the movement of ground water is not
'vaffecting the témperatuhés: In addition to the regional thermal anomaly,
local heat sources may. be fe]ated'to the Rexburg caldera complex. Also,
structufe withfn-and perhaps’fe1ated to the cé]dera complex may control
}cpnvecting hydrothérma] sy$tems that are transporting heat toward the
surface.i_Major reservoirs of»hpt water are likely to be poofly |
canéo]idated sedimentary rocks or more indurated rock that has been
»fractured. Hot water'occurs.at Heise Hot Springs and Pincock Hot Sbring :
"~ and in wells near Newdale. Warm water has been réported infwells from
other areas. | | |
Three factors suggest the area of Heise Hot Springs és favorable for
_ the occurrence of a geothermal resource: (1) evidence of a large intrusive

body that may be young enough to be a source of heat (2) structura]

}complex1»y that may favor the development of both a convective hydrotherma]
systems and fractured rock reservoirs, and (3) the known‘occurrence of
hot water; 'A1th0ugh éomparab]evdatavhave nof'been obtained at Pincock Hot
Spr1ng, s1m11ar cond1t1ons may exist there. | |

lsewhere within the Rexburg ca1dera complex, no. gravity or magnet1c.
ev1dence of a 1oca1 heat source: ex1sts, and 1ocal therma] anomalies are
"11ke1y to be re]ated to. convect1ng hydrotherma] systems w1th stchtura1

1contro11
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