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I n  t roduc t ion  

This  r e p o r t  i s  a b r i e f  d e s c r i p t i o n  of major Cenozoic geologic  
f e a t u r e s  of the  Rexburg area and a d i scuss ion  of t h e i r  geothermal 
s ign i f i cance .  
p o t e n t i a l ,  is approximately c i r c u l a r ,  about 55 km ac ross ,  and centered  
on the  town of Rexburg ( f i g .  1). 
complex of about e i g h t  c a l d e r a s  of P l iocene  age,  he re  named the  Rexburg 
ca lde ra  complex. 
r h y o l i t i c  vo lcan ic  d e p o s i t s  present  a long t h e  southeas t  margin of t he  
e a s t e r n  Snake River Plain.  

The s tudy area, i d e n t i f i e d  as having geothermal 

It is  roughly coextensive with a 

These c a l d e r a s  were the  source of s e v e r a l  major 

. I .  . 
. .  

. *  

The geology of t h i s  area was previous ly  mapped i n  reconnaissance 
(Pros tka  arid Hackman, 1974) and much of i t  was remapped i n  d e t a i l  i n  
1977 because of i t s  recognized geothermal p o t e n t i a l  ( p l .  1). 

Methods of Study 

Overlapping and nested c a l d e r a s  form fault-bounded, c losed  bas ins  
f i l l e d  wi th  h igh ly  permeable materials t h a t  may make e x c e l l e n t  
geothermal r e s e r v o i r s .  
t he  Rexburg c a l d e r a  complex as i n t e r p r e t e d  from pre l iminary  evidence. 
This  i n t e r p r e t i v e  map is t e n t a t i v e ,  t o  be t e s t e d  and modified as 
necessary.  It i s  based on d e t a i l e d  and reconnaissance geologic  mapping, 
i n t e r p r e t a t i o n  of s u b t l e  topographic f e a t u r e s  shown on 7.5-minute 
topographic quadrangle maps, photogeologic i n t e r p r e t a t i o n  of topographic  
and geologic  f e a t u r e s ,  and prel iminary s t u d i e s  of f a c i e s  and d i r e c t i o n s  
of flow of t h e  volcanic  u n i t s ,  p r imar i ly  by measurement of s i z e  and 
o r i e n t a t i o n s  of e longa te  pumice fragments i n  a sh  flow t u f f s .  

Figure 2 is a ske tch  map of t h e  main f e a t u r e s  of 

Because most of t h e  Pl iocene rock u n i t s  and major s t r u c t u r a l  
f e a t u r e s  are concealed beneath an  ex tens ive  b lanket  of P l e i s tocene  
e x t r u s i v e  rocks and l o e s s ,  some h ighly  i n t e r p r e t i v e  methods have been 
used t o  locate the  boundaries of t h e  c a l d e r a s  and f a u l t s  shown i n  
f i g u r e  2. 
by enhancing t h e  express ion  of t hese  f e a t u r e s  on s tandard  topographic  
quadrangles. 
selected i n t e r v a l s  by removing minor i r r e g u l a r i t i e s  such as t h e  e f f e c t s  
of small stream v a l l e y s  and g u l l i e s .  It i s  b a s i c a l l y  a mod i f i ca t ion  of 
t he  form l i n e  concept,  which emphasizes the  gene ra l  form of a 
topographic  o r  s t r u c t u r a l  su r f ace  and e l i m i n a t e s  minor i r r e g u l a r i t i e s .  
The major f e a t u r e s  de t ec t ed  by t h i s  technique,  combined wi th  mapped 
s t r u c t u r a l  f e a t u r e s  and major a r c u a t e  and l i n e a r  dra inage  segments, are 
shown on an  i n t e r p r e t i v e  geologic  map ( p l .  2) .  
from t h i s  map. 
i s  d iscussed  i n  more d e t a i l  below. 

Sub t l e  topographic scarps and breaks in s lope  were de tec t ed  

This process  involves  g e n e r a l i z i n g  contour l i n e s  a t  

Figure 2 was der ived  
Evidence f o r  t h e  i n d i v i d u a l  c a l d e r a s  shown on f i g u r e  2 
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Figure 2.--Sketch map showing the location of postulated * 

calderas within the Rexburg caldera complex. 
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Geologic Se t t i ng  and General F ie ld  Rela t ions  

The Rexburg c a l d e r a  complex s t r a d d l e s  the  northeast- t rending 
boundary between the  e a s t e r n  Snake River P l a i n  and the  Basin-Range 
province ( f i g .  1). 
been mapped a c r o s s  t h e  f o o t h i l l s  of t he  Caribou and Snake River Ranges 
and along t h e  west s i d e  of t he  Big Hole Mountains. The western and 
nor thern  margins, l a r g e l y  buried by b a s a l t  flows and clastic d e p o s i t s  of 
t he  Snake River P la in ,  have been determined p r imar i ly  from g r a v i t y  d a t a  
(Mabey, 1978) . 

The southern and e a s t e r n  margins of t he  complex have 

Detai led mapping and s t u d i e s  of d i r e c t i o n a l  f e a t u r e s  and f a c i e s  i n  
the  volcanic  u n i t s  of t he  Rexburg c a l d e r a  complex are s t i l l  i n  progress .  

The complex is  a c l u s t e r  of overlapping and nested c a l d e r a s  t h a t  
were the  sources  of Pl iocene r h y o l i t e  ash-flow and a i r - f a l l  t u f f s  and 
l ava  flows. 
ad jacen t  Basin-Range s t r u c t u r e s  are shown schemat ica l ly  i n  f i g u r e  2. 

The p r i n c i p a l  s t r u c t u r a l  f e a t u r e s  of t h e  complex and 

The r h y o l i t e s  of t he  Rexburg c a l d e r a  complex unconformably o v e r l i e  
h ighly  deformed miogeoclinal sedimentary rocks of Paleozoic  and Mesozoic 
age t h a t  are well-exposed i n  t h e  Snake River and Caribou Ranges, and i n  
t h e  Big Hole Mountains. 
S t aa t z  and N b e e  (1966). They are not  d i scussed  f u r t h e r  i n  t h i s  r e p o r t  
because they are not  known t o  play an important  r o l e  i n  t h e  geothermal 
systems of t h e  area. 

These rocks have been descr ibed  i n  d e t a i l  by 

The genera l ized  s t r a t i g r a p h i c  and s t r u c t u r a l  r e l a t i o n s h i p s  of t h e  
Pl iocene volcanic  rocks of t he  Rexburg c a l d e r a  complex are shown i n  a 
schematic c r o s s  s e c t i o n  from nor theas t  t o  southwest a c r o s s  t h e  b e s t  
exposed p a r t  of t h e  complex ( f i g .  3). The main f e a t u r e s  are: 
of  success ive ly  younger u n i t s  t o  the  n o r t h e a s t ,  (b )  repea ted  s t r u c t u r a l  
d i s r u p t i o n  of u n i t s  o l d e r  than t h e  t u f f  of Heise, followed by 
(c) e r o s i o n a l  bevel ing and widespread depos i t i on  of t h e  t u f f  of Heise. 

... a ,  ,,. 

( a )  on lap  

The r h y o l i t e s  of the  Rexburg caldera complex are unconformably 
o v e r l a i n  by l o c a l l y  der ived tuf faceous  clastic sediments and b a s a l t  l a v a  
flows and p y r o c l a s t i c  d e p o s i t s  and r h y o l i t i c  welded ash-flow t u f f  t h a t  
has  been c o r r e l a t e d  by R. L. Chr i s t i ansen  ( w r i t t e n  commun., 1976) wi th  
member B of t h e  Huckleberry Ridge Tuff i n  t h e  southwestern Yellowstone 
National Park region.  The Huckleberry Ridge Tuff is  IC-Ar da ted  as 
2 m.y. o ld  (Chr i s t i ansen  and Blank, 1972, p. BS). The n o r t h e a s t  margin 
of t h e  Rexburg c a l d e r a  complex is  overlapped by t h e  Hog Hollow c a l d e r a ,  
which i s  i n f e r r e d  t o  have been the  source of a t h i n  a sh  flow t h a t  i s  t h e  
uppermost p a r t  of t h e  Huckleberry Ridge Tuff i n  this area, as d iscussed  
la ter  i n  t h i s  r epor t .  Because of i t s  younger age, t h e  Hog Hollow 
c a l d e r a  i s  not  considered t o  be g e n e t i c a l l y  r e l a t e d  t o  the  Rexburg 
ca lde ra  complex. 

A v a r i e t y  of s u r f i c i a l  m a t e r i a l s  i s  p resen t ;  d e p o s i t s  of l o e s s  are 
e s p e c i a l l y  ex tens ive  and conceal l a r g e  a r e a s  of bedrock. 

- 
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Figure 3.--Highly idealized ,cross section $howfng the general structural 
and stratigraphic relafions across the best exposed portion of the 
Rexburg caldera complex. 
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Evidence f o r  Caldera Locations 

I n  s p i t e  of t h e  spa r se  exposures i n  much of t h e  a r e a  covered by 
p l a t e  1, an at tempt  has been made t o  u t i l i z e  a v a i l a b l e  d a t a  t o  determine 
the  l o c a t i o n  and e x t e n t  of i nd iv idua l  c a l d e r a s  wi th in  the  Rexburg 
complex. 
i n t e r p r e t i v e  and s u b j e c t  t o  modif icat ion when f u r t h e r  d a t a  is obtained.  
Such a model, however, w i l l  be a use fu l  t o o l  i n  the  exp lo ra t ion  f o r  
geothermal resources  i n  t h e  area. 
evidence used i n  i n f e r r i n g  the  ca lde ra  s t r u c t u r e s  of t h e  Rexburg c a l d e r a  
complex. 

It must be emphasized t h a t  t he  model presented i s  h ighly  

The fol lowing s e c t i o n s  d i s c u s s  t h e  

Most of t h i s  evidence i s  shown g raph ica l ly  on p l a t e  2. 

Willow Creek Caldera Segment 

The g r e a t  th ickness  of t he  t u f f  of Spring Creek, sou th  of t h e  
Kelley Mountain Dome (Sec. 9 and 10, T 3 N. R 41 E.) and i n  Willow and 
Meadow Creeks, sugges ts  depos i t i on  wi th in  a ca ldera .  
con tac t  of t he  t u f f  of Spring Creek with Mesozoic rocks exposed i n  t h e  
v a l l e y  walls of Willow and Meadow Creeks probably r e p r e s e n t s  a port ion,  
of the c a l d e r a  w a l l  ( p l .  1). 

Kelley Mountain Caldera: 

A s t e e p  a r c u a t e  

The t u f f  of Dora Springs and the  r h y o l i t e  of Kelley Canyon are 
r e s t r i c t e d  t o  a roughly circular area approxiaa te ly  10 k~ i n  diameter  
and centered  j u s t  no r theas t  of Kelley Mountain. With t h e  except ion  of 
t he  northwest margin, these  u n i t s  a r e  r e l a t i v e l y  wel l  exposed ( p l .  1). 
An i nne r  convex and an ou te r  concave break i n  slope are i n t e r p r e t e d  t o  
r ep resen t  warping of overlying u n i t s  ( e s p e c i a l l y  t h e  Huckleberry Ridge 
Tuff)  over  a scarp marking t h e  northwestern boundary of t h e  r h y o l i t e  of 
K e l l e y  Canyon. 
s t e e p  margin of t h e  r h y o l i t e  flow, o r  it may be a combination of both.  

The r h y o l i t e  of Kelley Canyon probably r e p r e s e n t s  a r h y o l i t e  dome 

This  s ca rp  may be e i t h e r  a f a u l t  scarp o r  simply t h e  

t h a t  pos tda tes  the  c o l l a p s e  of t h e  Kelley Mountain c a l d e r a  ( s t a g e  V I  of  
Smith and Bailey, 1968), which formed along the r i n g  f r a c t u r e  zone of 
t he  Willow Creek ca lde ra .  
r h y o l i t e  of ICelley Canyon sugges ts  t h a t  c o l l a p s e  of t h e  c a l d e r a  occurred 
before  the  ex t rus ion  of t he  dome. 

The t u f f  of Dora Springs underlying the  

The Heise Faul t  and the  Grand Valley Faul t  d ive rge  around the  Heise 
Dome ( p l .  2) .  
forming a dome over a previous depress ion  ( s e e  p. 10).  
the  Snake River i s  semic i r cu la r  and the  r i v e r  appears t o  have been 
d i v e r t e d  around t h i s  s t r u c t u r e ,  accentua t ing  i t s  southern  margin 

This  i s  an example of a r e a c t i v a t e d  c a l d e r a  s t r u c t u r e  
The course  of 

(P I .  2). I 

Meadow Creek Caldera Segment 

A s t e e p l y  dipping con tac t  of t he  t u f f  of Wolverine Creek with t h e  
t u f f  of Spring Creek i s  exposed i n  Willow and Meadow Creeks. This  

6 



c o n t a c t  is concen t r i c  t o  the  Willow Creek c a l d e r a  segment. The g r e a t  
thickness  0 9 0  m) and coarse-grained na tu re  of t h e  t u f f  of Wolverine 
Creek i n  t h i s  area, and the presence of probable base-surge s t r u c t u r e s ,  
i n d i c a t e  a nearby source and suggest t h a t  t h e  s t e e p  c o n t a c t  may 
r e p r e s e n t  a segment of a c a l d e r a  w a l l .  
Wolverine Creek i n  t h e  v i c i n i t y  of Birch Creek may i n d i c a t e  t h a t  t h e  
buried c a l d e r a  w a l l  l i e s  between Birch Creek and Meadow Creek. 

The absence of  t h e  t u f f  of 

Moody Creek Caldera 

The Moody Creek c a l d e r a  i s  a c i r c u l a r  s t r u c t u r e  which i s  w e l l  
def ined by the  following topographic and s t r u c t u r a l  f e a t u r e s  ( p l .  2): 
an a r c u a t e  topographic scarp northwest of Teton, i n t e r p r e t e d  as t h e  
northwest segment of t h e  c a l d e r a  r i m ;  a r c u a t e  s e c t i o n s  of t h e  Teton 
River and Canyon Creek t h a t  d e l i n e a t e  t h e  n o r t h  and no r theas t  segments; 
a r c u a t e  s e c t i o n s  of  Canyon Creek and Calamity Creek t h a t  d e l i n e a t e  t h e  
east segment; a concave break i n  s l o p e  t h a t  d e f i n e s  t h e  sou theas t  
segment; a r c u a t e  s e c t i o n s  of Moody Creek t h a t  d e l i n e a t e  t h e  sou th  
segment; and an a r c u a t e  f a u l t  s c a r p  and an a r c u a t e  stream channel t h a t  
d e l i n e a t e  t h e  west r i m  of t h e  ca lde ra .  The western r i m  i s  accentuated 
because i t  co inc ides  with t h e  western l i m i t  of t h e  b a s a l t  of t h e  Lyons 
Creek-Sommers Butte r i f t  zone. The b a s a l t  f lows probably ponded a g a i n s t  
t h e  c a l d e r a  wall. 

The no r theas t e rn  margin of t h e  c a l d e r a  has  appa ren t ly  been broken 
by r a d i a l  f a u i t s ,  a s  is i nd ica t ed  by l i n e a r  north- and northeast-  
t r end ing  po r t ions  of the Teton River and Canyon Creek channels t h a t  
o f f s e t  t h e  arcuate segments. 

The r h y o l i t e  of Long Hollow provides  f u r t h e r  evidence i n  support  of 
a Moody Creek ca lde ra .  The south and east margins of t h i s  r h y o l i t i c  
lava flow, which probably had a nearby source,  appear  t o  have been 
c o n t r o l l e d  by a s t e e p  a r c u a t e  s c a r p  or c a l d e r a  w a l l .  
l i k e l y  r e p r e s e n t s  l a t e  s t a g e  r ing - f r ac tu re  volcanism (Stage V I )  as 
de f ined  by Smith and Bailey (1968). 

Rexburg Bench Caldera 

This  flow then,  

The southwest, west, and northwest margins of t h e  Rexburg Bench 
c a l d e r a  are marked by f a u l t  s ca rps ,  which d e f i n e  t h e  boundary between 
t h e  Rexburg Bench and the Snake River Plain.  
c a l d e r a ,  t h e  sca rp  grades i n t o  a concave break i n  s l o p e  t h a t  i s  a l s o  t h e  
boundary of t he  bench. 
are def ined by the  a r c u a t e  channel of Moody Creek and by t h e  c o n t a c t  of 
t h e  b a s a l t  of lloody Creek with t h e  Huckleberry Ridge Tuff. 
case, t h e  c e n t e r  of t he  c a l d e r a  was high because of r e v e r s e  r e a c t i v a t i o n  
of t h e  c a l d e r a  r i m  f a u l t s  (see p. l o ) ,  and b a s a l t  t h a t  erupted o u t s i d e  
the  c a l d e r a  flowed a g a i n s t  t h e  upraised c e n t r a l  area. 

A t  t h e  n o r t h  edge of t h e  

The n o r t h e a s t  and east  margins of t h i s  c a l d e r a  

I n  t h i s  

I n  a d d i t i o n  t o  these  f e a t u r e s ,  which appa ren t ly  d e l i n e a t e  t h e  
margin of t h e  Rexburg Bench c a l d e r i ,  t h e r e  are several f e a t u r e s  wi th in  

7 
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t h e  caldera which may be r e l a t e d  t o  i t s  formation. 
i n s i d e  t h e  w e s t  edge of the Rexburg Bench c a l d e r a  i s  a graben and an 
a rcua te  zone of major closed depressions ( p l .  2). To the  no r th ,  t h e  
con t inua t ion  of t h i s  l i n e  of depressions is marked by a convex break i n  
s lope.  This break i n  s lope probably reflects drag along t h e  Rexburg 
Faul t .  The depres s ions  may have r e s u l t e d  from t h e  secondary c o l l a p s e  o r  
sagging of P le i s tocene  rocks i n t o  grabens r e l a t e d  t o  drag and extension 
wi th in  t h e  more b r i t t l e  rocks beneath them. 

Approximately 2 km 

Teton Canyon Caldera 

The l i m i t s  of  t h e  Teton Canyon c a l d e r a  are very poorly de f ined ,  and 
i t  is t h e  most ques t ionab le  of a l l  t h e  c a l d e r a  s t r u c t u r e s  descr ibed i n  
t h i s  paper. The following f e a t u r e s  appear t o  d e l i n e a t e  t h e  e x t e n t  of 
t h e  Teton Canyon ca lde ra :  
s l o p e ,  a n  a r c u a t e  stream channel,  and an a r c u a t e  p a t t e r n  of c o n t a c t  
between b a s a l t  of  Moody Creek and t h e  Huckleberry Ridge Tuff; t h e  
no r theas t  margin i s  def ined by a number of concen t r i c ,  a r c u a t e  f a u l t s  
and a r c u a t e  s e c t i o n s  of  t h e  Teton River channel east of  t h e  area 
included i n  p l a t e  1 (Prostka and Hackman, 1974); t h e  sou theas t  margin is 
shown by t h e  c u r v a t u r e  of t h e  gene ra l i zed  contours  east of Canyon Creek; 
2nd the  southern margin i s  marked by t h e  edge of post-Huckleberry Ridge 
Tuff b a s a l t s ,  which appa ren t ly  ponded a g a i n s t  t h e  i n s i d e  of t h e  c a l d e r a  
r i m  sou th  of Highway 33, i n  the  v i c i n i t y  of Canyon Creek. 

t h e  northwest margin is marked by a break i n  

The extreme th i ckness  (>lo0 m) of t he  Eluckleberry Ridge Tuff i n  t h e  
canyons of t h e  Teton River and Canyon Creek, as w e l l  as t h e  presence of 
l a k e  sediments below the  Huckleberry Ridge Tuff,  suggest  t h a t  a Pliocene 
c a l d e r a  e x i s t e d  i n  this area. 

Western Rexburg Caldera Complex 

In a d d i t i o n  t o  t h e  preceeding geologic  and geomorphic evidence, 
g r a v i t y  d a t a  can be used t o  d e l i n e a t e  t h e  western margin of t h e  Rexburg 
c a l d e r a  complex (Mabey, 1978, f i g .  1). This g r a v i t y  map a l s o  i n d i c a t e s  
that another smaller caldera, s i m i l a r  to those just described, m a y  be 
concealed beneath Snake River P l a i n  d e p o s i t s  immediately west of 
Rexburg. 
d o t t e d  cjrcle on f i g u r e  2. 

The o u t l i n e  of t h i s  p o s s i b l e  unnaned c a l d e r a  i s  shown by a 

D r i l l i n g  c u r r e n t l y  i n  progress  i n  Sugar C i t y  has penetrated >600 m 
of  r h y o l i t i c  l a v a  flows, as w e l l  as a s h  flow and a i r  f a l l  t u f f s .  This 
suggests  a source i n  t h a t  area and supports  t h e  e x i s t e n c e  of  t h e  c a l d e r a  
de f ined  by t h e  g r a v i t y  data .  

Hog Hollow Caldera 

I n  a d d i t i o n  t o  the evidence f o r  t h e  tnu l t i p l e  Pl iocene c a l d e r a s  of 
t he  Rexburg c a l d e r a  complex, t h e r e  is  a cons ide rab le  amount of evidence 
t o  suggest  t h a t  a small ,  e a r l y  P le i s tocene  c a l d e r a  may ove r l ap  t h e  
complex n o r t h  of t h e  Teton River. Evidence f o r  t h i s ,  t h e  Hog Ilollow 
c a l d e r a ,  i s  as follows: 
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1) The presence of an a r c u a t e  depression known as Hog Hollow, t h e  
o u t e r  o r  south r i m  of which may mark t h e  c a l d e r a  wall i f  i t  i s  a 
r e f l e c t i o n  of a c a l d e r a  moat. 

2) A sha rp  monocline and normal f a u l t  system co inc ides  with t h e  
inne r  r i m  of t h e  Hog Hollow depression. 
produced by a combination of pre-collapse tumescence and post-eruption 
r e su rgen t  doming of t h e  c e n t e r  of t h e  ca lde ra .  

These s t r u c t u r e s  may have been 

3) A t h i n  (-1-2 m) welded t u f f  o v e r l i e s  t h e  Hucklebery Ridge Tuff 
i n  t h e  immediate v i c i n i t y  of t h e  Hog Hollow c a l d e r a  and becomes t h i n n e r  
and more poorly preserved away fom t h e  ca lde ra .  

4) A l t e r a t i o n  of pre-Huckleberry Ridge Tuff b a s a l t s  and g r a v e l s ,  
l o c a l  ver t ical  pipe-like concen t r a t ions  of ca lca reous  cement wi th in  a i r  
f a l l  t u f f s ,  and v e i n s  of chalcedony and o p a l ,  i n d i c a t e  widespread 
hydrothermal a c t i v i t y  i n  the  area. 

5 )  The d i s t r i b u t i o n  of t h e  basalts of Moody and Canyon Creek 

Ttie margin of t h i s  dome i s  roughly 
a g a i n s t  t h e  Huckleberry Ridge Tuff sugges t s  a l a r g e ,  g e n t l y  s lop ing  dome 
in t h e  Huckleberry Ridge Tuff. 
c o n c e n t r i c  w i t h  Hog Hollow and is  loca ted  8-10 km o u t s i d e  t h e  caldera .  

6) Secondary flow f e a t u r e s  i n  t h e  Huckleberry Ridge Tuff may have 
been caused by tumescence of t h e  p reco l l apse  dome. 
secondary flow s t r u c t u r e s  as w e l l  as large-scale  northwest-trending 
overturned a a t i c l i n e s  (120 m amplitude) and s e v e r a l  northeast- t rending 
lateral  f a u l t s  with up t o  0.6 'm of displacement are l o c a t e d  i n  t h e  
s o u t h e a s t  q u a r t e r  of t h e  Newdale Quadrangle and t h e  southwest q u a r t e r  of  
t h e  Lindernian Dam Quadrangle. 
involved t h e  t u f f  and t h e  underlying c l a s t i c  sediments, probably as deep 
as incompetent diatomaceous l a k e  scdiments upon which t h e  ove r ly ing  
sequence moved . 

Small-scale 

These l a rge - sca l e  s t r u c t u r e s  appa ren t ly  

7)  A g r a v i t y  anomaly ( n o r t h e a s t  co rne r  of f i g .  1, Mabey 1978) is  
c o i n c i d e n t  with t h e  l o c a t i o n  of t h e  Hog Hollow c a l d e r a  r i m .  

Some of t h e  above evidence is open t o  a l t e r n a t e  i n t e r p r e t a t i o n s .  
For example, t h e  chalcedony and opa l  ve ins  may have formed by degassing 
of t h e  Huckleberry Ridge Tuff. 
g r a v e l s  i n  t h e  Hog Hollow depres s ion  may i n d i c a t e  t h a t  t h e  dep res s ion  i s  
an e r o s i o n a l  f e a t u r e .  
f l e x u r e  i n  t h e  Huckleberry Ridge Tuff,  t h e  d i k e s ,  t h e  l a r g e  scale 
secondary flow s t r u c t u r e s ,  o r  the hydrothermal a l t e r a t i o n  of pre- 
Huckleberry Ridge u n i t s .  
may n o t  be  conclusive,  c o l l e c t i v e l y  they s t r o n g l y  suggest  t h e  e x i s t e n c e  
of a c a l d e r a ,  t h e  southern and southwestern margins of which are marked 

The post-Huckleberry Ridge stream 

However, t h i s  would no t  e x p l a i n  t h e  monoclinal 

Thus, although i n d i v i d u a l  l i n e s  of evidence 

by Hog Hollow. 
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S t r u c t u r e  of Upper Cenozoic Rocks 

The Rexburg c a l d e r a  complex s t r a d d l e s  t h e  boundary between t h e  
Eas t e rn  Snake River P l a i n  and Basin-Range provinces t h a t  developed 
contemporaneously i n  l a t e  Cenozoic t i m e .  

The sou theas t e rn  boundary of t h e  p l a i n  is c h a r a c t e r i z e d  by mostly 
northeast- t rending normal f a u l t s  and a s s o c i a t e d  w a r p s  and tilts, 
downthrown t o  t h e  northwest. 
lesser displacement,  which are downthrown t o  t h e  southeast .  
example of such a n  a n t i t h e t i c  f a u l t  is  the  subsurface " in fe r r ed  f a u l t "  
of Prostka and Hackman (1974) that. is  c a l l e d  t h e  Teton Dam Fau l t  i n  t h i s  
r e p o r t  because i t  extends c l o s e  t o  t h e  n o r t h  abutment of t h e  Teton 
damsite. Evidence f o r  t h i s  f a u l t  i nc ludes  w e l l  d a t a  from Haskett  
(1972), some evidence of minor post-Huckleberry Ridge movement n o r t h e a s t  
of t h e  Teton darnsite, and geophysical evidence (Zohdy, and o t h e r s ,  1978, 
fig. 2). 
northeast- t rending f a u l t .  
represented by a f a u l t  with t h e  same d i r e c t i o n  of displacement,  which 
appears  to  t r u n c a t e  t h e  east end of t h e  Hog Hollow ca lde ra .  
example of a northeast- t rending a n t i t h e t i c  f a u l t  may be represented by a 
l i n e a r  topographic s c a r p  i n  t h e  f lood p l a i n  of t h e  Snake River, 
extending southwest from St. Anthony ( p l .  2). 

Also presen t  are a n t i t h e t i c  f a u l t s  of  
The b e s t  

The Lyons Creek Fau l t  is  ano the r  example of a n  a n t i t h e t i c  
The no r theas t  ex tens ion  of t h i s  f a u l t  may be 

A t h i r d  

The Basin-Pange s t r u c t u r e s  are mainly northwest-trending h o r s t s  and 
grabens t h a t  z t e  t i l t e d  t o  the northeast. S t r u c t u r a l  r e l i e f  diminishes  
northwestward almost t o  zero near  the  edge of t h e  p l a in .  On t h e  p l a i n ,  
normal f a u l t s  t h a t  c u t  b a s a l t  have only small vertical  displacements but 
t h e r e  are many open f i s s u r e s  and r i f t  zones t h a t  have accomodated 
r e g i o n a l  extension.  
s tudy  a r e a  are the  Warm Creek f a u l t  zone, t h e  Grand Valley Fau l t  and i t s  
c o n t i n u a t i o n  a c r o s s  t h e  Rexburg Bench as a basal t ic  vo lcan ic  r i f t  zone, 
t h e  Heise F a u l t ,  and t h e  Snake River f a u l t  ( f i g .  2 and pl.  2). 

The p r i n c i p a l  northwest-trending f a u l t s  of t h e  

I n  a d d i t i o n  t o  these  mapped f a u l t s ,  t h e  Thousand Springs l i n e  
(fig. 2) may rep resen t  a s i g n i f i c a n t  deep sea t ed  s t r u c t u r a l  f e a t u r e  in 
this area. Thousand Springs Valley t r e n d s  northwest and lies a t  t h e  
j u n c t i o n  of t h e  Snake River and the  Big Hole ranges. 
t h i s  j u n c t i o n  l i n e  t o  the  northwest b i s e c t s  t h e  Moody Creek c a l d e r a  and 
extends through Juniper  But te ,  another  r h y o l i t e  e r u p t i v e  c e n t e r  on t h e  
no r the rn  edge of t h e  Rexhurg c a l d e r a  complex (M. A. Kuntz, o r a l  
communication, 1977).  

A p r o j e c t i o n  of  

Many of t h e  overlapping and nested c a l d e r a s  of t h e  Rexburg c a l d e r a  
complex are loca ted  a t  i n t e r s e c t i o n s  of major northwest-trending and 
i n f e r r e d  northeast- t rending f a u l t s ,  o r  are a l i n e d  along major f a u l t  
zones ( f i g .  2). This  sugges t s  t h a t  t h e  rise of r h y o l i t i c  magma was 
guided t o  a l a r g e  e x t e n t  by zones of s t r u c t u r a l  weakness a long 
ex tens iona l  f a u l t s . .  From t h e  end of t h e  Pliocene t o  t h e  p re sen t ,  b a s a l t  
has erupted through the complex from numerous v e n t s ,  many of which are 
l o c a l i z e d  along northwest-trending f a u l t  zones. These e r u p t i o n s  were 



concurrent  with r eg iona l  extension. A small volume ash-flow t h a t  may 
have been erupted from t h e  Hog Hollow area, i s  t h e  only r h y o l i t e  known 
t o  have erupted i n  o r  near t h e  Pliocene Rexburg c a l d e r a  complex during 
t h e  Pleis tocene.  

The p resen t  day warps and domes of t h e  Rexburg c a l d e r a  complex do 
not seem t o  be t h e  r e s u l t  of r h y o l i t i c  i n t r u s i v e  doming, although 
r e su rgen t  doming may have occurred during the  Pliocene; they were 
probably produced by d i f f e r e n t i a l  subsidence during r eg iona l  extension,  
a f t e r  t h e  r h y o l i t e  complex had s o l i d i f i e d .  This post-caldera r eg iona l  
ex tens ion  r e a c t i v a t e d  o lde r  Basin-Range f a u l t s  and a l s o  u t i l i z e d  a r c u a t e  
caldera-related f a u l t s .  Stocks and d i k e s  of i n t r u s i v e  rock, presumed t o  
be p re sen t  beneath t h e  c a l d e r a  c e n t e r s ,  and r i n g  f r a c t u r e  zones may have 
s t rengthened and supported many of t h e s e  areas during r eg iona l  extension 
so t h a t  they have remained s t r u c t u r a l l y  and topographical ly  high 
r e l a t i v e  t o  t h e  less well-supported t e r r a n e  t h a t  sagged around them. 
The Heise Dome o r  Kelley Mountain c a l d e r a ,  and the  Rexburg Bench c a l d e r a  
(p l .  2 and f i g .  2) ,  a g e n t l e  north-northeast  t i l t e d  dome, are examples 
of  h ighs  t h a t  were possibly produced by t h i s  d i f f e r e n t i a l  subsidence. 

I n  o t h e r  cases, extension and.down-dropping of t h e  Snake River 
P l a i n  has  taken advantage of t h e  northwest and sou theas t  segments of t h e  
c a l d e r a  r i n g  f r a c t u r e  zones. 
and Teton Canyon c a l d e r a s ,  t h e  northwest caldera-rim f a u l t s  have been 
r e a c t i v a t e d  i n  such a way as t o  have dropped t h e  northwest r i m s  r e l a t i v e  
t o  t h e  o ld  c a l d e r a  f l o o r s .  React ivat ion of t h e  sou theas t  caldera-rim 
faults, on t h e  o t h e r  hand, has  continued to drop t h e  c e n t e r  of t h e  
c a l d e r a s  r e l a t i v e  t o  t h e  southeast  r i m s .  This exp la ins  how t h e  
P le i s tocene  b a s a l t s  have flowed around t h e  o u t s i d e  of t h e  northwest 
margin of t h e  Teton Canyon c a l d s r a  and ponded on t h e  i n s i d e  along t h e  
sou thezs t  margin ( p l .  1). 

Thus, as i s  t h e  case wi th  t h e  Moody Creek 

Because of t h e  high rate of r e g i o n a l  extension i n  t h i s  area dur ing  
t h e  l a s t  2.5 m.y., many of t h e  r e a c t i v a t e d  s t r u c t u r e s  of t h e  Rexburg 
c a l d e r a  complex have s i g n i f i c a n t l y  deformed t h e  overlying younger 
c las t ic  sediments, basal t ,  and Huckleberry Ridge Tuff. Caldera o u t l i n e s  
have been impressed upward through t h e  cover of younger rocks,  and p a r t s  
o f  t h e i r  traces can  now be seen on aerial  photos and on the  new d e t a i l e d  
maps of t h e  area ( p l s .  1 and 2) .  However, because of t h e  dominant 
i n f luence  of t h e  northwest-southeast extension r e l a t e d  t o  t h e  formation 
of t h e  Snake River P l a i n  i n  t h i s  area, t h e  northwest and sou theas t  
margins of t hese  c a l d e r a s  are easiest t o  d e t e c t  through t h e  P le i s tocene  
cover. I n  cases such as the  Moody Creek and Teton Canyon c a l d e r a s ,  t h e  
southwest and no r theas t  margins are considerably d i s rup ted  by northeast-  
t rending f a u l t s  o r  are not  t r a c a b l e  a t  a l l  beneath t h e  younger cover. 

Several  geologic  f e a t u r e s  of t h e  Rexburg area suggest  poss ib l e  
geothermal p o t e n t i a l :  
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1) Favorable combination of hydrology and structure--High 
p r e c i p i t a t i o n  i n  t h e  mountains recharges t h e  groundwater system which 
d i scha rges  i n t o  t h e  Snake River a q u i f e r .  The Rexburg c a l d e r a  complex is 
i d e a l l y  s i t u a t e d  t o  i n t e r c e p t  groundwater flow and channel i t  downward 
along f a u l t  zones where i t  msy be heated and s t o r e d  i n  closed-basin 
r e s e r v o i r s  r e l a t e d  t o  c a l d e r a  subsidence and/or Basin-Range type 
s t r u c t u r e .  

2) Favorable t e c t o n i c  environment--The cont inuing high rate of  
t e c t o n i c  ex tens ion  r e a c t i v a t e s  o l d  f a u l t s ,  many of which are l i k e l y  
channelways f o r  c i r c u l a t i n g  geothermal water, breaking up s i n t e r  
d e p o s i t s  and keeping t h e  geothermal system unclogged. 

3) Favorable thermal environment--High r e g i o n a l  h e a t  f low of Snake 
River P l a i n  and Basin-Range provinces (Sass  and o t h e r s ,  1976), augmented 
by Pl iocene and P le i s tocene  r h y o l i t i c  volcanism and cont inuing 
Quaternary b a s a l t i c  volcanism t h a t  have f a c i l i t a t e d  t r a n s f e r  of mantle 
h e a t  t o  high c r u s t a l  l e v e l s .  

The s t r u c t u r a l  s e t t i n g  of t h e  p r i n c i p l e  occurrences of warm and ho t  
water in t h e  area of  Rexburg c a l d e r a  complex are summarized below: 

1) Heise Hot Springs - and Elkhorn Warm Springs-These two s p r i n g s  
are loca ted  a t  t h e  i n t e r s e c t i o n  of t h e  northwest-trending IIeise f a u l t  
zone with northeast- t rending f a u l t s .  Heise Hot Springs i s  a l s o  near  t h e  
r i m  of Kelley Nountain ca lde ra .  

2) Pincock Hot Springs--Also known as Green Canyon Hot Springs. 
Located a t  t h e  i n t e r s e c t i o n  of the northwest-trending Warm Creek f a u l t  
zone and the  r i n g  f r a c t u r e  zone of t h e  Moody Creek ca lde ra .  :: e,*.' .a.> 

3) Newdale Thermal Anomaly ( B r o t t  and o t h e r s ,  1976)--Is roughly 
co inc iden t  with t h e  area circumscribed by t h e  ove r l ap  of . the Moody Creek 
and Teton Canyon c a l d e r a s ,  and t h e  northeast- t rending Teton Dam f a u l t .  

4) Teton--A northeast- t rending area of hot and warm w a t e r  around 
t h e  town of Teton is l oca t ed  on o r  near t h e  northwest s e c t i o n  of  t h e  
Moody Creek c a l d e r a  r i n g  f r a c t u r e  zone. 

5 )  Rexburg Bench--A north-trending a r c u a t e  zone of c losed c o l l a p s e  
depressions south of Rexburg i s  t r a c e a b l e  eastward as a break i n  s lope  
on t h e  berich. 
temperatures r epor t ed  along t h e  two i n t e r s e c t i o n s  of t h i s  a r c u a t e  zone 
with t h e  northeast- t rending Teton Dam f a u l t .  
measured by Blackwell ( B r o t t  and o t h e r s ,  1976) along t h i s  f a u l t .  

It has  warn water w e l l s  a long i t ,  with h ighe r  

High h e a t  flow h a s  been 

The d i s t r i b u t i o n  of ho t  water from w e l l s  and sp r ings  i n  t h e  Rexburg 
area i s  concentrated along major l a t e  Cenozoic l i n e a r  and a r c u a t e  f a u l t  
zones, and e s p e c i a l l y  a t  t h e  i n t e r s e c t i o n s  of t h e s e  zones. Flaps showing 
contoured r e s e r v o i r  temperatures c a l c u l a t e d  from t h e  water chemistry 
a l s o  show a p o s s i b l e  concordance with major s t r u c t u r e s  (R.  Stoker ,  o r a l  
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commun., 1977).  Other i n t e r s e c t i o n s  of major s t r u c t u r e s  may a l s o  have 
geothermal p o t e n t i a l ,  d e s p i t e  t he  l a c k  of shal low i n d i c a t i o n s  of ho t  
water. There is i n s u f f i c i e n t  subsurface information t o  eva lua te  the  
ex ten t  t o  which cold ground water perched a t  high l e v e l s  may conceal  
underlying geothermal systems. 

Closed c i r c u l a t i o n  i n  s t r u c t u r a l  bas ins ,  of e i t h e r  Basin-and-Range 
t y p e  o r  c a l d e r a  o r i g i n ,  combined wi th  the  tapping of deep hea t  sources  
v i a  water c i r c u l a t i o n  along major f a u l t s  are cond i t ions  favorable  t o  the  
formation of a geothermal resource.  Thus, t h e  most promising l o c a t i o n s  
f o r  geothermal exp lo ra t ion  i n  the  Rexburg Bench area may be where two 
c a l d e r a s  ove r l ap ,  r e s u l t i n g  i n  a maximum depth of f i l l  and i n t e r s e c t i n g  
f r a c t u r e  or f a u l t  systems. The nor theas t - t rending  normal f a u l t s  
a n t i t h e t i c  t o  t h e  Snake River P l a i n  may a l s o  have special geothermal 
s i g n i f i c a n c e  because they i n t e r r u p t  plainward migra t ion  of ground water 
and provide channelways f o r  water to  descend t o  hot  depths .  I n  suppor t  
of t h i s  concept ,  i t  should be noted t h a t  a major g r a v i t y  low lies 
southeas t  of t h e  Teton Dam Faul t  w i th in  t h e  ove r l ap  of the  Rexburg Bench 
and Moody Creek c a l d e r a s  suggest ing a maxinum th ickness  of low d e n s i t y  
rocks.  A s i m i l a r  low i s  loca ted  wi th in  t h e  ove r l ap  of t h e  Moody Creek 
and Teton &nyon ca lderas .  
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