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ABSTRACT 

Evaluat ion o f  an area near Mountain Home, Idaho, was 
performed by Hardinq Lawson Associates o f  Novato, C a l i f o r -  
nia, t o  assess t h e  hot  dry rock (HDR) p o t e n t i a l  o f  t he  pros- 
pect. The techniques they repor ted i nc lude  t e l l  u r i c  and 
g r a v i t y  p r o f i l i n g ,  passive seismic, hydrology and water 
chemistry surveys, and lineament analysis. G r a v i t y  and 
t e l l u r i c  surveys were unsuccessful i n  l o c a t i n g  f r a c t u r e s  
bu r ied  beneath recent vo lcanics and sediments o f  t he  p l a i n  
because dens i ty  and conduc t i v i t y  con t ras ts  were i n s u f f i -  
c i en t .  G r a v i t y  modeling i nd i ca ted  areas where g r a n i t e  was 
no t  l i k e l y  t o  be w i t h i n  d r i l l i n g  depth, and t e l l u r i c  pro- 
f i l i n g  revealed an area i n  the  northwest p a r t  o f  the  pros- 
pect  where h igher  conduc t i v i t y  suggested t h e  presence o f  
f rac tu res  o r  water o r  both, thereby making i t  unsu i tab le  f o r  
HDR. Water geochemistry i nd i ca ted  t h a t  (hot  water) reser-  
v o i r  temperatures do not  exceed 100OC. 

An area i n  t h e  east cen t ra l  p a r t  o f  t h e  prospect was 
del  i neated as most favorable f o r  HDR development. Tempera- 
t u r e  i s  expected t o  be 200°C a t  3-km depth, and g r a n i t i c  
rock o f  t he  Idaho B a t h o l i t h  should be i n te rsec ted  a t  2- t o  
3-km depth. 

I. INTRODUCTION 

An area east o f  Mountain Home, Idaho, on t h e  nor thern rtfargin o f  t h e  

Snake R ive r  P l a i n  (SRP) was chosen f o r  study and eva lua t ion  as a p o t e n t i a l  ho t  
dry rock (HDR) s i t e  on the  bas is  o f  geology, heat f l o w  and temperature grad- 

i ent  measurements, and because o f  i t s  accessi b i  1 i t y  and p rox im i t y  t o  p o t e n t i a l  
users . Harding Lawson Associates (HLA) were awarded t h e  con t rac t  t o  evaluate 

the  prospect, and t o  determine t h e  a p p l i c a b i l i t y  o f  var ious exp lo ra t i on  

techniques t o  HDR assessment w i t h i n  the  western U.S. 

cir) 
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2 The 400-kin prospect i s  located southwest o f  the  Mount Bennett H i l l s  and 

Camas P r a i r i e  (Fig. 1). The western edge o f  the  prospect i s  approximately 10 
km east o f  Mountain Home and 23 km east o f  Mountain Home A i r  Force Base. Th is  

p a r t  o f  the SRP margin was selected because i t  d i d  not  appear t o  be as badly  
f a u l t e d  as other  sect ions o f  t h e  margin. The prospect area contains two deep 

w e l l s  w i t h  gradients o f  61" and 64'C/km, and i t  had been reported on t h e  G u l f  
Energy and Mineral  Co. l i t h o l o g y  l o g  t h a t  one o f  these, t h e  Bos t ic  1-A w e l l  i n  

t h e  southern p a r t  o f  the  prospect, (Fig. 2, i n  pocket on i n s i d e  back cover) 
had bottomed i n  g r a n i t e  o f  t h e  Idaho B a t h o l i t h  a t  2931 m (9616 ft). Reported 

bottom-hole temperature o f  t h i s  wel l  i s  195OC. I n  t h e  course o f  t h i s  study, 
i t  was discovered t h a t  the  hole a c t u a l l y  bottomed i n  hydrothermal ly a l t e r e d  

l a t i t e ,  probably p a r t  o f  the  T e r t i a r y  Idavada vo lcanic  sequence. The poten- 

t i a l  HDR " reservo i r "  i s  t h a t  p a r t  o f  t h e  Idaho B a t h o l i t h  t h a t  l i e s  beneath 

sedimentary and volcanic cover a t  the edge o f  the SRP. 

The HLA study inc luded geological ,  geophysical, geochemical, and hydro- 

l o g i c a l  i n v e s t i g a t i o n s  t o  assess the  HDR p o t e n t i a l  and t o  recommend a d r i l l  
s i t e .  The resu l ts ,  conclusions, and recommendations o f  t h e  JiLA study a r e  

reported herein. 

11. REGIONAL STUDIES I 

A. Geology 

The SRP i s  an arcuate depression i n  southern Idaho, f i l l e d  w i t h  T e r t i a r y  

and Quaternary volcanics t h a t  become younqer t o  t h e  east (Armstrong e t  a l .  
1975). The western h a l f  o f  the SRP i s  bounded by f a u l t s ,  w i th  a t  l e a s t  2743 m 

(9000 f t )  v e r t i c a l  displacement along t h e  nor thern margin (Malde 1959) and 
somewhat less  displacement on f a u l t s  along the  southern margin. The Idaho 

Batho l i th ,  i n  places o v e r l a i n  by vo lcanic  rocks, l i e s  j u s t  n o r t h  o f  t h e  SRP, 
but  i t  i s  not known how f a r  i t  extends beneath t h e  p la in .  

B. Thermal Regime 

The Western Snake River  P l a i n  (WSRP) i s  an area o f  h igh  heat f low, w i th  
t y p i c a l  values of about 70 mW/m C1.67 heat f l o w  u n i t s  (HFU)] i n  t h e  c e n t r a l  

area and values o f  over 100 mW/m (2.39 HFU) along t h e  boundaries ( B r o t t  e t  

a l .  1978). A p a r t i a l  explanat ion f o r  t h e  d i f f e r e n c e  may be hydro log ic  con- 

vect ion,  e i t h e r  co ld  water w i t h i n  aqu i fe rs  i n  the  p l a i n  o r  deep c i r c u l a t i n g  
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Fig. 1.  
Map o f  Idaho showing HDR prospect area. 
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EXPLANATION 
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PIS Landslide debris 

Melon gravel; boulders and cobbles o f  basalt in basaltic sand matrix, boulders 
commonly 1 m in diameter and as large as 3 m, late Pleistocene 

Q s r  Snake River Group, undivided; mainly ol ivine and ior  plagioclase 
basalt flows and terrace gravels, late Plehtocene 

Qb  B r u n e w  formation; canyon fill o f  undeformed, unconsolidated, detr i ta l  
sediments and interbedded basaltic lava flows w i t h  marginal deposits o f  pebble 
and fan gravels, middle Pleistocene 

Qbs Sedimentary material dominated by massive lake beds o f  white to l igh t  
brown f ine si l t ,  clay and diatomite in layers 15 m or more thick, w i t h  
subordinate amounts o f  alluvial si l t  and sand. Lake beds r ise to an 
elevation o f  970 m and merge w i t h  al luvial and colluvial deposits o f  
sand, clay and gravel that  r i se  roughly 91 m higher. 

Q b g  Alluvial deposits o f  sand and pebble gravel from Elevation 970 m to  
1000 m. 
gravels. 

Pebble gravel reworked as beach deposits from contiguous older 

Fan gravel, consisting c f  cobble and pebble sizes in a coarse sandy 
matrix der ived from decayed granite. 
f ront  o f  Bennett Hi l ls to  1000 m elevation. 

Q bf 
Fan deposit gravels extend from 

Undifferentiated basaltic lava flows which erupted episodically from 
several vents to form a series o f  lava plateaus and canyon-f i l l ing 
volcanic dams. 
strat igraphic order are: Q& - B e r r y  Ranch lava flow; 
olivins-plagioclase basalt, coarse texture; Qbl< - K i n g  Hill lava flows; 
gray,  dense, glassy texture, in three separate flows; 
Q& Q& - - Cold Morrow Spr ings Reservoir lava lava flow; flow; plagioctasbolivine olivine-basalt, basalt, moderately gray coarse to black, texture;  

dense, glassy; 
coarse texture, at least two flows o f  mediun-grained, relat ively 
nonporphy ri t i c  basalt. 

Qbu 

Differentiated individual flows in ascending 

- Hammett lava flows; plagioclase-olivine basalt o f  

Qtg Glenns Fe r ry  formation - Basin fill o f  poorly consolidated detr i ta l  sediments 
(Qtg) and minor lava flows o f  basalt (QTgb), late Pliocene to  early Pleistocene - 

Lake and stream deposits characterized by abrupt  lateral' changes in 
facies. 
beds o f  sand; ( 3 )  th in ly  bedded dark  clay, ol ive s i l t  and carbonaceous 
shale; (I) ripple-marked sand and si l t ;  ( 5 )  grani t ic  sand and f ine 
pebble gravel; and ( 6 )  quartzitic cobble gravel. 
characterize the Glenns Fe r ry  formation present in the prospect site. 

Facies include 41) massive si l t  beds; (2) evenly layered th ick  
Q t g  

Facies ( 5 )  and ( 6 )  

Qtgb L a w  flows o f  o l iv inc bzsalt !hat forw sheetlike bodies w i t h i n  the 
detr i ta l  deposits. 

T b  Banbuty Basalt - Lava flows o f  o l iv ine basalt, interbedded locally w i t h  minor 
amounts of stream and lake deposits, middle Pliocene. 

Idavada Volcanics - Silicic Iatite; chief ly th ick  layers o f  dev i t r i f ied  w,elded 
tuff, includes some bedded v i t r i c  t u f f  and lava flows, late Miocene to  early 
PI iocene. ICRETAC-.~ K g  Granit ic rocks o f  Idaho batholith; mainly quartz monzonite and granodiori te in 
composition. 

Geologic contact; dashed where approximately located 

Normal fault; dashed where approximately located, dotted where //- * * *  concealed, bar and ball o n  d o w n t h r o m  slde 

St r i ke  and dip of beds; Ba rb  indicated dlrection o f  dip, estimated. 
S h o w n  mainly in Idavada volcanics where dips are generally less than loo. 

-CH4 
4 

j+ Volcanic vent 

e Bostic 1-A exploratory test well ( d r y ) .  

Geology compiled from and legend modifled after: (1) Malde, H.E., and Power, H.A.,  
1972, Geologic Map of the Glenns Ferry-Hagerman Area, West-Central Scake River Plain, 
Idaho; ( 2 )  Malde, H. E., Powers, H. A., and Marshal, C. H., 1963. 
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hot  water along the  boundary f a u l t s .  B r o t t  e t  a l .  (1978) a t t r i b u t e d  t h e  

excess heat on the  margin t o  r e f r a c t i o n  o f  heat from basa l t s  i n  t h e  center  of 
t h e  p l a i n  i n t o  t h e  h igher  thermal conduc t i v i t y  g ran i tes  on t h e  margins o f  t h e  

p la in .  They suggest t h a t  t he  source o f  t h e  re f rac ted  excess heat i s  bu r ied  
b a s a l t i c  i n t r u s i o n s  t h a t  were emplaced 10-15 Myr ago. 

Numerous thermal wel ls ,  mostly l ess  than 50°C, occur w i t h i n  t h e  WSRP. 
Water over 5OoC occurs i n  several spr ings and 

margins o f  t he  p la in .  I n  both Boise and the  

have been tapped f o r  d i r e c t  geothermal use. 

C. G rav i t y  and Magnetics 

H i l l  (1963) and Mabey (1976, 1978) have 

r e l l s  i n  var ious areas along t h e  

Bruneau Grand View area, these 

n te rp re ted  t h e  reg ional  g r a v i t y  
o f  t he  WSRP. There i s  a general p o s i t i v e  g r a v i t y  anomaly co inc ident  w i t h  t h e  
western p l  a i  n , whi ch i nc l  udes th ree  small e r  en echel on highs e l  ongated a1 ong 
t h e  a x i s  o f  t he  p la in .  These anomalies are b a s a l t - f i l l e d  f i ssu res  ( H i l l  
1963), o r  t h i n n i n g  and p a r t i n g  o f  t he  upper c r u s t  (Mabey 1978). The g r a n i t i c  
rock o f  t h e  Idaho B a t h o l i t h  i s  not  be l ieved t o  be continuous beneath t h e  

p la in .  F igure 3 shows the  reg ional  g r a v i t y  map f o r  t h e  area surrounding t h e  

prospect. The nor thern boundary o f  t h e  reg ional  h igh  i s  expressed as a steep 
grad ien t  o f  a t  l e a s t  50 mgals over a d is tance o f  about 15 km (9  m i ) .  The 

grad ien t  t rends west northwest about 13 km (8  m i )  south o f  t h e  Mount Bennett 

H i l l s .  
Aeromagnetic da ta  shown i n  Fig. 4 i n d i c a t e  t h a t  i n  a d d i t i o n  t o  numerous 

smal ler  magnetic highs w i t h i n  t h e  WSRP, t he re  i s  a h igh  along t h e  southwestern 

margin and a low along the  nor th  edge, cons is ten t  w i t h  what would be observed 
w i t h  a l a y e r  of normally po la r i zed  basa l t  f i l l i n g  t h e  p l a i n  (Mabey 1976, 1978). 

D. Seismic 

Results o f  seismic r e f r a c t i o n  p r o f i l e s  from Eureka, Nevada, n o r t h  t o  

Boise, Idaho, are discussed by H i l l  and Pakiser (1966). The sec t ion  o f  t h e  

l i n e  across the  WSRP, from Elko, Nevada, t o  Boise, Idaho, i nd i ca tes  t h a t  two 
s i g n i f i c a n t  changes occur between t h e  Owyhee uplands i n  southern Idaho and t h e  
SRP: t o t a l  c rus ta l  thickness increases from 32 km beneath t h e  Basin and Range 

and Owyhee uplands, t o  42 km beneath t h e  SRP (based on 7.9 km/s mantle and 6.7 
km/s lower c r u s t )  and upper c rus ta l  th ickness (base se t  a t  t h e  top  o f  6.7 km/s 
l a y e r )  decreases from 19 km beneath the  Basin and Range and Owyhee uplands t o  

4 
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Fig. 3. 
Regional g r a v i t y  map (Mabey e t  a l .  1974) showing prospect area and p r o f i l e  
l i n e  G - G I .  

8-10 km beneath the  SRP. A 6.0 km/s l aye r  i n t e r p r e t e d  as g r a n i t e  i s  detect -  

ab le beneath the  Basin and Range and Owyhees bu t  appears t o  end a t  t h e  WSRP 
boundary, t o  be replaced by a 5.2 km/s l a y e r  i n t e r p r e t e d  t o  be vo lcanic  f lows 
of t h e  SRP. It i s  no t  c l e a r  from the  seismic evidence whether o r  no t  t h e  6.0 
km/s ( " g r a n i t i c " )  l a y e r  continues beneath the  p l a i n  between t h e  5.2 km/s l a y e r  

and t h e  lower c r u s t a l  6.7 km/s l ayer ,  bu t  it i s  genera l l y  thought not  to. No 

in format ion i s  a v a i l a b l e  on t h e  nor thern boundar-y o f  t h e  p la in .  In fo rmat ion  
on c r u s t a l  th ickness der ived '  from seismic r e f r a c t i o n  was used by Mabey (1976) 
and Harding Lawson i n  t h i s  repo r t  i n  t h e i r  i n t e r p r e t a t i o n  o f  g r a v i t y  data. 

5 
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Fig. 4. 
Aeromagnetic map o f  southwestern Idaho i n  the  t a r g e t  prospect v i c i n i t y ,  
showing t o t a l  i n t e n s i t y  magnetic f i e l d  o f  t he  ea r th  i n  gammas, r e l a t i v e  t o  
a r b i t r a r y  datum ( a f t e r  USGS 1978). 

111. GEOLOGY OF THE PROSPECT AREA 

A reconnaissance geologic map o f  t he  west-central SRP (which inc ludes t h e  

prospect area) was published by Malde e t  a l .  i n  1963. A more d e t a i l e d  map 
(sca le  1:48 000) i nc lud ing  the  southern two- th i rds  o f  t h e  prospect area was 
published by Malde and Powers i n  1972. Malde and Powers (1962) described t h e  
upper Cenozoic s t ra t i g raphy  o f  t he  area and potassium-argon age da t i ng  o f  t h e  

var ious vo lcanic  rocks has been done by Armstrong e t  a1 . (1975, 1980). 

- 

L, 
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A. S t  r a t  i graphy 

W Rocks exposed w i t h i n  the  prospect cons is t  o f  l a t e  Miocene t o  e a r l y  
P1 iocene Idavada Vol canics, t h ree  formations (Banbury Basa l t  , G1 enns Fer ry  

Formation, and Bruneau Formation) o f  the  P1 i o - P l e i  stocene Idaho Group, and 

Quaternary a l l u v i a l  deposi ts  (Fig. 5). These formations are separated by 

unconformit ies and numerous d isconformi t ies  occur w i t h i n  i n d i v i d u a l  forma- 
t i ons .  The composite exposed th ickness o f  Cenozoic formations w i t h i n  t h e  
prospect i s  about 1820 m (5970 ft). The Bost ic  l-A wel l  i n  t h e  southwestern 

p a r t  o f  t h e  prospect encountered 2950 m (9676 f t)  o f  Cenozoic rocks and 
bottomed w i t h i n  the  Idavada Volcanics. 

1. Idavada Volcanics. Idavada Volcanics comprise most o f  t h e  Mount 

Bennett H i  11 s, where they unconformably over1 i e  Eocene through Miocene Chal l  i s  
Volcanics and g r a n i t e  o f  t he  Idaho Batho l i th .  The Idavada Volcanics are 

d isp laced downward t o  t h e  southwest by northwest-trending boundary f a u l t s  of 
t h e  SRP. 

o f  d e v i t r i f i e d  welded ash f l ow  t u f f s  and interbedded v i t r i c  t u f f s  and lava  
f 1 ows (Mal de and Powers 1962). We1 1 -devel oped co l  umnar j o i  n t  i ng i s common; 

p l a t y  ho r i zon ta l  j o i n t i n g  i s  a l so  present. The t u f f s  conta in  phenocrysts o f  
p lag ioc lase ,  c l  i nopyroxene, f orthopyroxene, and magneti te i n  a groundmass o f  

d e v i t r i f i e d  o r  p e r l i t i c  u n d e v i t r i f i e d  glass. Petrographic s tud ies a t  Los 
Alamos reveal t h a t  some f lows a l so  conta in  phenocrysts o f  f a y a l i t i c  o l i v i n e .  

These vo l  cani'cs underwent considerable eros ion and deformation before t h e  

The Idavada Volcanics cons is t  main ly  o f  s i l i c i c  l a t i t e  i n  t h e  form , 

depos i t ion  o f  Banbury Basalt.  

S t r a t i g r a p h i c  and f o s s i l  r e l a t i o n s h i p s  (Malde and Powers 1962) and age 
da t i ng  (Armstrong e t  a1 . 1975) i n d i c a t e  a l a t e  Miocene t o  e a r l y  P1 iocene age 

fo r  t h e  Idavada Volcanics. Armstrong's potassium-argon dates on Idavada rocks 
i n  t h e  WSRP range from 9-13 Myr. 

2. Idaho Group. The Idaho Group has been def ined by Malde and Powers 

(1962) as seven over lapping formations o f  con t inenta l  c l a s t i c  sediments and 

i n t e r c a l a t e d  basa l t  f lows that  range i n  age from e a r l y  Pl iocene through middle 
Pleistocene. Although t h e  seven formations are never exposed i n  continuous 

sequence a t  any one l o c a l i t y ,  t h e i r  t o t a l  th ickness i s  nea r l y  1360 m (4460 ft) 
(Malde 1965). O f  t h e  seven formations, on l y  t h e  Banbury Basalt,  Glenns Fe r ry  

Formation, and Bruneau Formation appear i n  the  prospect area. 

a. Banbury Basalt.  Exposures o f  Banbury Basal t  are confined t o  t h e  

w northwest p o r t i o n  o f  t he  prospect (Fig. Z ) ,  where the  formation unconformably 

7 
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DESCR I PTlON 

STREAM ALLUVIUM -UNCONSOLIDATED SANDS. GRAVELS, SILTS AND CLAYS. 
~ ~~ ~~ 

FRESH BASALT LARGUY UNMODIFIED BY SURFICIAL DEPOYTS. 

PEBBLE AND COBBLE GRAVEL ON TERRACE 8 -30 METERS G’5 -90 FEET) ABOVE SNAKE RIVER. 

TERRACE CUTTING 
ROUNDED BOULDERS AND COBBLES OF LOCAL BASALT IN MATRIX OF BASALTIC SAND. IN SNAKE 
RIVER CANYOh, FORMS HUGE BARS UP TO 90 METERS 070 FEET) HIGKCOMMONLY VENEERED WITH 
BOULDERS (.MELON PATCHES’% DEPOSITED 30.000 YEARS AGO BY CATASTROPHIC OUTFLOU FROU 
LAKE BONNEVILLE I N  UTAH. 

EROSION OF CANYON- FILLING LAVA FLOWS 
FRESH BASALT AND PILLOW LAVA RLLING OR C A X A M N G  INTO FORMER CANYON OF SNAKE RIVER. 
UPLAND SURFACES PARTLY MANTLED WITH EOLIAN MATERIAL 

CANYON CUT TO PRESENT E P T H  
MAINLY OUTWASH OF COBBLE AhD PEBBLE GRAVEL FROM GLACIATED MOUNTAINS OF CENTRAL 
IDAHO. FORMS TERRACE ABOUT 60 METERS (180 FEET) ABOVE SNAKE RIVER. 

SUCCESON OF LAVA FLOWS THAT FILLED ANCIENT CANYONS AND DEFLECTED SNAKE RIVER 
TOUARD SOUTHERh MARGIN OF SNAKE RIVER PLAIN. SMOOTH MANTLE OF ALLUVIAL AND EOLlAh 
DEPOSITS YIELDS COLD-CLIMATE MOLLUSKS. 

CANYON CUTTING 
OUTWASH OF PEBBLE GRAVEL FROM GLACIATED MOUNTAINS OF CENTRAL IDAHO. DISSECTED 
REMNANTS DEFlhE A TERRACE I 2 0  METERS (360 FEET) AWJVE SNAKE RIVER. 

TERRACE CUTTING 
COLUMNAR LAVA FILLING A FORMER CANYON OF SNAKE RIVER W METERS G’70mET) DEEP. 

PARTIAL ENTRENCHMENT OF SNAKE RIVER 

GRAVEL AND SAND ON BROAD REMNANTS OF PEDIMENT WIDELY PRESERVED SOUTH OF SNAKE RIVER 
AND 170 METERS 010  FEET) HIGHER. HARD CALICHE CAP 2 METERS (6 FEET) THICK. 

BROAD VALLEY EROSION 

CANYOh FILL OF UNDEFORMED. UNCONSOLIDATED LAKE BEDS (CHIEFLY CLAY. DIATOMITE, AND 
BEACH GRAVEL) AND INTERBEDDED BASALT. SEQUENCE INTERRUPTED BY SEVERAL LOCAL 
DIK’OlrFOHMITIES CAUSED BY BREACHING OF LAVA DAMS. FILL A B W T  250 MET‘ERS (750 FEET) THICK. 
BUT ASSOCIATED MARGlkAL DEPOSITS OF FAN GRAVEL AND BASALT RISE 90 METERS (270 FEET) 
HIGHER. YOUhGEST BASALT DATED 1.4 MILLION YEARS BY K-A. 

CANYON CUTTING 
PEBBLE AND COBBLE GRAVEL IhTERBEDDED WITH SAhD AND SILT ON DISSECTED EROSION SURFACE 
SOUTH OF SNAKE RIVER AND 1110 TO 250 METERS (540 -750 FEET) HIGHER. MAINLY DEBRIS FROM 
HLHLANDS FARTHER SOUTH. LOCALLY 60 METERS (180 FEET) THICK. HARD CALICHE CAP A M U T  I 
METERS (6 FEET) THICK. 

PLANATION OF BASIN DEPOSITS: MINOR FAULTING 
BASIh FILL OF POORLY CONSOLIDATED DETRITAL MATERIAL A h D  MINOR LAVA FLOUS OF BASALT. 
ABRUPT LATERAL CHANGES I N  SEDIMENTARY FACIES IW -200 METERS (Mo - 6 M  FEET) THICK 
REPRESEhT ADJOlhlhG ENVlROhhlEhTS OF LAKES (MASSIVE SILT). RIVER CHANNELS (THICK BEDS OF 
SAND). A h D  SUAMPY FLOOD PLAINS (THINLY BEDDED DARK CLAY, OLIVE SLT. AND CARBONACEOL‘S 
SHALE). BEDDING IhTEKRUPTED BY NUMEROUS MINOR UhCOhFORMlTIES RESULTING FROM 
CONTEMPORANEOUS SUBSIDENCE. ABOUT 600 METERS (1WJ FEET) OF BEDS EXPOSED. FOSSILS 
INCLUDE NUMEROUS VERTEBRATES OF BLAhCAh PROVINCIAL ALE. AN EXTRAORDINARILY LARGE 
MOLLUXAh FAUNA CONSISTINL ALMOST ENTIRELY OF EXTINCT FORMS, AND ABUNDANT REMAINS 
OF POLLEN, ALGAE, AhD DIATOMS. BASALT DATED 3.5 MlLLIOh YEARS BY K-A. 

CONTINUED BLOCK FAULTING AN0 EROSION 

LAVA FLOWS OF OLIVINE BASALT INTERBEDDED LOCALLY \ITH MINOR AMOUNTS OF STREAM AND 
LAKE DEPOSITS. BASALT COMMONLY ALTERED TO GREENISH-BROUN BASALTIC SAPROLITE VlTH 
RESIDUAL SPHEROIDS OF UNDECOMPOSED ROCK. THlCKhESS EXCEEDS 300 METERS (1000 FEET) 
ALONG DRY CREEK NORTHEAST OF KING HILL AND 197 METERS (650 FEET) I N  MELOh VALLEY 
SOUTHEAST OF BAhBURY SPRINGS. SEQUENCE OF DEPOSITS VARIES BY REASON OF 
CONTEMPORANEOUS FAULTING AhD EROSION. 

IN IT IAL  SUBSIDENCE OF SNAKE RIVER GRABEN 

SILICIC LATITE; CHIEFLY THICK LAYERS OF DEVITRIFIED WELDED TUFF. BUT 4NCLUDES SOME BEDDED 
MTRIC TUFF AND LAVA FLOWS. RHYOLITIC ROCKS OCCUR I N  MINOR AMOUNTS. MAINLY AS MTRIC 
TUFF. PREDOMIhANTLY PORPHYRITIC WITH PHENOCRYSTS OF ANDESINE. CLIN@PYROXENE. 
HYPERSTHENE, AND MAGNETITE, BUT WITH NO QUARTZ, SANIMNE. HORNBLENDE. OR BIOTITE. 
INCLUDES GRANITIC PEBBLE AND COBBLE GRAVEL AT THE BASE ALONG NORTH SIDE OF MObNT 
BENNETT HILLS. THICKNESS EXCEEDS 600 METERS (ZOW FEET) AT BENNETT MOUNTAIh AkD 360 
METERS (IMO FEET) ALONG UPPER ROCK CREEK SOUTHEAST OF T I l N  FALLS. 

PROLONGED EROSION AND WEATHERING 

TUFFS AND FLOWS OF VARIABLE LITHOLOGY. RANGING FROM RHYOLITE TO ANDESITE. RHYOLITE 
COMMONLY HAS PHENOCRYSTS OF QUARTZ. SANIDINE, AND BIOTITE. ANDEQTE HAS PHENOCRYSTS 
OF PLAGIOCLASE AND HORNBLENDE. COARSE-TEXTURED ROCKS WEATHER TO CRAGGY OUTCROPS. 
FINE TUFFACEOUS ROCKS WEATHER TO SMOOTH YELLOW SLOPES. FORMS LAYERED SEQUENCES. 
HIGHLY TILTED AND BROKEN, ALONG NORTH SIDE OF M W N T  BENNETT HILLS AND NORTHEAST OF 
MAOC REXRVOIR. 

MAJOR UNCONFORMITY 
INCLUDES SMALL AREAS OF CHALLlS VOLCANICS WEST OF CAMAS PRAIRIE, AND GhElSYC ROCKS 
ALONG SOUTH FORK OF BOISE RIVER. 

Fig .  5 .  
Stratigraphy o f  the WSRP showing depositional and erosional events (based on 
Malde and Powers 1962, and Malde 1965). *Formations present i n  target prospects. 
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over1 i e s  the  Idavada Volcanics. Wi th in  the  prospect t h e  Banbury Basal t  

cons is ts  o f  moderately weathered, ves i cu la r  o l i v i ne -p lag ioc lase  phy r i c  basa l t  
flows w i t h  minor interbedded shale and sandstone. The format ion i s  roughly 30 
m (98 f t )  t h i c k  on top  o f  Teapot Dome and approximately 150 m (492 f t )  t h i c k  
i n  the  v i c i n i t y  o f  High Springs on Bennett Creek. The format ion i s  broken by 

nor thwest- t rending normal f a u l t s ;  displacement probably exceeds 300 m (985 f t )  
across some f a u l t  zones (Malde and Powers 1962). 

The name Banbury Basa l t  has been used f o r  basa l ts  o f  var ious ages t h a t  

o v e r l i e  s i l i c i c  vo lcanic  rocks but  are younger than t h e  Glenns Ferr-y Formation 

(Armstrong e t  a l .  1975). This  has resu l ted  i n  a l a r g e  spread i n  repor ted age 
dates depending on where t h e  format ion was sampled. I n  t h e  Mount Bennett 

H i l l s ,  f o s s i l s  w i t h i n  t h e  format ion are e a r l y  Hemphil l ian ( l a t e  Miocene t o  
e a r l i e s t  P1 iocene) (Armstrong e t  a l .  1975). Potassium-argon dates repor ted by 

Evernden e t  a l .  (1964) and Armstrong e t  a l .  (1980) suggest t h a t  t h e  Banbury 
Basa l t  i n  t h e  prospect area i s  9-10 Myr (mid-Miocene). 

b. Glenns Fe r ry  Formation. The Glenns Fer ry  Formation i s  a complex 
i nte r tongu i  ng sequence o f  nonindurated 1 ake, r i  ver , and f l o o d  p l  a i  n deposi ts  

of Pl iocene t o  Ple is tocene age. The on ly  exposures o f  t h e  Glenns Fer ry  Forma- 

t i o n  i n  the  prospect are fan gravels. These gravels  form t h e  lower p o r t i o n  o f  
a d issected a l l u v i a l  fan t h a t  l i e s  along the  base o f  t he  Mount Bennett H i l l s  

i n  t h e  eastern p a r t  o f  the  prospect and cons is t  o f  coarse sand and angular t o  

subangul a r  pebble- and cobbl e -s i  ze gravel composed o f  basa l t  , rhyo l  i te ,  and 
g r a n i t e  i n  a ma t r i x  o f  medium-grained sand. The Glenns Fer ry  gravels  a re  

o v e r l a i n  by younger fan gravels  o f  the  Bruneau Formation. 
Foss i l  evidence places t h e  Glenns Fer ry  Formation i n  t h e  Blancan Prov in-  

c i a l  age o f  P l io -P le is tocene (Malde 1965). Evernden (1964) has recorded dates 
from 3.2 t o  3.5 Myr bop. but  Armstrong e t  al.  (1975) r e p o r t  potassium-argon 

dates ranging from 4.4 t o  6.2 Myr bop. ( l a t e  Miocene t o  e a r l y  Pliocene). 
c. Bruneau Formation. The Bruneau Formation has been d i v ided  i n t o  

lake, stream, and a l l u v i a l  fan deposi ts  w i t h  i n t e r c a l a t e d  basa l t  f lows. Near 
t h e  town o f  Bruneau t h e  format ion i s  roughly  400 m (1310 f t )  t h i c k  (Malde and 

Powers 1962). About 80% o f  t h e  prospect i s  covered by rocks o f  t h e  Bruneau 
Formation. A t  lower e levat ions,  t h e  formation cons is ts  o f  l a c u s t r i n e  sedi -  

ments. A t  in termediate e leva t ions  these merge w i t h  a l l u v i a l  and c o l l u v i a l  
deposits. These deposi ts  grade i n t o  fan gravels  a t  t he  h igher  e leva t ions  

w 
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along t h e  base o f  t he  Mount Bennett H i l l s .  Bruneau sediments are unconsol i -  
dated, markedly l e n t i c u l a r ,  and in ter tongue w i t h  the  l a t e r a l l y  d iscont inuous 

c a n y o n - f i l l i n g  basa l t  f lows o f  t h e  formation. 
Bruneau lake  sediments cons is t  o f  l i g h t  gray t o  wh i te  beds o f  s i l t ,  c lay ,  

and d ia tomi te  t h a t  crop out  along the  southern p o r t i o n  o f  t h e  study area below 
e leva t i on  980 m (3215 ft). 

Bruneau a l l u v i a l  and c o l l u v i a l  deposi ts  cons is t  o f  sand, c lay,  and 

pebble-size gravels  t h a t  extend from t h e  top  o f  t h e  l a k e  beds a t  about 980 m 
(3215 f t )  t o  an approximate e leva t i on  o f  1000 m (3280 ft), where they grade 

i n t o  t h e  fan gravels. 
Bruneau fan gravel deposits are associated w i t h  a d issected a l l u v i a l  f an  

loca ted  along the  f r o n t  o f  t he  Mount Bennett H i l l s .  The deposi ts  are roughly  
45 m (148 f t)  t h i c k  a t  t he  apex and o v e r l i e  o lde r  fan gravels  o f  Glenns Fe r ry  

Formation. The a l l u v i a l  fan has been eroded t o  a r e l a t i v e l y  f l a t  surface, a 
p o r t i o n  o f  which has been covered by Bruneau lava  flows. Streams and drainage 

paths c u t  as much as 25 m (80 f t)  below t h e  sur face o f  t h e  fan. The fan 

deposi ts  cons is t  o f  subangular t o  angular cobble- and pebble-size gravels  o f  

basa l t ,  r h y o l i t e ,  and g r a n i t e  i n  a medium-grained sandy ma t r i x  r i c h  i n  vo l -  
canic  glass. The Bruneau lava  f lows were erupted e p i s o d i c a l l y  from several 
vo lcanic  centers (see Fig. 2). I nd i v idua l  lava f lows genera l l y  e x h i b i t  
columnar j o i n t i n g  and are 8-23 m (26-76 f t )  t h i c k ,  cons i s t i ng  o f  p laq ioc lase  

and/or o l i v i n e - p h y r i c  and nonporphyr i t i c  basal ts .  The basa l t  var ies  from 
dense and glassy t o  coarse-textured and ves icu lar .  Cumulative thi,cknesses o f  

150-900 m (492-2952 f t )  have been repor ted f o r  these canyon- f i l  l i n g  basa l t s  
(Malde 1965; Ralston and Chapman 1968). Both Evernden e t  a l .  (1964) and 

Armstrong e t  a l .  (1975) repo r t  potassium-argon ages o f  1.4 Myr from basa l t s  of 
t h e  Bruneau Formation. 

3. Q u a t e r n a r y  Sediments. Su r face  sediments o f  Holocene age a r e  

accumulating w i t h i n  the  lower reaches o f  t h e  drainage ravines. These depos i ts  

cons is t  of unconsol i da ted  gravel , s i  1 t , and clay. 

B. Bos t i c  1-A Petrology, 

The Bost ic  1-A we l l  i s  loca ted  i n  the  southwest p o r t i o n  o f  t h e  prospect 

area (Fig. 2). Th is  2949 m (9676 f t)  deep we l l  was d r i l l e d  as a petroleum 

w i ldca t  i n  1974. 

i 
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Bos t i c  we l l  c u t t i n g s  from selected i n t e r v a l s  o f  vo lcanic  rock were 

examined w i t h  b inocu la r  and pet rographic  microscopes. The r e s u l t s  a re  sum- 
marized i n  Fig. 6. 

The Middle Ple is tocene Bruneau Formation has been mapped a t  t h e  sur face 

i n  t h e  area o f  t h e  we l l  (Malde e t  a l .  1963). Basal ts  a t  depths o f  427-536 m 

(1400-1760 f t )  are  thought t o  comprise the  lowermost p a r t  o f  t h e  formation. 
Under ly ing these are shale and sandstone o f  t h e  Pl io-Ple is tocene Glenns Fer ry  
Formation t o  a depth o f  1247 m (4090 ft). 

Two sequences of basa l t  separated by 320 m (1050 ft) o f  sedimentary rock 

u n d e r l i e  t h e  Glenns Ferry  Formation; these are c o l l e c t i v e l y  co r re la ted  w i t h  
t h e  middl e P1 i ocene Banbury Basal t . 

The we l l  bottoms i n  s i l i c i c  f l o w  and p y r o c l a s t i c  rocks i n t e r p r e t e d  t o  be 

Idavada Volcanics. Some basa l t  a l so  occurs i n  t h i s  p o r t i o n  o f  t h e  we l l  and 

may represent feeder d ikes f o r  younger basa l t  f lows and/or i n te r tongu ing  o f  
t h e  Idavada l a t i t e  w i t h  basa l t  o f  another formation. Deta i led  d iscuss ion of 

t h e  petrography and s t ra t i g raphy  o f  t he  Bos t ic  1-A we l l  w i l l  be presented i n  a 
separate r e p o r t  (Arney, Bel luomin i  , Gardner, and Wood, i n  preparat ion) .  

hi 

Two o lde r  rock u n i t s  under l i e  t h e  
Idavada Volcanics about 16 km nor th-  

east o f  t h e  prospect area (Malde e t  

a l .  1963): f lows and t u f f s  o f  Eocene 
t o  Miocene C h a l l i s  V o l c a n i c s  and 

Cretaceous g r a n i t i c  rock o f  t h e  Idaho 

Ba tho l i t h .  I n  some places C h a l l i s  i s  
shown under ly ing  Idavada, i n  o thers 

Idavada d i r e c t l y  o v e r l i e s  t h e  Batho- 
l i t h .  The th ree  formations apparent ly  
do no t  occur i n  a continuous un fau l ted  
sequence anywhere i n  t h e  Mount Bennett, 

H i l l s .  N e i t h e r  C h a l l i s  n o r  Idaho 

B a t h o l i t h  was encountered  i n  t h e  
Bos t i c  we l l ,  nor  are they exposed a t  

t h e  s u r f a c e  i n  t h e  p r o s p e c t  area. 

Idaho B a t h o l i t h  i s  be l ieved t o  e x i s t  
a t  depth beneath t h e  nor thern p a r t  o f  

Total Depth 

BNneau Formation 

Glenns Ferry 

Formation 

Banbury Basalt 

and 

lnterbedded 

Sediments 

Idavada Volcanics 

i 

Fig. 6. 
Bos t i c  1-A l i t h o l o g y  log. 'Id t h e  p rospec t ,  though i t s  sou the rn  
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exten t  beneath the  WSRP i s  not  known. C h a l l i s  Volcanics may or may no t  occur 
between the  b a t h o l i t h  and Idavada sequence. (b, 

C. Structure. 
The predominant s t r u c t u r a l  fea ture  w i t h i n  t h e  prospect i s  a zone of 

northwest-trending normal f a u l t s  t h a t  t raverses  t h e  nor thern p o r t i o n  of t h e  
area. This zone def ines the  nor thern boundary o f  t h e  WSRP. Along it, P l i o -  
cene through Quar ternary deposi ts  occupying t h e  p l a i n  have been juxtaposed 

against  Mio-Pliocene s i l i c i c  vo lcanic  rocks ( w i t h i n  t h e  prospect) and Cre- 

taceous g r a n i t e  ( f a r t h e r  t o  t h e  northwest). Fau l t s  i n  t h e  zone t r e n d  40" t o  
50" west of no r th  and d i p  70" t o  go", w i t h  the  downthrown b lock usua l l y  on t h e  

southwest side. A general ized north-south cross-sect ion through t h e  prospect 
i s  shown i n  Fig. 7. I n t e r p r e t a t i o n  o f  g r a v i t y  data from t h i s  study (Sect ion 

IV-0) has resu l ted  i n  modi fy ing the  depth and type o f  basement beneath t h e  

Bos t ic  wel l  from the  g r a n i t i c  rock prev ious ly  assumed. 
Most o f  t he  mappable f a u l t s  d isp lace  Idavada Volcanics and Banbury 

basa l t  along t h e  f r o n t  o f  t h e  Mount Bennett H i l l s  (Fig. 2). S m a l l  grabens are  
present i n  the  northwest corner o f  t he  prospect. 

Malde (1959) , and c o r r e l a t i o n  between the  sur face exposures of tdavada 

Volcanics a t  Bennett Mountain (e leva t i on  2270 m (7490 f t)  and t h e  Bos t i c  l - A  
we l l ,  suggest t he  fo l l ow ing  displacements across t h e  f a u l t  zone. 

Formation Age - 
Post-Bruneau" Post-Middle 

P1 e i  stocene 

Bruneau* Middl e P1 e i  stocene 

G1 enns Ferry* Late Pl iocene t o  
Ear l y  P1 e i  stocene 

Banbury Basa l t  Middl e P1 i ocene 

Idavada Vol canics Late Miocene t o  
Early P1 iocene 

Aggregate Minimum 
D i  sp l  acement 

Meters Feet 

Deposits are f rac tu red  
bu t  no t  measurably o f f s e t  

- 

185 607 

360 1181 

2300 7544 

3490 11447 

* D i  sp l  acement f o r  these formations were repor ted by Mal de (1959), who exami ned 

L exposures no r th  o f  t h e  town o f  King Hi1 1, loca ted  about 16 km (10 m i )  south- 
east o f  t h e  prospect. 
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Generalized cross-section through t h e  t a r g e t  prospect, WSRP, Idaho. 
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Idavada Volcanics are observed a t  2270 m (7445 ft) on top  o f  Bennett 

Mountain, and 1150 m (3772 ft) a t  t he  base o f  t h e  Mount Bennett H i l l s .  
of the  top o f  the  Idavada i s  a t  2176 m (7140 ft), 1208 m (3965 f t)  below sea 

Depth L j  

l e v e l  i n  the  Bos t i c  l-A wel l .  O f  t h e  t o t a l  displacement o f  3478 m (11 410 ft) 
t h a t  occurred dur ing  and a f t e r  t he  Idavada period, 1120 m (3673 f t)  can be 

t raced on f a u l t s  i n  the  Mount Bennett H i l l s .  It i s  l i k e l y  t h a t  t h e  remaining 
2358 m (7737 f t )  can be accounted f o r  by f a u l t s  t h a t  l i e  beneath t h e  SRP, bu t  

t he  exact p o s i t i o n  o f  t he  bu r ied  f a u l t s  has no t  been determined. The d i p  of 
t h e  Idavada Volcanics beneath the  SRP i s  unknown so ac tua l  displacements 

cannot be estimated. 

Regional g r a v i t y  data and the  presence o f  hot  we l l s  and spr ings i n d i c a t e  

a major west-northwest-trending subsurface f a u l t ,  downthrown t o  the  south, 
roughly  13 km (8 mi )  south o f  the  base o f  t he  Mount Bennett H i l l s .  Although 

movement on t h i s  f a u l t  may have d isp laced Idavada and younger formations, as 
have those i n  Mount Bennett H i l l s ,  Malde (1959) suggests t h a t  a minimum o f  
3000 m (9840 f t)  o f  o f f s e t  had occurred on t h e  nor thern margin o f  t h e  p l a i n  
before l a t e  Miocene (pre-Idavada) time. This  i s  cons is ten t  w i t h  paleo- 

bo tan ica l  evidence t h a t  t he  SRP f i r s t  developed i n  Oligocene t ime (Axelrod 
1968). Both Malde and Axelrod suggest t h a t  t h e  f a u l t  zone moved r e c u r r e n t l y  

from 01 i gocene (pre- Idavada) t o  Middl e P i  e i  stocene (about 0.54 Myr). 
On published maps (Malde e t  a l .  1963; 1972), no f a u l t s  are shown o f f -  

s e t t i n g  Quaternary rocks i n  the  prospect area. Northeast o f  Mountain Home and 
about 1.7 km (1 mi )  west o f  the  prospect, f a u l t  scarps are we l l  preserved i n  

lava  f lows o f  t he  Bruneau Formation. These scarps range i n  he igh t  from about 
1 m (3 ft) t o  over 30 m (100 ft), and have been mod i f ied  by eros ion and 

i n c i  sed by stream Val1 eys. Late P1 e i  stocene and Holocene sur face deposi ts  1 i e 

across these scarps w i thout  apparent o f fse t . ’  The southeastern ex ten t  o f  these 

f a u l t s  i s  not  c u r r e n t l y  known. 

I V .  STUDIES PERFORMED BY HARDING LAWSON ASSOCIATES 

To evaluate the  area as a HDR prospect, several c r i t e r i a  needed t o  be 

(1 )  I s  t h e  tempera tu re  w i t h i n  3-5 krn o f  t h e  s u r f a c e  s u f f i c i e n t  

appl i ed . 
( 200-300°C ) ? 
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(2)  Does c r y s t a l  1 i n e  " reservo i  r rock" ex i  s t  w i t h i n  reasonabl e d r i  11 i ng 

depths (3-5 km)? 

( 3 )  Is t h e  " rese rvo i r  rock" t i g h t  o r  sealed over a l a r g e  enough area t o  

respond t o  es tab l i shed HDR methods? 

To assess the  area, in fo rmat ion  was needed on the  nature and ex ten t  o f  

t i n g ,  s e i s m i c i t y  o f  t h e  area ,  e f f e c t s  o f  h y d r o l o g y  on tempera tu re  

gradients ,  temperature in fo rmat ion  from water chemistry, depth t o  basements 
and permeabi 1 i ty  o f  basement . 

Several methods were used t o  ob ta in  t h i s  in format ion:  l ineament analy- 
s is ,  passive seismic survey, t e l l u r i c  survey, g r a v i t y  survey, and spr ing  and 

we l l  water geochemistry. I n  add i t ion ,  a pet rographic  study was made o f  t h e  
Bos t i c  w e l l  cu t t ings .  Those r e s u l t s  were summarized i n  t h e  previous section. 

A. Lineament Analys is  

A l ineament ana lys is  was c a r r i e d  out t o  l o c a t e  bur ied  f a u l t s  and t o  deter-  

mine t h e  o r i e n t a t i o n  and dens i t y  o f  f a u l t i n g  w i t h i n  t h e  t a r g e t  prospect. 

Photo imagery was analyzed b.y several i n d i v i d u a l s  making independent i n t e r -  
p r e t a t i o n s  t o  prov ide a more complete and o b j e c t i v e  evaluat ion.  Only those 

lineaments t h a t  could be recognized on both small- and la rge-sca le  imagery 
were used i n  the  ana lys is  (Table I ) .  

Images were examined f o r  topographic 1 inears  such as stream paths, 

Val leys,  r idges, slope changes, a1 i gned spr ings and o ther  1 i near 1 and forms . 
The data were then analyzed by comparing them w i t h  geologic, seismic, aero- 
magnetic, and g r a v i t y  maps. 

The lineaments were f i e l d  checked t o  determine what geolog ic  fea ture(s ) ,  

i f  any, caused them. Those which appeared t o  be unre la ted  t o  any s t r u c t u r e  

were e l im ina ted  from the  analysis. The f i e l d  checking was f a c i l i t a t e d  by a 
low sun angle a e r i a l  reconnaissance survey. Oblique c o l o r  and b lack and wh i te  

photographs o f  t h e  more prominent fea tures  were taken du r ing  t h e  survey. 
These photographs were compiled i n t o  an annotated photo l o g  t h a t  i s  kept  i n  a 
permanent reference f i l e  a t  Los Alamos. 

Depending on t h e  p a r t i c u l a r  sca le of t he  imagery, sho r te r  topographic 

fea tures  tend t o  de f i ne  l ineaments t h a t  d i s t o r t  t h e  c o n t i n u i t y  and t rends  o f  
t h e  longer  lineaments. Therefore, on l y  those lineaments w i t h  minimum length  

1 5  



TABLE I 
PHOTOGRAPHY USED I N  LINEAMENT ANALYSIS OF MOUNTAIN HOME HDR PROSPECT L 

TY Pe Scale - 
Standard h igh sun 
angle Ektachrome 1:31 680 

NASA/Ai r c r a f t  (U-2 1: 120 000 
co l  o r  i n f r a r e d  con- t o  
vent i onal imagery 1 : 124 000 

NASAILandsat d i g i -  1:3 369 000 
t a l l y  enhanced 
m u l t i  -spect ra l  
scanner (MSS) pan- 
chromatic images i n  
Band 5 and Band 7 

NASAILandsat d i g i -  1:3 369 000 
t a l l y  enhanced MSS 
f a  1 se co l  o r  com- 
p o s i t e  band imagery 
spec t ra l  Bands 4, 5, 
and 7 

Date - 

7/ 76 

10/25/72 

9/28/78 
and 

11061 79 

9/28/79 

1/06/79 
and 

Source 

U. S. Bureau o f  Land Management 

U. S. Geological Survey EROS 
Data Center 

U. S. Geological Survey EROS 
Data Center 

U. S. Geological Survey EROS 
Data Center 

o f  2 km (1.25 mi )  were taken from the  U-2 imagery and 10 km (6 m i )  from t h e  

Landsat imagery. 

Lineaments i d e n t i f i e d  from the  imagery ana lys is  were t r a n s f e r r e d  t o  a 
base map (Fig. 8, i n  pocket on i n s i d e  back cover) and s tud ied  f o r  l oca t i on ,  
length,  azimuth ( o r  s t r i k e ) ,  and o v e r a l l  pat tern.  Rose diagrams t h a t  show 

leng th  vs azimuth r e l a t i o n s h i p s  and histograms t h a t  show frequency vs azimuth 
r e l a t i o n s h i p s  i d e n t i f y  the  predominant s t r u c t u r a l  t rends  (Figs. 9 and 10). 

They vary i n  

sharpness and c o n t i n u i t y  but are genera l l y  character ized by subdued topo- 

graphic expression. Not a l l  t he  l ineaments are f a u l t s ,  b u t  t h e  s t rong nor th -  

west and northeast p re fe r red  o r i e n t a t i o n s  suggest t h a t  these t rends  a re  

c o n t r o l l e d  by a through-going s t r u c t u r a l  f ab r i c .  A small number o f  nor th -  
t rend ing  l ineaments were observed. 

On both the  Landsat (Fig. 9) and U-2 (Fig. 10) imagery, t h e  northwest- 

t rend ing  l ineaments are t h e  most numerous. They are  ‘bet ter  de f ined and more 

continuous than the  nor theast - t rending lineaments. 

F igure  8 shows t h e  l ineaments i d e n t i f i e d  du r ing  t h i s  study. 

u Many o f  them c o r r e l a t e  
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Fig.  9. ~ 

Lineament Data >10 km from Landsat imagery. - 
w i t h  segments o f  major f a u l t s  t h a t  have been mapped i n  the  g r a n i t i c  and 
s i l i c i c  vo lcanic  basement rocks O f  t he  region. - The i r  p a r a l l e l i s m  w i th  t h e  

p r i n c i p a l  boundary f a u l t s  o f  the  WSRP suggests a genet ic  re1 at ionship,  

B. Passive Seismic 

1, H i s t o r i c  Seismic i ty .  A compi la t ion o f  earthquake epicenters  i n  
southern Idaho f o r  events o f  magnitude (M) g rea ter  than 3.0 through 1978 by 
the  Nat ional  Oceanic and Atmospheric Admin is t ra t ion  (NOAA) (1978) i nd i ca tes  no 

a c t i v i t y  w i t h i n  the  prospect. The earthquake nearest t he  prospect occurred 25 
km (15.6 m i )  t o  the  north;  a l l  o ther  events were a t  a d is tance o f  a t  l e a s t  50 
km (31 m i ) .  

Applegate and Donaldson (1977) repor t  t h a t  microseismic moni tor ing fo r  18 
months near Boise, 80 km (50 m i )  from the  prospect, f a i l e d  t o  detect  l o c a l  ' W  

17 
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Fig. 10. 
Lineament data - >2 km from U-2 imagery. 

detected from eastern Oregon and from w i t h i n  the  Idaho Batho l i th ,  bu t  n o t  

along t h e  SRP-Batholith boundary. 
A study o f  h i s t o r i c a l  and recent ly  recorded s e i s m i c i t y  i n  southwestern 

Idaho by Vincent and Applegate (1978) produced the  maps shown i n  Fig. 11. 
F e l t  Reports are events before 1963 f o r  which no instrumental  determinat ion o f  

l o c a t i o n  are avai lab le.  Several small earthquakes (M(2.5) - were recorded a t  a 
d is tance o f  about 50 km (31 m i )  nor th  and west o f  t h e  prospect, w i t h  one such 

event located about 30 km (19 m i )  away. 

2. Passive Seismic Monitoring. Between mid-October and mid-December 

1979, seismic events were monitored c o n t i n u a l l y  f o r  48 days us ing a Spreng- 
nether MEQ-800 seismograph and a 1-Hz geophone. The seismograph was loca ted  

sequent ia l l y  a t  four  loca t ions  i n  t h e  Mount Bennett H i l l s  near t h e  nor thern  

boundary o f  the prospect (Fig. 12). 
Ll 
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19 





tu E
 



, 



W 
Table I 1  shows the  frequency o f  seismic events recorded dur ing  t h i s  

period. The very l o c a l  microearthquake a c t i v i t y  (about one event per week) 
i s  q u i t e  low and occurs ou ts ide  the  prospect. The expense o f  deploying a 

three-sei  smometer a r ray  t o  1 ocate t h e  sources o f  microearthquakes was judged 
unwarranted a t  t h i s  stage i n  the  prospect evaluation. 

A p a t t e r n  o f  p e r s i s t e n t  earthquake a c t i v i t y  (about 10 a week) a t  a 
d is tance of about 140 km (88 m i )  shows a marked s i m i l a r i t y  f o r  each event. 

This suggests a l o c a l i z e d  source. The U.S. Coast and Geodedic Survey (now 
N a t i o n a l  Ear thquake I n f o r m a t i o n  S e r v i c e )  (USCGS) map o f  e p i c e n t e r s  f r o m  

1880-1975 (Fig. 11) shows an i n d i s t i n c t  zone o f  seismic a c t i v i t y  t rend ing  
west-northwest across cen t ra l  Idaho. This zone has been c a l l e d  the  Idaho 

Seismic B e l t  by Smith and Sbar (1974) and l i e s  approximately 140 km (88 m i )  
n o r t h  o f  t he  prospect. Vincent and Applegate (1978) a t  Boise Sta te  U n i v e r s i t y  

(BSU) recorded over 800 seismic events du r ing  1976 and 1977, ranging from 10 
t o  130 events per month. Most l i e  w i t h i n  the  Idaho Seismic Bel t .  It i s  

l i k e l y  t h a t  t h e  c l u s t e r s  o f  regional  events recorded i n  t h i s  survey a l so  have 
t h e i r  source i n  the  Idaho Seismic Be l t .  

TABLE I 1  

FREQUENCY OF SEISMIC EVENTS RECORDED BETWEEN MID-OCTOBER 
THROUGH MID-DECEMBER 1979 

Recorded Earthquakes Events per Week Magnitude 

Regional s, >300 km d is tance about 3-4 3.25 t o  3.5 

Regionals, - <300 km distance about 3-4 2.25 t o  2.5 

C lus ters  o f  reg iona ls  ( 4 4 0  km) about 10 2 t o  3.5 

Locals, 30-100 km d is tance poss ib l y  1 0.5 t o  2.25 

Very l o c a l ,  - <25 km d is tance poss ib l y  1 0 t o  1.0 

Very 1 oca1 h i  gh frequency about 3 
u n i d e n t i f i e d  events 
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C. E l e c t r i c a l  Resi s t i  v i  ty. 

A t e l l u r i c  p r o f i l i n g  survey- was performed i n  an attempt t o  l o c a t e  f a u l t s  
t h a t  might juxtapose conductive aqu i fe rs  against  r e s i s t i v e  aqui tards and t o  
he lp  i d e n t i f y  deep f rac tu re  zones t h a t  should be more conductive than sur-  
rounding unf ractured areas. T e l l u r i c  data were acquired a t  frequencies of 8.0 

and 0.05 Hz using a d i p o l e  l eng th  o f  500 m (1650 ft). Dipoles were o r ien ted  
p a r a l l e l  t o  t h e  survey l i nes .  D i f f e r e n t  penet ra t ion  depths are achieved by 
t h e  use o f  two frequencies. 

Data were obtained a t  34 l oca t i ons  over a t o t a l  l eng th  o f  1 7  km (10 m i )  

along po r t i ons  o f  t h ree  survey l i n e s  (Fig. 12). Data f o r  survey l i n e s  A, B, 
and F a re  p l o t t e d  on Figs. 13(a), (b) ,  and (e) ,  respec t i ve l y .  S t a t i o n  l o c a t i o n s  

i nd i ca ted  are a t  t he  center  o f  each 500-m d ipo le.  
The 8-Hz data f o r  each o f  these survey l i n e s  i n d i c a t e  h i g h l y  v a r i a b l e  

r e s i s t i v i t y  i n  the  near-surface mater ia l .  Presumably, t h i s  i s  t h e  r e s u l t  o f  
complex i n te rm ix ing  o f  upper Pl iocene and Ple is tocene sediments and b a s a l t  

flows along w i t h  complex hydrology. The c o r r e l a t i o n  o f  these data w i t h  sur- 
face features i s  on l y  moderately good. A r e s i s t i v i t y  increase a t  t h e  nor thern-  

most s t a t i o n  on l i n e  A co r re la tes  we l l  w i t h  extensions o f  f a u l t  2 and l i n e a -  

ment 3 (Fig. 8), where more r e s i s t i v e  s i l i c i c  vo lcanic  rocks have been ,juxta- 
posed against  more conductive SRP sediments and basalts. 

There i s  l i t t l e  c o r r e l a t i o n  between the  anomalies on the  8-Hz and 0.05-Hz 

t e l l u r i c  p r o f i l e s .  This suggests t h a t  i f  the  geologic fea tures  producing t h e  
anomalies extend t o  great depths, then the  r e s i s t i v i t y  con t ras ts  associated 

w i t h  these features are not  h igh  and not  resolvable beyond r e l a t i v e l y  shal low 
depths o f  about 1 km (3300 ft). 

Along l i n e  A the  deep r e s i s t i v i t y  seen from the  0.05-Hz da ta  i s  r e l a -  

t i v e l y  uniform, w i t h  a s l i g h t  r e s i s t i v i t y  increase t o  t h e  no r th  toward t h e  

Idaho Batho l i th .  Along l i n e  B the  data are a l so  q u i t e  uniform, bu t  w i t h  a 

s l i g h t  r e s i s t i v i t y  decrease toward the  Ba tho l i t h .  L ine  F reveals  an abrupt 

r e s i  s t i  v 
obtained 

e i t h e r  a 
A c  

t y  drop t o  the  north. Because absolute r e s i s t i v i t i e s  are no t  
w i t h  t h i s  method, t h e  t e l l u r i c  data could be i n t e r p r e t e d  t o  i n d i c a t e  

r e s i s t i v e  anomaly t o  t h e  south o r  a conductive anomaly t o  t h e  north. 
Inductive anomaly t o  t h e  no r th  i s  more p l a u s i b l e  because t h e  l a t e r a l  

ex ten t  o f  t he  t e l l u r i c  anomaly corresponds w i t h  t h a t  o f  a broad g r a v i t y  low 
observed along t h e  nor thern t h i r d  o f  l i n e  F and t h e  western t h i r d  o f  l i n e  C. 
The concurrence o f  these two anomalies could i n d i c a t e  f l u i d - f i l l e d  f r a c t u r e s  
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a t  depth o r  a f a u l t - c o n t r o l l e d  bas in w i t h  a g rea ter  th ickness o f  sediments. 
The l a t t e r  i s  more probable. 

D. Gravity. 

1. Local Grav i t y  Survey. The primary purpose o f  t h e  g r a v i t y  survey was 

t o  l o c a t e  f a u l t s  where basa l ts  might abut s i l i c i c  vo lcanics o r  sediments. 
Another ob jec t i ve  o f  t he  g r a v i t y  survey was t o  use these data i n  con junc t ion  

w i t h  other  geophysical data t o  he lp l oca te  low-density anomalies t h a t  might be 
associated w i t h  f rac tu r i ng ,  and the re fo re  more permeable zones t h a t  should be 
avoi ded . 

The g r a v i t y  survey consis ted o f  173 s t a t i o n s  spaced a t  500-111 (1650 f t)  

i n t e r v a l s  along two north-south 1 ines, two northeast-southwest 1 ines, and one 
northwest-southeast survey l i n e  (Fig. 12). The data a re  p l o t t e d  on Figs. 

13a-e and contoured on Fig. 14. The g r a v i t y  data were reduced according t o  

standard procedures (Dobrin 1976) t o  ob ta in  the  Complete Bouguer anomaly. A 
dens i ty  of 2.67 g/Cm was used fo r  t he  Bouguer and t e r r a i n  corections. The 

Hammer (1939) t e r r a i n  co r rec t i on  method was employed, w i t h  co r rec t i ons  c a l -  
cu la ted  f o r  zones D through 3 .  

Grav i ty  survey l i n e s  A, R ,  D, and F are roughly perpendicular t o  t h e  a x i s  

o f  t h e  WSRP and t raverse  a p o r t i o n  o f  a steep g r a v i t y  g rad ien t  t h a t  runs 
west-northwest along the  nor thern margin o f  t he  p l a i n  and through the  south- 

western p o r t i o n  o f  t he  prospect (Fig. 3). I f  t h i s  steep g r a v i t y  g rad ien t  i s  
considered t o  be a reg ional  gradient  and i s  subt racted from t h e  Bouguer 

anomaly, then res idua l  gradients  occur as shown on Figs. 13(a-e). I n  general, 

these res idua ls  do not  exhi b i t  s t r i k i n g  anomalies. The l a r g e s t  anomaly occurs 

a t  t he  nor thern end o f  l i n e  B, where t h e  survey l i n e  t raverses  th ree  mapped 
faU1 t s  t h a t  o f f s e t  Idavada Volcanics , Banbury Basal t  , and Middle Ple is tocene 

fan gravels. The r e s t  of t he  l i n e  B g r a v i t y  data i s  remarkably smooth, w i t h  

t h e  p o s s i b i l i t y  o f  a minor o f f s e t  a t  S ta t i on  25 t h a t  may c o r r e l a t e  w i t h  

l ineament 4 on Fig. 8. On t h e  g r a v i t y  contour map (Fig. 14) t h e  nor thern  

t h i r d  of l i n e  B does not  drop o f f  a t  t h e  same grad ien t  observed on t h e  

nor thern pa r t s  o f  l i n e s  A and D so a s l i g h t  g r a v i t y  h igh  may e x i s t  between 
Sta t ions  25 and 35. 

The g r a v i t y  res idua l  f o r  l i n e  F d isp lays  anomalies between Sta t ions  6 and 

15 t h a t  c o r r e l a t e  w i t h  a d issected b a s a l t i c  vent. North o f  t h i s  a re  minor 

anomalies, genera l l y  l ess  than 1 mgal i n  amplitude, which occur as simple 

3 

30 



LE 



e 



o f f s e t s  from one s t a t i o n  t o  the  next. The sources o f  these anomalies must be 
shal low [ less than 250 m-(820 ft)] based on the  ha l f -w id th  o f  t he  anomaly and 
may be caused by near-surface features such as the  edge o f  a basa l t  f low. 

Some o f  these anomalies c o r r e l a t e  w i t h  northwest t rend ing  l ineaments 5 through 

13 on Fig. 8. S im i la r  anomalies appear on l i n e  C between Sta t ions  15 and 18 
and may be associated w i t h  north-south t rend ing  l ineaments 14, 15, and 16. 

The Bouguer anomaly f o r  t he  nor thern t h i r d  o f  l i n e  F and the  western 

t h i r d  of l i n e  C (Fig. 13c and e, Fig. 14) shows a broad g r a v i t y  low, which 
co r re la tes  w i t h  the  0.05-Ht r e s i s t i v i t y  low discussed i n  the  preceding section. 

The g r a v i t y  data between Stat ions 3 and 1 7  on the  southwestern end o f  
l i n e  D d isp lay  smooth undulat ions. Based on the  spacing o f  t he  i n f l e c t i o n  

points ,  t he  sources o f  the  undulat ions could be up t o  1 km (0.6 m i )  deep. The 
2 mgal anomaly t h a t  peaks a t  S ta t i on  7 on l i n e  D i s  not  observed on l i n e  B 
l ess  than 2 km (1.2 m i )  t o  the  west. The lack  o f  c o n t i n u i t y  suggests t h a t  t he  
sources o f  the  anomalies are shal low and loca l .  

The anomalous h igh  a t  S ta t i on  21 has very h igh  gradients,  which d i c t a t e s  

t h a t  t he  source i s  shallow, probably l ess  than 500 m (1650 f t)  deep. This and 

the  other  anomalies on l i n e  D could be caused by the  remnants o f  bur ied  vo l -  
canic  vents. The anomalies a t  t he  southern end o f  l i n e  A between Sta t ions  2 
and 9 have a shor t  wavelength t h a t  ind ica tes  a shal low ( l ess  than 500 m (1650 
f t )  depth t o  source. The anomaly a t  S ta t i on  18 co r re la tes  w i t h  t e l l u r i c  
anomalies and w i t h  l ineament 17 (Fig. 8 ) ;  t h i s  may be associated w i t h  

range-front f a u l t i n g  a t  t he  base o f  t he  Mount Bennett H i l l s .  The two northern- 
most g r a v i t y  s ta t i ons  on l i n e  A suggest t he  edge o f  an anomaly t h a t  may be 
associated with lineaments 18 and/or 19. 

Predominantly normal f a u l t i n g  i s  observed along the  nor thern boundary o f  

t he  P l a i n  a t  t he  base o f  t he  Mount ennett  H i l l s .  H. E. Malde (U.S. Geology 

Survey, Denver, personal communication, 1980) f e e l s  t h a t  t h i s  i s  a major f a u l t  
o r  f a u l t  system. S t i l l ,  w i t h  the  except ion o f  t he  steep g r a v i t y  gradient  i n  
the  southern p a r t  of the  prospect, the  g r a v i t y  data do not  show any major 
anomalies. The observed f a u l t  a t  t he  base o f  t he  Mount Bennett H i l l s  (Fau l t  

2, Fig. 8) produces a n e g l i g i b l e  anomaly. Apparently t he re  are enough sedi-  
ments i n t e r c a l a t e d  wi th the  basa l ts  t o  balance out  any dens i ty  d i f fe rences  

between f a u l t  blocks, so the  method was not successful i n  l o c a t i n g  bur ied  

f a u l t s ,  which must e x i s t  between the  Bos t ic  l - A  we l l  and the  base o f  t he  Mount 

Bennett H i  11 s . 
33 



, 

2. Regional Grav i ty  Modeling. F igure 15 shows a northeast-southwest 

g r a v i t y  p r o f i l e  across the  WSRP along l i n e  G-G' . Two-dimensional numerical 
modeling (Talwani e t  a l .  1959) was employed t o  ob ta in  t h e  dens i t y  model shown 

i n  t h e  bottom h a l f  of Fig. 15. The l i t h o l o g i c  l o g  f o r  t h e  Bos t i c  1-A we l l  was 

used t o  estimate t h e  thicknesses and dens i t i es  o f  t h e  th ree  near-surface u n i t s  

shown i n  t h e  model. The we l l  encountered about 1200 m (3900 ft) o f  Glenn's 
Fe r ry  and younger formations, represented by t h e  dens i ty  2.30 g/cm3 i n  t h e  

model. This i s  under la in  by 960 m (3200 f t)  o f  t he  Banbury formation, f o r  
3 which an aggregate dens i ty  of 2.62 g/cm was used. From a depth o f  about 2180 

m (7200 ft) t o  bottom a t  2949 m (9676 ft), t h e  we l l  encountered s i l i c i c  
vo lcanics o f  t he  Idavada formation, f o r  which a dens i t y  o f  2.46 g/cm3 was 

assumed. Geologic data suggest t h a t  t he  base o f  t h e  Idavada Volcanics may l i e  

a few hundred meters below t h e  bottom o f  t h e  Bos t i c  wel l .  To t h e  nor theast  o f  

t h e  WSRP on t h e  no r th  s ide of t h e  Mount Bennett H i l l s  t h e  2.46 g/cm mate r ia l  
could be replaced by a lesser  thickness o f  lower dens i ty  mater ia l  forming 

3 
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Fig. 15. 
Grav i t y  P r o f i l e  G-G' across t h e  WSRP. Location o f  p r o f i l e  shown on Fig. 2. 
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a l l u v i a l  f i l l  i n  the  Camas P r a i r i e .  To the  southwest o f  t he  southern margin 
o f  the  WSRP the  2.46 g/cm3 mater ia l  represents s i l i c i c  vo lcanics ove r l y ing  

Basin and Range s t ruc tu res  and rock types. The two rock masses w i t h  dens i t i es  
o f  2.95 g/cm3 are  basal t ,  probably of Miocene o r  e a r l y  Pl iocene age. These 
features are necessary t o  model t he  two g r a v i t y  highs near the  center o f  t he  
p r o f i l e  l i n e .  

The Idaho B a t h o l i t h  i s  represented by r e l a t i v e l y  low-densi ty (2.62 g/cm ) 
g r a n i t i c  rocks. The model shows a t r a n s i t i o n  t o  somewhat h igher  dens i ty  (2.67 
g/Cm3) upper c rus ta l  mater ia l ,  but  t h i s  i s  hypothet ica l  and does no t  prov ide 

l a t e r a l  dens i ty  contrasts ,  which would a f f e c t  t he  ca lcu la ted  g r a v i t y  response. 

The reg ional  t rend  i n  the  g r a v i t y  data i s  a broad h igh  centered on the  

WSRP, decreasing toward the  center o f  t he  Idaho B a t h o l i t h  t o  the  nor theast  and 

toward the  Basin and Range Province t o  the  southwest. Seismic r e f r a c t i o n  data 
suggest t h i s  i s  t he  r e s u l t  o f  an abnormally t h i n  upper c rus t  beneath the  WSRP 

( H i l l  and Pakiser 1966). According t o  t h i s  model, t he  top  o f  denser lower 

c rus ta l  mater ia l  may extend upward t o  a depth o f  about 10 km (6 m i )  beneath 

t h e  center  o f  t he  WSRP, then plunges t o  the  no r th  and south. As shown i n  

Fig. 15, t h i s  provides an adequate explanat ion f o r  t he  broad reg ional  gradient  

observed i n  the  g r a v i t y  data. Superimposed upon the  reg ional  gradient  are two 
major g r a v i t y  highs. The northernmost of these, as has been discussed above, 

l i e s  along the  ax is  of t he  WSRP. The wavelength o f  these anomalies i nd i ca tes  
t h a t  t he  maximum depth t o  source could be approximately 8 km (5 m i ) .  However, 
e f f o r t s  a t  modeling the  data w i t h  var ious poss ib le  sources i n d i c a t e  t h a t  
bodies near t h i s  maximum depth would have unreasonably h igh-densi ty  contrasts.  

A l t e r n a t i v e l y ,  i f  the  dens i ty  cont ras t  i s  kept below 0.4 g/cm , the  causat ive 

bodies must be so l a rge  t h a t  the  anomalies f o r  t he  two bodies merge together. 
It becomes necessary, then, t o  consider these bodies r e l a t i v e l y  shallow. 

Wood and others (1980) descr ibe r e f l e c t i o n  seismic and we l l  l o g  data i n  

the  WSRP west o f  Boise. Massive basa l t  (be l ieved t o  be Miocene o r  .ea r l y  
Pl iocene) more than 2000 m (6600 f t )  t h i c k  i s  encountered i n  t h e  center  o f  t h e  

P l a i n  s t a r t i n g  a t  a depth o f  about 950 m (3100 ft). The seismic data i n d i c a t e  
t h a t  the  basa l t  has been normal ly f a u l t e d  t o  produce a ho rs t  w i t h  800 m (2600 
ft) o f  r e l i e f  i n  t h i s  p a r t  o f  t h e  Pla in .  Th is  s t r u c t u r e  can account f o r  much 
o f  the  g r a v i t y  h igh  observed along the  ax is  o f  t he  P l a i n  i n  t h i s  area. 

3 

3 Lower c rus ta l  mater ia l  w i t h  a dens i ty  o f  3.00 g/cm l i e s  a t  depth. 

3 
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However, a ho rs t  w i t h  t h i s  amount o f  r e l i e f  cannot by i t s e l f  exp la in  t h e  

50 mgal high observed i n  the  WSRP j u s t  south o f  t he  prospect. The Bos t i c  we l l  
d id  no t  penetrate enough basa l t  i n  i t s  t o t a l  2949 m (9676 f t)  t o  produce an 

anomaly o f  t h i s  amplitude. 
One may thus conclude t h a t  the  top  of t he  body responsible f o r  t h i s  

anomaly must l i e  a t  a depth s l i g h t l y  below the  bottom o f  t h e  Bos t ic  we l l .  
Using a dens i ty  cont ras t  of 0.33 g/cm3 t h e  body must be about 3000 m (9900 ft) 

t h i c k  t o  produce the  observed anomaly. I n  the  model t h e  two anomalous highs 
are somewhat enhanced by a ho rs t  i n  the  middle o f  t he  P l a i n  and v a r i a t i o n s  i n  

t h e  th ickness o f  a l l u v i a l  f i l l .  
A f t e r  many attempts t o  f i t o ther  models t o  the  observed data, t he  f i n a l  

fit was obtained w i t h  a model i d e n t i c a l  i n  concept t o  t h a t  proposed by Mabey 
(1976). The massive bodies modeled w i t h  a 2.95 g/cm3 mate r ia l  are i n t e r p r e t e d  

t o  be Miocene o r  e a r l y  Pl iocene basa l t  t h a t  f i l l e d  graben s t ruc tu res  e a r l y  i n  
the  development o f  t he  WSRP. I n t e r p r e t a t i o n  i s  made more d i f f i c u l t  by t h e  
f a c t  t h a t  t he  dense bodies requ i red  by the  g r a v i t y  model a re  no t  r e f l e c t e d  i n  
the  regional  aeromagnetics. Basal ts a t  a depth o f  3.6 km i n  t h i s  area would 

be above the  c u r i e  p o i n t  and should produce aeromagnetic as we l l  as g r a v i t y  
anomalies. The lack  o f  c lose agreement between t h e  two may mean t h a t  

near-surface basa l t  f lows are the  major con t r i bu to rs  t o  t h e  observed aero- 
magnetic anomalies. 

Based upon g r a v i t y  modeling it appears t h a t  a t  t he  Bos t i c  we l l  l o c a t i o n  

massive basa l t  approximately 3 km (1.8 m i )  t h i c k  would be encountered w i t h  
continued d r i l l i n g .  However 2-5 km (1.2-3 m i )  t o  the  north,  o r  a t  an 

equivalent l o c a t i o n  along t h e  s t r i k e  of t h e  steep g r a v i t y  g rad ien t  shown i n  

Fig. 14, Idaho B a t h o l i t h  g ran i te  probably under l i es  the  Idavada Volcanics. 

Ll 

s y  . 
The prospect l i e s  i n  the  Central Snake R iver  Drainage Basin (1868 hydro- 

1 ogic boundary 17050101) , w i t h  d i v ides  compri s ing  the  Mount Bennett H i  11 s t o  
the  north,  King H i l l  Creek drainage d i v i d e  t o  the  east, Snake R iver  t o  t h e  

south, and the  drainage d i v i d e  between Ratt lesnake and Canyon Creeks t o  t h e  

west. The basin area i s  somewhat over 1500 km (579 m i  ) (see Fig. 16). 

The area i s  semi-arid, w i t h  estimated mean annual p r e c i p i t a t i o n s  of 244 
mm (9.6 in.) per year near the  prospect s i t e  a t  Mountain Home and 510 mm (20.1 

2 2 

L in.) per year  i n  the  Mount Bennett H i l l s  t o  the  n o r t h  (Young 1977). Much o f  
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Fig. 16. 
Surface drainage pa t te rns  i n  the  t a r g e t  prospect v i c i n i t y .  

t he  p r e c i p i t a t i o n  f a l l s  as snow. The Mount Bennett H i l l s  snow pack extends 

sur face f l ow  and ground-water recharge we l l  i n t o  spring. 
1. Surface Drainage. The th ree  p r i n c i p a l  streams i n  the  prospect area 

are  Bennett, Cold Springs, and L i t t l e  Canyon Creeks. The major t r i b u t a r i e s  
are Hot Springs, Rye Grass, and A l k a l i  Creeks. These f l ow  genera l l y  southeast 
i n  the  Mount Bennett H i l l s ,  then t u r n  t o  f o l l o w  the  slope o f  t he  p la teau 
southwest across the  prospect s i t e .  

2. Ground Water. Ground water may occur i n  v i r t u a l l y  every rock un i t .  
The basa l t  f lows are o f t e n  h i g h l y  f rac tu red  and the  sedimentary u n i t s  are d i s -  

continuous and l e n t i c u l a r .  Moreland (1976) describes many discont inuous 
perched water zones and aqui c l  udes . 

Figure 17 summarizes da ta  compiled by Young (1977) on the  geohydrology o f  

t he  region. Contours shown on Fig. 18 i n d i c a t e  the  reg ional  ground-water f l o w  
from the  Mount Bennett H i l l s  t o  the  Snake River. The gradient  changes 

There are no na tura l  lakes i n  the  area. 

17 
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GEoLoclc UNIT I DESCRIPTION 

WATER BEARING I CHARACTERISTICS 

ALLUVIUM 
-$ Unconsolidated clay, silt, sand, Hydraulic conductivity generally 

and irregularity of beds, yields 
t o  wells are generally small t o  
mcderate. mst important along 
Boise River flood plain where 
well yields of 0.158 m3/sec. 

ud gravel occurring beneath high: bwever. because of thinning 
flood plains of mise  and Snake 
Rivers. Crops out in narrow 

and i n  a broad belt near Mountain 

\ 
\ bel t s  along major t r ibu tar ies  

Includes fan deposits consisting Fan deposits a re  generally above 
largely of coarse sands derived water table. Basalt composes prin- 
fran decayed granitic rocks. cipal aquifer i n  Mountain Home area 
Thickness of fan deposits does Reported well yields from basalt 
not exceed 9Om. Also incltdes range fran -00063 t o  - 2 2 1  m3/sec. 
vesicular olivine basalt ,  dark Detri tal  material generally has 
gray t o  black, weathers t o  red- low hydraulic conductivity. --- dish-gray-brown. Thickness of 
basalt ic flows is about 240 m. 
in s t d y  area. mit  also 
includes de t r i t a l  material, 
dominated by massive lake beds \ of white-veathering fine silt,  

\ 
\ clay, diatomite, and minor 

of sand. 

UNCONFORMITY -- -- --- 
CLENNS FERRY 
FORMATION Poorly consolidated de t r i t a l  Hydraulic conductivity generally 

r a t e r i a l  and minor flows of low. Reported w e l l  yields range 
olivine basalt.  Includes lake from 0.00019 t o  0.00221 m3/sec. 
md stream deposits consisting 
of massive silt layers, cemented 
sand beds, t h i n  beds of dark 
clay, olive silt,  and granitic 
sand and fine pebble gravel. 

UNCONFORMITY - - - - - --- --------- 

Olivine basalt flows interbedded High permeability due t o  vesicles 
locally with minor stream and BANBURY 

BASALT lake deposits. l ess  permeable than overlying 
and jointing but generally much 

Quaternary basalts. Not an 
important aquifer i n  area. 

--- UNCONFORMITY - -- - --- 

Si l i c i c  l a t i t e ;  chiefly thick Hydraulic conductivity variable. 
layers of devitrif ied welded 
tu f f ,  but i n c l d e s  some v i t r i c  
tuff  and lava flovs. 

IDAVADA 
VOLC-NICS 

------------------- 
.------------------ UNCONFORMITY 

Quartz monzonite and grano- Hydraulic conductivity low. 
IDAHO dior i te ,  l igh t  to  medim gray. Yields t o  w e l l s  w a l l .  
BATHOLITH 

i 
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Fig. 18. 
General i zed ground-water 1 eve1 contours i n  f e e t  ( f rom R a l  s ton and Chapman 
1968) . 
a b r u p t l y  from about 9.5 m/km (50.2 f t / m i )  t o  about 3.8 m/km (20.1 f t / m i )  a t  

about t h e  860-m (2850-ft) contour. Because t h e  topography does no t  change, 
t h i s  must i n d i c a t e  a change i n  permeab i l i t y  due t o  an a q u i f e r  d i s c o n t i n u i t y  o r  

t o  a ground-water b a r r i e r .  The change may be due t o  f a u l t i n g .  Ground-water e le -  
va t ions  as determined from t h e  hydrology survey are  l i s t e d  i n  Table I 1 1  and 
shown i n  Fig. 19. 

Water producing s t r a t a  can be d i v ided  i n t o  f o u r  groups: 

(1) shallow gravel aqu i fe rs ,  1- t o  20-m depth (3 t o  66 ft); 
(2) in te rmed ia te  zone 10 t o  100 m (33 t o  328 ft) not  o f t e n  

producible; 

(3)  a deep c o l d  aqu i fe r ,  142 t o  146 m (466 t o  479 ft); and 
(4)  a zone below 183 m (600 f t )  t h a t  produces ho t  water; t h i s  zone 

i s  d iscont inous and may inc lude  or cons is t  o f  connected f a u l t s .  

Pumping i n  one o f  t h e  warm w e l l s  o f  t h i s  lower zone produced 

drawdown i n  the  others. 
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TABLE 111 

WATER SAMPLING DATA 

Utltrde 

4m 
3950 
3747 
a160 
080 
how 
y)50 
3635 
3555 
1600 
3555 

1600 
3460 
3395 
3395 
3395 
3395 
a115 
3910 
4240 
a60 
yw) 
UllO 
3710 
3710 
3715 
3750 
MBD 
wu)o 

3310 
3310 
3310 
3320 
3325 
3m 
3310 
3m 

5610 

3440 

(rrt) 

4170 

xm 

3170 

35m 

na 
3460 
3540 
3530 
3520 
3m 

33m 
3350 
3220 
3160 
3175 
3940 
3660 
366n 

%XI 
3450 
1040 
2670 m 
*1Bo 
2570 

Is80 
2560 
2560 

3m 
3x10 

5670 

31m 

a m  

Wte Measured (;mrrbllster Leve l  
DQth to Uter  Elevation (Wta Source).. tmtn of we11 
r t e n  (feet) mters (feet) Sccom Yeasurcncnt If  avallsble e ters  (feet) RenuIkS 

5 
5 

24 (80) 

a 
A 

aru 
157 (515) 
61 (ZXJ) 

5 

61 
30 
34 

1396 
12Dp 
1097 
1268 
12r3 
1243 
1234 
1169 
1 0 8 Y  
1CW 
1083 
11 71 
1097 
1055 
1035 
1035 
1035 
1032 
1254 
1192 
1329 
u29 
1231 
1221 
1129 
1130 
1132 

1094 
1183 
1125 
1008 
826 
w 

1012 
1013 
879 

1039 
973 
963 

1064 

1061 

1071 
931 

934 
U h  
920 
969 
968 

1201 

llu6 
1116 
941 

865 
810 
W2 
945 
937 
783 

768 

770 
m 

53 

274 

183 
181 
183 
12 

142 
85 

I77 

439 
3 

183 
143 

2 

178 

2.4 
5 

46 
1Y7 
3% 
427 

183 
427 

72 
187 
61 

4 
3.6 
3 

691 
384 

2 

5 

27 
21 
37 

aater level r a w r e d  511977 
Hot sP.rlng (62.C) 
ArtesIan hot r l l  (6 lYC) 

No Oats 

mJor water at 436*-009* 
Arteslm hot Ull ( 6 X )  
Artes l r  hot well (MOL) 
NO oats 
NO aata 
najor mater at 5.22'445' 

well went dry in 197'1 

Abmameo well 
Major water 515'-595' 
mer m y  i n  r a i l  
Peremlal sprirg 
Peremlal s p r i q  
Dry as Ull 

re11 
LhxJ Ull 
neat t o  reserroir 
k n t  t o  reservoir 
D e r e l ~  s p r l q  

oevelopco spring 
Dcvelopeo permni~ i  sprirg 

P e m i . 1  s p r i q  

lrlckle of water 

well 

major water at 65' 
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The c o l i n e a r i t y  o f  t he  hot a r tes ian  wells, Lee Hot Springs, and o ther  hot  

spr ings i n  t h e  area along a N55W t r end  p a r a l l e l  t o  major geologic s t ruc tu res  
suggests the  presence o f  a h y d r a u l i c a l l y  conductive f r a c t u r e  zone o r  a f a u l t  

a c t i n g  as a ground-water b a r r i e r .  There i s  no sur face i n d i c a t i o n  o f  f a u l t i n g .  
There are th ree  types o f  spr ings i n  the  area: 

(1) contact, caused by water moving l a t e r a l l y  along t h e  top  of an 
impermeable l a y e r  u n t i l  i t  i n t e r s e c t s  t h e  ground s u r f a c e ,  

seasonal ; 
(2) depression, where t h e  water t a b l e  

face, seasonal, and 

( 3 )  thermal, which are a r tes ian  and fau  

i n t e r c e p t s  the  ground sur- 

t - con t  r o l l  ed, perennial.  

F. Geochemistry o f  Spring and Well Waters 

A f i e l d  survey o f  t he  prospect area i n  November 1979 consis ted o f  a 
canvass of l o c a l  water wel ls ,  in te rv iews w i t h  res idents  regarding we l l  and 

sp r ing  use, measurements o f  we1 1 water 1 eve1 s, and chemical /i sotop ic  ana lys i  s 
of se lected springs, wel ls ,  and sur face waters. 

F i e l d  procedures o f  Presser and Barnes (1974),  were used f o r  sampling o f  
na tu ra l  waters. Thermal waters are here in  considered t o  be those f l u i d s  

having temperatures above 30'C. Temperature, pH (by meter), and a l k a l i n i t y  o f  

a l l  samples were determined i n  the  f i e l d .  The Si02 and H2S contents o f  therm- 

a l  f l u i d s  were a l so  analyzed i n  the  f i e l d .  One p l a s t i c  b o t t l e  o f  f i l t e r e d  
water from each source was c o l l e c t e d  f o r  major c a t i o n  and anion ana lys is  w h i l e  

a second p l a s t i c  b o t t l e  o f  f i l t e r e d ,  a c i d i f i e d  water (HN03 t o  pH - <2) was 
c o l l e c t e d  f o r  t r a c e  metal analysis. A t h i r d  b o t t l e  (g lass)  o f  raw water was 

co l1  ected f o r  isotopes . 
A l l  water samples were analyzed f o r  major ca t ions  and anions us ing  

standard methods (Table I V ) .  Roughly 30% o f  t h e  samples were analyzed indepen- 
d e n t l y  by l a b o r a t o r i e s  a t  LFE Corporation and New Mexico Sta te  Un ivers i ty .  Irr 

add i t ion ,  se lected samples o f  thermal waters were analyzed f o r  As, Fe, Hg, Mn, 
Mo, Pb, Sb, and Zn (Table V).  The 0 and '*O contents  o f  a v a r i e t y  o f  waters 

were a l so  determined by standard methods (Table V I ) .  Th is  new data was sup- 
p lemented w i t h  e x i s t i n g  p u b l i s h e d  d a t a  (Young and M i t c h e l l  1973) and 

unpublished water we l l  records obtained from t h e  Idaho Department o f  Water 
Resources. 
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P 
P TABLE I V  

NAME, LOCATION, F I E L D  DATA, AND CHEMICAL DATA OF 39 THERMAL AND NONTHERMAL 
WATERS OF THE MOUNTAIN HOME AREA, IDAHO (CHEMICAL VALUES I N  mg/E) 

Temp Sp. Cond.a 
No. Name Location F 8 O C  ,,mhos pHa Si02 Ca Mg Na K L i  HCO: C03 SO4 C1 

01 
02 
04 
05 
06 
07 

08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 

:'ob 

3 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

3ab 
3ge 

Unnamed Cold Spring 
Frenchman Spring 
Teapot Basin Spring 
Unnamed Cold Spring 
Unnamed Cold Sprlng 
Bennett Creek 

( f  low1 ng) 
Hot Well L. Beam 
Hot  Well L. Bean 
WM4 Well L. Beam 
Unnamed Hot Sprlngs 
Cold Springs Creek 
Unnamed Cold Sprlng 
Unnamed Cold Sprlng 
La t ty  ~ o t  springs 
Hot Well T. G i l l  
Well T. G i l l  
Cold Sprlng T. G i l l  
Well Galey Ranch 
Hot Well (ref.) 
Well B. McGrew 
Hot Well WalkerL 
Hot Well B. McGrew 
Warm We1 1 Walker 
Warm Well Walker 
Well Walker 
Lynn Riggs Cold Spg. 
L i t t l e  Canyon Creek 
He8t.m Windmill 
Spring Presley Hone 
Cedar Springs SW 1/4 s.34 45 1OE 
White Arrow Hot Spgs. M 114 s.30 4s 13E 
Erkins Well (hot) SE 114 s.30 4s 13E 
Henley Sprlng SE 114 s.5 5s 9E 
Well P r u l t t  K 114 s.5 5s 9E 
Presley Ranch Spg. NE 114 s.3 5s 10E 
Well Presley 

Ranchhouse NE 114 s.3 5s 10E 
H o t  Well r e f  M 114 s.7 5s 10E 
We1 1 lref] NE 114 S.1 35 7E 

"-114 
NW-114 
SH-114 
NW-114 
sw-114 
NW-114 

sw-114 
sw-114 
SW-1/4 
sw-114 
"-114 
NW-114 
NE-114 
SE-114 
SE-114 
SE-114 
SE-114 
sw-114 
NW-1/4 
SE-114 
NE-114 
SE-114 
NW-114 
NW-114 
NW-1/4 
NW-1/4 
sw-114 
SE-114 
SE-114 

5 s.24 2s 7E 

, s.3 3s 8E 

's.22 3s 8E 

s.36 2s 7E 

s.22 3s 8E 

s.36 3s 8E 

s.36 3s 8E 

s.36 3s 8E 
s.25 35 9E 
s.26 3s 9E 

s.31 3s 10E 
I s.31 3s 1OE 

s.1 4s 8E 

s.11 4s 8E 

s.36 4s 8E 
s.3 4s 9E 
s.8 4s 9E 

s.18 4s 9E 
I s.18 4s 9E 

s.18 4s 9E 

s.10 4s 10E 
s.10 4s 10E 
s.27 4s 10E 

I s a 3 6  3s 8E 

t S.31 3s 1OE 

t t a l l  45 8E 

t S.26 45 8E 

S.9 4s 9E 

t S.33 4s 9E 

11 
13 
15 
10 
15 
8 

32 
68 
26 
57 
6 
9 

16 
62 
60 
12 
14 
13 
38 
15 
62 
57 
21 
13 
19 
12 

7 
12 
19 
9 

63 
30' 
12 
13 
6 

14d 
32 
20 

78 
70 

119 
220 
240 
125 

340 
385 
345 
230 

70 
48 
86 

240 
360 
3 70 
305 
263 
703 
190 
387 
400 
375 
180 
3 70 
180 
65 

110 
474 
710 
422 
510 
275 
311 
920 

340 
367 
273 

7.35 
7.12 
7.05 
7.50 
7.77 
8.01 

9.5 
9.42 
7.84 
8.95 
7.86 
6.74 
7.13 
9.38 
9.57 
6.97 
6.76 
7.25 
7.8 
8.28 
9.2 
9.6 
8.22 
7.22 
8.21 
6.73 
7.64 
6.71 
8.02 
8.33 
9.09 

7.33 
7.35 
8.12 

8.29 
8.5 
7.5 

13.4 

29.4 
26.9 
28.1 
25.6 
12.3 
27.2 

105' 
130a 

145' 
58 1 

26.2 
80.5 
43 0 

135' 
125a 
29.1 
29.1 
26.5 
86 
46.1 
85 

37.9 
20.9 
54.3 
32.9 
21.5 
27.8 
33.5 
37 9 

51.8 
26.5 
29.1 
26.5 

30.3 
42 
59 

121a 

143' 

14 
8 

15 
21 
18 
14 

6 
4 

26 
4 
6 
7 

10 
2 
2 

26 
23 
27 

22 

3 
54 
23 
49 
16 
9 

15 
55 

3.2 

.9 

1.13 
1.0 
2.45 
4.73 
2.3 
1.9 

.25 

.18 
3.6 

.22 

.5 

.7 

.92 

.15 

.10 
4.3 
4 
6.8 

.2 
2.9 
0 

.2 
8.4 
3.7 
7.9 
1.9 
1.3 
1.8 
5.1 

86 24.8 
6 -24 

16 .2 
29 5.3 
30 5.5 

105 36 

41 6.1 
2.5 0 

26 5.6 

4.6 
3.2 
7.3 

10.3 
28.2 
13.1 

73 
80.6 
56.0 
52 
12.4 

7.7 
11.2 
55.4 
84 
58.5 
44.4 
25.3 

160 
14.4 
82 
85.4 
27.1 
10.8 
25.4 
25 
7 
9.0 

40 
53 
87 
98.5 
31 
34 
69.4 

24.8 
79 
18 

1.83 
1.57 
1.69 
1.51 
4.82 
2.77 

.71 

.60 
3.14 
1.91 
1.68 
1.38 
2.33 
1.27 

.9 
12.84 
4.52 
4.52 
3.7 
3.56 

.8 

.75 
5.93 
5.58 
5.62 
5.29' 
1.71 
5.2 
8.48 

18.80 
1.43 
4.64 
9.17 

26.12 
12.32 

5.84 
.9 

5.8 

0 
0 
0 
0 

0 

0 
0 

.01 

. 01 . 01 
0 
0 
0 

0 
0 
0 
0 

. 01 

. 01 

. 01 

.02 

.01 
0 

0 
0 
0 

.12 

.13 

.03 . 01 

.06 

.04 

0 
0 

- 

28.6 
27.4 
58.5 
43.9 

71.3 

87 
71 

167 
58 
40 
22 
46 
50 
66 

224 
174 
143 
447 
111 
81 
66 

205 
99 

193 
96 
39.6 
67 

21 9 
324 
129 
235 
163 
173 
32 3 

173 
115 
108 

126 

0 3  
0 2.1 
0 4.5 
0 10.5 
0 7.5 
0 6  

46a 9 
33a 7.5 

303684 79.5 
0 3  
0 4.5 
0 4.5 

33a 7.5 
4ga 9 
0 12 
0 9  
0 9  
0 5.4 
0 4  

41 14 
47 9 

0 13.5 
0 7.5 
0 15 
0 9  
0 4.5 
0 5  
0 35 

7 
6 
7.2 

26.0 
10 
9 

8 
11 
10 
9 
5 
6 
7 
8 
9.6 
9 
7 
9 

10 
5.6 
3.2 
9 

14 
7 

16.8 
10.8 
6 
6 

12.6 
0 101 26 

1.2 16.5 16 
0 9 10 
0 12 11 
0 240 32.8 

0 18 8 
16 12 6.1 

15 14 

26a 14 2 

.3 

.25 

.2 

.25 
2.5 
1.1 

16.4 
16.4 
13.8 
8.2 
1.75 
.4 
.55 

4.9 
16.4 
4.6 
1.6 
1.6 
3 
1.4 

16 
17.8 
2.5 
1.1 
1.75 
1.6 

.3 

.45 
1.2 

.8 
14.2 
3.2 
2.7 
2.0 
1.3 

.55 

.7 
20 

.09 

.08 

.09 

.08 

.IO 

.09 

.06 

.06 

.16 

.09 

.07 

.07 

.07 

.07 

.09 

.10 

.09 

.08 

.06 

.16 

.12 

.16 

.08 

.08 

.06 

.06 

.10 

.12 

.19 

.23 

.07 

.07 

.15 

.03 - 

'Field determlned. 
bAs reported I n  Young and Mi tche l l  1973. 

'Hose l lne .  

eYoung 1977. 

dSplgot . 
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TABLE V 

TRACE METAL AND HYDROGEN SULFIDE ANALYSES 

Sample No. Location As Hg Sb Zn Mn Mo Pb Fe H2S 
T R Section - - - - - - - - -  

08 3S/8E-36 
09 3S/8E-36 
11 3S/9E-25 
15 3S/10E-31 
16 4S/8E- 1K 
23 4S/9E-10 
33 4S/13E-30 

e028 e0003 <.1 <.02 
-055 ,0003 <.1 <.O2 
e018 e0004 <.I <.OZ 
-026 -0004 <.1 .O2 
-038 -0003 <.1 <.O2 
e049 -0003 <.1 <.O2 
.050 .0003 <.1 c.02 

C.05 <.01 <.005 <.lo 1.5 
< a 0 5  <e01 <e005 <a10 .O 
< e 0 5  <e01 <e005 <e10 0.1 
< e 0 5  <e01 <e005 <.lo 0.1 
C.05 <.01 <.005 <.lo 0.1 
<.05 <.01 <.005 <.lo 0.1 
<.05 <.01 <.005 <.lo 0.1 

TABLE V I  

ISOTOPE ANALYSES OF SELECTED WATERS 

Name Temp O C  6D1O/oo 6 18 01O/oo No. - - - 
1 
4 
5 
9 
12 
14 
15 
23 
32 

Unnamed Cold Spr. 
Teapot Basin Spr. 
Unnamed Cold Spr. 
Hot Well L. Beam 
Cold Spr. Creek 
Unnamed Spr. 
La t t y  Hot Spr. (piped) 
Hot Well B. McGrew 
White Arrow Hot Spr. 

11 
15 
10 
68 
5.5 
16 
62 
56.5 
63 

-126.00 - 125.67 - 120.70 
-138.73 
-125.69 
-126.49 
-141.33 - 139.29 
-140.71 

-15.94 
-16.01 
-14.72 
-17.76 
-16.28 
-16.27 
-18.10 
-17.74 
-17.85 

26 -17.60 
13 -15.38 

27 Spring L. Riggs 12 -15.31 
12 -15.12 
I9 -16.78 
6.0 -15.29 

10 W a n  Well L. Beam 
25 Well Walker 

29 Heaton Windmill 
30 Spring Presley. Home 
36 Spring Presley Ranch 

13~o/0 

-8.88 

-10.21 
-8.83 
-8.28 

Analyses done a t  Scripps Oceanographic I n s t i t u t e  by H. Craig and J. Uelhan. 
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1. Water Regimes (Hydrogeology) and Water Q u a l i t y .  The l o c a t i o n  and 

chemical c h a r a c t e r i s t i c s  o f  thermal and nonthermal waters o f  t h e  prospect a re  
d isp layed i n  Fig. 20 ( i n  pocket on i n s i d e  back cover). Nonthermal waters 

occur main ly  a t  t h e  base of t he  Mount Bennett H i l l s  and i n  i n t e r c a l a t e d  
sediments and b a s a l t s  t o  t h e  south.  They a r e  composed p r i m a r i l y  o f  

sodium-calcium bicarbonate water. The Na/Ca r a t i o  and t o t a l  d isso lved so l  i d s  
(TDS) of these f l u i d s  increases t o  the  southwest as t h e  water f lows toward t h e  

Snake R iver  drainage. Nonthermal waters sampled ou ts ide  t h e  prospect t o  t h e  

south and southeast have s l i g h t l y  h igher  concentrat ions o f  su l fa te ,  ch lo r ide ,  

and magnesium than those w i t h i n  t h e  prospect. 
Thermal waters apparent ly  c i r c u l a t e  along nor thwest- t rending f a u l t s  o r  

bu r ied  f a u l t s  as ind ica ted  by t h e  l i n e a t i o n  o f  t h e i r  p o i n t s  o f  occurrence. 
Thermal waters are composed o f  sodium bicarbonate water. F luo r ide  concen- 

t r a t i o n s  are r e l a t i v e l y  h igh  whereas concentrat ions o f  c h l o r i d e  and s u l f a t e  
are q u i t e  low. 

Isotopes. F igure 21 p l o t s  r e s u l t s  o f  D and I8O i so tope analyses of 

waters from the  prospect area. Although a l l  waters show a s l i g h t  s h i f t  t o  t h e  
r i g h t  o f  t he  Cra ig Meteoric Line, they p l o t  along a l i n e  p a r a l l e l  t o  it (Cra ig  

1961). This i nd i ca tes  t h a t  a l l  waters are composed o f  meteoric water and t h a t  

t h e i r  l80 s h i f t  i s  due t o  a systematic, but  unknown cause. Perhaps t h i s  s h i f t  
i s  due t o  e i t h e r  e v a p o r a t i v e  ( C r a i g  e t  a l .  1963) o r  t o  h i g h - a l t i t u d e  

(Wollenberg e t  a l .  1980) effects. The somewhat q rea ter  l80 s h i f t  d isp layed by 

co ld  spr ing  No. 5 i s  not understood. There i s  no evidence from t h i s  d a t a  t h a t  
t h e  the rma l  wa te rs  have undergone h i g h - t e m p e r a t u r e  (>150°C) r o c k - w a t e r  

i n t e r a c t i o n  i n  a deep geothermal environment. The isotopes i n d i c a t e  e q u i l i b -  

r ium temperatures <lOO°C. 

I n t e r e s t i n g l y  the  co ld  and hot waters p l o t  i n  d i f f e r e n t  regions o f  Fig. 

21. This  suggests a d i f f e r e n t  recharge (o r  source) area f o r  t h e  thermal 

waters, poss ib ly  several km northeast and/or a t  h igher  e l e v a t i o n  than recharge 
areas fo r  co ld  s u r f i c i a l  waters (Wollenberg e t  a l .  1980). 

3. Major Cation and Anion Chemistry. Natural waters o f  t h e  prospect 
area cons is t  o f  two general chemical types (Table I V ) :  

(1) sodl um-cal c i  um-carbonate water, which usual l y  occurs as c o l d  water 

(2) sodi um-bicarbonate water, which i s  qeneral l y  thermal water con- ,- 

2. 

having r e l a t i v e l y  low TDS and 

t a i n i n g  h igher  concentrat ions o f  TDS. L' 
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EXPLANATION 

FF DIAGRAMS 

AXES SHOW MILLIEQUIVALENT OF RESPECTIVE IONIC SPECIES 

CATIONS ( m e q l l  ) I ANIONS ( m e q l P  ) 

SAMPLE 
IDENTIFICATION 

NUMBER 

I 

LOCATION OF WELL, SPRING, 

FOR WELLS SLTE AND LOCATION NUMBER 

114 
I 

LOCATION NUMBERS ASSOCIATED WITH THE FOLLOWING SYMBOLS ARE 
EXPLAINED I N  TEXT.  

7 SPRING 

0, 

9 HOT SPRING 

WATER WELL 

SPRING, DRY A T  TIME OF INVENTORY 

0 WATER WELL (NOT CANVASSED) 

0 HOT WATER WELL 

A SURFACE WATER SAMPLE SITE 

GEOTHERMAL PROSPECT EVALUATION 
WESTERN SNAKE RIVER PLAIN, IDAHO 
Prepared fo r  Los Alamos National Laboratory  

Prepared by Hard i  ng- Lawson Associates 
Engineers Job No. 9798,005.01 Geologists E Geophysicists 

February  27, 1981 
Approved @& F i g .  20. 

w 

CHEMICAL CHARACTERISTICS OF WATER 
IN AND NEAR THE TARGET PROSPECT SHOWING WELLS, 
SPRINGS AND SURFACE WATER SAMPLING LOCATIONS 



EXPLANATION 

MIT WELL AND IMNTlftCATION NUMBER 

q’’ HOT SPRlNG AND IOENTIFICATON NUMBER 

COLD WELL AND IMNTlFtCATlON NUMBER <‘ COLD SPRING AND IDENTIFICATlOfU NUMBER 

A‘* SURmCE WATER SAMPLE AND IDENTIFICATION NUMBER 

POINTS SHOWN WITH VERTICAL LINES HAVE ONLY 
60’’ MTERMINEO 

I I I 
-18 -6 -14 42 

, Q ,  

Fig. 21. 
Water isotope data f o r  t he  prospect area. 

These d i  f ferences i n  chemistry between thermal and nonthermal f 1 u i  ds are 

best  observed i n  t h e  Langelier-Ludwig diagram o f  F ig .  22 (Langel ier  and Ludwig 
1942) and i n  the  (Na + K) vs (Ca + Mg) p l o t  o f  Fig. 23. Thermal waters tend 
t o  conta in  r e l a t i v e l y  h igh  Na + K compared t o  nonthermal waters. A l l  waters 
conta in  r e l a t i v e l y  l i t t l e  C1 (<40 mgla). Although the  two water types f a l l  

i n t o  d i s t i n c t  f i e l d s  i n  Figs. 22 and 23, t h ree  thermal waters (numbers 10, 11, 
and 15, Fig. 23) apparent ly cons is t  o f  mixtures o f  co lder  f l u i d s  and h o t t e r  

water from a deeper source. Some i n t e r f l o w  between aqu i fe rs  probably occurs 
l o c a l  ly. 

4. Trace Metal Chemistry. Thermal waters o f  the  prospect area conta in  

r e l a t i v e l y  low concentrat ions o f  As, B, Hg, L i ,  and H2S (Tables I V  and V). I n  

general , thermal waters t h a t  have equi 1 i brated a t  h igh  temperatures (> - 100°C) 
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SO,+Cl (PERCENT REACTANCE) 
20 

7 

80 60 40 
I I I 

EXPLANATION 

a9 HOT WELL AND IDENTIFICATION NUMBER 

@= HOT SPRING AND IDENTIFICATION NUMBER 

a" COLD WELL AND IDENTIFICATION NUMBER 

<4 COLD SPRING AND lDENTlFlCATlON NUMBER 

A' SURFACE WATER SAMPLE AND IDENTIFICATION NUMBER 

2437 
39 28 30 0 A B io t9  

I I I I 
20 40 60 80 

HC03+C03(PERCENTREACTANCE) 

Fig.  22. ' 

Langelier-Ludwig diagram f o r  prospect water chemistry data. 

w i l l  contain s u b s t a n t i a l l y  higher concentrations o f  t r a c e  metals,  i n  par- 
t i c u l a r  L i  >1 mg/l and B >1 mg/l (see a lso  White 1957). Thus, thermal waters 

of t h e  prospect a re  apparently e q u i l i b r a t e d  below temperatures o f  100'C. 
- - 

b' 
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EXPLANATION 

os HOT WELL AND IDENTIFICATION NUMBER 

80 
COLD WELL AND IDENTIFICATION NUMBER 

a" COLD SPRING AND IDENTIFICATION NUMBER 

A' SURFACE WATER SAMPLE AND IDENTIFICATION NUMBER 
033 \ 

Fig. 23. 
Calcium and magnesium vs sodium and potassium p l o t t e d  i n  equiva lents  per  
m i l l i o n  x lo-' f o r  prospect water chemistry data. 

5. . Chemical Geothermometry and Chemical E q u i l i b r a t i o n .  Chemical 
geothermometers r e l y  on several assumptions t h a t  can usua l l y  be v e r i f i e d  i n  
the  f i e l d  on ly  i n  thermal areas conta in ing  many hot spr ings and wells.. Major 

1 ub i  1 j t y  of chemical species, 

(2) constant rock-water equ i l i b r i um o f  t he  f l u i d ,  and (3) no mix ing o f  surface 

and deep f l u i d s .  Judic ious i n t e r p r e t a t i o n  o f  chemical geothermometers has 
many p i t f a l l s  (Fourn ier  and Truesdel l  1973; Fourn ier  e t  a l .  1974; Fournier and 

Po t te r  1979; Goff  and Donnelly 1978). 

- 

- assumptions inc lude (1) temperature-dependent 
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S i l i c a  concentrat ion as a func t i on  o f  quar tz  s o l u b i l i t y  i s  a use fu l  

geothermometer i f  rese rvo i r  temperatures are grea ter  than 1 5 O O C  (Fourn ier  and &*' 
Rowe 1963). F1 u ids  equi 1 i b r a t i  ng a t  these temperatures general l y  depos i t  

s i l i c a  s i n t e r ,  espec ia l l y  a t  spr ing  o r i f i c e s .  Such deposi ts  are l a c k i n g  i n  
t h e  t a r g e t  prospect. However, f l u i d s  i n  rese rvo i r s  o f  lower temperature are  

genera l l y  i n  e q u i l i b r i u m  w i t h  other  s i l i c a  phases, chalcedony, c r i s t o b a l i t e ,  
and amorphous s i l i c a .  The ove ra l l  d i s t r i b u t i o n  o f  s i l i c a  vs temperature data 

(Fig. 24) suggests t h a t  s i l i c a  concentrat ion i s  c o n t r o l l e d  by d i s s o l u t i o n  o f  

I I I I 

EXPLANATION 

a9 HOT WELL AND IDENTIFICATION NUMBER 

9' HOT SPRING AND IMNflFlCATlON NUMBER 

.26COLD WELL AND IMNTIFICATION NUMBER 

<4 COLD SPRING AND IDENTlFICATlON NUMBER 

A7 SURFACE WATER SAMPLE AND IDENTIFICATION NU 

/ i 

TEMPERATURE (*C ) 
I# 

,-- 

Fig. 24. 
S i l i c a  vs measured temperature. 
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c r i s t o b a l i t e  o r  complex d i s s o l u t i o n  o f  two s i l i c a  phases. The dashed l i n e  

shown i n  Fig. 24 suggests some type o f  temperature dependent d i s s o l u t i o n  bu t  
t h i s  l i n e  i s  hypothet ica l .  Thus, i t  appears u n l i k e l y  t h a t  r e s e r v o i r  tempera- 

tu res  ca l cu la ted  from quar tz  s o l u b i l i t y  (Table V I I )  a re  meaningful . 
The Na-K-Ca geothermometer o f  Fourn ier  and Truesdel l  (1973) i s  use fu l  f o r  

waters t h a t  have e q u i l i b r a t e d  i n  rocks having abundant feldspars, Ca lcu la t i on  
o f  hypothe t ica l  rese rvo i r  temperatures us ing t h e  Na-K-Ca ( B  = 4/3) case y i e l d s  

estimates l ess  than 100°C f o r  a l l  bu t  one o f  t h e  thermal waters o f  t h e  pros- 

pect  area. Therefore, est imates based on t h e  8 = 1/3 case are no t  j u s t i f i e d  

(Fourn ier  and Truesdell  1973) . Calculated temperatures are i n  most cases 
w i t h i n  f 30°C o f  discharge temperatures, even f o r  waters t h a t  appear mixed on 

Fig. 23, suggesting l i t t l e  o r  no mix ing of ho t  and co ld  f l u i d s  (Fourn ier  and 
Truesdel l  1973). The low magnesium concentrat ions o f  t he  f l u i d s  does no t  

warrent co r rec t i on  o f  these estimates according t o  Fourn ier  and Po t te r  (1979) 
Thus, chemical geothermometry does not i n d i c a t e  t h e  waters have e q u i l i b r a t e d  

above 100OC. 

I n  summary, ma jo r -  and t race -e lemen t  c h e m i s t r y ,  i s o t o p i c  da ta ,  and 
chemical geothermometry a l l  i n d i c a t e  t h a t  thermal waters o f  t h e  t a r g e t  pros- 

pect have e q u i l i b r a t e d  a t  temperatures l e s s  than 100OC. 

TABLE V I 1  

RESERVOIR TEMPERATURES CALCULATED FROM WATER CHEMISTRY OF THERMAL WATERS 
(>25"C) 

1 ° C  - 1°C 
Si O2 Na-K-Ca - 

No. Name T O C  Si02mg/L amorph quartz 8=4/3 8=1/3 - ---- - 
08 
09 
10 
11 
15 
i 6  
20 
22 
23 
32 
33 
38 

Hot well L. Beam 32 105a 
Hot well L. Beam - 68 130a 
Warm well L. Beam 26 58a 1 
Unnamed hot sp ri ng 57 145 
Lat ty  Hot Spring 62 135: 
Hot well T. Gill 60 125 
Hot well 38 86 
Hot well 62 85 

White Arrow Hot Spring 63 143a 
Hot well Erkins 30 51.8 
Hot well 32 42 

Hot well McGrew 57 121a 

19.3 139.7 40 
30.2 151.7 43 
-8.3 108.6 51 
36.6 158.7 73 
32.7 154.5 75 
28.9 150.4 69 
9.1 128.4 125 
9.1 128.4 82 

26.4 147.7 55 
36.6 158.7 61 

-13.0 103.1 78 
-21.1 93.7 63 

c 
ai 

'Measured i n  field.  
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G. Temperature Gradients and Water Chemistry. - 
H e a t - f l o w  va lues  measured near  t h e  p r o s p e c t  r e p o r t e d  by Sass and 

Lachenbruch (1979) and B r o t t  e t  a l .  (1978) are p l o t t e d  on Fig. 25. The mean 

heat f l ow  f o r  t he  11 po in ts  w i t h i n  a 30 km (19 m i )  rad ius  o f  t h e  prospect i s  
2 87.5 ?: 22.2 mW/m Temperature and depth data f o r  w e l l s  i n  

t h e  prospect are summarized i n  .Table VI11 and p l o t t e d  on Fig. 26. 
Although t h e  grad ien t  fo r  t h e  Bos t ic  we l l  i s  around 7O0C/km (4.8OF/lOO 

ft) and fa i r ly  l i nea r ,  t he  shal low hot we l l s  i n  the  reg ion  have much h igher  
gradients, up t o  28O0C/km (16.3OF/lOO ft). Both a v a i l a b l e  hydrology and water 

chemistry suggest t h a t  heat f l o w  ca lcu la ted  from shallow temperature-gradient 

(/ 

(2.09 f 0.53 HFU). 

430- 

42O- 
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Fig. 25. 
f low i n  mW/m2 from Sass and Lachenbruch 1979 - A and B r o t t  e t  . 
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TABLE VIII 

TEMPERATURE AND DEPTH DATA FOR WELLS AND SPRINGS 

Water Chemistry 
IO m. 

8 

9 
10 
11 
15 
16 
17 

19 
20 

21 

22 

23 

24 
25 
26 

29 

35 

A 

l-erature 
oca 

Mw 
6 4  
m 
32W 

6t*I 
268 

62u 
6(M 

128 

m 
178 

5m 

m/4m 

11u 

62U 
21u 

56.5u 

21u 
13U 
im 
im  

128 
Cold 

138 
m 
3- 

7 m  

53 
0 

)88 

183 
183 
12 
0 
0 

439 
3 

183 
178 

5 

581 

49 
137 

506/358 
183 

5277 

97/27? 

3 
91-469 
469652 

5 
27 
3V6 

Wth 
meters ( feet)  Location NO. %marksb 

4S/9E-l8F 1 
4S/9€-18F 2 
6S/5€-18F 3 
4S/l(x-6FI 

4S/lOE-lOP3 
OS/ lc€-Xu2 

5S/yE-501 
5S/lUE-l2Ml 
5S/lC€-7C1 

(Young, 1'177) 
Lee Hot Springs (Ralston and Chapman, 1968) 
Brown sandstone and gravel aquifer a t  157-181 m (515-595 ft) 
Artesian; low flow = 45 gpm 
Artesian; blue samly gravel with clay W i f e r  - high flow = 4U) gpm 

Approximately 3 km northwest o f  Lat ty Hot Springs 
Latty not Springs 
Artesian, 4Mo-5WO gpm - sand and broken rOCk aquifer 

D r y  (possibly use for tenperature gradient measurerent) 
Aquifer - black lava 108-142 rn (355-465 ft), clay and boulders 142-146 m 
(465-480 P t )  (perf.), large crevice w i t h  sand 169-174 m (556-570 ft) 
(Approximite tenperature) 
Artesian; 38% reported by yang and n i t chc l l  (1973); 45OC reparted by 
Aalston and mapman (1968) 

HydI'WllC COnUlMiCatiM W i t h  36P2 

Aquifer - blue quartz sand 132-137 m (434-449 ft) 
Artesian 
I\qulfer a t  159-166 m (522-545 ft), lava, sand and gravel 
Artesian, encountered red volcanic rock 274-427 m (900-14M ft); some hot 
water 335-366 II (1100-1MO ft); hotter water and more flow at 396 m (1m I t )  

2 aquifers - gravel 3-9 m (5-50 ft); sandy clay 14-28 III (45-93 ft) (Just 
southwest o f  Lat ty mot Springs) 

Altered, probably columar, jointed, Banbury Basalt a t  640 I (2190 ft) 
(Ralstm and Chapcoan, 1969) 

( Y o w g  and Mitchell, lY73) 

a U = wellhead temperatun; the 
8 = bottom hole teaperature 

b Subsurface data from d r i l l e r s  

ul 
w 

teqxratures ot' wells with water chenlstry 10 nunbers were measured by K A ,  other tenperatures from dr i l l e rs  lcqs 

logs unless noted otherwise 



- 
EXPLANATION 

@ HOTWELL 

- 9 "OTSPRlNG 

\ 8 -- 
\ 23 IDENTIFICATION NUMBER 

(INCLUDED WHERE CHEMICAL 
ANALYSIS IS AVAILABLE FOR WATER) 

THERMAL WATER CHEMICAL CROUP \ 100 

- 200 
-400 

- 600 

- 800 

- 1000 
I 

-1200 ; 
i 

- 1400 ' I 

- 1600 

- 1800 

-2000 

- 2200 

- 2400 

TEMPERATURE ( *C 

Fig. 26. 
Temperature vs depth and chemical c l a s s i f i c a t i o n .  

holes i n  the  prospect may not  represent heat f l o w  a t  depth because o f  con- 
vec t i on  due t o  ground-water flow. H igh ly  permeable hot  a r tes ian  aqu i fe rs  
occur a t  depths o f  180-600 m (590-1968 f t) ,  upwel l ing  ho t  water occurs a t  

several loca t ions ,  and co ld  aqu i fe rs  e x i s t  above t h e  ho t  aqui fers .  

/- 
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H. S i l i c a  Heat Flow. 

The s i 1  i c a  heat- f low i n t e r p r e t a t i o n  technique (Swanberg and Morgan 1979) 

uses reg iona l  heat- f low estimates and s i 1  i c a  t rends t o  i n d i c a t e  heat sources 

o r  hydro log ic  condi t ions.  Using the  empi r i ca l  equation 
T S i  o2 = m q + b  Y 

i s  the  ca l cu la ted  (quar tz)  s i l i c a  temperature i n  degrees Celsius, 
2 

where TSiO2 
q i s  heat f l ow  i n  mW/m2, m i s  the  empi r i ca l  constant = 0.67'C x m /mW and b i s  

t he  reg iona l  mean a i r  temperature, 11.4OC, heat- f low values are  from each 

water analys is .  Taken on a reg ional  bas is  where several hundred analyses can 

be used t o  ob ta in  an average value f o r  t h e  region, anomalies and t rends  can be 

de l ineated  (Swanberg and Alexander 1979). Using the  data from t h i s  water 

survey, t h e  mean s i l i c a  geotemperature ca l cu la ted  by Swanberg i s  88.2 f 

24.1°C, r e s u l t i n g  i n  a reg ional  heat f l ow  o f  114.6 mW/m2. Using on ly  

nonthermal waters an average s i l i c a  geotemperature o f  81.2 f 15.7OC i s  c a l -  
culated, g i v i n g  a reg ional  heat f low of 104.1 mW/m2. This  data i s  c lose r  t o  
the  modal s i l i c a  heat f low o f  90-100 mW/m2 but  i s  somewhat h igher  than t h e  

__ 

average o f  t h e  eleven c loses t  heat f l ow  po in ts  from Fig. 26, which i s  87.5 f 
2 22.2 mW/m . 

Regional p r o f i l i n g  o f  s i l i c a  heat f l o w  ca lcu la ted  from water analyses i n  

WATSTORE r e s u l t s  i n  t h e  pa t te rn  shown i n  Fig. 27. The Bruneau-Grandview 
hydrothermal area shows up south of t he  Snake R iver  and west o f  Glenns Fer ry  

on both conventional heat f l ow  and' s i l i c a  heat- f low images. An a d d i t i o n a l  
area o f  h i g h - s i l i c a  heat f l o w  in t he  southern h a l f  o f  t h e  Mountain Home 

prospect i s  subs tan t ia ted  by t h e  one conventional heat-flow value pub1 ished 
f o r  t h a t  area. Whether t h i s  i nd i ca tes  the  presence o f  a hot  r e s e r v o i r  as i n  
t h e  Bruneau-Grandview area, o r  increased p o t e n t i a l  f o r  an HDR resource cannot 
be determined w i thout  exp lo ra to ry  d r i l l i n g .  

V. EVALUATION OF HDR POTENTIAL OF THE PROSPECT 

A. Basement 

Petrographic ana lys is  o f  c u t t i n g s  from t h e  Bos t ic  1-A we l l  in, t h e  south- 

west p a r t  o f  t h e  prospect i nd i ca tes  that  g r a n i t i c  rock was not  penetrated. 

i 
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Fig. 27. 
S i l i c a  heat f l ow  ( f rom Swanberg 1980). 

The g r a v i t y  survey (and other pub1 i shed stud ies)  suggest t h a t  g r a n i t i c  base- 

ment i n  the  area of the  Bos t ic  1-A i s  e i t h e r  absent o r  present a t  depths 

greater  than 8 km (5 m i ) .  
I n  the  cent ra l  po r t i on  o f  t he  prospect, g r a v i t y  modeling, based on t he  

s t ra t i g raphy  o f  t he  Bos t ic  we l l ,  i nd i ca tes  t h a t  g r a n i t e  may under l i e  Idavada 

vo lcanics a t  a depth o f  approximately 4 km (2.5 m i )  a few k i lometers n o r t h  o f  
,- ’ 

L?! 
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t he  Bos t i c  we l l ,  and may occur a t  depths o f  approximately 2 km (1.3 m i )  a t  t h e  

base o f  t h e  Mount Bennett H i l l s .  
I n  the  nor thern p a r t  o f  t he  prospect i n  t h e  Mount Bennett H i l l s ,  more 

than 0.6 km (0.4 m i )  o f  Idavada Volcanics o v e r l i e  t h e  Idaho B a t h o l i t h  (Malde 

e t  a l .  1963). Th is  suggests t h a t  g r a n i t e  may l i e  0.6 t o  1.0 km (0.4 t o  0.6 
m i )  beneath the  sur face o f  exposed Idavada Volcanics. 

B. Fractures/Permeabi l i ty  
F a u l t s  w i t h  s u r f a c e  e x p r e s s i o n  and pho to  l i n e a m e n t s  a t t r i b u t e d  t o  

f r a c t u r e s  are found p r i m a r i l y  i n  t h e  no r th  and northwest p a r t s  o f  t h e  prospect 
along t h e  Mount Bennett H i l l s .  The steep g r a v i t y  g rad ien t  i nd i ca tes  major 

f a u l t  displacement i n  t h e  southwest corner o f  t h e  prospect, although the re  i s  

no sur face expression. The f a u l t i n g  may extend t o  basement rocks a t  depth, 

i n d i c a t i n g  unsu i tab ly  permeable cond i t ions  f o r  an HDR r e s e r v o i r  i n  both n o r t h  

and southwest pa r t s  of t he  prospect. W i th  t h e  e x c e p t i o n  o f  t h e  southwest  

g r a v i t y  anomaly, complete Bouguer da ta  show on ly  minor anomalies from shallow 
sources w i t h i n  the  prospect. Because f a u l t i n g  i s  observed i n  t h e  Mount 

Bennett H i l l s  and the re  i s  a minimum v e r t i c a l  displacement o f  2.4 km (1.6 m i )  
between the  base o f  t he  h i l l s  and the  Bos t ic  wel l ,  f a u l t i n g  must e x i s t ,  bu t  

dens i t y  cont ras ts  are i n s u f f i c i e n t  t o  l o c a t e  i t  us ing g r a v i t y  surveys. 
The coincidence o f  a broad g r a v i t y  low w i t h  apparent low r e s i s t i v i t y  i n  

t h e  northwest corner o f  t h e  prospect i nd i ca tes  t h a t  area may be unsu i tab le  f o r  

HDR development. These anomalies probably i n d i c a t e  an abnormally t h i c k  

f a u l  t - c o n t r o l l e d  s e c t i o n  o f  sediments. R e s i s t i v i t y  anomal ies  were n o t  
observed a t  depth i n  the  cen t ra l  and eastern pa r t s  o f  t h e  prospect. Thus t h e  

c e n t r a l  and southeast sect ions o f  t h e  prospect appear more l i k e l y  t o  be under- 
l a i n  by unf rac tured  impermeable basement. 

C. Heat Source. 

Although i n s u f -  
f i c i e n t  data e x i s t  t o  contour t h e  prospect, h igher  s i l i c a  heat- f low measure- 

ments were found concentrated i n  the  southern ha l f .  Higher c a t i o n  tempera- 

t u r e s  occur i n  t h e  nor thern h a l f  near the  Mount Bennett H i l l s .  Anomalously 
high-temperature gradients  i n  shal low hot  w e l l s  i n  t h e  reg ion  are probably 

a f fec ted  by upwel l ing  hot  water from grea ter  depths. The f a i r l y  cons is ten t  

The prospect i s  i n  an area o f  r e g i o n a l l y  h i g h  heat f low. 
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grad ien t  (65-7O0C/km) o f  t he  Bos t ic  we l l  i s  judged a r e l i a b l e  i n d i c a t o r  o f  

temperature a t  depth f o r  most o f  t h e  prospect. 

0. Seismic i ty .  
The prospect reg ion e x h i b i t s  a very low l e v e l  o f  se ismic i ty ,  bo th  f o r  

major (>3.5) earthquakes through 1978 and microseismic a c t i v i t y  monitored f o r  
48 days dur ing  t h i s  study. 

E. A c c e s s i b i l i t y  and Po ten t i a l  Users. 

Except f o r  t h e  rugged Mount Bennett H i l l s  along t h e  nor thern  p a r t  o f  t h e  

prospect, a l l  t h e  prospect i s  topograph ica l l y  access ib le  t o  d r i l l i n g  equipment 

and l a t e r  shipment o f  equipment f o r  an HDR f a c i l i t y .  Many gravel roads 
a1 ready serv ice  t h e  sca t te red  ranches and u t i l i t y  easements on t h e  prospect. 

Most o f  t he  prospect i s  w i t h i n  j u r i s d i c t i o n  o f  t h e  U. S. Bureau o f  Land 

Management and permi ts  fo r  t h i s  i n i t i a l  study have been obtained w i t h  l i t t l e  
d i f f i c u l t y .  Continued cooperation f o r  access and permi ts  would be a n t i c i p a t e d  
fo r  f u t u r e  s tud ies and HDR development. 

Temperatures u l t i m a t e l y  obtained from an HDR we l l  would d i c t a t e  t h e  t ype  
o f  app l i ca t i ons  fo r  which it i s  t o  be used. Po ten t i a l  users a re  t h e  nearby 
ranches, muni c i  pal i t i e s ,  t he  Mountain Home A i  r Force Base, and a g r i c u l t u r a l  
processing. 

The r e s u l t s  o f  t h i s  Study suggest t h a t  t h e  cen t ra l  eastern p a r t  o f  t h e  
prospect (shown i n  Fig. 28) has t h e  greatest  p o t e n t i a l  as an HDR s i t e .  How- 

ever, more d e t a i l e d  in fo rmat ion  about the  depth t o  and degree o f  f r a c t u r i n g  o r  
permeabi 1 i t y  o f  grani te ,  t h e  1 ocat ion and d i  sp l  acement o f  subsurface f a u l t s ,  

and temperature gradients  i s  needed. Fur ther  s tud ies are recommended below. 

V I .  RECOMMENDATIONS 

The fo l l ow ing  s tud ies are recommended before  an ac tua l  d r i l l  s i t e  i s  

chosen. 

A. Seismic Re f lec t i on  Survey. 

This  survey (if successful ) could determine deep subsurface s t r a t i g r a p h y  
and s t r u c t u r e  beneath the  prospect. Two seismic l i n e s  are recommended: an I 

eastern l i n e  approximately 8 km (5 m i )  i n  l eng th  o r ien ted  north-south t o  he lp  
I 
I 
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Fig. 28. 
Map with best part o f  prospect indicated. 

EXPLANATON 

SYMBOL CONSTRAINT DESCRIPTION 

[IIIIIIII WWER SILICA HEAT M W  ( < l Z W / m z )  

DEEP OR NO GRANITE BASEMENT 

HIGHLY PERMEABLE BASIN FILL AT DEPTH 

;;ltuYSF&ATION OF FAULTS 

DIFFICULT ACCESS IN STEEP TERRAIN 
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determine t h e  depth of g r a n i t i c  rock beneath t h e  proposed t a r g e t  area, and a 

\d western l i n e  approximately 20 km (12.5 m i )  i n  l eng th  o r ien ted  nor theast  near 

t h e  Bos t i c  we l l  t o  t i e  i n  w i t h  known s t ra t i g raphy  o f  t h e  we l l .  Problems a re  

of ten encountered i n  doing seismic surveys i n  basa l t s  and i t  i s  poss ib le  t h a t  

a shal low unfractured basa l t  might ac t  as an impenetrable re f l ec to r .  However, 

seismic surveys have been shown t o  be e f f e c t i v e  i n  s t r u c t u r a l  i n t e r p r e t a t i o n  
a t  o ther  Snake R iver  P l a i n  l oca t i ons  (McIntyre e t  a l .  1980). 

6. Electromagnetic Survey. 

The main purpose of a contro l led-source electromagnetic survey would be 
t o  l o c a t e  and determine t h e  r e s i s t i v i t y  o f  t h e  g r a n i t i c  basement. Por t ions  o f  

t h e  g r a n i t e  basement found t o  have low conduc t i v i t y  would be favorable f o r  HDR 
development . 
C. Temperature Gradient Holes. 

Two o r  th ree  holes 1000 m o r  more i n  depth should be d r i l l e d  i n  t h e  
t a r g e t  area f o r  temperature gradient  and geologic data s p e c i f i c  t o  t h e  

prospec t ive  d r i l l  s i t e .  The depth i s  requ i red  t o  measure t h e  temperature 

grad ien ts  below the  deep aquifers. 
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