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ABSTRACT 

Dipole-dipole res i s t i v i t y  surveys u s i n g  loom, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA300111 and 1 km dipoles 

a t  Roosevelt Hot S p r i n g s  KGRA, nearMilford, Utah, have been interpreted 

qual i tat ively and quanti tat ively. 

The qual i tat ive interpretat ion draws at tent ion t o  three dense frac- 

ture se ts  in the v ic in i ty  of wells proven t o  be capable of stream pro- 

duction. 

duce pronounced res i s t i v i t y  lows in the v ic in i t ies  of  productive steam 

wells. 

fresh water into and brine away from the center of  a convective hydrothermal 

system. 

of order 500m. 

been detected b u t  this i s  not unreasonable considering a maximum depth of 

exploration of 1.5 km for  the dipole-dipole survey used. 

Coincident hydrothermal a l terat ion and brines in f ractures pro- 

East-west and a northwest-southeast f racture se ts  seem t o  carry 

Pore porosit ies of order 20% seem probable for rocks t o  depths 

Fracture porosity i s  to be added. No heat source has 

A two-dimensional transmission-surface forward algorithm permitted us 

t o  model t h e  observed da ta .  From t he  two-dimensional models we conclude 

tha t  a )  the north-south f ractures are conductive a t  leas t  t o  depths of 

order zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA500m, b u t  lack of resolution of the res i s t i v i t y  data prohibits us 

from commenting on conductive f ractures a t  greater depths, b )  the low res- 

i s t i v i t i e s  of the fractures are  at t r ibuted e i ther  t o  clay and pyrite a l -  

terat ion or t o  h o t  brine i n  the f ractures or to  both, c )  the marked i n -  

crease i n  res i s t i v i t y  a t  about 500m is attr ibuted e i ther  to  a reduction i n  

al terat ion ( l i ke ly ) ,  t o  the replacement of brine by steam, or t o  tightening 

of the f ractures,  or  to lack of resolution zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the res s t i v i t y  method ( l i ke ly ) .  



Report on Dipole-Dipole Resist ivi ty Surveys, 

Roosevelt Hot Springs zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKGRA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- A  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. b  Introduction 

Dur ing the summers of 1974 and 1975, dipole-dipole res i s t i v i t y  sur- 

veys were conducted a t  Roosevelt Hot Springs KGRA. Three d i f ferent  d i -  

pole spacings were used; 99km of traverse l ine were surveyed w i t h  lOOm 

dipoles, 50km w i t h  3 0 h  dipoles, and 44km w i t h  l k m  dipoles. 

degrees of resolution and depth of exploration were thereby achieved. 

loom, 30Om and lkm dipoles, the frequencies employed were l.Ohz, 0.3ht, and 

0.1 h t ,  respectively. Electromagnetic coup1 i n g  was thereby kept bel ow measur- 

i n g  error.  

Three di f ferent 

For 

The objectives zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the res is t i v i t y  surveying,were t o  detect and delineate 

regions of low res i s t i v i t y  associated w i t h  fracturing, brines, h i g h  tem- 

peratures, and clay a l terat ion.  

of hydrothermal environments is  due to  two main conduction mechanisms. 

mechanisms a re  e lect ro ly t ic  conduction t h r o u g h  pores and fractures and surface 

conduction due t o  a t h i n  zone of cations at t racted t o  those mineral surfaces 

w i t h  net negative charges (especially clay minerals). 

the resistivity due to electrolytic conduction is a function of the effective 

porosity of the fractured rock, of the temperature, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the s a l i n i t y  of 

the f l u i d  f i l l i n g  the pores and fractures. 

ef fect ive porosity, water saturation, sa’l inity, and temperature increase. 

The presence of clay minerals and pyr i te will also decrease the res is t i v i t y .  

A reasonably complete discussion of these conduction mechanisms i s  given 

by Ward & Fraser (1967). 

The res i s t i v i t y  of rocks t h a t  are typical 

The 

For saturated rocks, 

The res is t i v i t y  decreases a s  the 

The locations of traverse l ines used for  the lOOm dipole surveys are 

shown i n  Figure 43. 

are shown i n  Figure 45. 

The locations of l ines used fo r  the 300m dipole surveys 

Three traverses were performed w i t h  l k m  dipoles 
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and the i r  locations are  shown in  Figure 46. 

such as W7 or 13E on their ends; these labels indicated distances in kilometers. 

Elsewhere, distances are  measured i n  meters or hundreds of meters. The gen- 

eral location of the g r i d  for  the lOOm and 300m dipole surveys i s  also shown 

i n  this la t ter  f igure. 

2.0 Data Presentation 

Theselat ter  traverses have labels 

The apparent res i s t i v i t i es  have been plotted i n  psuedo-sections in Figures 

1 through 41. [Figures 1 through 38 will be made avai lable upon special re- 

quest b u t  are deleted from the body of this report i n  order t o  reduce bulk and 

cost]. Each data point i n  the pseudo section i s  plotted a t  the intersection 

of two l ines drawn a t  45" from the centers o f  the transmitting and receiving 

dipoles a s  shown i n  Figure 42. 

and n i s  the separation which assumes the discrete values n = 1,2,3,4,---.  

T h i s  i s  the standard method of presenting data from a dipole-dipole res is t i v i t y  

survey. 

of Figures 1 through 41 represents combined profi l ing - sounding. 

In th is  l a t t e r  f igure, a i s  the dipole length 

The larger the separation the deeper the exploration so tha t  each 

For dipole lengths of loom, 300m and l k m ,  the scales a t  which the pseudo- 

sections have been plotted are 1 :5000, 1 :15000, and 1 :50000, respectively. 

We have depar ted from convention i n  drawing sol id and dashed bars over 

regions of res i s t i v i t y  < 10 am and 10 t o  20 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsun, respectively. 

merely draws at tent ion to  zones of l o w  res i s t i v i t y  and does no t  imply any 

qual i tat ive interpretat ion. 

T h i s  procedure 

The loom f i rst separation ( n = 1 )  apparent res is t i v i t y  values have been con- 

toured i n  Fig .  44 while the 300m f i rst  separation values have been contoured 

i n  Figure 45; both plan maps are on a scale of 1:24000 and may be overlain on 

the 7 1/2 minute topographic quadrangles of the region. 
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3.0 Interpretation 

3.1 Qualitative 

3.1.1 Fractures 

The f irst-separation apparent res is t i v i t y  contour maps of 

Figures 44 and 45 were used with the pseudo-sections of Figures 1 through 41, 

the aeromagnetic map of the area, airphotos plus mapped and interpreted geology 

to  produce the fracture map of Figure 47. 

plotted thereon is suf f ic ient  information about the g r i d ,  the sections and 

la t i tudes t o  permit ready correlat ion w i t h  the 7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1/2 minute topographic 

quadrangles of the area. 

This map i s  a t  scale of 1:24000 and 

Three dominant fracture sets  are observed: a north-south s e t ,  an east-west 

s e t ,  and a northwest-southeast se t .  

The region between the Dome Fault and Fault 1 appears t o  be a continuous 

Faults zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 and 4 appear t o  be downthrown t o  the south according fracture zone. 

t o  the d i s t r i b u t i o n  of res is t i v i t y  values seen i n  Figures 26 and 28 th rough 31. 

Peterson and Whelan (1975) interpret  Dome Fault t o  be up th rown  t o  the west. 

Elsewhere (Ward, 1976) the aeromagnetic d a t a  has been interpreted t o  indicate 

a r ight- lateral  o f fse t  of 1 km on Negro Mag F a u l t .  

are known. 

No other fau l t  motions 

The locations o f  seven wells, dr i l led t o  evaluate the geothermal resource 

potent ia l ,  are shown i n  Figure 47. 

ground. 

highly fractured ground, while holes 13-10, 3-1 and 54-3 are "capable o f  com- 

mercial production." Hole 12-35 i s  s t i l l  being tested. 

west of the Dome Fault are "dry". 

we obtained from shallow d r i l l  holes D D H l A  and D D H l B ,  coupled w i t h  interpretat ion 

of aeromagnetic data (Ward, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1976), lead us t o  believe t h a t  the west side of the 

Dome Fault between l O O O N  and 5500N, i s  underlain mostly by Precambrian rocks; 

Each well was dr i l led through highly fractured 

Wells OH-1 and 82-33 reportedly are "dry", hole 9-1 d i d  n o t  encounter zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 
i/ 

Evidently a l l  holes 

Observation o f  outcrop and d r i l l  core which 
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the width of the sub-outcropping Precambrian is a t  l eas t  1 km. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3.1 .2  Alteration 

Holes D D H l A  and D D H l B  intersected a1 tered a1 1 u v i  um and a1 tered 

Precambrian to depths o f  217 feet  (66m) and 231 feet  (71m), respectively. 

The following a1 terat ion products were encountered in hole D D H l A  (Parry, 1976) 

Depth A1 terat ion Product 

20' - 60' (6m-18m) A1 unite 

60'  - 85' (18m-26m) A1 uni t e ,  kaol ini t e  

85' - 106' (26m-32m) Alunite - f kaolinite 

WATER TABLE, (3 115' (35m) 

105' - 185' (32m-56m) Montmorillonite, kaolin 

a1 1 u v i  um 

teY h i c a  + 2% PY Precambrian 
185' - 217' (56m-66m) Montmorillonite, kaol inite, Kmica + 4% py 1 granite gneiss 

The depth to which these al terat ion products extend i s  unknown.  

(1976) has estimated that  the f i r s t  appearance of K-feldspar should occur a t  200 

meters and he observed that  montmorillonite began t o  decrease a t  a depth o f  60m. 

Hence, i t  is possible tha t  the contribution of  clay minerals t o  low values o f  re- 

s i s t i v i t y  may be minimal a t  a depth of order 500m. 

that  clay a l terat ion i s  not evident i n  the deeper sections of  the wells dr i l led 

t o  date by Phi l l ips Petroleum Company. 

However, Parry 

Crosby (pers. com.) confirms 

Montmorillonite has a h i g h  ion exchange capacity which leads t o  h i g h  min-  

eral surface conductivity (Ward & Fraser, 1967). 

conductivity as will the presence o f  water below the water table. 

Pyrite also will increase the 

We would thus 

conclude that  the surface materials would be reasonably res is t ive down t o  105' 

(32m) whereafter the res is t i v i t y  would drop rapidly. 

t r i c  sounding (T r ipp  and Ward, 1976) has roughly confirmed this type of geoelec- 

Schlumberger vert ical elec- 

t r i c  section a t  lOOW,  3500N, approximately a t  the location o f  D D H l B  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  Figure 47. 

In Figure 48, we show the parameters, and the i r  percent s tandard  deviations for  

a layered earth model obtained by inversion of Schl umberger vert ical e lect r ica l  
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sounding data. 

35m of resisitive material overlying a conductive layer. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
o f  the 1 imitations of the geological/geophysical correlation are contained in 

Tripp and Ward (1976) and in a later section of this report. 

The first two layers of this model may be combined to yield 

Further discussion 

3.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 3  Hydro1 ogy 

The pseudosections of Figures 1 through 41 and 49 through 51 and 53 

demonstrate that while low resistivities occur near surface in the general area 

of the Dome and Negro Mag Faults (hereinafter referred to as the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAconvective zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhydro- 

thema2 system, low resistivities also occur at depths of lOOm to 300m to the 

west, especially beyond 800W. 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm and was measured with lkm dipoles near the railroad track on the line 4000 N 

(see Figure 40). 

The lowest resistivity encountered anywhere was 

Two explanations for such low resistivities are offered. 

First, prehistoric Lake Bonneville sediments contact the alluvium at 

the 5100 foot elevation. 

has been sketched in Figure 46. 

coincide zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw i t h  the 2 nm contour of the pseudosection o f  Figure 40. 

ments on Lake Bonneville sediments near Abraham Hot Springs (Johnson, 1975) 

characteristically reveal resistivities less than 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAnm. Bonnevi l le sediments 

could occur beneath the recent alluvium. 

The interpreted shoreline of ancient Lake Bonneville 

The presumed Bonneville shoreline seems t o  

Our measure- 

Second, brine may be assumed to have leaked, or is leaking, from the con- 

vective hydrothermal system. Evidence of past leakage is plentiful in the form 

of silica-cemented alluvium well west of the baseline in Negro Mag wash and in 

several other minor washes draining westward. A specific example occurs at 

1500 W on line 8900W. 

of as much as 3 cu ft./sec., involved flow westward in Negro Mag wash; this 

brine all disappeared into the soil prior to reaching 2500W. Thus, we would 

reason that the surficial alluvium would be resistive, as observed, but that 

deeper alluvium would be brine-saturated and hence o f  low resistivity, also 

as observed. 

A recent four-day flow test by Phillips Petroleum Company, 



6 

Fault zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 of Figure 47 i s  based on photointerpretation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  displacements 

i n  alluvium. As such i t  is  weakly supported. However, the res i s t i v i t y  

contours of Figures 44 and 45 would suppor t  the contention t h a t  th is interpret-  

ed fau l t  i s  a major conduit for brines leaking o u t  of the convective hydro- 

thermal system. 

west f ractures of Figure 47 should not leak brine westward also. 

past, b o t h  surface and subsurface westward leakage of brine seems to  have 

occurred. 

There would appear t o  be no part icular reason why the east- 

In the 

We know t h a t  the fresh water flow from the Mineral Range Mountains t o  the 

east  of the area depicted i n  Figure 47 i s  substantial because fresh water sprinqs 

are numerous a t  the base of the mountains. 

the east-west f ractures,  westward t o  mix w i t h  the h o t  sal ine waters of the 

convective hydrothermal system. The east-west fractures of Figure 47 are 

n o t ,  for  the,most part,  c lear ly defined by res i s t i v i t y  because most of  our  

res i s t i v i t y  l ines were oriented east-west. 

hand, were defined mostly on the basis of res i s t i v i t y  d a t a  obtained on 

north-south l ines.  We are  led to believe t h a t  additional east-west f ractures 

may be delineated i f  additional res i s t i v i t y  surveying i s  conducted on north- 

south l ines.  

This water i s  probably  carr ied,  by 

Fau l ts  2 and 4, on the other 

. 3.1.4 In te rs t i t i a l  and Fracture Porosity and Effects of Clay Alteration 

The res i s t i v i t y  of neawurfacegeologic materials i s  largely 

determined by the e lect r ica l  properties of the water contained in the pores, 

cracks and larger j o i n t s  and fractures. 

cases of clay minerals and the conducting oxides and Sulfides. 

empirical re lat ion between the rock res i s t i v i t y  and the res is t i v i t y  of the 

contained water i s  known as Archie's law 

Important exceptions occur i n  the 

A useful 
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P r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= PW+ 

wticre Pr = res i s t i v i t y  o f  the rock 

PW = res i s t i v i t y  of the water 

4 = fract ional porosity 

and m i s  an exponent usually near zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. 

widely, from much less  t h a n  1% to  greater t h a n  50%. The res i s t i v i t y  of 

pore waters also varies considerably,typically from .1 Qm t o  10 m. The 

res i s t i v i t y  of e lect ro ly t ic  solutions i s  approximately proportional to  

the concentration ofdissolved ions, and res i s t i v i t y  decreases w i t h  temperature 

for  moderate temperature increases. A t  much higher temperatures, near the 

c r i t i ca l  point of water, the res i s t i v i t y  increases w i t h  temperature (Quis t  

and Marshal 1 , 1969). 

The porosity of rocks and so i l s  varies 

Archie's law i l l us t ra tes  the very strong influence of porosity on 

res is t i v i t y .  The porosity i n  rocks can be separated into various contribu- 

t ions depending on s ize  and geometry. 

are pores (rounded or tubular openings) and micro cracks, ( t h i n  and often planar 

openings). A t  the large end of the scale there are macro cracks such as 

jo in ts  and fractures.  For small scale features, the laboratory studies 

A t  the small end of the scale there 

of Brace and his coworkers (Brace e t  a l .  , 1965; Brace and Orange, 1968; 

Brace, 1971) have shown the ef fects  t h a t  crack and pore porosity have on 

the res i s t i v i t y  of rocks. 

tant  contribution a t  low pressures where the cracks are largely open. 

A t  pressures above a few kilobars most of the cracks close and the por- 

In general the crack porosity can be an impor- 

os i ty  i s  mostly pore  porosity. 

as follows: as the cracks close i n  the low pressure region the res s- 

t i v i  ty may rapidly increase by an order o f  magnitude i n  a few kilo- 

bars, a t  higher pressures where most of the cracks are closed the rate 

o f  increase levels off t o  about 10% per kilobar. 

the order of a few kilobars correspond t o  depths of about  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 t o  lOkm,  so 

The ef fects  on the res is t i v i t y  are 

Effective pressures of 
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the rapid change i n  res i s t i v i t y  due t o  crack closure is expected to take 

place in th is  depth range. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
tci crack closure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1s most l i ke ly  greater than the decrease of solution res is-  

t i v i t y  due to temperature increase w i t h  depth ,  the net e f fec t  i s  expected to 

be an increase i n  res i s t i v i t y  w i t h  depth. 

Since the res is t i v i t y  increase w i t h  pressure due 

I t  was generally thought (Brace, 1971) t h a t  large scale jo int ing and 

fractures would have an important e f fec t  on the in s i t u  res i s t i v i t y ,  a t  l eas t  

i n  the near surface, where such macro cracks would be largely open. However, 

recent work by Madden (1974) has shown that  a t  many s i t e s  the joints and 

fractures do not Contribute s igni f icant ly to  the conductivity. 

gested i n  this l a t t e r  work that  this occurs because the j o i n t  porosity as an 

overall average i s  low. An added complexity is  the ef fect  o f  surface conduc- 

t ion,  which i s  an important factor f o r  very t h i n  cracks and relat ively d i lu te  

pore solutions. 

more ef fect ive conduction paths than thick cracks. 

jointed and fractured rocks will n o t  have a l w e r  res is t i v i t y ,  because the 

very processes that  give r i se  t o  j o i n t i n g  and fracturing ( i . e , ,  stress r e l i e f )  

on the macro scale also produce cracks on the micro scale. What i t  does seem 

to indicate is tha t  the micro cracks dominate i n  determining the res is t i v i t y .  

In geothermal areas the pore solutions tend to  be more concentrated 

I t  was sug-  

The process of surface conductivity makes t h i n  cracks much 

This is  n o t  to 'say that 

and th is 'wi l l  tend to reduce the ef fects  o f  surface conduction. 

t h a t  i n  such areas, the larger cracks will contribute more to the overall 

lowering of the res is t i v i t y .  

I t  may be 

The closing of large scale jo in ts  and fractures w i t h  depth has been 

estimated by Brace (1971) based on the measured flow rates i n  granites and 

gneisses reported by Snow (1968), t o  occur a t  depths o f  the order of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA100m. 

However, we should probably a t  this point discriminate between fractures and 

- 
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and jo in ts  as thick cracks and fracture and fau l t  zones which are known t o  

be permeable f low zones t o  much greater depths. 

In  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe deeper parts zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  geothermal areas we might a l s o  consider the 

ef fects  of thermal stresses. The work of  Madden (1974) indicates t h a t  

thermal stressing creates micro cracks t h a t  are on the average much thicker 

t han  micro cracks due to mechanical stresses. Where surface 

conduction dominates, thermally created micro cracks wil l be relat ively 

inef f ic ient  in lowering the res is t i v i t y .  On the other hand, i f  pore 

solution concentrations are large, thermally induced micro cracks could 

contribute s igni f icant ly t o  the lowering of the res is t i v i t y .  

The presence of clays i n  rocks tends t o  reduce the res is t i v i t y  because o f  

the contribution that  exchangeable cations can make t o  the current flow. 

a fixed number of exchangeable cations the contribution to the total  current 

will decrease as the concentration of the pore water increases. 

the ef fects  o f  clays are most pronounced i n  d i lu te  solhtions. 

(1968) extended the ea r l i e r  work o f  Hill and Milburn (1956) and developed a simple 

model for  the contribution o f  exchangeable clay cations t o  the electr ical  con- 

ductivi ty. 

For 

Therefore, 

Waxrnan and  Smits 

Their expression for  the res is t i v i t y  of a clay bearing rock i s  

where p w  i s  the res is t i v i t y  o f  the bulk pore water, B i s  a factor which takes into 

account the dependence of the mobility o f  exchange cations on the pore water con- 

centrat ion, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQ i s  the clay cation exchange capacity per u n i t  pore volume and F* 

i s  the format ion factor a t  very h i g h  concentrations where the ef fects of clays 

can be neglected. 

of dependence on porosity. 

In  this region F* can be expected t o  obey an Archie's law type 

Laboratory measurements on core samples from the c lay  alterat ion zone zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(30m t o  

60m) i n  hole 1 A  a t  Roosevelt Hot Springs KGRA show res i s t i v i t i es  as low as 3-5 Rm 
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(25"C, concentration and 5 x lo3 ppm NaC1). 

the range from 15 t o  35%. 

These samples have porosities in 

Measurements over a range o f  concentrations zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  saturating solution can 

be used t o  deduce the cation exchange capacity ( Q )  f o r  these samples. 

range of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQ fo r  the highly altered samples i s  0.5 t o  i . 0  meq!cm3, w h i c h  i s  i n  

reasonable agreement w i t h  the clay determinations and chemical analyses. With 

The 

this information we can estimate that  the ef fect  o f  the clays a t  porewater con- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 centrat ions of 5 x 10 ppm i s  to  reduce the res is t i v i t y  by a factor of about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 to 4. 

1 arger. 

A t  higher clay contents or lower concentrations the ef fects  would be 

The ef fects  of temperature i n  this model have n o t  been investigated. I f  

the mobility o f  the clay exchange cations has the same temperature dependence 

as the f ree ions, then the factor  pWB will be relat ively insensit ive t o  tem- 

perature fo r  concentrations of the order of 10 ppm. The temperature ef fect  3 

will then be t o  f i r s t  order, the same as fo r  Archie's law. 

3.1.5 Heat Source 

The youngest rocks known t o  ex is t  i n  the immediate v ic in i ty of 

Roosevelt Hot Spr ings  are the s i l i c i c  volcanics e x h i b i t i n g  ages between 500,000 

and 700,000 years (Lipman e t  a l . ,  1975). 

the lavas were erupted a t  temperatures i n  the range 670-76OOC. I f  we assume tha t  

an intrusive equivalent o f  these rocks occur beneath the Mineral Range, then i t ' s  

maximum paleotemperature would also l i e  i n  this range. 

to  so l id i fy  a t  a temperature no l ess  than 650°C and would be cooled where i n  

contact w i t h  water t o  a temperature of no more than 283oC according t o  the 

Na-K-Ca geothermometer (Parry, 1976) and possibly as low as 269OC which is the 

hottest  temperature encountered i n  dr i l l i ng .  (Crosby, pers. coin.) 

Evans and Nash (1975) demonstrate that  

These rocks would begin 

I 

Hot zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAdry s i l i c i c  rocks w i t h  no molten phase, a t  temperatures below 650OC, 
6 exhibit  res i s t i v i t i es  i n  excess of 10 ohm meters (Keller and Frischknecht, 
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1966, p. 10). 

with no molten phase, would n o t  exhibit  a marked res i s t i v i t y  low. 

From the above discussion, we conclude t h a t  hot  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAdry  rock, 

On the other hand, if a s i l i c i c  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArock i s  rrolten and contains water vapor 

a t  suf f ic ient  pressure, i t  may exhibi t  a res is t i v i t y  as low as 1 nm (Lebedev 

and. Khitarov, 1964). The question then ar ises,  "Is molten s i l i c i c  rock s t i l l  

present a t  depths w i t h i n  the range of the 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkrn dipole-dipole res is t i v i t y  

surveys used?" The depth of exploration obtained w i t h  1 km dipole-dipole 

profiles, w i t h  values of n t o  6, may be estimated as 1.5 km u s i n g  the work 

o f  Roy and Apparao (1971) as a guide. 

I f  hot molten rock occurs a t  depth, i t  m i g h t  be surrounded by a res is t ive 

steam phase and then by a conductive h o t  water phase. 

The qual i tat ive discussion of  the detectabi l i ty  of heat sources shall be 

Crosby (pers. corn.) has stated tested quanti tat ively i n  the next section. 

t h a t ,  i n  his opinion, the heat source has been detected by MT as a res is t i v i t y  

decrease, a t  a depth of  5 to  6 km t o  values less than 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQm. 
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3.2.1 Twb-Dimensional Resistivit: Model i n  

A two-dimensional transmi ssion-surface forward algorithm was 

ut i1  ized t o  calculate theoretical dipole-dipole res i s t i v i t y  pseudosections 

t o  which the observed pseudosections could be compared. 

54 i l l us t ra te  both the comparisons of observed and theoret ical ly generated 

pseudosections and the theoretical models used i n  the calculat ions. In 

generating both the observed and theoretical pseudosections we combined 

l O O m  and 300m dipole data for Figures 49, 50, and 53whi le we combined zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA300111 

and l k m  dipole dafta f o r  Figure 51. 

from d i f ferent  dipole lengths since some parameters of the two-dimensional 

models a re  betterwdetermined i n  one data se t  than i n  another. 

Figures 49 t h rough  

I t  is  useful t c  combineadata se ts  

The theoret ical ,  or model, pseudosection of Figure 49 i s  a reasonable 

match t o  the observed pseudosection. 

a t  400 W on Line 1OOON defines the f racture zone bounded by the Dome F a u l t  

on the west and Fault 1 on the east.  

650m wide 10 nm zone. 

about 450m. 

and probably represents fau l ts  a t  depth there. 

10 nm occur a t  a depth of l O O m  westward of 1000 W. 

The 5 nm low res i s t i v i t y  zone centered 

T h i s  5 nm zone i s  surrounded by a 

Resist iv i t ies i n  excess of  50 am occur a t  a depth of  

A 300m by 300m cross-section of 5 mi occurs beneath 300 E 

Resis t iv i t ies  as low as 

In Figure 50, pertaining to  Line 3000N, the sur f ic ia l  5 nm zone i s  

centered over the Dome Fault and the 10 nm zone surrounding i t  extends mostly 

eastward. 

i t  i s  contiguous w i t h  a 10 nm zone which extends beyond 1200 E and extends 

to a t  leas t  500m. 

to  these l a t t e r  features. As before, 10 nm material ex is ts  beneath 200 m 

depth west of 600 W. 

A 5 nm zone also i s  centered beneath 600 E a t  a depth of l O O m  and 

Several fau l ts  mapped i n  Figure 47 seem to be contributing 
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Figure 51, portraying deeper exploration than d i d  Figures 49 and 

reveals t h a t  the whole geolectr ic section bottoms i n  300 am material. 

sur f ic ia l  5 nm zone, surrounded as usual by a 10 Rm zone, coincides w 

13 

50 , 

The 

t h  the 

f racture zone between Dome Fault and Fault 1 .  

300m, 5 m and 10 s2m material occurs. 

no h i n t  o f  highlyfracturedor molten rock below 600m beneath or t o  the east 

of the convective hydrothermal system. 

To the west, a t  a depth of 

The d a t a ,  taken on Line 4000N, gives 

Figure 52 shows the observed and calculated pseudosections for  the model 

i n  the bottom of the figure. The resul ts show an increase i n  res i s t i v i t y  w i t h  

depth and toward the east  as the l ine traverses the granite of the Mineral 

Range. A very interest ing feature i s  the vert ical conducting block between zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6E and 7E. 

drawn between the volcanic features Bearskin Mountain and Crater Knoll 

passes between these stat ions.  

system running between these two features. 

tha t  the conductive zone probably extends to a t  leas t  600m and i t  could be 

considerably deeper. 

This i s  the region o f  the saddle on Negro Mag Wash and a l ine 

This could be an indication o f  a fracture 

Additional model i n g  indicates 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA53 portrays data and a model f o r  Line 8100N. From zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt h e  base line 

t o  500E a 10 Qm zone occurs a t  surface or  a t  very shallow depth. T h i s  

zone correlates w i t h  Fault 3 b u t  i t  i s  bottomed a t  200m by 100 nm material. 

From 500 E to 1000 E, 20 am material ex is ts  t o  200m depth; t h i s  zone i s  pro- 

bably related to another f racture depicted i n  Figure 47. 

res i s t i v i t y  material occurs from surface t o  a depth of a t  leas t  500 m. 

To the west, low 

The above two-dimensional models are interpreted as follows: 

1) The north-south fractures are conductive to depths of order 500m. 

2 )  The low res i s t i v i t i es  of the fractures are at t r ibuted e i ther  t o  clay 

and pyri te al terat ion or t o  h o t  brine i n  the fractures or t o  b o t h .  

3) The marked increase i n  res is t i v i t y  a t  abou t  500m i s  attr ibuted 
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e i ther  to a reduction i n  a l te ra t ion ,  t o  the replacement of brine 

by steam, or  t o  tightening of the f ractures,  or t o  lack of reso- 

lut ion of low res i s t i v i t y  features below zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA500m. 

Tightening of the fractures a t  about 500 m is possible b u t  we 

have no def in i t ive information on such. 

While a reduction i n  al terat ion w i t h  depth seems l i ke  the most 

probably cause o f  the increase in res is t i v i t y  w i t h  depth, the 

induced polarization method i s  required to  prove this p o i n t .  

Once induced polarization data i s  obtained, t h e  percent frequency 

ef fect  may be modeled in two dimensions by the$2D transmission 

surjace forward algorithm. I f  the res i s t i v i t y  and percent f re-  

quency ef fect  models do n o t  agree, then any res i s t i v i t y  low n o t  

accompanied by an induced polarization anomaly may be at t r ibuted 

solely to br ine-f i l led fractures. 

Subsequently we shall establ ish that  low res i s t i v i t y  zones occurring 

below 500 m migh t  be beyond l imi ts of resolution o f  current inter-  

pre ta  t i on tec h n i  ques . 
The convective hydrothermal system i s  leaking brine westward t o  

produce low res i s t i v i t i es  a t  depths o f  l O O m  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA300m. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. I  

3.2.2 Resolution zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  Two-Dimensional Resist iv i ty Modeling 

The f ive theoretical geoelectric sections used above to obtain 

model pseudosections w i t h  which t o  compare observed pseudosections, were ob- 

tained by guessing models,iteratively, which m i g h t  a f fo rd  matches between ob- 

served and theoretical pseudosection's. Each model used has a large number o f  

parameters. Had we the algorithms avai lable, we would have ut i l ized inversion 

t o  establ ish the resolution of the parameters (e.g., Inman, 1975). 

inverse algori thms, we tested resolution by insert ing more model elements i n  

our forward algorithm. This section intends to  portray the test ing o f  reso- 

Lacking such 
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lut ion via simple-minded forward algorithms. 

3.2.2.1 Variations on the Basic Model 

Figure 54 shows the basic model for the 4000N l i ne ,  from 

5 km West to 5 km East and variations thereon. 

the near surface part  o f  the geothermal system is modeled by a 5 t o  10 n-m zone 

extending to a depth of 600m. The ef fects  of more deeply buried features i s  

modeled by assigning res i s t i v i t y  values t o  the let tered blocks. 

are outl ined i n  sol id l ines and blocks E,F and G in dashed l ines.  

To the east  of the baseline (0 ) ,  

Blocks A , B , C , D  

In the basic model (Figure 54A) pseudosection, a l l  the blocks have a re- 

s i s t i v i t y  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  300 Q-m, the same as the res t  o f  the background, corresponding t o  

Figure 51. The 1- i rst  variation tha t  was tested was a very res is t ive (steam?) 

region, j u s t  below the conductive region. 

10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA62-m and the pseudosection ( n o t  shown) i s  essent ia l ly  the same (variat ions 

less  than 10%) as the basic model. So we can conclude tha t  a much more res is-  

t i ve  bottom zone (greater than 300 Qm)  i s  n o t  detectable by these measurements. 

Next, a good conductor a t  depth was modeled by set t ing B and C equal t o  

1 Q-m and 10 Q-m, respectively, and the pseudosections for  these two cases are 

shown i n  Figure 54 C and D. 

ent res i s t i v i t i es  &-I the res is t i v i t y  h i g h  j us t  below 1E and 2E a r e  reduced by a 

factor  of about 2. Certainly th is  is  a noticeable change i q  the pseudosection. 

For a lesser  contrast ( B = C = l O  52-m) the ef fects  on the res i s t i v i t y  h i g h  are re- 

For t h i s  t e s t ,  block A was se t  t o  

4 

In the f i r s t  case ( B = C = l  Q-m) we see t h a t  the appar- 

duced, about a 25 percent reduction i n  the maximum values. 'The resul ts for  

t h i s  l a t t e r  model are also essent ia l ly  the same as tha t  fo r  a more conductive 

block buried deeper, i .e . ,  the case of C=D=1 G2-m. 

In e i ther  of  these l a t t e r  models, B=C=10 nm or C = D = 1  am, the reduction of 

the apparent res i s t i v i t y  values is signi f icant,  b u t  they m i g h t  be considered 

near the 1 imit of detectabi l i ty  considering other perturbing ef fects such as 

non-2-dimensional i ty. 
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Another t e s t  case was run with B = C = l  Q-m, b u t  surounded by a res is t ive 

4 layer (10 Q-m) 250 m t o  400 m thick (a good conductor surrounded by a steam 

zone). I n  this case the res is t ive zone "shielded" the conductive zone and 

the pseudosection was essent ia l ly  the same as the basic model. 

The l a s t  ser ies of t e s t  cases involved the blocks E,F and G i n  order t o  

see what e f fects  a conductive zone extending t o  great depth (2.0 km) would 

have. 

depth) the apparent res i s t i v i t i es  near the h i g h  were lowered by a small 

amount generally less than 10%. 

In the f i r s t  case, for E = 10nm, (a t h i n  f racture zone extending t o  

With E=F=10 R-m the changes were s l igh t ly  

larger and with E=F=G=10 n-m the maximum changes rose t o  about 25%, b u t  were 

st i l l  n o t  as drast ic  as t h a t  shown in Figure 54D. 

In conclusion we can say t h a t  a more res is t ive zone a t  depth or a t h i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(-250m) conductive zone extending bel ow the near surface zone probably would 

n o t  be detectable by the 1 km profi l ing. 

o f  kilometers i n  s ize buried a t  depths below 1 km and surrounded by a res is t ive 

zone would probably not be detectable. On the other hand a large (several/ 

kilometers on a s ide)  conductive zone (1 t o  10 nm) buried a t  depths of 1 t o  

2 km should be detectable. Since the ef fects  of such conductive blocks zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare 

not observed we m i g h t  conclude t h a t  they are n o t  present a t  d e p t h .  T h i s  con- 

clusion should be tempered w i t h  the knowledge tha t  i n  2-dimensional modeling 

the large number of degrees o f  freedom i n  the parameters zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the model m i g h t  

permit one t o  "model out"  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa deep seated source w i t h  near-surface perturbations. 

A l s o  a conductive zone of the order 
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3 . 2 . 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOne-Dimensional Resist iv i ty,  Temperature, Sal in i  t y  and 

Porosity Modeling. 

Figure 55 shows the e lect r ica l  model derived by inversion of 

Schlumberger sounding on the 3500N l ine zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1OOW). Also, shown i s  a temperature 

prof i le  estimated from nearby thermal gradient measurements, and three resis-  

t i v i t y  curves derived from Archie's law. The res i s t i v i t y  curves are derived 

assuming a sa l i n i t y  o f  5 x 10 ppm, (NaC1) the estimated temperatures, and 

three porosit ies 25%, 10% and 5%. In look ing a t  the model derived from the 

Schlumberger sounding da ta  we see a sharp drop i n  the res i s t i v i t y  associated 

w i t h  the water table a t  around 35m, a low res i s t i v i t y  zone t o  about 400 m 

and then an increase i n  res i s t i v i t y  t o  greater t h a n  100 Rm. 

from Archie's law u s i n g  a porosity of 25% gives the r i g h t  order for the observed 

res i s t i v i t y  i n  the conductive zone. Since this curve does not take into account 

the ef fect  o f  clays which are probably present, the porosity i s  probably some- 

what less  than this value. 

3 

The curved derived 

Including the ef fects of  clays will resu l t  i n  

similar curves b u t  w i t h  reduced porosi t ies,  since t o  f i rs t  order the ef fects  

of temperature are the same whether or n o t  clays are present. 

crease i n  res i s t i v i t y  a t  a depth zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  400m m i g h t  have several exp lanat ions  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas 

The a b r u p t  i n -  

noted earlier. One, the reduction in pore water due t o  the presence of  steam 

displacing the l iquid phase, does no t  seem l ike ly  i n  view o f  the estimated 

temperature and pressure. Assuming a hydrostatic head, the presssure i s  i n  the 

range of 30-40 atmospheres. A t  this pressure, the water-steam phase transi t ion 

takes place a t  the temperature of 2400-25OOC. T h i s  would imply a l inear tem- 

perature gradient i n  excess of 6000/km since the res i s t i v i t y  appears t o  r i se  

abruptly a t  about 400-500m. While such temperature gradients have been observed 

here in holes less  t h a n  loom, they would no t  be expected t o  continue t o  400-500111. 

Other poss ib i l i t ies  include the reduction in clay (or sul f ide) content, change 

i n  water sa l in i ty ,  and a change i n  porosity. A change i n  res is t i v i t y  by a factor zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I' 
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of ten does not seem too  l ikely t o  be caused by a change i n  clay content since 

the pore f l u i d  i s  already quite conductive. 

st rong function of porosity perhaps th is  m i g h t  a t  f i rs t  be considered the most 

l i ke ly  candidate. 

and fractures,  cementation or by a l i thologic change. A simple explanation 

m i g h t  be the change from alluvium t o  bedrock and the change from 25% porosity 

to  5% porosity i s  about what would be expected. This explanation would, then 

require about 300-500 m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  al luvial  f i l l  t o  the east  o f  the upthrown block on 

the dome fau l t .  

Since the res is t i v i t y  i s  such a 

The porosity m i g h t  change by closure or  absence o f  cracks 

The wells 54:3 and 13-10 dr i l led by Phi l l ips Petroleum Company encountered 

bedrock a t  285 fei.1 (87 m )  and 210 f ee t  (64 m ) ,  respectively. 

encountered h i g h l y  altered rock t o  270 fee t  (82 m). 

n o t  suppor t  the above interpretat ion. 

The l a t t e r  hole 

Clearly, the dr i l l i ng  does 

As noted ea r l i e r ,  the measured ef fects  of the clay on core samples from 

the altered zone are t o  reduce the res is t i v i tes  by factors of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 t o  4. 

removal of the clay, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwithout zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAchanging the porosi ty ,  would then lead t o  an i n -  

crease i n  the res i s t i v i t y  by this amount. This by i t s e l f  would n o t  account 

fo r  the change seen a t  depth, which i s  a t  leas t  a factor o f  ten. 

a l t e r a t i o n  t o  clay$ could well zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbe accompanied by an increase i n  porosity and 

these two ef fects >of the al terat ion m i g h t  easi ly  explain the large change in 

res is t i v i t y .  

The 

However, the 

The geochemical studies of Parry (pers. 'corn.) indicate t h a t  as depth and 

temperature increase the hydrothermal system should pass from the clay al terat ion 

regime i n t o  a K-Feldspar stable regime. 

t ion are i n  the range from 200 t o  400111, in reasonable agreement with the bottom 

of the conductive zone as determined by the res is t i v i t y  sounding. This t ransi-  

t i o n  would account for the lack of clays a t  depth, thus increasing the res i s t i v i t y ,  

and the secondary deposition of K-Feldspar a t  depth might further reduce the poro- 

s i t y  leading t o  additional increases in the res is t i v i t y .  

Estimates of the depth for  th is  t ransi-  
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I t  would seein, therefore, t h a t  the decrease i n  clay content and/or the 

lack o f  resolution o f  the res is t i v i t y  method are the most  l i ke ly  cu lpr i ts  

responsible fo r  our inabi l i ty  t o  map, e lec t r i ca l l y ,  the convective hydrothermal 

system a t  depths below about 500m w i t h  the e lect r ica l  methods. 
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4.0 Comparison of bipole-dipole and dipole-dipole resistivity techniques. 

The area covered by dipole-dipole resistivity was earl ier covered, for 

Phillips Petroleum Company, by a bipole-dipole resistivity survey. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 km bipole source locations were used. 

sured at 1.5 to 2.0 km intervals on roughly a square grid. 

Four 

Vector electric fields were mea- 

This survey drew attention to the low resistivities in Milford Valley 

but did not locate any recognizable resistivity lows over the convective 

hydrothermal system. 

small resistivity low over this system. 

large ' source and receiver lengths and large source-receiver separations 

are not adequate to resolve the convective hydrothermal system. Further, 

these large spread systems both failed to detect the resistive alluvial 

overburden. 

The 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm dipole-dipole survey located only a very 

Hence one can conclude that 

The 100 m and 300 m dipole-dipole surveys both clearly detected the 

top 500 m of the convective hydrothermal system, but failed to detect 

the deeper parts of the system,if such are of lower resistivity, according 

. 

to our modeling studies. 

thermal environment evidently requires considerable 'care. 

dipole resistivity surveys can be very effective, in a supporting role for 

three-dimensional geologic mapping. 

technique is o f  value at Roosevelt Hot Springs KGRA. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The design o f  resistivity surveys for the geo- 

Detailed d i p o l e -  

It is not obvious that the bipole-dipole 
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' While the res is t i v i t y  method has been quite useful i n  mapping f ractures 

to depths of order 500 m in the v ic in i ty zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the convective hydrothermal system 

a t  Roosevelt Hot Spr ings  KGRA, and while i t  has given useful geoelectric sections 

to depths of order 1 t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 km, i t  has evidently fa i led t o  map the convective 

hydrothermal system a t  depths greater t h a n  about 500 m. The shorter dipole 

spreads of 100 m and 300 m are more useful than 1 km spreads i n  this environ- 

ment. 

In considering the depth extent of conductive bodies, many model studies 

have shown t h a t  once the conductive block has a depth extent,.several times 

i t s  w i d t h ,  further" increase i n  the depth extent produces l i t t l e  additional 

change i n  the pseudosection. 

to  the fac t  that  most of the ef fects  are due t o  the upper portions o f  the con- 

duct i ve b l  oc k. 

This i s  a typical example of  "saturation," due 

In the base model of section 3 . 2 . 2  the w i d t h  and depth extent are approx i -  

mately the same, so there i s  the possibi l i ty  o f  detecting measureable changes 

due t o  an increase i n  depth extent. 

km of a zone as broad as the near-surface conductive zone produces an ef fect  

which should have been detected. Since these effects are n o t  seen i n  t h e  

In fac t ,  increasing the depth extent to  2 

observed pseudosection we can probably conclude tha t  the dep th  extent o f  

the broad conductive zone i s  n o t  much greater than 500 m. 

the model studies also show tha t  i f  the deeper portion i s  much thinner than 

the near surface zone i t  

On the other hand 

k 
not be resolved by the 1 km p r o f i l i n g .  

Large conductive (1 t o  10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAom) zones of the order of kilometers on a side 

buried a t  depth between 1 t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 km would probably be detectable by the 1 km 

dipole prof i l ing. I f  such a conductive zone i s  considered as a model of a 

not  rock source (molten, par t ia l ly  molten or so l i d ) ,  then there i s  no evidence 

fo r  such a source. 

source t o  occur a t  greater depths beyond the range of investigation i n  the 

On the other hand,  one m g h t  reasonably expect such a 
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studies completed so far .  Also such a h o t  rock source m i g h t  be surrounded by 

a resistive region (vapor dominated or above the c r i t i ca l  p o i n t )  i n  which case 

the conductive target  migh t  be ef fect ively "shielded." 

Deeper prob ing ,  by using larger dipoles was investigated by computing the 

pseudosection for  the basic model using 3 km dipoles. The major e f fect  noted 

i n  the pseudosections is t h a t  due t o  the contrast i n  res i s t i v i t y  between the 

valley f i l l  and the mountains. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA conductive block (1 m ) ,  extending from the 

baseline t o  3 km east  and a depth extent of 2.4 km t o  5 km was then inserted 

i n  the basic model, in order t o  model a large conductive zone a t  depth. The 

major e f fec t  was t o  reduce the apparent res i s t i v i t i es  a t  depth by about 50% 

i n  a zone extending from just west o f  the baseline to about 6 km east .  

this test  such a conductive block would probably be detectable. 

In 

The convective hydrothermal system must have leaked, or i s  leaking, 

westward since exceptionally low res i s t i v i t i es  are encountered we1 1 above the 

apparent shoreline of prehistoric Lake Bonneville, east-west and northwest-south- 

east  f ractures appear to  carry brine westward i n t o  the center o f  Milford valley. 

East-west f ractures quite possibly b r i n g  cold and hot waters i n t o  the convec- 

t ive hydrothermal system. 

east-wes t fractures. 

There i s ,  therefore, a need t o  delineate these 

I t  i s  ent i re ly  possible that  the source of heat l i e s  nor th ,  south or east 

of the convective hydrothermal system. Based on our knowledge of thermal 

gradients (Si l l  and Ward, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1976), i t  is unlikely t o  l i e  t o  the west. 

More f ie ld  work, recommended i n  section 6.0, i t  necessary before the 

u t i l i t y  of the dipole-dipole res i s t i v i t y  method may be evaluated fu l ly  i n  

this cl ass of geothermal occurrence. 

The bipole-dipole method, when used i n  i ts  character ist ic reconnaissance 

manner, has n o t  helped define the convective hydrothermal system a t  Roosevel t 

Hot, Springs KGRA. 
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8.0 Kecomnie datio 
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The following resist ivi ty/ induced polarization surveys are warranted 

on the bas is  of discussions presented above. 

1) Resist iv i ty surveys u s i n g  100 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm and 300 m dipoles should be con- 

ducted on north-south l ines to the east and west of the Dome Fault t o  attempt 

t o  delineate east-west fractures important to recharge and discharge o f  the 

convective hydrothermal system. These surveys should be designed using 

Figure 47 as a model. 

2) Four res i s t i v i t y  prof i les located 2 km and 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkrn nor th  and south of  

the established g r i d  should be completed using 300 m dipoles in an attempt t o  

determine the nor th -south  extent o f  the convective hydrothermal system. 

3)  A 300m dipole res is t i v i t y  traverse should be conducted from 0 km E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t o  10 km E on Line 4000N t o  delineate the interpreted conductive zone a t  

6.5 km E as shown i n  Figure 52. Wherever topography permits i t ,  additional 

traverses should be established. 

4) Induced polarization traverses should be conducted us ing  100m and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
300m dipoles on Lines 1000N, 3000N, 4000N, 5950N, and 8100N from approximately 

1500 W to 1500 E t o  determine the contribution that clay and pyr i te al terat ion 

makes t o  the pattern of low resistivities i n  the vic in i ty o f  the convective 

hydro thermal sys tem. 

5) A res is t i v i t y  prof i le u t i l i z i n g  3 km dipoles should be obtained on 

Line 4000N from 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm W t o  12 km E. 
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Fig.  51. Observed and theoretical pseudosections plus theoretical model, 
Line 4000N from 4500W to 4500E. 

Fig .  52. Observed and theoretical pseudosections plus theoretical model , 
Line 4000N from 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm W to  10 km E. 
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l i ne  8100N. 
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F i g .  55. Schlunibergcr VES Model o f  res i s t i v i t y  p versus depth, (hachured 
step iiiodel), predicted p versus depth for porosit ies of 5%, 
lox, and 25% including the ef fect  of teniperature increasing 
w i t h  depth.  

Figures 1 t h r o u g h  35 will be made available upon  special request b u t  are 
deleted from the body of this report i n  order t o  reduce b u l k  and cost. 
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