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ABS TRACT 

Schlumberger soundings were made i n  the  
Newberry volcano area of Oregon t o  ca tegor ize  the  
electrical  p r o p e r t i e s  of poss ib le  Cascade 
geothermal systems. An east-west g e o e l e c t r i c  
c r o s s  s e c t i o n  cons t ruc ted  from the  i n t e r p r e t e d  
soundings shows a l o w - r e s i s t i v i t y  zone i n  t h e  
ca ldera ,  t h a t  corresponds t o  the increase  i n  
thermal grad ien t  observed i n  a U.S. Geological 
Survey (USGS) tes t  w e l l .  Another low r e s i s t i v i t y  
zone about 600 m deep is present  j u s t  t o  the west 
of t h e  ca ldera  boundary. A north-south 
g e o e l e c t r i c  c ross  s e c t i o n  shows the  conf igura t ion  
of t h e  western l o w - r e s i s t i v i t y  zone. 

Maps of i n t e r p r e t e d  r k s i s t i v i t y  at  depths of 
750 and 1000 m show t h a t  the  main low r e s i s t i v i t y  
area west of the  c a l d e r a  has two tongues, one 
o r i e n t e d  e a s t e r l y  and t h e  o ther  or ien ted  
souther ly .  On t h e  750 m depth map, the  western . 
low r s i s t i v i t y  zone has  an  areal ex ten t  of about 

l e a s t  one company has d r i l l e d  it. 
16 km 8 . This zone is i n t e r e s t i n g  enough t h a t  a t  

INTRODUCTION 

I n  1982 and 1984 t h e  U.S. Geological Survey 
(USGS) made 60 Schlumberger r e s i s t i v i t y  soundings 
i n  t h e  Newberry volcano area of Oregon. These 
soundings were p a r t  of t h e  USGS-DOE e f f o r t  t o  
c a t e g o r i z e  the  electrical p r o p e r t i e s  of poss ib le  
Cascade geothermal systems. Geoelec t r ica l  c r o s s  
s e c t i o n s  and r e s i s t . i v i t y  depth maps were generated 
from indiv idua l  sounding I n t e r p r e t a t i o n s .  

Newberry volcano, loca ted  about 40 lan south 
of Bend, Oregon, is one of the  l a r g e s t  Quaternary 
volcanoes i n  the  conterminous United S t a t e s .  The 
volcano and r e l a t e d  flows covers an area of about 
1200 km2. Paulina Peak, a t  an e l e v a t i o n  of 2400 
m, is the  h ighes t  po in t  on the  Newberry volcano. 
The f l o o r  rocks and ejecta t h a t  form the  volcano 
range i n  composition from b a s a l t i c  t o  r h y o l i t i c  
(Sammel, 1981). 

Newberry ca ldera ,  a reserved r e c r e a t i o n a l  
area, covers an area of about 45 km2. The present  
c a l d e r a  f l o o r  is composed mainly of Quaternary age 
r h y o l i t i c  domes, obs id ian  flows, b a s a l t ,  and 

a n d e s i t e  (MacLeod and o t h e r s ,  1981). Two l a k e s ,  
Paul ina and E a s t ,  are loca ted  on the  c a l d e r a  
f l o o r .  Each lake has a few hot spr ings  t h a t  are 
probably drowned fumaroles. 

The Newberry ca ldera  area became i n t e r e s t i n g  

Because of t h e  
a f t e r  a USGS test w e l l  d r i l l e d  i n  1981 encountered 
256O C water a t  a depth of 930 m. 
hot water encountered i n  the  test w e l l  and t h e  
subsequent indus t ry  i n t e r e s t  i n  the  area 
geophysical surveys were conducted t o  i l l u s t r a t e  
t h e  r e s i s t i v i t y  s t r u c t u r e  underlying the  ca ldera .  

SCHLUMBERGER SOUNDINGS 

In 1982 the  USGS made 21 Schlumberger 
soundings t o  half  e l e c t r o d e  spacings (AB/2) of up 
t o  5000 m (Bisdorf ,  1983). I n  1984 an  a d d i t i o n a l  
39 soundings were made. Figure 1 shows the  
sounding l o c a t i o n s  , t h e  ca ldera  boundary , and the  

NEWBERRY CALDERA 
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Figure 1. Map of the Newberry Caldera area, 
Oregon showing the  Schlumberger sounding 
loca t ions .  
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l o c a t i o n  of the USGS test w e l l .  Soundings 
numbered 1 t h r u  21 were made i n  1982 and those 
numbered 100 th ru  138 were made i n  1984. 
Schlumberger sounding is a 4 e l e c t r o d e  d i r e c t -  
c u r r e n t  geophysical technique t h a t  is s e n s i t i v e  t o  
the  r e s i s t i v i t y  v a r i a t i o n s  of the  e a r t h .  This  
technique looks deeper i n  a given area by 
expanding the  d is tance  between the  c u r r e n t  
e l e c t r o d e s  (AB). R e s i s t i v i t y  is l a r g e l y  dependent 
on the  r e s i s t i v i t y  of the  rocks pore f l u i d .  Dry 
rocks are genera l ly  very r e s i s t i v e  (>lo00 ohm-m) , 
and porous rocks s a t u r a t e d  with s a l i n e  water are 
not  very r e s i s t i v e  ((10 ohm-m). 

Because of the  winding na ture  of t h e  roads a 
technique was used t o  c o r r e c t  the  sounding data 
made along the  winding por t ions  of the  roads t o  a 
more convent ional  Schlumberger sounding (Zohdy and 
Bisdorf ,  1981). Figure 2 shows an uncorrected 
sounding, a corrected sounding, and the  road 
trace. The amount of c o r r e c t i o n  is extreme, but 
shows the  e f f e c t  t h a t  making a convent ional  
Schlumberger sounding along winding roads could 
have on sounding data .  The i n t e r p r e t a t i o n  of the  
uncorrected da ta  would be misleading a t  b e s t  i f  no 
e f f o r t  were made t o  take i n t o  account t h e  e f f e c t s  
of the  winding road. The sounding d a t a  were then 
i n t e r p r e t e d  as a series of hor izonta l  l a y e r s  using 
a computer program developed by Zohdy (1973). 

I 
l o o o 0 r  ' NEWBERRY 191 1 

OBSERVED w 
CORRECTED A' 

I .  1 -- L I  
10 100 1wO 

AB12 IN METERS 

Figure 2. Log-log p l o t  of a cor rec ted  and 
uncorrected Schlumberger sounding and a p l o t  of 
t h e  appropr ia te  road trace. 

Figure 3 shows an example of the  f i e l d  d a t a ,  
i n t e r p r e t e d  model, and corresponding t h e o r e t i c a l  
sounding f o r  Newberry 1. Newberry 1 is loca ted  
about 400 m nor th  of the  USGS test w e l l .  A s  is 
usua l ly  the  case i n  volcanic  t e r r a i n ,  some of t h e  
sounding curves were noisy. These curves were 
manually smoothed and the  smoothed curve 
i n t e r p r e t e d .  I n  the  ca ldera ,  a buried telephone 
cable  ran p a r a l l e l  t o  and crossed the road a t  
s e v e r a l  loca t ions .  This cable  was i n t e r p r e t e d  t o  
be the  cause of noise  on some of the  soundings 
rode i n s i d e  the  caldera .  I n  addition, the high 
contac t  r e s i s t a n c e s  encountered i n  p a r t s  of t h e  
area may have r e s u l t e d  i n  cur ren t  leakage at  
longer  e lec t rode  spacings,  and l i m i t e d  the amount 
of i n j e c t e d  cur ren t  t o  only tens  of m i l l i a m -  
peres. This low cur ren t  l e v e l  combined with a low 
r e s i s t i v i t y  l a y e r  a t  depth l imi ted  t h e  probing 
depth. 
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Figure 3. Log-log p l o t  of the  observed d a t a ,  
i n t e r p r e t e d  model and corresponding t h e o r e t i c a l  
curve f o r  Newberry 1. 

GEOELECTRIC CROSS SECTIONS 

When using Schlumberger soundings i t  is not 
advisable  t o  i n t e r p r e t  on the  b a s i s  of a n  
ind iv idua l  sounding because i t  may not be poss ib le  
t o  d e t e c t  the  presence of lateral q f e c t s ,  o r  
c u r r e n t  leakage on a s i n g l e  sounding. I n  p r a c t i c e  
a series of soundings should be made, and t h e  
ind iv idua l  sounding i n t e r p r e t a t i o n s  put toge ther  
to form a g e o e l e c t r i c  c r o s s  sec t ion .  The 
procedure used t o  genera te  such cross  s e c t i o n s  as 
descr ibed i n  Bisdorf (1982, pages 5-7) was 
modified f o r  t h i s  r e p o r t ,  t o  include topography. 
This was necessary because l a r g e  topographic 
changes can a f f e c t  the  i n t e r p r e t a t i o n  of the  
g e o e l e c t r i c  c ross  s e c t i o n s .  

Figure 4 shows an  eas t-wes t g e o e l e c t r i c  c ross  
s e c t i o n  t h a t  runs through t h e  ca ldera .  The f i g u r e  
c o n s i s t s  of two p a r t s ,  a c ross  s e c t i o n  with no 
v e r t i c a l  exaggerat ion and a cross  s e c t i o n  
v e r t i c a l l y  exaggerated 4 times. Because of 
p l o t t e r  l i m i t a t i o n s ,  t h e  c r o s s  s e c t i o n  with no 
v e r t i c a l  exaggerat ion does not have the  d e t a i l  of 
the  v e r t i c a l l y  exaggerated c ross  s e c t i o n  and is  
only presented t o  show the  h o r i z o n t a l  c h a r a c t e r  of 
the  cross sec t ion .  On the  r i g h t  hand s i d e  of the  
f i g u r e ,  a s c a l e  r e l a t i n g  i n t e r p r e t e d  r e s i s t i v i t i e s  
t o  shades of gray is presented.  Darker shades 
i n d i c a t e  higher  r e s i s t i v i t i e s  and l i g h t e r  shades 
i n d i c a t e  lower r e s i s t i v i t i e s .  The t r i a n g l e s  a t  
t h e  top of the  cross s e c t i o n s  i n d i c a t e  the  
Schlumberger sounding loca t ions .  The ca ldera  
boundary and the pro jec ted  l o c a t i o n  of the  USGS 
test w e l l  are a l s o  shown. A t  the  bottom of each 
c r o s s  s e c t i o n  t h e r e  is a wavey l i n e  which 
approximately r e p r e s e n t s  t h e  probing depth and is 
r e l a t e d  to  the  length  of the  sounding and t h e  
g e o e l e c t r i c a l  s t r u c t u r e .  
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Figure 4 .  East-west geoelectrlcal cross section. The  upper and lower cross eectlons are 

vertically exaggerated 4 and 1 tlmea respectively.  

The g e o e l e c t r i c a l  s t r u c t u r e  of t h i s  c ross  
s e c t i o n  c o n s i s t s  of high r e s i s t i v i t y  (>lo00 ohm-m) 
volcanic  materials i n  the  upper 500 m and pockets 
of lower r e s i s t i v i t y  material. 
r e s i s t i v i t y  material is i n t e r e s t i n g  because i n  t h e  
c e n t e r  of the  ca ldera  i n  the  v i c i n i t y  of the  USGS 
tes t  well. i t s  top corresponds i n  depth with the  
start of a l a r g e  thermal grad ien t  observed i n  t h e  

The lower 

N 

test w e l l  from a depth of about 675 m. Because of 
t h i s  correspondence with thermal grad ien t  low 
r e s i s t i v i t i e s  are probably assoc ia ted  with 
increased a l t e r a t i o n  and hot water. Another 
pocket of low r e s i s t i v i t y  material is present  j u s t  
west of the  ca ldera .  This pocket does appear t o  
be hydro logica l ly  connected t o  the  in te r -ca ldera  
zone, but based on the  test w e l l  r e s u l t s  i t  should 
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Figure 6. North-south geoelectrlcal cros8 sectlon. The upper and  lower cross sectlons are vertlcelly 

exaggorated 4 and 1 times reepectlvely. 
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BISDORF 
be a good geothermal t a r g e t  consider ing t h a t  the  
ca ldera  area w i l l  probably not be open €or  
economic explora t ion .  

Figure 5 shows a north-south g e o e l e c t r i c  
c ross  s e c t i o n  t h a t  passes through the  westernmost 
low r e s i s t i v i t y  zone. Again the high r e s i s t i v i t y  
volcanic  material is present  and another  smaller 
and deeper pocket of low r e s i s t i v i t y  material i s  
present  about 3 km south of the f i r s t .  These low 
r e s i s t i v i t y  zones, e s p e c i a l l y  the  l a r g e r  one, 

should make n ice  d r i l l i n g  t a r g e t s ,  and, i n  f a c t ,  
some geothermal companies have d r i l l e d  t h i s  
anomaly. 

RESISTIVITY DEPTH MAPS 

When s u f f i c i e n t  da ta  are a v a i l a b l e  a map of 
i n t e r p r e t e d  r e s i s t i v i t y  a t  a p a r t i c u l a r  depth can 
be generated (Bisdorf and Zohdy, 1980) . 
I n t e r p r e t e d  r e s i s t i v i t i e s  a t  the  d e s i r e d  depth are 
s e l e c t e d  from a continuous v a r i a t i o n  of t h e  

R E  SIS TlVlTY IN OHM-METE RS 0 1 2 3 4 
I I I I I . I I I 1  I KM 

Figure  8 .  Map of Interpreted ree le t lv l ty  a t  a depth of 760 meters. 
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r e s i s t i v i t y  model. These r e s i s t i v i t y  values  along 
with the  sounding loca t ions  are input  t o  a minimum 
curva ture  gr idding program (Webring, 1981). The 
r e s u l t a n t  g r i d  is contoured and shaded. This type 
of presenta t ion  can help i n  understanding the  
areal d i s t r i b u t i o n  of r e s i s t i v i t y .  Figure 6 shows 
a map of i n t e r p r e t e d  r e s i s t i v i t y  a t  a depth of 750 
m. The lowest r e s i s t i v i t i e s  are concentrated 
around the  area of sounding 6, with low 
r e s i s t i v i t y  tongues extending wes ter ly  toward 
sounding 12 and souther ly  toward sounding 9. 

BISDORF 
Figure 7 is a map of i n t e r p r e t e d  r e s i s t i v i t y  a t  a 
depth of 1000 m. A t  t h i s  depth the  low 
r e s i s t i v i t y  zone is  lower i n  r e s i s t i v i t y  and 
l a r g e r  i n  area than a t  the  750 m depth. The 
wes ter ly  tongue turns  south from sounding 12 
toward sounding 103. The souther ly  tongue of low 
r e s i s t i v i t y  has extended t o  about sounding 109. 

SUMMARY 

The USGS test w e l l  has shown the  presence of 
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Figure 7. Map o f  Interpreted reelstlvlty a t  a depth o f  1000 metere. 
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hot water i n  the  Newberry ca ldera .  The 
Schlumberger sounding da ta  show a low r e s i s t i v i t y  
zone i n  t h e  ca ldera  t h a t  corresponds with the  
d r i l l  hole  i n d i c a t i o n s  of increased thermal 
grad ien t .  The sounding d a t a  show another  low 
r e s i s t i v i t y  zone as seen on the  g e o e l e c t r i c a l  
c r o s s  s e c t i o n s  j u s t  west of the  ca ldera .  Because 
the  ca ldera  is a reserved r e c r e a t i o n a l  area t h i s  
zone is t h e  most probable geothermal t a r g e t .  A t  a 
depth of 750 m t h i s  low r e s i s t i v i t y  zone has an  
a r e a  of about 16 km2. The areal ex ten t  of t h i s  
zone i n c r e a s e s  with depth. 
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