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Rocks are poor conductors of hea t ,  Even i n  regions where t h e  

geothermal f l u x  is  100 t i m e s  normal (normal being i1.5 x loM6 c a l  

emm2 see”’) t h e  outward hea t  , f low from t h e  e a r t h  i s  50 t i m e s  less 

than t h e  incoming s o l a r  f lux ,  

i n  t h e  su r face  thermal regime stemming from meteorological f a c t o r s ,  

t he  s l i g h t  i nc rease  i n  hea t  f l u x  from a subsurface source would l i k e l y  be  

Considering the  added l o c a l  v a r i a t i o n s  

concealed i n  the  noise. Heat t r a n s f e r  by convection however, gives  

rise t o  obviously abnormal sur face  temperatures where l i q u i d s  and gases 

t r a n s f e r  hea t  t o  rocks along t h e i r  path,  Consequently, convective 

heat  t r a n s f e r  seems most l i k e l y  involved i n  any dete,ctable su r face  

temperature anomaly and d i r e c t  de tec t ion  of t h e  underground source due 

t o  upward hea t  conduction i s  no t  very l i ke ly .  

5. 
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GEOLOGIC SETTING 

The Geysers area is  i n  Sonoma County, about 70 mi les  NNW of 

San Francisco, Relief is r e l a t i v e l y  - rugged f o r  our  purposes, amounting 
- - - - - - _. - __ - - 

to some 1,500 f e e t ,  w i t h  s t e e p  v a l l e y  w a l l s  s o  t h a t  it w a s  n o t  poss ib l e  

to f l y  as low as des i r ed  over some of t h e  area ( f i g ,  2), 

Most of t h e  r e p o r t  area is  included i n  a 1:62,500 scale geologic  

map by Bai ley (1946), The area i n  t h e  v i c i n i t y  of t h e  steam f i e l d  

has been mapped on a l a r g e r  scale by M c N i t t  (1963) (fig, 3), with  some 

rev i s ions  i n  1965. 
__ .- -- -  - - - - __ - _ _  -- - 

A d e t a i l e d  s tudy of t he  fumaroles and h o t  sp r ings  

is  given i n  t h e  excellent work of Allen and Day (1927), 

these  works ex tens ive ly  i n  t h e  accompanying geologic  desc r ip t ions  

and mapso 

W e  have used 

Figure 3 shows a por t ion  of The Geysers area as mapped by M c N i t t ,  

It is under la in  by t h e  Franciscan Formation (Jurassic-Cretaceous) which 

c o n s i s t s  of t h e  following, from base  upward: massive graywacke, w i th  
4 

minor amounts of s h a l e  (JKs); s e v e r a l  hundred feet  of greenstone (gs) 

with assoc ia ted  c h e r t  beds and wi th  se rpen t in i zed  p e r i d o t i t e  (sp) at 

t he  upper and lower con tac t s ;  and poorly bedded micaceous graywacke and 

sha le  (JKms) .) 

Cobb Mountain near  t h e  n o r t h e a s t  corner  of t h e  r e p o r t  area is  

capped by r h y o l i t e  and o t h e r  e f f u s i v e  rocks which Bai ley (1946), c i t i n g  

earlier work, relates t o  t h e  Sonoma volcanics  o’f P l iocene  ageo During 

Ple i s tocene  t i m e ,  ex tens ive  e rupt ions  occurred no r theas t  of t h e  Mayacamas 

Mountains, forming t h e  Clear Lake volcanic  f i e l d  t h a t  extends wi th in  

5 m i l e s  of t h e  r e p o r t  areac No Terti-ary o r  Quaternary volcanic  rocks 

have been found a t  depth i n  The Geysers areao 

3 



The r eg iona l  g ra in  of t h e  Franciscan rocks of t he  Mayacamas 

Mountains is  northwesterly,  stemming from a series of f a u l t e d  

s t r u c t u r a l  blocks bounded by s teeply-d ipping-axcuate- fau l t s ,  according 

t o  M c N i t t ' s  i n t e r p r e t a t i o n  ( f i g ,  31, Vertical displacement is  estimated 

to be a t  least 2,000 f e e t  on one f a u l t  block, bu t  t o t a l  displacement 

on t h e  major f a u l t  systems is  doub t l e s s ly  much l a r g e r .  The Geysers 

area is  on t h e  no r theas t  s i d e  of a down-thrown block, f lanked  on t h e  

- - -.- -. nor theas t  by t h e  Cobb Mountain h o r s t ,  .. _. - _ _  - _ _  

A l i n e a r  zone of hydrothermal a c t i v i t y  extending f o r  perhaps 

25 m i l e s  and inc luding  The Geysers, w a s  recognized-ear ly  i n  t h e  

explora t ion  f o r  qu icks i lve r  (Allen and Day, 1927,  p. ll), The alinement, 

which paral le ls  t h e  r eg iona l  nor thwes ter ly  s t r i k e ,  con ta ins  a t  i n t e r -  

vals, ho t  sp r ings ,  fumaroles and zones of hydrothermal a l t e r a t i o n ,  

The p r i n c i p a l  ho t  sp r ings  i n  th?  r e p o r t  area a r e  accoc ia ted  wi th  t h e  

hydrothermal a l t e r a t i o n  zones shown on f i g u r e  2, For a d e t a i l e d  

d e s c r i p t i o n  of t h e  sp r ings  and fumaroles, see Allen and Day (1927). The 

most important ho t  sp r ing  a c t i v i t y  is  i n  Geyser Canyon, from i t s  mouth 

a t  Big Sulphur Creek and extending up t h e  canyon f o r  several hundred 

yards, Most of t h e  sp r ings  are above 6OoC and several are a t  t h e  b o i l i n g  

poin t ,  The h ighes t  fumarole temperature repor ted  by Allen and Day (1927, 

p. 25) i n  The Geysers area w a s  102OC a t  t h e  "Safety Valve" i n  Geyser 

Canyono 
.I 

Another fumarole f i e l d ,  t h e  Sulphur Banks, i s  about one m i l e  west 

of Geyser Canyon, It is a l s o  cha rac t e r i zed  by s o f t ,  steaming ground 

where temperatures a t  t h e  numerous gas vents  are i n  the  90°C range, 
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Upstream from The Geysers r e s o r t ,  several ho t  sp r ings  are 

found i n  t h e  valley of Big Sulphur Creek and on Hot Springs Creek. 
-. - - . - - - 

A t  t h e  L i t t l e  Geysers, a group of ho t  sp r ings  i n  t h e  8O6-95*C range 

occurs  i n  a bar ren  a l t e r a t i o n  zone, 

Based on t h e  Day and Allen measurements, M c N i t t  assumes the 

t o t a l  n a t u r a l  thermal sp r ing  discharge t o  be 5,000 gal /hr . ,  represent ing  

a minimum n a t u r a l  h e a t  l o s s  of about 4,2 x lo5  cal/sec, This  amount 

- - -  does n o t  inc lude  l o s s e s  by evaporat ion and r ad ia t ion ,  

D r i l l i n g  f o r  steam by t h e  Magma and t h e  Thermal Power Companies 

began i n  1955 i n  the Geyser Canyon a l t e r a t i o n  zone, ? Superheated steam 

w a s  produced from depths  of 500 to 1,200 f e e t ,  Development a t  t h i s  

locale continued and d r i l l i n g  la ter  w a s  extended westward t o  t h e  

Sulphur Banks ( f i g ,  3) where deeper steam product ion w a s  found a t  

pressures  t o  500 p s i ,  A t  p r e s e n t  (December, 1967), forty-two w e l l s  

have been d r i l l e d  from 1,500 t o  6,000 f e e t  deep i n  a n  area of about 

300 acres, 

capable of producing on t h e  o rde r  of 200 megawatts ( M c N i t t ,  o r a l  comm,). 

Since 1967, Union O i l  Company has  undertaken d r i l l - i ng  he re  i n  pa r tne r sh ip  

The amount of steam on l i n e  and proved by d r i l l i n g  is  

wi th  Magma Thermal Power Company, 

5 



Severa l  w e l l s  have been d r i l l e d  t h a t  l i e  beyond t h e  present  

product ive area, 

designated "S" i n  t h e  following remarksc The remainder are-either 

l i s t e d  i n  State  r e p o r t s  as plugged and abandoned, o r  are gene ra l ly  

understood not  t o  m e e t  p r e sen t  commercial requirements, 

Those t h a t  are genera l ly  regarded as success fu l  are 
- -  - -  ._ 

The las t  e n t r y  

had n o t  been completed a t  t h e  t i m e  t h i s  r e p o r t  w a s  wr i t t en ,  

Des t ina t ion  
Location on f i &  Remarks 

- _ _  - 
Seec 12 ,T l lN9R9W G Union O i l  Co,, Ottobani no. 1 S 

Seco 14,TllN,R9W E Geothermal Resources Inc, ,  no. 1 S 

Seco 14,TllN9R9W F Geothermal Resources Inc , ,  no, 2 S 

Sec, 18,TllN,R8W D S igna l  O i l  Coo, Cobb Mtn., no,, 1 S 

Sec, 33,TllN,R8W K L L t t l e  Geysers no, 1 S 

Seeo 28,T11N9R8W H Geysers Development Coo, 65-28 S 

SeeB 35,T12N9R9W C S igna l  O i l  Company Wild Horse no, 1 

Seec lO,T1IN2R9W A Signal  O i l  Company Wild Horse no, 2 

Seco 28,TllN9R8W J L i t t l e  Geysers no, 2 

Seco 33,TllN9R8W L D and V 73-33 D r i l l i n g  
9/68 

Based upon t h e s e  developments, O t t e  and Dondanville (1968) 

state that '  a 600,000 KW power p o t e n t i a l  f o r  t h e  area may be  

conservative,  

5A 



Temperature-depth measurements w e r e  made i n  1960 i n  e i g h t  

I n  each, a cons tan t  steam wells of t h e  Thermal Power Company, 

temperature interval  w a s  recorded i n  t h e  upper p a r t  of t h e  w e l l ,  - - .  " 

which McNitt (1967, p. 18) suggests i s  caused by groundwater over- 

l y i n g  t h e  steam r e s e r v o i r s  

between the  two phases whereby t h e  expansive p re s su re  of t h e  steam 

Fur ther ,  h y d r o s t a t i c  equi l ibr ium e x i s t s  

is balanced by t h e  h y d r o s t a t i c  p re s su re  of t h e  overlying water body. 

Calcu la t ion  of t h e  h y d r o s t a t i c  head l e a d s  t o  t h e  conclusion t h a t  

t h e  steam-water i n t e r f a c e  s lopes  roughly para l le l  t o  t h e  topographic 
- -- - -_ - -. . -- __ - 

su r face  i n  t h i s  v i c i n i t y ,  

6 



EQUIPMENT AND TECHNIQUES 

The aerial i n f r a r e d  equipment used i n  t h i s  survey was  a convent ional  

l i n e  scanner, The t e r r a i n  is  scanned along a l i n e  normal t o  t h e  f l i g h t  

pa th  by nieans of a r o t a t i n g  45' mir ro ro  

e a r t h  is  r e f l e c t e d  through t h e  o p t i c a l  system onto  a s o l i d  state de tec tor .  

The d e t e c t i n g  element conver t s  t h e  o p t i c a l  s i g n a l  t o  electrical form which, 

a f t e r  ampl i f i ca t ion ,  modulates a l i g h t  source  focused on a f i l m  s t r i p ,  

The i n f r a r e d  emission from t h e  

The l i g h t  source i s  de f l ec t ed  ac ross  t h e  f i l m  i n  synchronizat ion wi th  t h e  

scanning mir ror ,  and t h e  f i l m  s t r i p  advances i n  propor t ion  t o  t h e  a i r c r a f t  

ve loc i ty .  This combined l i g h t  d e f l e c t i o n  and f i l m  motion thus  c r e a t e s  

an image whose gray scale is r e l a t e d  t o  t h e  i n f r a r e d  energy emi t ted  from 

t h e  terrain, The l i n e  scanner  used i n  t h i s  work is  not a radiometer, 

however. That is, t h e  scanner output s i g n a l  (and t h e r e f o r e  t h e  image 

tone) i s  n o t  a d i r e c t  measure of t h e  incoming i n f r a r e d  energy, owing 

mainly t o  t h e  AC c h a r a c t e r i s t i c s  of t h e  ampl i f ie rs .  This matter w i l l  be 

d e a l t  wi th  below. 

The scanner w a s  equipped wi th  an e lec t r i ca l ly -coo led  Ge:Hg d e t e c t o r  

having maximum response i n  t h e  8-14 micrometer (urn) region. Narrow band 

pass d i e l e c t r i c  f i l t e r s  were placed i n  t h e  o p t i c a l  pa th  t o  l i m i t  t h e  

d e t e c t o r  response on s e l e c t e d  f l igh ts , ,  

The scanner  w a s  c a r r i e d  i n  a twin-engi?&D-18 Beechcraf t  operated by 

t h e  USGS Water Resources Division, 

a t  s t r a t e g i c  l o c a t i o n s  on r i d g e  tops t o  assist n i g h t  navigation. 

Po r t ab le  r o t a t i n g  beacons were placed 

During t h e  survey per iod ,  temperatures of water  and s o i l  w e r e  

monitored at s e l e c t e d  l o c a l i t i e s ,  Yellow Springs Instrument Company 

S e r i e s  400 thermis tors  w e r e  employed. A t  each si te,  the rmis to r s  were 

7 



emplanted a 2 o r  3 mm below t h e  s u r f a c e  i n  t h e  s o i l  o r  i n  a rock 

cracko For water temperatures, t h e  the rmis to r s  w e r e  a t tached  t o  

f l o a t s  i n  such a way t h a t  t h e  elements were submerged a f e w  centimeters,  

The thermis tor  r e s i s t a n c e  w a s  measured wi th  an automatic sequencing 

br idge  and t h e  r e s u l t s  were recorded on an Esterline-Angus s t r i p  
- _  

c h a r t  recorder,  The temperature monitoring equipment is  described 

i n  d e t a i l  elsewhere (Moxham and o t h e r s ,  1968). _. 

The f i l m  produced by t h e  scanner i s  a conventional nega t ive  so  

t h a t  h igher  t e r r a i n  rad iance  produces darker  image tones i o e e ,  

g r e a t e r  f i l m  density.  Consequently, where w e  have occasion i n  t h i s  

r e p o r t  t o  r e f e r  t o  f i l m  dens i ty ,  h igher  d e n s i t i e s  r e f e r  t o  higher 

t e r r a i n  radianceo A l l  images accompanying t h i s  r e p o r t  are p o s i t i v e  

p r i n t s  from t h e  o r i g i n a l  nega t ive ,  hence, whi te r  tones correspond t o  

h igher  t e r r a i n  radiance; darker tones correspond t o  lower terrain 

radianceo 

8 



AERIAL SURVEYS 

A e r i a l  surveys w e r e  made during August 15-19, 1966, Nine l i n e s  

about fou r  m i l e s  long and spaced a t  about one m i l e  i n t e r v a l s  were flown 

NNE, approximately normal t o  Big Sulphur Creek va l l ey .  This g r i d  w a s  

cen tered  on t h e  steam-producing area. Another l i n e  w a s  flown WNW, along 

Big Sulphur Creek from about t h e  Sonoma-Lake County l i n e  t o  Squaw Creek, 

One af te rnoon I R  f l i g h t  w a s  made, using an 8-14pm band pass  f i l t e r  

over t he  de t ec to r .  

t h e  d e t e c t o r  open ( u n f i l t e r e d )  o r  wi th  8-14, 8.9-10 and 10-15pm f i l t e r s .  

All o t h e r  I R  surveys were made from 02:30-05:00, wi th  

Severa l  f l i g h t s  were made over Clear Lake, 10  m i l e s  NE of The Geysers, 

t o  provide a d d i t i o n a l  t a r g e t s  whose temperatures could be r e a d i l y  monitored, 

A temperature monitoring s t a t i o n  was  e s t ab l i shed  on t h e  west shore  of t h e  

lake,  about one m i l e  northwest of F rase r  Point.  

Aerial panchromatic 70mm photographs along t h e  survey l i n e s  w e r e  made 

on one f l i g h t o  

It i s  a matter of some i n t e r e s t  i n  aerial  I R  surveying t o  know t h e  

t i m e  a t  which t h e  onse t  of s o l a r  hea t ing  a t  s u n r i s e  w i l l  begin t o  have a 

d e t e c t a b l e  e f f e c t  on su r face  temperature, The f i r s t  l i g h t  of dawn is  

sometimes d e s i r a b l e ,  i f  no t  mandatory f o r  low l e v e l  aerial  naviga t ion  over 

rugged t e r r a i n .  But as t h e  sun rises, t h e  s u r f a c e  temperature a t  some 

po in t  i n  t i m e  begins t o  i n c r e a s e  and t o  obscure thermal f e a t u r e s  one d e s i r e s  

t o  dep ic t ,  W e  have shown elsewhere.(Moxham and o the r s ,  1968, p, 9) t h a t  

t h e r e  is  roughly a one hour l a g  between f i r s t  l i g h t  of dawn and t h e  onse t  

of s u r f a c e  hea t ing  a t  s u n r i s e  ( f i g u r e  4). Sur face  temperature begins t o  

rise j u s t  a few minutes after sunr i se .  
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DATA ANALYSIS 

Problems i n  d a t a  ana lys i s  cen te r  on geometr ical  and electrical 

sources  of e r r o r  and upon several o t h e r  unce r t a in t i e s .  

nea r ly  any of t h e  I R  images accompanying t h i s  r e p o r t  wi th  r e spec t  

Inspec t ion  of 

t o  the planimetry i n  f i g u r e  2,  i s  s u f f i c i e n t  t o  demonstrate the 

geometric d i s t o r t i o n  common t o  most of t h e  p re sen t  generat ion of 

scanners. Where landmarks are w e l l  resolved and i n  the case where 

oAe i s  on ly  i n t e r e s t e d  i n  image dens i ty ,  t h e  d i s t o r t i o n  may be o f  

min imum consequence, Where few landmarks can be i d e n t i f i e d ,  image 

d i s t o r t i o n  makes i t  very d i f f i c u l t  t o  l o c a t e  geographical ly  a p a r t i c u l a r  

__ 

p o i n t  on the image and i t  i s  nea r ly  impossible  t o  superpose t h e  image 

on a photo o r  mapp f o r  comparison wi th  o t h e r  data .  

The w e l l  known r e l a t i o n s h i p  between t e r r a i n  rad iance  and su r face  

temperature have l e d  some w r i t e r a s  t o  q u a n t i t a t i v e l y  analyze I R  image 

dens i ty  i n  terms of su r face  temperature, This  is  a hazardous bus iness  

a t  b e s t ,  f o r  several reasons,  F i r s t ,  most I R  scanners  are no t  radio- 

meters i n  t h a t  t h e r e  is n o t  a s t ra ight forward  r e l a t i o n s h i p  between 

radiance a t  t h e  en t rance  a p e r t u r e  and t h e  output  s igna l .  This i s  

l a r g e l y  a matter of  t h e  instrument 's  electrical c h a r a c t e r i s t i c s ,  

Second, t h e  recording system l eaves  much t o  b e  desired.  Exposure 

of t h e  recording f i l m  i s  no t  constant  bu t  r a t h e r  i s  a func t ion  of  t h e  

f i l m  speed through t h e  t r a n s p o r t  system, which i n  t u r n  depends on t h e  
i 

surveying a l t i t u d e ,  Moreover, v a r i a t i o n s  i n  image tone can be produced 

by us ing  f i lms  of d i f f e r e n t  gammas and by f i l m  development processeso 

Third, t h e  atmosphere both absorbs the  t e r r a i n  s i g n a l  and emits i t s  own 

energy, t h e  new r e s u l t  depending upon wavelength, scan angle  (ice, path 

length)  and t h e  temperatures of  t h e  two media, 
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N o  a t tempt  has  been made t o  eva lua te  these  parameters i nd iv idua l ly  . 

i n  any r igorous  way, b u t  some f i l m  d e n s i t y  ana lyses  w e r e  made t o  examine 

some of t h e  more ev ident  sources  of  e r ro r .  

Before d iscuss ing  t h e  r e s u l t s ,  a b r i e f  d e s c r i p t i o n  of t h e  f i l m  

dens i ty  ana lyzers  w i l l  b e  usefu l .  

Film d e n s i t y  ana lyzers  

A Joyce-Loebl microdensitometer-isodensitracer (MDT-IDT) and a 

Techlops image quan t i ze r  w e r e  used t o  measure t h e  I R  f i l m  d e n s i t i e s  ( f o r  

d e t a i l s  on t h e  opera t ion  and u s e  of t hese  instruments ,  see Turner and 

Boynton, 1968). 

of a l i g h t  beam passed through t h e  f i l m  specimen onto a photoce l l .  

IDT-MDT compares t h e  l i g h t  beam i n t e n s i t y  wi th  a r e fe rence  beam passed 

Essen t i a l ly ,  bo th  instruments  sense t h e  dens i ty  by means 

The 

through a s tandard  dens i ty  wedge. By moving t h e  f i l m  i n  t h e  Y d i r e c t i o n ,  

t h e  MDT provides  a dens i ty  p r o f i l e  a long t h e  f i lm;  &he IDT contours  

dens i ty ,  us ing  X and Y motion of  t h e  f i l m  car r iage .  

Accurate dens i ty  measurement of a given f e a t u r e  on t h e  imagery 

r e q u i r e s  t h a t  t h e  f e a t u r e  completely f i l l  t h e  aper ture .  To r e so lve  

t h e  

small 

thermal f e a t u r e s ,  a s m a l l  aper ture ,  say  5OPm, is  des i reable .  But t he  

s m a l l  ape r tu re  a l s o  r e so lves  high frequency noise .  A t  l a r g e r  ape r tu re s ,  

say 400pm, t h e  high frequency n o i s e  i s  diminished but  w i th  corresponding 

loss of d e t a i l  i n  t h e  t e r r a i n  information. Low frequency components are 

r e t a i n e d  i n  both in s t ances  as t h e  wave l eng th  g r e a t l y  exceeds any reasonable  

ape r tu re  s e t t i n g .  I n  p r a c t i c e ,  i n  t h e  contouring mode p a r t i c u l a r l y ,  w e  have 

found a 300p a p e r t u r e  t o  be  a u s e f u l  compromise. 

The Tech/Ops image quan t i ze r  l i g h t  beam passes  through t h e  specimen 

f i l m ,  which is  r o t a t e d  on a drum. The l i g h t  i n t e n s i t y  through t h e  specimen 

modulates t h e  vo l t age  on a spark  s t y l u s  which i n  t u r n  p r i n t s  t h e  dens i ty  

contours  on s e n s i t i z e d  paper. 
11 



Severa l  f l i g h t s  were made over  Clear Lake and t h e  ad jacent  s h o r e l i n e  

wi th  t h e  I R  d e t e c t o r  "open" ( u n f i l t e r e d )  and wi th  8-14, 8.9-10, and 10-15pm 

bandpass filters. 

MDT p r o f i l e s  of t h e  several image dens i t i e s .  

Figure 5 shows one of t h e  images and f i g u r e s  6 and 7 are . 

I n  f i g u r e  5, t h e  Clear Lake po r t ion  of t h e  image shows t h e  f i n e  l i n e s  

(several p e r  m i l l i m e t e r )  p a r a l l e l  t o  scan  d i r e c t i o n ,  which are due t o  f i l m  

d r i v e  j i t ter .  These are sometimes r e f e r r e d  t o  as scan  l i n e s ,  bu t  they 

r e s u l t  from the s l i g h t l y  non-uniform motion of t h e  I R  recording f i l m  

t r a n s p o r t  system i n  t h e  scanner,  The j i t t e r  l i n e s  g ive  rise t o  h igh  

frequency "noise" i n  t h e  MDT f i l m  dens i ty  p r o f i l e  and i s  a l t i t u d e  ( sca l e )  

independent, 

of t h e  more formidable problems. 

dark s t r e a k s  i n  t h e  l a k e  ( p a r a l l e l  t o  scan d i r e c t i o n )  which c o r r e l a t e  with 

t h e  low frequency v a r i a t i o n s  on t h e  dens i ty  p r o f i l e .  The dark bands r e s u l t  

from t h e  scanner  e l ec t ron ic s .  

achieve optimum high frequency response and t h e r e f o r e  optimum s m a l l  t a r g e t  

r e so lu t ion ,  

and below an  average DC level. 

The no i se  amplitude i s  r e l a t i v e l y  inconsequent ia l  i n  f a c e  

For example, t h e r e  are evident  on f i g u r e  5 

The scanner ampl i f i e r s  are AC-coupled t o  

The scanner p r i n t s  ou t  t h e  s i g n a l s ,  p o s i t i v e  and negat ive ,  above 

Unfortunately,  t h e r e  i s  no clamping o r  DC 

level  r e s t o r a t i o n  so  t h a t  t h e  gray tone of t h e  image i s  dependent upon t h e  

average DC level along t h e  scan l i n e ,  This e f f e c t  i s  most pronounced where t h e  

incoming s i g n a l  is nea r ly  DC, e.g., from a l a r g e  body of water of uniform 

temperature, 

The lack of DC r e s t o r a t i o n  is  p a r t i c u l a r l y  ev ident  on f i g u r e  6A, a dens i ty  

p r o f i l e  a long t h e  f l i g h t  t r a c k  over Clear Lake. The s i g n a l  from Clear Lake 

is e s s e n t i a l l y  DC, and occupies a l a r g e  p a r t  of t h e  scan l i n e .  

s i g n a l  from t h e  ad jacen t  shore  l i n e  area varies l o c a l l y  s o  t h a t  t h e  shore  

l i n e  s i g n a l  l e v e l  r a i s e s . o r  lowers t h e  average DC l e v e l ,  g iv ing  r i se  t o  

But t h e  
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l i g h t  and dark  

(In s p i t e  

l a k e  i r r e g u l a r  

bands ac ross  t h e  lake.  

of t h i s  low frequency component, one can see i n  t h e  

t o n a l  p a t t e r n s  t h a t  no doubt r ep resen t  real temperature 

v a r i a t i o n s ,  For example, t h e r e  is a s m a l l ,  bu t  d i s t i n c t  d i scharge  of 

warm water from a boat  bas in  j u s t  east of t h e  f l i g h t  l i n e  a t  s t a t i o n  4. 

A band of warmer water along t h e  w e s t  shore  i s  a l s o  f a i n t l y  suggested; 

several f a i n t  oval-shaped p a t t e r n s  are seen elsewhere)., 

Figure 7 shows a series of p r o f i l e s  ac ross  t h e  image, p a r a l l e l  

t o  t h e  scan d i r ec t ion .  It i s  evident  (e,g., f i g ,  7A) t h a t  t h e r e  i s  

a s i g n a l  drop-off toward t h e  horizons,  probably due t o  atmospheric 

e f f e c t s .  

As t h e  atmospheric t ransmission decreases  wi th  pa th  length ,  absorp t ion  

The in te rvening  atmosphere absorbs p a r t  of t h e  t e r r a i n  s igna l .  

of t h e  t e r r a i n  s i g n a l  correspondingly i n c r e a s e s  as t h e  scan angle  sweeps 

from the v e r t i c a l  toward t h e  horizon. A t  t h e  same t i m e  t h e  reverse 

e f f e c t  opera tes ,  as t h e  atmosphere i t s e l f  e m i t s  along t h e  scan path. 

However, from t h e  d a t a  c i t e d  below, atmospheric absorp t ion  i s  ev iden t ly  

t h e  more e f f e c t i v e  mechanism a t  t h e  t e r r a i n  and atmospheric temperatures 

encountered i n  t h e s e  surveys. 

The Ge:Hg d e t e c t o r  is  gene ra l ly  termed a "long wavelength" d e t e c t o r  

However t h e  s e n s i t i v i t y  range as i t  has  peak s e n s i t i v i t y  a t  about 10vm. 

extends w e l l  beyond t h e  8-13vm atmospheric window so t h a t  i f  no f i l t e r  

' is used, as i n  f i g u r e  7A, n o t i c e a b l e  atmospheric absorp t ion  w i l l  r e s u l t  

from t h e  water vapor bands ad jacent  t o  t h e  8-131im window., R e s t r i c t i n g  

t h e  incoming s i g n a l  t o  t h e  more t r anspa ren t  p a r t s  of t h e  8-13vm window 

( f i g u r e s  7B-D) tends t o  reduce t h e  atmospheric l o s s e s  but  a l s o  reduces 

t h e  e f f e c t i v e  temperature s e n s i t i v i t y .  

1 3  



Tr i -X  Aercon f i l m  w a s  used i n  a l l  of  t h e  surveys repor ted  hereo  

s p e c i a l  e f f o r t s  w e r e  made t o  c o n t r o l  t h e  development although t h e  

No 

processing followed a s tandard r o u t i n e  wi th  r e spec t  t o  t h e  chemicals 

and development t i m e ,  

The e f f e c t s  of some of t h e  foregoing sources  of e r r o r s  are summarized 

in f i g u r e  8, 

compromise between atmospheric absorp t ion  and t e r r a i n  s i g n a l  loss .  Though t h e  

l i m i t  of e r r o r  f o r  t h e  8-14pm band pass  is  only about l 0 C ,  t hese  d a t a  

represent  an i d e a l  case, It i s  evident  t h a t  wi th  d i f f e r e n t  land-water 

temperatures and geometry, t h e  l a c k  of DC r e s t o r a t i o n  could in t roduce  much 

It sugges ts  t h a t  an  8-14pm f i l t e r  i s  probably t h e  b e s t  

l a r g e r  e r r o r s o  

in f i l m  exposure and development and t h e  e f f e c t s  of instrument parameters 

Moreover, no account has  been taken he re  of t h e  v a r i a t i o n s  

such as automatic ga in  cont ro l .  

Diurnal  temperature e f f e c t s  

One of t h e  p r i n c i p a l  areas of  i n t e r e s t  i s  t h e  present  steam product ion 

s i te  on t h e  n o r t h  s i d e  of t h e  v a l l e y  of Big Sulphur Creek. This  r a t h e r  

s t e e p l y  s lop ing  s u r f a c e  is  l a r g e l y  grass-covered wi th  s c a t t e r e d  trees, 

Along t h e  drainages,  trees and brush are more abundant ( f i g u r e  9). 

south  v a l l e y  s lope ,  on t h e  o t h e r  hand, has  a heavy growth of trees and 

The 

brusho 

c u l t u r a l  changes r e s u l t i n g  from t h e  d r i l l i n g  f o r  s t e a m ,  

r a t h e r  w e l l  t h e  l ight-colored bar ren  patches of hydrothermal a l t e r a t i o n  

aga ins t  t h e  darker  background of t h e  grass-covered una l te red  ground. 

same area photographed during our  survey i n  August 1966, shows t h e  ex tens ive  

c u l t u r a l  changes t h a t  have taken p lace ,  bu t  t h e  Geyser Canyon a l t e r a t i o n  

Figure 9 is  an aerial  photo taken i n  1955 before  t h e  ex tens ive  

The p i c t u r e  shows 

The 

zone i s  n o t  very  w e l l  dep ic ted  ( f i g u r e  l o ) .  
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A daytime I R  image of  ' t h i s  area ( f ig .  11) shows only t h e  h ighes t  

su r f ace  temperatures i n  a doughnut-shaped p a t t e r n  where copious steam 

is escaping around the  d r i l l i n g  pad of a blown-out steam w e l l .  

cooler  vege ta t ion  c o n t r a s t s  s t r o n g l y  wi th  t h e  hot ,  sun - l i t  grass-covered 

s lope,  Many of the topographic f e a t u r e s  on the I R  resemble those  on the 

aerial photo due t o  shadows t h a t  create d i f f e rences  i n  s o l a r  heat ing,  

The shaded, 

_ _  -. 

A pre-dawn image of t h e  same area ( f ig ,  12B), shows how the d i u r n a l  

cool ing e f f e c t s  t he  I R  emissiono The lower-temperature geothermal - 

anomalies now c o n t r a s t  s t rong ly  aga ins t  t h e  cooler  grassy s lopes ,  

vege ta t ion  i s  apparent ly  about a t  the  same r a d i a n t  temperature as the  

s o i l ,  Cooler a i r  has  s e t t l e d  i n t o  topographic lows, and wi th  no f i l t e r  

The 

over t h e  de t ec to r ,  g ives  rise t o  t h e  cooler  su r f aces  i n  t h e  bas in  of Big 

Sulphur Creek; dark  mot t l ing  c o r r e l a t e s  w i th  smaller topographic depressions,  

The inc rease  i n  temperature d i f f e rence  between anomaly and background 

from af ternoon t o  prc-dawn is  borne o u t  by ground temperature measurements 

a t  t h e  Sulphur Banks ( f i g ,  13 and 14)0 Three thermis tors  w e r e  emplanted 

at random i n  a warm a l t e r a t i o n  zone a t  s t a t i o n  lo Another three- thermistor  

a r r ay  w a s  e s t ab l i shed  a t  s t a t i o n  2 on a f l a t  b a r e  s o i l  s u r f a c e  about 500 

feet NW of  t h e  anomaly a t  s t a t i o n  1, The r e s u l t s  ( f ig ,  14) show t h a t  

during t h e  day t h e  background i s  a t  about t h e  same temperature as t h e  

anomaly, whereas i n  t h e  pre-dawn hours t h e  average temperature a t  t he  anomaly 

i s  about 10' g r e a t e r  than t h e  background, 

The b a r e  s o i l  a t  background s t a t i o n  2 appeared t o  be f a i r l y  uniform i n  

t ex tu re  and composition; t h e  temperature spread among t h e  t h r e e  thermis tors  

9 

w a s  on t h e  o rde r  

spread among the  

through the  s o f t  

thermis tors  

of  1 0 5 0 C ,  I n  t h e  a l t e r a t i o n  zone, t h e r e  is  a much g r e a t e r  

thermis tors  owing t o  t h e  l o c a l  pe rco la t ion  of w a r m  gases 

ground, and perhaps t o  s l i g h t  v a r i a t i o n s  i n  depth of t h e  
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Pre-dawn thermal emission 

An over-a l l  thermal view of t h e  r e p o r t  area is  shown i n  f i g u r e  15. 

Addi t iona l  d e t a i l s  are on f i g u r e s  1 2  and 16. The most i n t e n s e  anomalies 

- l i e  f o r  t h e  most p a r t  i n  t h e  a l t e r a t i o n  zones shown i n  f i g u r e  2. The 

group of sp r ings  a t  t h e  L i t t l e  Geysers ( f ig .  16) i s  t h e  southeastern-  

most prominent anomaly, though t h e r e  seems t o  be a smal l  u n i d e n t i f i e d  

hot  spo t  about 1 / 4  m i l e  f u r t h e r  upstream on Big Sulphur Creek, Addi t iona l  

anomalies, apparent ly  a s soc ia t ed  wi th  ho t  sp r ings ,  occur along Big Sulphur 

Creek between L i t t l e  Geysers and powerhouse 1. 

about one m i l e  SE of t h e  mouth of Hot Springs Creek, 

Hot Springs Creek are ba re ly  pe rcep t ib l e ,  by c o n t r a s t o  

The most prominent is 

The sp r ings  on 

The two most i n t e n s e  anomalies l i e  between powerhouse 1 and Geyser 

Canyon. 

t h a t  steam development f i r s t  began. 

They are i n  t h e  area's l a r g e s t  a l t e r a t i o n  zone and i t  i s  he re  

Natura l  steam ven t s  a t  90°C are 

common, and on t h e  westernmost of t he  two anomalies steam from t h e  

cracked d r i l l i n g  pad of a wild-blowing well adds t o  t h e  thermal s igna l .  

The southwest l i m i t  of t h e  anomalous zone' i s  a thermal lineament which 

extends along t h e  no r th  bank of Big Sulphur Creek from t h e  powerhouse 

nearby t o  t h e  mouth of Geyser Canyon, A similar WNW l i n e a r  thennal 

zone l ies  along t h e  creek from near  t h e  mouth of Geyser Canyon downstream 

along Big Sulphur Creek f o r  s e v e r a l  hundred yards,  This zone l i kewise  

forms t h e  southern l i m i t  of a zone of ho t  s p o t s  i n  t h e  v a l l e y  next 

w e s t  of Geyser Canyon, The image suggests and f i e l d  examination tends 

t o  confirm t h a t  t h e  l i n e a r  thermal zone conta ins  two steaming f r a c t u r e  

zones, one about a t  creek l e v e l ,  t h e  o t h e r  20 f e e t  o r  so  above t h e  
<.' 

creek ( f i g ,  17), 



Fur ther  w e s t  t h e  Sulphur Banks anomalies are i n  an area mantled by 

l ands l ides ,  

thermal s p o t s  extending WNW from near  powerhouse 2. 

The h o t  patches form a 1/2 m i l e  long l i n e  of interconnected 

- En echelon w i t h  t h e  Su l fu r  Banks thermal zone, i s  a s t r a i g h t  reach 

of  Big Sulphur Creek along which are several s m a l l  thermal spo t s ;  they are 

probably due t o  ho t  spr ings ,  as t h e  creek b r igh tness  on t h e  image is 

. percep t ib ly  h igher  a long t h i s  reach. 

It thus  appears t h a t  t h e  two most prominent mapped thermal zones are 

bounded on t h e  south  by l i n e a r  f e a t u r e s  and a t h i r d  is  l i n e a r  i n  shape, 

Though t h e  thermal alignments do n o t  co inc ide  with,any of t h e  f a u l t s  mapped 

by M c N i t t ,  an  abnormally warm f r a c t u r e  system along p a r t s  of Big Sulphur 

Creek is  s t rong ly  suggested. 

The most i n t e n s e  thermal anomalies i n  The Geysers area coinc ide  

genera l ly  wi th  hydrothermally ay tered  steaming ground, I R  maxima are 

recorded over active fumaroles and h o t  spr ings ,  

f i g u r e  126 and f i g u r e  15 shows a s u b t l e  a r c u a t e  low i n t e n s i t y  thermal f e a t u r e  

But c l o s e  in spec t ion  of 

extending northwest from t h e  Sulphur Banks, To t r y  t o  o b j e c t i v e l y  eva lua te  

t h i s  f e a t u r e  wi th  r e spec t  t o  i t s  environs and to t h e  ad jo in ing  high i n t e n s i t y  

thermal anomalies, w e  employed t h e  two dens i ty  ana lyzers  descr ibed previously,  

The image quant izer  w a s  used as a f i l m  dens i ty  level slicer, I n  t h i s  

procedure, t h e  specimen is  scanned wi th  t h e  quan t i ze r  set  so  t h a t  i t  p r i n t s  

only those  d e n s i t i e s  g r e a t e r  than a c e r t a i n  s e l e c t e d  va lues  The process  is 
9 

then repeated,  changing only t h e  quant izer  tk reshold  so t h a t  i t  p r i n t s  

s l i g h t l y  lower d e n s i t i e s ,  

th resholds ,  y i e ld ing  a set of p r i n t s  as i n  f i g u r e  18, 

i n  t h i s  case was t h a t  shown i n  f i g u r e  1 2 ,  

The process  is repeated a t  success ive ly  lower 

The I R  image used 
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Figure 18 covers  Big Sulphur Creek v a l l e y  from about Hot Springs 

Creek t o  about one m i l e  SE of t h e  Buckeye Mine, and i n  f i g u r e  1 8 A ,  d e p i c t s  

maximum f i l m  d e n s i t i e s  i n  t h i s  area. 

a l t e r a t i o n  zone a t  a po in t  about midway between powerhouse 1 and Geyser 

The h ighes t  dens i ty  i s  i n  t h e  main 

Canyono The h o t t e s t  p a r t s  of  t h e  anomalies a t  t h e  Sulphur Banks a l s o  

f a l l  i n  t h i s  dens i ty  increment, inc luding  t h e  s i te  a t  s t a t i o n  1. The 

.. . .. 

next lower dens i ty  increment (18B)  i nc reases  t h e  s i z e  of t h e  Geyser Canyon 

thermal zone by perhaps a f a c t o r  of 2 and t h e  Sulphur Banks zone by 

somewhat moreo The a l t e r a t i o n  zone, about midway between Geyser Canyon 

and powerhouse 2, now makes i t s  appearance r a t h e r  f a i n t l y .  But perhaps 

more s i g n i f i c a n t  i s  t h e  development of an a rcua te  dens i ty  zone extending 

w e s t  from t h e  Sulphur Banks, and af ter  a gap, an oval-shaped r i n g  of dens i ty  

f e a t u r e s  s t i l l  f u r t h e r  t o  t h e  w e s t s  

Adding t h e  next  lower dens i ty  increment ( f i g u r e  1 8 C ) ,  t h e r e  i s  
& 

e s s e n t i a l l y  no f u r t h e r  enlargement of t h e  Sulphur Banks-Geyser Canyon s u i t e  

of  anomalies, bu t  t h e  area w e s t  of Sulphur Banks i s  g r e a t l y  enlarged and 

several spo t s  are included SE of  The Geysers and south of Big Sulphur Creeke 

The next  added dens i ty  increment p r i n t s  o u t  roughly h a l f  t h e  area 

of t h e  I R  image. 

It seems s a f e  t o  say  t h a t  f i g u r e  1 8 A  dep ic t s  only thermal anomalies, 

as a l l  of t h e  l o c a l i t i e s  relate d i r e c t l y  t o  steaming ground, 

o t h e r  extreme, f i g u r e  1 8 D  must be  w e l l  i n t o  the 'geologic  no i se  level,  

This i n t u i t i v e  reasoning l e a d s  t o  t h e  conclusion t h a t  t h e  boundary 

between normal and abnormal su r face  temperatures ought t o  be  a t  some 

in te rmedia te  dens i ty  level  between 18A and 180, 

A t  t h e  

18 



An I R  image of  Big Sulphur Creek v a l l e y  ( f i g ,  12) w a s  a l s o  

analyzed wi th  t h e  IDT-MDT, w i th  gene ra l ly  comparable r e s u l t s ,  

i sodens i ty  map i s  p r i n t e d  o u t  wi th  each dens i ty  increment depic ted  by 

a sepa ra t e  co lo r  f o r  ease of' i d e n t i f i c a t i o n  (see Turner and Boynton 1967, 

The 

f o r  d e t a i l s  on t h e  co lo r  attachment),  The boundaries of t h e  two maximum 

i sodens i ty  zones are shown on f i g u r e  20, 

1 and 2 were recorded ( f i g ,  14) a t  the t i m e  t h e  image w a s  made. 

Temperatures a t  ground s t a t i o n s  

S t a t i o n  1 

is wi th in  t h e  anomaly; s t a t i o n  2 is  j u s t  beyond, 

average temperature d i f f e rence  between these  s t a t i o n s  g ives  some measure 

The observed l l ° C  

of t h e  anomaly, 

Another I R  image of Big Sulphur Creek v a l l e y  ( f ig ,  15) on a smaller 

scale than f i g u r e  1 2  and covering a l a r g e r  area, w a s  a l s o  processed on 

the  IDT-MDT. 

p r e c i s e l y  but  t h e  genera l  d i s t r i b u t i o n  of maximum d e n s i t i e s  i s  s imilar  i n  

The dens i ty  increments of f i g u r e s  20 and 21 do n o t  correspond 

both ins tances ,  I n  December, 1967, s o i l  temperature measurements were 

made i n  t h e  area of h igher  rad iance  w e s t  of t h e  Sulphur Bankso A l i n e a r  

a r r a y  o f  5 thermis tors  spaced a t  about 50 f o o t  i n t e r v a l s  w a s  emplanted 

on t h e  south-sloping r i d g e  between two l ands l ides  i n  t h e  SE 1 /4  seec 11, 

T l l N  R9W ( f ig ,  13), The a r r ay  was intended t o  c ros s  t h e  a rcua te  f a u l t  

mapped he re  by M c N i t t  ( f i g o  3 ) ,  A t  most of t h e  thermis tor  sites, t h e  

bedrock ev ident ly  w a s  a t  shallow depth,  on the o rde r  of inches,  

r e s u l t s  ( f i g ,  22) i n d i c a t e  a n ight t ime d i f f e rence  of about 7 O C  between 

The 

the  two thermis tors  on t h e  south as opposed t o  t h e  t h r e e  on the  north.  

A d i r e c t  comparison of t h i s  temperature break wi th  t h e  I R  resu l t s  would 

hardly b e  j u s t i f i e d ,  owing t o  seasonal  d i f f e rences  i f  nothing else, bu t  

i t  seems evident  t h e r e  is some anomalous s o i l  temperature condi t ion  a t  
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t h i s  l o c a l i t y ,  A good d e a l  more s u r f a c e  observa t ions  would be requi red  

- before  one were t o  draw any f u r t h e r  conclusions. 

In  t h e  foregoing dens i ty  ana lyses ,  u n f i l t e r e d  images w e r e  u t i l i z e d  

t o  t ake  advantage of t h e  maximum s i g n a l  response, By t h e  same token, 

as previous ly  demonstrated, t h e  u n f i l t e r e d  images s u f f e r  t h e  g r e a t e s t  

atmospheric transmission l o s s e s ,  t h a t  reduce t h e  apparent rad iance .  

toward t h e  image edgeso This e f f e c t  i s  i l l u s t r a t e d  i n  f i g u r e  23, where 

t h e  co lder  a i r  i n  topographic depress ions  and t h e  dens i ty  ro l l -o f f  wi th  

increased  scan angle  are much more ev ident  on t h e  u n f i l t e r e d  image than  

on t h e  8-14 band passo  The dens i ty  maps consequently are u s e f u l  only i n  

comparing r e l a t i v e  d e n s i t i e s  i n  t h e  c e n t r a l  p a r t  of t h e  image and on a 

l o c a l  b a s i s o  

From a reg iona l  s tandpoin t ,  t h e  rad iance  i n  t h e  Big Sulphur Creek 

area shows no d i agnos t i c  cha rac t e r  t h a t  w e  can i d e n t i f y .  

p r o f i l e s  w e r e  made of s e v e r a l  I R  images o r i en ted  WE'that extend from 

MDT dens i ty  

L i t t l e  Sulphur Creek t o  Squaw Creek. I n  a l l  cases, rad iance  l e v e l s  i n  

Big Sulphur Creek v a l l e y  do no t  exceed those  i n  t h e  ad jacent  areas except 

f o r  t h e  immediate v i c i n i t y  of t h e  hydrothermal zones ( f igu res  24 and 25). 

The a r c u a t e  radiance zone w e s t  of t h e  Sulphur Banks is  v i s i b l e  on these  

r eg iona l  images, bu t  t h e  abso lu te  va lue  of t h e  rad iance  l e v e l  i s  r e l a t i v e l y  

low, 

l o c a l l y  t o  vege ta t ion  and t o  s lope  o r i e n t a t i o n  wi th  r e spec t  t o  sun angle,  

The h igher  rad iance  l e v e l s  elsewhere i n  t h e  region can be ascr ibed  

but  t h e r e  i s  n o t  a g r e a t  d e a l  of consistency. Var ia t ion  i n  emis s iv i ty  

may a l s o  be  involved, Representa t ive  samples'of s e v e r a l  bedrock u n i t s  

i n  The Geysers area w e r e  examined wi th  an emis s iv i ty  box (Moxham and 

o t h e r s  1968, p.  11) u t i l i z i n g  a Barnes 8-14pm radiometer. The r e s u l t s  
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. . .  

Table 1. Emiss iv i ty  (8-14my) of rocks i n  The Geysers area 

Location 
- 

Descr ip t ion  €8-14 
___I 

1/ 1 SW 1 / 4  sec, 11 T U N ,  Greenstone .96 fw- 
R9W; about 300 f to  
Nw of Sta. 5 

2 SE 1 / 4  sec. 1 4  T U N ,  Cherty s h a l e  *91 
e95 f R9W; about 0.4 m i .  . (JKS) 

ESE Buckman Mine 
Hdg 

3 NE 1 / 4  s e c c  14 T U N ,  Graywacke 093 f 
R9W; adjacent  t o  Geyser (JKmS ) e94 w 
Rd,, 500 f t .  ESE of Eagle 
Rock 

4 NE 1 / 4  sec,  13, T U N ,  Altered 98 
R9W; a l t e r a t i o n  zone about graywacke 
500 f t ,  N of Power P l a n t  A, 
on N s i d e  of main access rd ,  

5 SE 1 / 4  s e c e  11, T l l N ,  
R9W; Sta,  5 

Graywacke 097 w 
(JKms 1 

6 SE 1 / 4  seco 1 4 ,  T l Z N ,  Greenstone .96 f 
R9W; 600 f t ,  E. of l o c a t i o n  2 .96 w 

1/ - f = f r e s h  

w = weathered 

fw = p a r t i a l l y  weathered 

2 OA 



(Table 1) show a spread i n  ~8-14 from 0,91 t o  0-98,  bu t  more commonly 

from 0,94-0,97 f o r  weathered su r facesB  

amounts t o  about 3 O C  f o r  a 25OC s u r f a c e  temperature. 

development and gene ra l ly  rough su r face  t e x t u r e s  probably tend t o  

diminish the emiss iv i ty  v a r i a b l e  t o  a somewhat smaller va lue  than 

suggested by t h e  bedrock samples, 

This v a r i a t i o n  i n  emis s iv i ty  
- - -- 

However, s o i l  

- 

_ _ _  

6 
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SUMMARY 

The aerial i n f r a r e d  surveys i n d i c a t e  t h a t  t h e  p r i n c i p a l  high 

temperature zones a t  The Geysers a r e  i n  p a r t  l imi t ed  (a t  the  sur face)  

on t h e  southwest by s t r u c t u r a l  l ineaments;  t h e i r  no r theas t  ex ten t  , 

tends t o  be more d i f fuse .  

An a rcua te  rad iance  p a t t e r n  suggest ing s l i g h t l y  e leva ted  su r face  

temperatures,  extends beyond t h e  northwest present  l i m i t  of steam 

production a t  the  Sulphur Banks, The a rcua te  zone seems t o  coincide 

with a temperature d i f f e rence  measured on t h e  sur face ,  and with a 

mapped f a u l t ,  as w e l l .  There are o the r  s l i g h t l y  e leva ted  radiance . 

p a t t e r n s  i n  Big Sulphur Creek va l l ey  bu t  t h e i r  s ign i f i cance  i s  no t  

knowno The radiance i n  Big Sulphur Creek v a l l e y ,  except f o r  t h e  

hydrothermal a l t e r a t i o n  zones, i s  n o t  except ional ,  t h a t  is, t h e r e  i s  

l i t t l e  evidence of a reg iona l  geothermal anomaly a t  t h e  su r face  i n  

T h e  Geysers a reac  
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Figure 1. Location map. 



. '.. 





c 
Y Y 

0 

R 

5 

1 
i 



..I 

c\t 



M 





. .  

I 

0 - ---E, * I .  
0 
I 

, - = = c - - - - . y . g _ _  0 - ---E, * I .  
0 
I 

, - = = c - - - - . y . g _ _  



Figure 5. I n f r a r e d  ,sage o Clear ake, 8/ 7/66, : (no f i l t e r )  . 
Horizonta l  whi te  l i n e  i n d i c a t e s  approximate t r a c k  of 
a i r c r a f t ,  A=temperature monitoring s t a t i o n  no. 4 .  
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Figure  9, 1955 aerial photo of t he  steam-production area a t  The 
Geysers, 
Figures  10, 11, and 1 2 B  cover approximately t h e  same areae 

White patches are zones of hydrothermal a l t e r a t i o n ,  





Figure 10. 1966 aerial photo of t h e  steam-production area a t  The Geysers. 
Power p l a n t  no. 1 i s  on the  lower r i g h t ;  power p l a n t  no. 2 i s  
a t  t h e  l e f t  center .  





Figure 11. Daytime I R  image of t h e  steam product ion area a t  The Geysers 
(15:34, August 16, 1966). Arrow i n d i c a t e s  ring-shaped thermal 
anomaly surrounding blown-out steam w e l l .  





Figure 12A. Predawn IR image of Big Sulphur Creek va l ley .  
I n  t h r e e  overlapping views: 12A, area sou theas t  
of The Geysers; 1 2 B ,  The Geysers; 12C, area north- 
w e s t  of The Geysers. 

12A: A=Hot Springs (?);  B=Hot Springs Creek; 
C=Cobb Creek; D=power house no. 1. 





Figure 12B, A=Big Sulphur Creek; BZGeyser Road; C==The Geysers 
r e s o r t ;  D=power p l a n t  noo 1; E=power p l a n t  no,, 2. 
Power p l a n t  noa 1, i n  opera t ion  shows warm;  
power p l a n t  no. 2, under construct ion '  shows cold,, 





Figure 12C. A=temperattlre monitoring s t a t i o n  no. 1; B=stat ion no. 2;  
C=s ta t ion  no. 3; D=Geyser Road; E=Healdsburg-Geyser Road; 
P B i g  Sulphur Creek; G=jeep t r a i l ;  H=Eagle Rock. 





Figure 13. 1966 aerial  photo of  t h e  Sulphur Banks. Power p l a n t  no. 2 
i s  i n  t h e  lower center .  
are ihd ica t ed  by t h e  numbers 1, 2 ,  and 5. 

Temperature monitoring s t a t i o n s  





Figure 14, Surface temperature observa t ions  a t  t h e  Sulphur 
Banks, Images sh0t.m i n  f2guz.e.s 11 and 12 were made 
d,uring t h e  h f r a r e d  surveys on 8/16 and 8/17 r e spec t ive ly  

(arrows) I 

S t a t i o n  l o c a t i o n s  are shown on f i g u r e  12C, 
show temperature spread among t h e  t h r e e  the rmis to r s  
a t  each s t a t i o n  a t  t i m e  indicated. 
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Figure 17. Steaming f r a c t u r e  along Big Sulphur Creek. Power p l a n t  
no. 2 i s  i n  t h e  background on t h e  upper l e f t .  





* Figure 18. Tech/Ops film density map of part of fig. 12, Top 
view is the density slice showing only maximum 
densities. Lower densities are added by increments 
toward the bottom. 
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Figure 23. I R  images of The Geysers steam f i e l d  showing e f f e c t s  of 
band pass  f i l t e r .  Top, 809-10 micrometers, 03:50,  8/18/66, 
Bottom, no f i l t e r ,  04 :00 ,  8/17/66. 









Figure 25. Aerial photos (bottom) and I R  image ( top)  ac ross  t h e  
r eg iona l  s t r u c t u r e .  Some apparent  con t r ad ic t ions  are 
i l l u s t r a t e d .  Barren area (A) and ad jacent  heav i ly  fo re s t ed  
area (B) w e s t  of t h e  no r th  branch of L i t t l e  Sulphur Creek 
appear t o  have rad iances  reversed from similar bar ren  
area (C) and ad jacent  heavi ly  fo re s t ed  area on t h e  w e s t  
s l ope  of Big Sulphur Creek. E=Big Sulphur Creek; F=Geyser 
Road; G=Squaw Creek a t  t h e  mouth of Cold Water Canyon; 
H=the Sulphur Banks. 
rad iance  f ea tu re .  

Arrows i n d i c a t e  p o s i t i o n  of a rcua te  




