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Thermal Power Company 
785 Harket Street 
San Francisco, California 

Dear Sir: 

859 East 2730 North 
Provo, Utah 84601 
December 30, 1971 

This report is being prepared for Thermal Power Company of 
San Francisco of its southwestern Utah properties which are held by 
Coda Corporation in southwestern Utah. The properties consist of 21,000 
acres of land under lease by Coda Corporation in Hillard, Beaver, and 
Iron Counties, as indicated by the map. 

The region under study is about 50 miles in width and 150 miles 
in length, in which studies have indicated an abnormal heat flow in the 
area pertaining to geothermal springs. The area has very few people, 
approximately 2500, living in two small communities. 

CLIHATE: The climate of this area is typical of basin and 
range province consisting of desert type of climate in the valleys and 
changes with elevation radically as altitude increases. The valleys are 
dry lake beds surrounded by sage brush flats. At slightly higher elevations, 
bench lands afford sufficient rainfall for juniper and pinon pine trees and 
in the· low mountains there is a more temperate climate with increased 
precipitation and plant growth, in the high mountains there is sufficient 
moisture to create considerable snowpacks during the winter months to 
recharge the underground aquifer of the valley grabens. The climate is 
quite variable and is a function of the altitude and these variations of 
climate occur within a very few miles. 

GENERAL GEOLOGY: The geology of Southwestern Utah offers many 
contrasts. In this area, the relatively stable Colorado plateau hinges 
with the relatively chaotic Basin and Range province. This report is a 
study of the Basin and Range geothermal possibilities in the hinge zone 
and covers a tract of land approximately 50 miles in width and 150 miles 



in length. .A •dominant feature of the region of study is the abnormal heat 
flow demonstrated by the hot springs, the earthquake activity, the huge 
faults, volcanism of many kinds, and hydrothermal alterations. The Colorado 
plateau consists of separate plateaus, mesas, and buttes Vlith intervening 
canyons, washes and gulleys, and is bordered on the west and south by 
volcanism, and on the east by the Rocky Mountains • In some places the Basin 
and Range volcanism extends into the Colorado plateau producing a vague 
dividing line between the two types of geology. 

The granitic stocks are dominant features of the Basin and Range 
province. They represent the mountain building. process going on-throughout 
the area, and are strong indicators of the abnormal heat flmv occurring in 
the continental rifting process. Although they are less dramatic than an 
active volcano, they evolve in a similar but slmver fashion. They represent 
the same process of upward migration of deeper layers of semimolten rock 
material toward the surface, and they carry high temperatures with them. 

Volcanism is manifested in many ways. There are a fe1v active 
volcaneos in the \vorld, and there are many inactive or dead volcanic cones. 
In addition, volcanism is represented by such surface materials as pumice, per­
lite, obsidian, basalt, ignimbrites, and various igneous flow rocks. These 
volcanic material originate in the mantle such beneath the crust and make 
their way to the surface through volcanic cones, massive caldera, and through 
rifts in the crust. In the area of study along the hinge zone of the Basin 
and Range province, volcanism has occurred at depth and does not sho\,r on the 
surface. This is in addition to all the volcanism which is apparent on the 
surface. 

The theory of Continental Drift offers an explanation for the 
abnormal heat flow in Southwestern Utah. In this theory, it is assumed that 
the continents are floating on a sea of molten rock. This is recognized in 
the oceans as a global network of spreading centers, and on the continents as 
rifting of the continental crust. A spreading center known as the East Pacific 
Rise enters the North American continent under the Imperial Valley. It is 
postulated that a rift in the crust extends northward through California, 
Nevada, Utah, Idaho, and on northward into Canada generally in a northerly 
and southerly line. This rifting of the continental crust allows the molten 
mantle to come relatively close to the surface. As a result, the evidence of 
the abnormal heat flow in the hinge zone is apparent as volcanism, block faults 
and thrust plates, hot springs, and earthquake epicenters. 

There are three hot springs in Southwestern Utah where the temperature 
is near the boiling point of water. Water falling as rain or freezing rain or 
snow gradually percolates through the layers of rock and rock fissures and faults 
to rock formations of high heat at depth. Some of the heated water may escape 
to the surface as warm springs or hot springs. Heated water under pressure 
will carry minerals to the surface and these minerals precipitate on the sur­
face and seal off geothermal fields. Such hydrothermal activity is recognized 
as deposits of opalite or travertine. Many of these are found in the s~i!f'-;'f6~~';~''''l 
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l'1ouu: 5.-A, Sf}uaw Springs PSS!I. Bead water erosion has developed a valley 'throu~h the range. (From Frisco special topographic nmp.) 
lJ, lleayer Canyon, Mineral Range. The stream has developed a vallry through the range nnd bas ocqulred a large dralnagc area beyo~d. 
(From Drover topographic map.) 
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74 ORE DEPOSITS OF UTAH. 

It is considered by some that the streams 
that pass from the Plateau rrgion to the Basin 
region arc antccrdent-that is, thflt they have 
mainthinecl their courses while the mountain· 
ranges ·were rising neross their path. If the 
development of the region hns brm correctly 
interpreted in the preceding parngrrrphs, this 
seems cxtremdy unlikely. If, at the l.lC•gin­
ning of the uplift, the dr:tinngc wns fron1 the 
Basin Range province to the Plateau, there 
was, nt the time Of the re.vcr-E;n}, no drninr1go 
wcst\\·nnl from the Plateau prodncc to main­
tain itself. It nbo SC('Jl1S significant that tlH• 

Canyon Ib.ng-c•, the most nottthlc cxrrmplc of 
a mnuntnin cut directly across lJy n rin·r, wn:-; 
prohnbly complddy buric•cl hy curly 'l'nti,uy 
scdimf'nts 1 and was gradually ru1co\·cre{l ns 
tho strean1 cut its vallPy. Tlle Den YC'f H.iver 
canyon through the Ji[inL•ral Range h1ts lwen 
devc·lopC'd nlong a lino of faulting nncl i:-; evi­
dently controlled by the wrnknrss of the rock 
nt thnt locality m~d hus no connection wit-h 
prcuplift Jrninngc. The Squaw Springs Pass 
. throtwh the Snn Frnnci::>co Hnn("l~ hns nt-;o 
.dcvcloprd nlona n. line of faulting. 'l'ho ·wrst­
ern druinar•o hns Jne;lwd throuul1 ttw ruwrc o , o~~ ~·· n 

nnU hns cnptun'd n smull drninnge nrca on the 
C!lSt sido of the rnngc. OtiH'f t'anyons of Llw 
western slope of the San Frnncisco Rnngn hn n• 
pushell fttr inwnrd tO\ntrll 1h C'lt."tcrn 11l<ll'g'lll 
but hnvo not yet cut complt:tcly through. 
I-Iero tho western druinngc hns a niUch tihorter 
clistnnco to the snme b,bc-lewl (Seri<·r Loh) 
thnn tho Pastern und hns tben'foro hl'cn ahh• 
to nccomplish much nwre, nud thcdew·lopml'!lt 
of n. vnllcy ncro'"'s the range plninly can not be 
nttributed to nntcccclent drainage. (Sec ftg. 5.) 
.1fost of tho strenms crossing n. range that have 
been noted hy tho "'ilc•r may be logicnlly 
accountPd for hy normnl1H~lHhntrd erosion. 

An unpuhlishc<l manuscript on the Ilosin 
Hnnges by Dr. G. IC. Gilbert cites evidence to 
support tho i<lcf1 tlutt a 1·clative uplift of the 
urea cast of the \\"~"asatch R,lngo resulted in i\ 

reversal o_f the drainage before the present 
Waso>tch Mountains were formed, and that that 
drainage was 1nnintaincd ncross this runge ns 

COTIREL\.TION OI·' TI!E GREAT BASI:;-r WITH TirE 

OTIIEH PitOVIXCES. 

With the data nt present twailab],, it i·< tl•>l 
possible closely to corrrlnto the blt•r plly.sin­
grnphic ckvrlopnwnt of tho Basin Jlrovinr.t: ni 
1Jttth \\-ith that <•f thn provinc<'S to tltn P•JSt. 
Tho S('VC'l'~ll strikin,'.:( stages of crnsir)nal dt·\-d­
opmrnt tlwt h:n·t~ 1wt·n Tccognizl'cl to t~·~, 1 ;•-: 

uro either absent in tho B:1:-:in pro'>-;l'.,'t: ur if 
prc•srnt nre so Hlll.!iliL'd that tlH'Y ho·.\-~~ n"t 
bcPn r~cogni/L'll. ,\_ r;treful dderwill:ditlfl Hlid 

correlation uf tht~ htP physiographie dt·\-l·hp­
H}Pnts v;itl1in nnd ·.· :rltdnt the H:1·-:. \~ · ;,, 
promises mn-;t -L :, ,.t"·!ing and in1: J;'f.<'''r n·­
sults. The ratht·r lll!';l~~·r ollSPf\-;1 t I/J!'':'i (.f t!·.,. 
writer sugght 11·:~/ ·lt·\·dopnwnt h:·"> };,. :1 •\· 
difTpn•nt within ~~·.~d without Uw B:: -i11. OUI­
.-;idc tho Bnsin c·\·t·ry ,.l_,,,·ation Ol' d"l.,.,--~:j•n d 
the l'l'gion b:t.-.; t·]Lt!l.'~rd the el(•nt tiPrt r, L. i [\-,• 

to the ha:-:(•-k·,r·l,. .:::d the CO!l~l'rj\!1'1;1 ,.\. ,.-_\:,} 

or rdnrd;ttion 11f rh1· ·work of tltt~ ~tr,-.. 1\:--; 
fDUll(lL'XJlT'<·~<·•II i~~- t\l(~ p}l_y:-;io~l'\\['~1·:. .·~,; 

the Dn:->in ~:,1,·\t ~·~ 'ions nnd dt·pr;·"-.:. . 1 .. ,, . 
not clwn;.;cd tht\ t·k\';ttion reluti'i~t> t,, ti ,. J,:,_·L'~ 

lcn•l; tlte :--trca11n h:tn~ tlH·rdon~ 1:"' '· ,.a 
rl'jun•nnt('d, ! ! 1 phy!"io::.,'T:<:·l·.: 
nwnt }I,t:-; h 'l ", lJ\lifonn. TL,· 1· ·'· 
to dimnt:,. ,.',_,,,... !Hdh withilt 
the B,l·~in .: '·,1_\- n'cnrly w,'·,., 

murc Plt•Y:l(;:d _;- .. \ l••ll'-'. 'rlu~ r:· :1.:· 

lowl'r portio1: ;, 1:"\';t•\'t•r, arl; Jtl:lrl. 

t<nt; out~·ir1 · · a chan~t' in~· 
:.:imply n!l'r'< \ ,! . ;/C of tlll• ~[!, 

ftmr('1l fn·d~; :·~ ~r·;t; \dlt'i'('H~ 

Basin it aiTe~:t, 1i j .rt•as uf tht~ bh_ .. , .. 

C1:0I.OGY • 

~'l TI.\TIGRAPHY. 

The strati.•.;t:q.h\· ,,(l.Lth is so ('dlJI 

its comr1kte ,;. - ·tllll \,·ould i'l.'f!'l'' 
far in cxt·e:.::s ,,[ :l\":Iilable. Th~· 

hero i:-; 111('rt'ly tot,:,· .,. t1JC. major fr·.ll ~~\·· 

prepare :t g<•ncral H'rfin;.; for thn mnr·" ~t~·· 
discu~;~ln!H d e''u! · · · ! ltc ::leYCI'<' l~l-: 

I ' 

it wus uplifted. Tho topo;;r•q;lti\· 1 
· ".nap (Pl.l•,, 

~~!:' t ted, W;l-; • 

'I!:Pol(lcrt•·~;. 

the upoln,rv h:1~ I·· 1 :• 
I I.oughlin, o. F., n('(_'(lnn[lissancc In the ('n.n~on Range o( \1(\:.t• I M ~- • 

centrallitil.h; U.S.Gcoi.SurvcyProf.Pap.:rOO,p.53,19H. fur the 11JO:st p:tL-l !·,. 



100 ORE DEPOSITS OF UTAH. 

There is litt.lo doubt that tho extensive 
lields of lava extending westward from the 
High Plateau into Nevada are essentially con­
temporaneous with those of the plateaus, and 
the' flows in other parts of the State arc prob­
ably also of essentially tho sumo ago, though 
tho evidence is less conclusive. Several of 
the intrusive bodies of the State aro contcm­
pomneous with tho Bows (seo p. 09), and it is 
believed that this is truo for all those lying 
along tho eastern margin of the Groat Basin. 
1\holhcr it is true of the intrusive bodies ncar 
tho western border of tho Stato is not known. 

Volcanic activity, therefore, apparently broke 
out in curly Tertiary time, nnd both extrusion 
nncl intrusion continued thTough middle nnd 
lnte Tertiary into recent timO, the latest 
basaltic eruptions having taken place only n 
f cw hundred years ago. 

STRUCTURE. 

ArchC'nn rocks nre cxposl'd in only rclnti-vcly 
f:mnll <\rt'as, and data nrL~. not nsnilablc for the 
di.-·.cu-..:.:-:ion of their complex structural history. 

ul'lt(' follu'o\~ing dpscription of the structure i:-:, 
tlH·rdore-, confined to rol·ks younger than _..:\.r­
~hl'nn. The positions and rdtltions of the lll<tjot 

_ stn.cturnl fcntun':-:J nre shown in Pltl,te XI. 

FOT.DS. 

F(Jiding, though less con~picuous than fault­
ing in mo~t parts of Ltnh, i:--) yet. of imporblllCl'· 
IL appears to bo greatest in u. north-south 
zono tllnt extends across the State, along the 
hound:uy of the llasin and Plttteuu provincca. 
In this zono tho prc-Tortinry rocks have been 
thrown into " series of fold,;, most of which 
strike north-south but somC\ o£ \vhich striko 
from nearly northwcst-soutlwast to consider­
ably cnst of north. 

In southeastern ldnho 1 and sonthwPst0rn 
'Vyoming,2 in the northern continuation of 
this bolt, tho folds urn close, in runny places 
overturned, und uro a.c;sociatccl with cxt(_~nsiyo 
thrust faulting. To the south tho folds arc 
more open and the thrmt faulting is k;s im­
portant, and south of the southern Wnsatd1 
both folds and faults have lnrgdy died ont, 
though opon foldiug lS reco;;nizPd much 

t Richards, R. W., and )-f.an~ne!•l, 0. R., The TI;mnoek on•rU1rn;t; a 
majorhult in soutlwastrrn I•.hho<l!ld nr:rrth{'::l.~ll'nl l't-1~1: JPHL n\'1'\"~'f, 
vol. 2\J, p. ';0-1, 1912. 

2 Yco.t-<::h, A. C., Geography and g~o!O!!)' of a portl•m o southwe~tern 
, Wyoming: U.S. Geol. t-:urvey l'rof. l'!lp<er i:it3, p. IU", 1\.~Ji. 

further to tho south. It is prohublc that the 
folds that antedate tho Tertiary rocks of tlw 
High Plateau' "lcro produced at the sam.· 
time us these folds. In the southern part oi 
the State, over "width of several miles, fron 1 

St. George nearly to Cedar City, a series of 

north-south open anticlines and SJ'nclinl'.">, 
with local overturning of the folds 1 t LS ('On­

sptcuous, 

DO)IIC' AL l"PLIFTS. 

Brontl uplifts consi-;ting of an anticlinal 
folding or doming of the rocks are of prime 
importance in Utah. These uplifts may be 
scpnrnh~d into those tlvt ,-ltnw a distinct trcn,l 
fi!Hl th().~(~ thnt s.how un L' .t:·.t·d trrnd. Amoug 
those ,\·ith a Jistinct tr.'r .. ! nre the grcnt east­
west t·intit uplift nw[ it-> wt~stwt1nl extension 
through the \Vnsatdt uad Oquirrh rnnges 1 thr 
similar hut k>Scr uplift of the Haft Hiwr 
Hnnge in the nortb\\.1"--LT<l part of the Stn.tt>, 
nnd tht~ lt~:'-~ l'll'nrly d··i:J!t·d ('ttst-,.,_·esL uplift in 
tlw latltwh~ of th1· Ti!tlit· und Deep Creek 
rnn'YP,._; in which~~~-,. ( .·11(.; ~n rocks have lwrn 
raisrtl abon>. fh,· J;t-.· •'rosion surface 1n 

numerous louditi,·;-;, tlt·•it,:.::h not r:-;:poscd in 
the adj:H"('nt rq;iott"> t·it ht'f to the north or 
.'<nrth. (St·e Pl. ::! This stmcturo np· 
pan~utly 1bttt'Hs PI\ ~rc reaching tht· 
1'1:'ntic Hnng0. Fni :J. ·~· '!ill n. similar struc~ 
tlirnl fe1l t nrc l'X t '·n•: . ~l • 'l'ush;tr, Jiinrrnl. 
Stnr Sun YrHn('i~('''· ~~~~ \rah '\"nh rnngL':<. 

~pd ~till {;,;·11\l'f ;..:1P1t ··"'il·~ of domict1Tur· 
l)fts, n~soci:Ltt•d w\: ~' ··II~, (':;:tends north 
enst nnrl.-.:nitlh.Wl':->t •: It tht' lrun Spnng.·-
Bull \'nU•·r n'ginn. 

'rn tlw :'tlUtlwu:--tn~: 
1 

••. , of the Stntc tht' 
San 1\nfad Swr11, l L·.i(·\· ~{ountRins, .Abnjo 
"J-Iountnins, and ~a' ; ' ';,[lluntain :-;how lc::;:o: 
dcfinitP trends. 'll~· ; :t Sal ~fountains, how­
OYer, fnrm the cetJ.I. , , ot·tion of a. series ,,f 
northv;, ·A-southc:l~ t -·l'\'C'rnl mil(·s ]on g. 
Tho '\\',ttt'r J>nckrt con~ists of nn un-
~.rmmctrital uplift, or ' Jli,·h tho eastt'fll limb 
t1ips stef'ply nnd tlw wt·.~lt·rn limb gr~ntly, nml 
along y·hil'b tbn ('i··· 1 ·:;rr (Burr Flats) unt! 
~finer~; ;-,[ountmn .,. :n sub~illinry dome:::. 
The p:n·"t ;\Ionnmt'" · ·. y uplift cost of CDin· 
nHlo Hi\·l'r tr<>mh> d · h· west of south fron: 
the n•git :n of the£\: "Jwntains in to _}..__rizon:-~. 

J Dtltt.-,,, (' ~·:., f;I'Oil•l'.> 

an1l l:l'!JL :".,n,·y Hrx:ky .'•l ,, 
fTh('Hilfl' IIIChllltlnl~ 

~rus, l'omp.,. ·L Dull.,\' 

·; ~·.---.n-;; or Utah, p. ·H, t'. S. G<-ot 
,, 1:-.'IJ, •\ 
-.;!I~· ,u~trict, Utah; II::w>anl fC' 
., I<Jt-t. 

... 



Water is essential to the occurrence of a steam field. It is 
almost entitely meteoric in origin, and the high mountains of the area 
serve as excellent structures for the collection and transmission of water 
to the underground heated rock layers. All of the laws governing the use 
of water will apply to the use of Hater in a steam field. 

The crit~ria for a geothermal field include an inexhaustible heat 
source relatively close to the surface, a rock structure sufficiently porous to 
create a reservoir, sufficient meteoric waters to recharge the reservoir, and 
sufficient heat and pressure of the steam or fluids to operate a commercial 
plant. 

THE SOURCE OF GEOT!!ERI'!AL HEAT: In the Status Report for April, 
1971, for Geothermal Resource Investigations in the Imperial Valley, Ellis 
Armstrong discusses the continental drift theory. He states, 11a relatively 
new hypothesis in global tectonics relates high crustal heat flow to the 
occurrence of a global network of spreading centers that largely traverse 
the ocean floors. Heat flow approaching the earth's surface along these 
spreading centers is often five to ten times the crustal average. The earth's 
crust is a series of continental and oceanic plates that are being rafted about 
on the liquid mantle of the interior. In areas of fluidic convergence or 
dmmsinking, buoyant crustal plates are plunged into the liquid mantle and 
resorbed. In areas of upwelling, the crustal plates are spread apart and 
oceanic ridges are formed. Geologists believe that oceanic ridges mark the 
alignments where continents split and began to drift. The mid-Atlantic ridge 
marks such cc line of departure for the westward drift of North and South America 
and conversely the eastward drift of Europe and Africa. The Island of Iceland 
lies athwart the mid-Atlantic ridge". 

This report is concerned with the Basin and Range Geothermal 
Province which is directly related to the crustal spreading of a feature 
known as the East Pacific Rise. Utah has long been known to lie along an 
active belt of seismicity that extends northward from the Gulf of California, 
through Arizona, Utah, Idaho, Wyoming, }!ontana, and into British Columbia. 
This b'elt of seismicity is presumed to be an extension of the East Pacific 
Rise into the North American continent. The significant feature of the gross 
tectonic relations is that most of Utah's earthquakes have occurred along 
boundary zone between the Basin and Range Province and the Colorado Plateau. 
The earthquake activity is interpreted as directly related to abnormal heat 
flow from the continental rifting of the East Pacific Rise. 

GEOTHERMAL GROUND WATERS: Water falling as rain, freezing rain or 
snow gradually percolates down along fault systems created by the mountain 
building process to rock formations containing large amounts of heat. 
Temperatures may increase rapidly in some formations. In one shallow well 
drilled to a depth of 270 feet, temperatures of 270° F were recorded at the 
mouth of the well, and this temperature was maintained at the same level after 
the well had been allowed to flow for three months. In four other wells drilled 
along the structure live steam was encountered at shallow deptJi~-~b'f'" ""'to 
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80 feet. These test holes were placed along the structure over a distance 
of three mileS. Heated waters may escape into relatively shallow underground 
water strata heating them to higher temperatures than the atmosphere. Reports 
of wells drilled for agricultural purposes show temperatures of 72° F in many 
such farm , .. ,ells. Some of these same wells are still in production after a 
century of use, and still show a temperature of 72° F. There are three hot 
springs in the area of study which show temperatures near the boiling point 
of water. The maximum recorded temperatures of these springs range from 
185° to 189° F. All three of these springs are in or near late Tertiary or 
Quaternary volcanism. 

J. C. Mundorff, hydrologist, U. S. Geological Survey has prepared a 
report entitled the 'Major Thermal Springs of Utah'. In this report he makes 
the following remarks, 11 the normal thermal equilibrium of an area may be 
affected by (1) the presence of an intrusive magma rising sufficiently close 
to the surface to heat the surrounding rock and the interstitial water, (2) 
the extrusion of igneous rocks (volcanism), (3) heat from radio-active elements, 
and (1,) heat that may be generated by the friction along faults. Of the pro­
bable sources of geothermal heat, intrusive or extrusive masses of magma are 
a require-:-:cc:nt for hyperthermal conditions having economic value. Fault friction 
may be a minor source of heat for all springs sho,;vn in the vicinity of faults 
or for springs described as being in the vicinity of known or inferred faults. 

Thern1al discharges having temperatures at or near the boiling point 
of water indicate prospective areas in which to drill wells in exploration for 
geothennal energy. In Utah, three springs - Thermo, Abraham, and Roosevelt -
have temperatures near the boiling point of water. The boiling point at the 
altitude of these springs is about 205° F. All three springs have temperatures 
between 185° and 189° F and all three springs are in or near late Tertiary 
or Quaternary volcanism. During the past ten years, Roosevelt Hot Springs 
have had little or no discharge, although abnormal geothermal conditions are 
evident in the vicinity of the springs. 

The possibilities of producing natural steam depend on the 
existe-nce of a source of heat, on the presence of a penneable bed, and gen­
erally on the presence of an impermeable caprock. Detailed geologic, gravi­
metric, electrical, seismic, and hydrological reconnaissances are recommended 
before drilling. The preliminary objective is to drill test wells to confirm 
the inferences from these surveys and to supply detailed information about 
the formations present. Such detailed information should include their most 
important physical properties (porosity, permeability, and density) and 
existing physical conditions (temperature and pressure of the fluids and 
nature of the percolating fluids). Figure 1 is a map showing major faults, 
earthquake epicenters, and major thermal springs of Utah. 

GEOTHERMAL POWER FOR COMNERCIAI USE: In a report entitled 
"Geothermal Power Goes Commercial", published in SEVENTY SIX, November/ 
December, 1971, by Union Oil Company, the following comments are made. __ ........... , .......... ,,,,,,,'\\\ 
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"We (United States) continue to demand electricity in unprecedented amounts. 
The market doubles every eight to ten years with no letup in sight. Coal, oil, 
and natural gas produce most of our electric power, far exceeding the output of 
hydroelectric dams and nuclear energy. Natural gas is in short supply. There 
are ample reserves of coal and oil available, yet much of the coal and oil has 
a high sulfur content, and their use for making more electricity is under 
attack. Coal has its own problems: sulfur, fly ash, strip mining, safety 
rules. Nuclear pmver meets opposition due to potential radiation hazards. 11 

As a supplement, Dr. Carel Ottc, a geologist, who heads Union Oil's 
Geothermal Division, has indicated electric power made from natu~al steam. 
Next to hydropower, it is the lowest cost electricity available. It is more 
than competitive with fossil fuels, and there are no combustion products emitted 
into the atmosphere. For many years geothermal progress "las slow, regarded by 
many outsiders as an interesting oddity. There were many hurdles to overcome 
and pioneers in geothermal energy wore many hats: specialists were required in 
geology, economics, law, engineering, real estate and the environment. Two 
breakthroughs helped turn geothermal energy into a commercial success. One 
of these was the acceptance by Pacific Gas and Electric management of the 
principles of reservoir engineering, ~videly used in the petroleum industry. 
Coincident to breaking the technical barrier was a legal breakthrough in 
geothermal leasing. In 1970, President Nixon signed into law a bill that 
permits geothermal prospectors to lease federal lands. 

Geothermal power has proven to be a commercial success at the 
Big Geysers, 90 miles north of San Francisco. The costs of electric power 
generated at the Big Geysers compares favorably "'ith the cost of power from 
PC & E' s most modern steam pm-1er plants. Union Oil is the operator of the 
steam project for its partners, Magma Power Company of Los Angeles, and 
Thermal Power Company of San Francisco. Pacific Gas and Electric Company 
makes electricity from the steam. 

RECOHMENDATIONS AND CONCLUSIONS: 

1. Because of heat sources from the granitic stock and 
graben basin with areas metamorphism, it is apparent this area is favorable 
for an exploration program to determine a geothermal field. Hany studies 
have indicated this area has the potential similar to Geyserville, California. 

2. From the study made of the area, five targets for 
exploration have been identified, as indicated on the attached map. 

3. 
approximately 20,000 

It is deemed advisable to acquire by lease or otherwise 
acres in each of the above target areas. 

4. Wben the acquisition of any given area has been completed, 
an exploratory program is recommended. This should consist of a detailed 
geological, geophysical, and geochemical studies and investigations. Based 
on the results of these studies, a concurrent shallow drilling program c~~~b&~,~~ 
determined. This drilling program can be contemporous while other tar~-:'§~t..C:~ .. ~.~?~'!'-~;~\'''' 
areas are studied. The drilling should consists of twenty or more sgift:~'co.;;;;c,\TE i;;::)Ye< 11!,
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holes 50 to 600 feet in depth, depending on the surface geology and the 
findings of·any given drill hole. After the shallow wells and target areas 
are completed, one or two deep holes should be drilled from 2,000 to 8,000 
feet deep, depending on thermal gradent and results of the shallow holes. 

Successful development of geothermal resources in this area would 
allow a technical base for the development of industries and possibilities of 
new communities for the State. 

Sincerely, 

Geologist 

HCD:pn 

.•. ._ ...... -

-6-



GLOSSARY 

Heat flow is the movement of heat through any given media. 
Heat flm? rates vary with the conductivity of the media through which the 
heat is being transferred. 

Spreading centers refers to a geological feature in the form of 
a sea floor ridge thousands of miles in length. It is caused by the cir­
culating pattern of the molten rock in the mantle just below the crust of 
the earth. The upwelling of molten rock causes spreading or rifting of the 
crust, thus creating movement of large masses of land. There is believed to 
be a net1vork of spreading centers covering the entire earth but occurring 
mostly under the oceans. 

Thermal Anomaly_ is an area of high heat flow as indicated by 
contouring thermal gradients. 

Thermal gradient is the rate of change of temperature with depth. 
It is normally expressed as 'degrees Fahrenheit per 100 feet'. 

Temperature recovery is the return of a well to equilibrium with 
the various temperatures of the formations that were penetrated. Circulation 
of drilling mud cools the formations immediately adjacent to the drill hole 
and from one to three weeks to equilibrate is required for the test hole. 

Anticlinal dome consists of upfolded strata opening dmmward in 
all directions and thus taking the shape of a dome, usually elongate in 
form. 

East Pacific Rise is a branch of the world-wide network of 
oceanic spreading centers. The East Pacific Rise has been traced as 
running along the axis of the Gulf of California, and entering the United 
States under the Imperial Valley. Its route after that is postulated as 
traveling northward through California, Nevada, Utah, Idaho, and on to the 
north. 

Geothermal resource is the heat generated from the interior of 
the earth and recoverable in some medium such as hot ground water or 
existing as steam. 

Hot pots are small pools of wam or hot water occupying shallow 
craters in the tops of conical or hemispherical mounds of tufa. 

Hot springs are springs whose waters have temperatures higher 
than 100 degrees Fahrenheit. 

Magma is naturally occurring mobile rock material, generated within 
the earth and capable of intrusion or extrusion, from which igneous rocks are 



GLOSSARY (c?ntinued) 

considered to have been derived by solidification. 

Magmatic water is water that is in, or is derived from magma. 

Meteoric Hater is water that was derived from the atmosphere. 

Thermal spring is any spring whose temperature is significantly 
higher than the mean annual air temperature of 'the surrounding area. 

Warm spr~ngs are springs whose waters have temperatures higher 
(10° F) than the local mean annual temperatures of the atmosphere but 
lower than 100° F. 
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