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ABSTRACT 

Thl,<s study of sites in New Eneland for g~othermal potentia de~lfl Hith 

the locations of natuz·al thermal rt'lsources in the New England and N~H York 

. region and exph.:l.ns them in terms of localized geology and estimates risks 

and costs for the actrtal reclamation of natural ·thermal energy o There are 

discuBsions regarding h~at flm.J, geothermal gradients, methods of explora­

tion and recllilJns:tion of geothermal power as \.Jell as shallow t~mper<itm~e m~a~­

sm~ements. 

At present there is almost no practical usage of geothermcl energy in 

the New En~lancl area simply because geotherm.U areas are not as pronounced 

in the northeastern section of the Unit~d States as they are in those other 

areas of the country which ;:u_.;e activ~ or sorn.i-·activ(; volcanic regions having 

.recognized geothl'ir:nal poteJntial. Such are&s are not6d for their extremely 

high heat flow, ;.[hich is manifested by the presence of volcanoes, geysers, 

fumaroles, steam V{';nts and thermal springs. 

In general, the heating of the crust of the earth to abnormally high 

values depends upon volcanism, radioactivity and ground H~ter circulat:l.on., 

Although there has· been no activ~ volcanism in New England since Hesozoic to 

Early Cenozoic time, the area does possess a nu~ber of sites where heat flow 

is higher than r,ormalo In the Comray Granite of Now Hampshire there are at 

present three .kno\m sites \.,rheJre ra.dioactivity has produced nea!'-.surface heat 

anomalies. In Roy at?-d Decker 1 s ( 196 5) list of the twenty- tHo measured heat 

flow ;;;ites in the New Engl&nd area, tha high~ct values Here in are.a.s of most 

recent volc~nis'n and the lovJest values were in areas of least r~cent volcan-

Thermal springs having a ;slightly high~r th.ap average t~ernperatlu·c are a 
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potential, although liTflited, source of natural he&t extraction. Thelr h(')at 

may be caused either by contact of the 1.Ja ters \vi th magma or by the recircula·· 

tion of the Haters frora great depths \·Jhere the rock i::> much \-W.rmer th:an at the 

surfa.ceo In the latter case, inv~stigation of ground v.1ater in the immediate 

vicinity of dce~p..s~at~d faults has suggested that if the fomlt is deep enough 

to permit ground \Jat".lr to percolate through hl'~ated rock, closed Witer eire~ 

latory systems may permit thermal energy to be piped to the surface. In the 

New England ar~a there are at least two well-known therraal springso These 
/" 

could possibly serve as additional regional sources of t~nergy. 

Studies by some geophys1.cists have shoHn that it is possible to delineate 

such phenomena &.s shallo;..r .salt domes and surface faults by. meanur:i.ng temper~.,.. 

ture at a depth of approximately three m:'lters o This method of shallo\.,r heat 

flow study is discussed in relation to NeH England's major f;;rult zones with 

the possibility of finding naturally heated ground watero Specific data from 

such a study over the Clinton-Newbur~l Fault are includ~.d and analyzcdo 

A1 though the surface manifest,t tion of New England 1 s thermal springs, ra­

ioactive rocks and deep-seated fault zones may, ~n most cases, exhi1)i t· tempel'-­

a~ures only several degrees higher than the average, the importance of this 

study lies in the recognition and understanding of.the reasons for these ano-

malies, so that these thermal resources may be utilized to their best adv&n-

... 
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INTRODUCTION. 



SHO.Eh1 ENEHGY HISTOHt 

Fossil f,uels have long been the mainstay of world economy, 

having helped to. give rise to the Industrial Revolution which 

began in England betHeen 1760 and 1780, where it was accompa­

nied by an agrarian revolution. Credit for the revolution ac­

tually goes to the rising populal;ion vJhich needed to update ~he 

processes which fed it., Cantor (1970) cx•edits one historian 

with claiming the industi'ial Revolution to be probably the most 

important event in 1-vorld history. Toynbee \1920) accounts sub­

stitution of the factory for the domestic system as the conse­

quence of the mechanical discoveries of the time., 1l!le years be­

tween 1760 and 1830 produced, at any ra0e, the largest impetus 

·to the depletion of the natural resources of fossil fuels up to 

tln.t, time. l1on.umental fuel deficits were incurred by wars, .es­

pecially the :fil"st and Second World \val"s as well as the Korean, 

Vietnam and the Arab-Israeli wars., In the case of the Second 

World War, Germany possessed unusually large reserves of·coal 

· l-thich supported important metallurgical, engineerin£?, chemical 

ru1d electrical industries4(Blrun, 1970) •. One could logically 

place much of the blame for the Second VJorld \'Jar directly on the 

easy availability of Germany's coal supply. Obviously, the de­

pletion of natural fossil fuels has feasted on cooperation as 

well as on disagreements among nations •. 

It has been said that fl,om the standpoint of human history, 

the epoch of the fossil fuels Hill be quite brief. One can hard­

ly disagree 1-vhen realizing that the world's consumption of energy 



for industr•ial purposes. alone is doubling approxina tely once 

per decade (Hubbert, 1971 ). 

Today, the spiraling population density of' the globe de­

pends upon industry to be clothed and fed, and world industry 

depends, in turn, upon dHindling fossil fuel reserves. One 

must realize that in the depletion of precious hydrocarbon 

stores, the people of' the Hox•ld face not only an energy but a 

food shortage as 1vell, since one depends upon the other. Coun­

tries hard-hit by farnine today are the victims of food shortage 

certainly, but the direct caw e is insufficient energy resources. 

As the agrarian revolut:Lon in England proved in the Eighteenth 

Century and as is painfully evident in the have-not nat;ions now, 

it is necessary to update the processes 1-vhich fee.d the people 

of the Horld. With this ty-pe of an upda,ting comes newer tech­

niques of mass-produced farming, and with these teclmiques comes 

a greater need for the energy necessary to pOlver these processes. 

The United States, with its overabundance of' foodst~ffs, 

leads the \vorld in two important areas concerned 1-·d th energy 

. economics. Anierica has the highest national per·_ capita income 

o:f' the vrorld as Hell as having the highest per capita consump­

tion of energy. In fact, while we have only 6 percent of the 

ivorld' s population, He consume some 33 percent of the world 1 s 

total energy production \ lJ .N., 1971). 

It is. evident that tl1.e United States has supported its ·pop­

ulati·on increase, its economic groHth and its high standard Of 

living by means of an expanding usage of' low cost energy derived 

·from a bountiful endowment of domestic fossil fuel resources • 

.... 



It is predicted that United States energy consumption is to groH 

at an average rate of L~. 21& per year in the. 1971-198.5 time period 

and, in 198.5, domestic supplies Hill satisfy only about 70% of 

the country's consmnption. In 1970, domestiic supplie3 satisfied. 

about 881b (Kruger et al., 1973). 

NEiv E11GLA.ND t S FUEL CRISIS · 

The New England l .. egion of the United States has its ol--In type 

of energy problem. Hard-hit by the nation's fuel shortage because 

it laclts such resources, NeH England, along with the rest of. the 

Northeast Cox•ridor, must depend upon transpor>ted ·fossil fuels. 

Its industrial concentration and population density is the highest 

in the nation o1.Jing mainly to its industry and high co:ncentl"ation 

of educational institutions. The area is also geographically 

far-removed from the oil-rich areas of the cotmtryo 

The grmfing need for increased :.'l.mounts of energy Cru1l1.ot be 

met by conventional methods and conventional supplies for much 

.longer. Hubbert ( 1969) predicts that if present trends co;11.tinue, 

oil production Hill reach its peak in 199.5, the year tvhich he 

foresees as the· approximate deadline for al teJ:>natiye forms of 

energy that must replace petroleum as a result of the shurp decline 

of fossil. fuel pl"oduction after that date. 

NAJOR OIL FIHHS 

Alternative sources of energy were sought in tho past but 

. only now are receiving renewed attention of scionti~ts the world 

over, especially those employed by energy firrris and universities. 

Some oil companies, hoHever> 1 are directing their· attention in-

6 



creasingly to geothermal energy. The number of e;eothermal Hild-

cat Hells drilled by major oil firms has inal"'kedly increased since 

1972. 

TABLE:1 Geothermal Hildcats of Oil Companies Since 1972 

(Outside Of Geysers KGRA) 

1972 

19!73 

AREA 

Mendocino Cotmty, 
· · California , 

l.<tl<.;'. C'c.uv.ly, C.4f1 f<Jif'·""·'"" 
Steam.boat' Springs, 

Nevada 
• e e • o e e • • o e • o • • o • • • • o 

Imperial Valley9 
California 

Sonoma County, 
· California 

Surprise Valley, 
California 

Honey I.1ake, 
California 

Lakeview, Ore. 

1974 •••!mp~rial 0 Va11~~;·· 
\tO California 
Aug. 31) 

Mendocino County, 
California 

Plumas County, 
California 

Valles Caldera, 
NeH Hexico 

Brady, Nevada 

Oreana, Idaho 

Beowavm, Nev. 

QOJ,1PANX 

S10-U Oil 

GeiT<J o:l 
Gulf Oil 

Chevron Oil 

Phillips Oil 
Signal Oil 

Torchio-Ferro 
l<etteYlho(e:t'l ( (deef"C~1) 

Noivlin Pai•tnership 2 

Sinclair 3 
SP1C\V...\)-.., 

Bianchi 1 

Gulf Oil SV-1 s·r 
SV-2 S'l' 

Gulf Oil Honey Lake 1 
Honey Lake 2 

Gulf Oil Favell-Utley-1-Si' 

~nevron Oil J.D. Jackson 
C.B. Jackson 
Hulse 

Sun Oil J.1acii -state 
Torchio-Ferro 2 

Phillips Oil .. Filippini A-1 

Union Oil Baca 11 
Baca. 12 

Phillips.:.. Desert Peale 1-2-1 
Southern Pacific 

Anschultz Corp. -----------­
(0 & G) 

Chevron-ATR Ginn 

7 

{After Fuchs et al., 1975) 

As illustrated in •rable i¥ 1, the number of wildcat geo-

thermal Hells drilled by majoP oil companies outside of knmfn 



geothermal resource areas incx•eased from 3,in 1972, to 9, in 197 3,; 

to 9 as of Augu.st 31, 1974• 

An exception to this rule is Texaco, which, as of February, 

1974, 1-Tas concentrating less than 1 pe1"cent of its research ru.1.d 

development efforts tOI'Jards geothermal study (Sullivan, 1974). 

Logically, th·e major oil companies Hill invest more capital 

in the research and development of geothermal enere;y in the neal" 

future. It is also true that; major oil companies Hill invest 

amotmts of money in geothermal to a much greater degree as it be­

comes more and more profitable. 

THE POLITICAL SPECTRUM 

Senator Henry 11. Jackson {D-lvash"), ex-chail"llian o:r the United 

States Senate Interior Com.mi ttee, ,,ras the author of a massive 

energy research and development bill in lal;e 197 3. 'l1he bill ap­

propriated y~20 billion :for a program to develop the nation 1 s un­

. tapped energy sources during the next.decade. This became the 

Geothermal ·stearn Ac·;:; o:r 1970, which was passed in -!anuary, 1974. 

At this time federal lands first became available for geothermal. 

8 

exploration. .'11oday-, hmvever, in the most. prospective portio;n of 

the United States; the West- 75/) of the land is held by the govern­

menti (Fuchs et al., 1975). 

Eventually, Hatergate-related troubles within the Republican 

Party led to a succession of replacements in the United States 

Energy Corrnnission and the nation's energy problem lost some pro­

minence as it 1vas shelved alongside other national distress items 

such as unemployment, inflation, Horld hunger and its effect on 

United states food stockpiles and the remaining issues of the day. 



Massachusetts' Senator Hichael HarrinBton (D-Salem) contends 

that oil compan:l.es should be forbidden to o1m any sl1are of alter-· 

nate· energy. in the face of the economic strife caused by the 

major oil companies during the 1973-197L~ ·period, his contention 

is noteHorthy. 

9 

11he adoption of tJ::e Geothermal Steam Act of 1970 established 

the development of United States geotherrnaJ. resources as a national 

goal tBarnea, 1972),. .noHever, the: federal governrnent has so far 

failed to implement thtp AciJ, thus preventing explopation in about 

three-quarters of the 1-1estern United States. A final dete:rmination 

to proceed Hith leasing and a firm time schedule are still lacking 

(Fuchs,eti ~1., 1973). 
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GEOTHERNAL RESEAHCH AND PROJEC'l1i0NS 

The United Nations, through technical assistance programs, 

are helping Kenya and Ethiopia tap large stores of geothermal 

energy concentrated in the African Rift Valley. United Na-

tions efforts are also underVJay in 'l'urkey, Chile, El Salvador 

and Nicaragua. The search for new geothermal power sources ~s 

currently underway or beine; 8.cti vely studied in at least 30 other 

countries (Koenig, 1973). 

Research demonstrates tla .t the cos'i1 of developing geothermal 

energy is likely to be less than fol" conventional .forms. Capital 

and operating costs .per unit of generating capacity at the few 

geothexrmal fields no1v operating are signi·ficantly belov-T those of 

·fossil .fuel and nuclear pmver plants (Fuchs et ai., 1973). '.J.Ihis 

is offset by the fact that since poHer rates charged to consumers 

are set as a percentage of capital as Hell as operating costs, 

t~ lower capital cost of a geothermal poH~r plant may actually 

defer a utility from developing geothe~al·energy. 

It is difficult to project a figure of.geothen~al potential 

as a future Horld energy source due to the lack ·of infor·ma tion 

and· experimental research at this time. H<:n·wVer, Donald E. \fui te 

of the United States Geological Survey has estimated (1971) that 

the stored thermal energy in the i-TOrld t s major geothermal areas 

amounts to about 4 x 1 o20 joules. After a 25/~ conversion factor 
20 . 

the production of electrical energy 1-J'ould be about 10 joules, 

or 31 0001 000 megaHatt.:.years (ml-J'Y).· If this depletable source of 

11 

energy Here used up over. a ~0 year period, the average annual 

production i-J'ould be 60,000 mw (Hubbert, 1971 ). 'rhis is comparable 

.... 



to the 1r10rld' s potential tidal power, which is listed as 3 x 1012 

watts t See table 2 ) • 

Broadly speaking, .it can be said that the world's total con­

suraption of energy for industrial purposes is now doubling approx­

imately once per decade. At tne pr•esent rate of development it is 

likely that by the end of th.i.s decade trn production of electric 

po1v-er from steam fields 1·Jill be quadl~upled (Barnea, 1972). 

· Geotherrra 1 energy is inexpensive, pollution-free an.d can be 

more s-vliftly harnessed t:tan most of its rivals. Setting up a goo .... 

thermal p01·1er station, for instance, only takes· 3 years, whereas a 

hydro or nuclear power station takes 8 to 10 years (Hinder, 1974Je 

The drawbacks ar•e clearly defined also. Geothermal can deliver 

only electx•icity and heat, but not fuel for transportation unless 

the transportation system is electrified. 

12 
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'l'ABLE: 2 

FLmv OF ENERGY rro AND FROI·1 rrHE EAR'.L'H 

1!.1.\TERGY PLUX AT 'l'liE EAR'r:t-I' S SURFACE IS DUE 1'0: 

Intercepted solar radiation '1 ) 
2) 'l1hermal energy, conveyed to the surface from the Harmer 

interior by the conduction of heat and by the convection 
in hot springs and volcanoes. 

3) Tidal energy, from combined kinetic and potential energy 
of the earth-moon-sm1 system. 

-~---~----------~-------~---------------~----~-----~~---~----~ 

~HE}Wf'1ENOJ! ENERGY RELEASE 
.... "a~ 

SOL.A,-q RADiATlON .......... ., • • ••• o •. o • o • o • •., • ., eo 1'(3,000 
(Direct reflection)••••••••••••~•••••o•••a• ~2 1 Uv0 
(Direct conversion to heat)••••••••ooo•••e• 81 1 000 
(Evaporation, precipitation) ••••••••••••••• l.~o,ooo 

Hil'TDS, l·J'AVES, COl'NEC'.L'.L ON & CURRENTS. • o o • •• o • 370 
PH0'.L'OSY1if1'HESIS. o •• • o o ••• " •• o o o.,. o • .,., • • o.,.".. 40 
TIDAL EHERGY.,., •••• ., •••••••••••••• e•••••••••• 3 
NUCLEAR, 'rHERl·LAL AND GRAViTA'l1IONA.L E,'NER.GY·. • o 35 

(Conduction in rocks)••••••••••••••-•••••••• 32 
(Convection in volcanoes and hot springs.,.o 3 

X 1012 
II 

II 

II 

II 

II 

II 

II 

II 

If 

'After Hubbert, 1971) 

wa·Gts 

13 

·t 



CHAP'rER I: HORLD GEOTHb'RHAL RESERVES 

1 
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GEOTHEfU'1AIJ DEF'lNITIONS 

The high-enthalpy geothermal systems of the world are lmown 

only in regions of active or recent volcanism, crustal rifting 

and recent mountain building. The major volcanic and geothermal 

belts are the same general regions Hhich are characte1,i zed by 

frequent earthqua.kes of great magnitude. ·These are the Circum­

Pacific margin, the islands of.the mid-Atlantic Hidge, the rift:; 

zones of east Africa and the adjacent Hiddle East and the irregu­

lar belt of mountains and basins Hhich extends from the Hediter­

ranean basin of Europe and north Africa across Asia to .the Pacific 

(Koenig, 1973). Figure 1-1 is a world map vrhich displays these 

areas. 

Geothermal resources, in general, include energy plus any 

associated mineral products which can be extracted from stesrrJ. and 

hot Hater emitted from the earth. The most important item is geo­

thermal energy, used to generate electric power by releasing steam 

from naturally hot areas through drill holes, then chann~ling it 

to a generator unit (USGS, 1972). The heat of many geothermal res-

. ervoirs comes from a large body of molten rock pu_shed up into the 

earth t s crust from great depths by geologic forces. 'rhis body of 

magma heats the rocks in the crust near the surface, which in turn 

heats the water in fissured or porous rocks to high temperatu:r:es. 

Being at depths of as much as six miles, the "\vater is under high 

pressure and is therefore liquid (Barnea, 1972). \·Jhere: the hot 

water can escape through a fissure it begins. to boil and a part 

of it. then flashes off as steam. The geothermal energy can then 
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be tapped by a ·vrell driven into the fissure or dovm to the pOI'-

ous layer., 'l"he- combination, hoHever, of geologic events needed 

to produce a naturally occurring, hit;h-quality source of stiealn is 

unusual and the number of lm.ovm sources is correspondingly small. 

This has sometimes led to the conclusion, and in the vrriter 1 s 

opinion ~:m erroneoi1s conclusion, that geothe1,mal energy has little 

chance of contr:t buting significantly to the futur•e energy demands 

of the 1.-vorld- (Nat.., He s., Council, 1969; Chem. & Eng., Ne1.-vs, 1970) o 

· Geotherm.al investiga-cion of provinces OI' regions, ra0her than 

single locations, is thought to be most desirable and should be 

feasible in those areas which have been extensively drilled for 

oil (Birch, 195L,.). 'rhei'e aPe tHo main requirements, difficult to 

meet, in the successful search for• geothennal resources: 

1) Approximate thermal equilibrium (Hhich may require 
an undisturbed period of many months) 

2) Availability of cores o:f the major formations pene­
trated by the Hell fo1, laboratory study 

Horld production of po1-veP using. the earth's natural heat as 

an enepgy source has noH reached about 1 million lew and can pl,obs:tb-

ly be increased at least 10 tim~s under present economic conditions 

(USGS, 1972)., In a special National Science Foundation report in 

1972 1 Halter Jo Hickel, chairman, states that, Hith the research 

and development reco:rmuended in that report, he is. confident that 

the United States can be producing from its geothermal re sotn,ces 

at least 132,000 mH in 1'985 and 395,000 mw by the year 2000., Under 

the United States, the heat stored to a depth of about 10 km is 

said to be about 6 X 1 o 21 ~ cal 
•. 

or equivalent to the heat content 01' 

9 X 1014. short tons of coal l Hhi te, 1972) 8 In the srune paper -~>/11ite 



classifies high geothermal gradient areas three 1-mys: 

1 ) Areas in Hhich the geotherraal grac:1ient is higher 
than· 11normal 11 but -vrhere notable hydrothermal ac­
tivity is absent; in some of these areas molten 
magma may exist 1-vithin accessible depth 

2) Hot spring areas, in Hhich natural thermal fluids 
are discharged at the surface 

3) Hydrothermal areas of composite type that haVQ lit­
tle surface expt•ession but Hith high temperature 
fluids that; exist beneath capping roclrs of low per·­
meability 

It is not surprising that types 2 and 3 of'fer the best immediate 

possibilities for economic development for the reasons that high 

temper11.tures occul' relatively near to the surface and hot., natur~ 

al fluids are present as energy-transporting media. 

F'or so short a period of time has geothermal energy been in 

use that there is doubt concerning the forecasts of' geothermal 

.usage and recovery from hydrothermal re·servoirs., On the conser­

vative basis of a 1% estimate, the estimated Pecoverable reserves 

are: 

A) Potential reserves to depths of 3 lan, 
recoverable at or near present costs.oo•eeo2 X 1019 

B) Additional resources to depths o.f 10 km, 
recoverable. at much more than present cos.ts • ., 1 x 1 o22 

(From l·Jhi te, 197 2) 

Irregardless o.f depth, Keller (1971) defines a good geothermal 

reservoir as having three characteristics: 

1) Storage capacity 
2) Elevated tempex>ature 
3) Fluid permeability 

In general, ·hmvover, three main tY})es of geothermal deposits have 

been li steel by Fuchs et al. ( 197 3).. These are vapor-dominated, 

hot Hatei' and geopressurized systern.s listed in table .1 -1. 
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'l'Y.PES Olt, GEO'J~HErrHAL DEPOS11'S --------------- .. ..-- .._. ___ " 
1) VAPOR D01'1INATEDeo0f prime commercial interest since superheated 

uH steam is fed directly into a rotary turbine 
DRt STEA11 'l'YPE generator"' rrhes e systems are believed to be rare e 

2) HO'l1 HA.d~H SYS·.J:EN • .,By far the most connnon geothePmal deposit .. As 
(OR COl1B:LHA'.L'l0N fluid moves to su:rface and pressure drops, steam 
Sr:L'E..~"H-HO'.C l1A'J.'E£( is produced by boiling or .flashing .. AG ·cne sur-

SiSTEH :face this steam-Hater"mixture must be separated 
before steam is fed into turbines, o~-ring to the 
mineral-saturated water's effect on turbine 
blades, including pitting, corrosion, clogging 
and accumulation in the mechanisra. Hot vJB.ter and 
steam-hot ·v.rater systems are economically less ... 
attractive as energy sources due to large vol­
umes of -vrater that must "be handled to operate 
even a moderate-sized·turbine. 

3) REGIOlTAL OR .. ., • .,., .Normal heat flo1-v of the earth :ts trapped by in­
GEOPRESSUHIZED · sulating, impermeable clay beds in a rapidly 
SYS'rE:I1 subsidine geosyncline., i.e q the Tertia:r•y Gulf 

Coast Basin of the United States,. The enormous 
size of these loH-temperature, geopressurized 
systems offers a large potential, but still theo­
retical, future energy source., Currently, cost 
of production from 'these deep systems appears 
to exceed greatly the value of the energy that 
can be produced. 

(From Fuchs et al., 1973) 
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.~'he present heat vd.thdraHal of some establisl-ied geothermal 

field-s has been.·.found to be considerably in excess of the natural 

heat flovJ and some are very high~ The computed rates of heat 

Hi thdrmml for six -vwrld sites are listed in table 1-2. 

'l'ABLJ£: 1-2 

GE01'HEr"?.HAL J:t'IELD HEAT lHTHDHAHAL RATES 

---------------------------------------·-----------------------SOUHCE 

Reykir, Nevr Zealand • ., ... eo '*300., o .... o o ... .,., ~ .. "e., o .. o lBam~e1l 9 1964) 
Hengill, Nelf Zealand ............ 400.,." .. " o., ... .,., ~ o." ••• (BanHell, 1964) 
\'Je.ipa.._1wi, NeH Zealand," 0 fl .. ~.00., 0 0" ". G 0 0 •• 0" .. 1'1 e 0. (Bam-roll, 1964) 
Reykjavik, .Xcelande .... o ... o., 900 o.,., e., •• ., e .. (.Dodvarsson and Zeoga, 196L!.) 
Larderello, Italy.,., .. ~ ....... 1000t~~t!T~t&a'••o•••~(Boldiszar, 1963) 
The Geysers, Cali:foi•nia.17000.~~ .. ~~l,;.,e.,c-eoe•"o"'\NcNit:;-G, 1963) 

*Perce11tai;e oi' the na~-O:F":Par:tiqular location-
· (After Hhite 1 197 2) 

Bamv-el~ ( 1964) concluded that 70-901~ recovery is possible 

over periods of 20-100 year drmvo.ff times, providing that the chan-

pel spacing is less than about 200 fto Bam·Jell 's theoretical 
, . 
QJ.S-

cussion of the subject is informative b:ut v.Jhite (1972) has cormnented 

on initial assmnptions: 

1 ) 11 1J.1he ef:Licienvy and p~rcent of heat recovery only to 
heat stored above 100 G ~rather than to that stored 
above mean surface temperature, vlhi ch is comrrwnly used 
by others) o Ban~:.rell 1 s calculated ef'ficfencies are 
therefore correspondingly high." 

2) 11Banvrellls idealized models assume all faults and fx>ac­
tures to be so uenneable that nermissible ra·ces of flu­
id 1-r:tthctrm-ml oi" circulation have no restrictive upper 
limit; his model also assumes a uniform rate of flmv­
acposs all surfaces.," 

It is also true that the ra·ce of Hithdravml of the fluid bust be 

at l0ast in the range of about 25 times that of the natural dis-

Charge Of the systeme Any CiECUlation rate increase Hill be im-

mediately conf:tned to the largest channels of highest permeability 
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and ·vrill eventually be l ... esponsible for a loss in heat content of 

the recovered fluid. Because heat dissipates rapidly, geothermal 

fluids cannot be transported far from their point of recovery 

without suffering climin:t shod thermal propertic·s · an.dJI in the case 

of steam for electric poHer generation, the maximum transportation 

distance is probably on tho order of 2 to j lan (Koenig, 197 3). 
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TABLE: 1-3 

CLASSIFICA'.riON OF GEO':PHEH11AL EliJERGY SOUHCES 

·----------------------~--------
r:PYPE I. 6l .Hegions of nor:rnal geothermal r;radient (about 20°C/km) .. 

Temper•atl..J.re.s r;roat enough to produce hiGh-graclo steam 
exist only at depths o:f about 1 0 lan or more, Hhere there 
is probably no free water., '.L1his situation exists u.nder 
most of the earth's surface$ 

TYPE II., .,Local areas of higher-than-normal geotherna 1 · e;radient, 
which cannot at present be exploited economically because 
the tempe:eaturo and hardness of the source make it dif­
ficult to penetrate and its lo1,1 pormeabili ty prevents 
the ground water circula.tion requ.i.red to produce natural 
steam., ~l'hese are USUally regions in Hhich thGl"e has been 
either volco.nic activity or intrusive flov.r in recent goo­
logic tlrt1G o .en the United Stw.Jes ~uch sources are comm.on 
in the west;, including several in New Ho.XlCOo 

'l1YPE lii.,Ho~-spring ax•eas, characterized by shallow ground ·Hater 
and convective heat transfer. In general, 1·rater tempera:­
tures are too lov-r to be of interest for power generation., 

~f.l.tPE IV., .. Rec;ions in Hhich impermeable rock near the surface covoJ:•s 
underlying i'ormations that are permeable to circulating 
ground water., At depth, heat transfer is convective, but 

·near the surface it occurs only by conduction tb~"ough tho 
rock. All present povrer production f:pom geothermal energy 
originates in type f.V soui'ces., The major ones are Larder­
ella in Italy, Hail'alwi in NoH Zealand and 'l'he Geysers and 
Salton Sea areas in California. 

~rABLE: 1 -~. 

GEOTHEHNAL E'J:TEt1GY RESOURCES OF ~J.lilli CON'J:IIHE1iJTAL UNI'J:IED S'rAT.ES 

----------------------------·--------------------------------~---
11ype of Depth Geothermal Temperature •rotal AvailabJ.o Ntunber 
Source range in p;l"adient rane;e at thermal electrical of years 

lan for °C/km. g.seful depth energy, energy, operation 
useful .c gigaHatt gigo.Hatt a0 3000 
poHor years .yeaPs e;ir;mmtts 

J '1.S-J<i - 20 30o'-6oo ~x1 o ') 7 o 9 ----3;~ o;;-
!I 3-10 100 300-1000 10~ 2x10 

3 
7x103 

:LII 0-3 -- 100-200 2x10/. 30 Oo3 

~~ o 0 ., ·., "? :~: i"., e., 0 eo::";., o • o e o o ~9?:~?? 0 ,. 0 8 • • ~1? :· 0 0 ~ 0 o L,F~!? e eo o o o .,1: ~ o e 0 

(a) ~rho projected electrical requirement of the United States fo::r.., 
the year 2000 ~From Hobinson et al., 1971) 



'J:ABLE: 1-5 
'·-

UNITED STATES GEOTHEHHAL ENi<;RGY RESOURCES POTEN'l1IAL 

--------·------·-------------------------------->ill 
YEAR 

POvlER ( gvT) 

ELEC':!_lRICAL BHERGY1 

(thousands of gv1h) 

OITJ E."'QUIVALE1fr2 

{millions of Bbls/day) 

FORIEGN 'l'RADE INPACT3 
(billions o:f.' dollars) 

---------------------~---

1975 1985 

o.:-r5 132 

;)a913 1041 

0.242 4.213 

Oo051 8.919 

2000 

39.5 

3111.~ 

12.60 

1. 90~ load factor 
2. 3 1 ~.12 Bi'U/I\l;JH and 5S1800$000 BTU/Bbl of oil used at l.~o1t 

conversion efficiency 
3o ~3eBO per barrel t ~31 ,.00 per million B;.tU) · 

- '·---------·· ---~---· -·---·-·-----~[AI!t'e'x; hlcke'l, 197"2) 

'fABLE: 1-6 
AHOUN'I' OF PHODUCIBLE GEO'I'HB."'RNAL ENERGY IN THE UNITED S'l'AT.l!iS 

· (Mw/ cen of elec Lirici ty) 

23 

----------~-------------------------~-----~~-----------------~-~~ 
ARE..li.S: 1) Clear Lake-The Geysers; 2) Iraperial Valley; 3) Jemez 
area, N.M .. ; l.1.) Long Valley, Calif.; j) Remainder of Basin and 
Range area of Hestern u.s.; 6) Ha~>Taii; ?) Alaska 

a. In 1972 dollars 
b. Bot, dry rocl{ at less than 6.1 lr.m (20,000 ft;) depth 
c., Hot, dry rock at less than 10.,7 km (35,000 f·G) dept~1 , 
d" Development of hot, dry roc}c. enorr;y is asm-uned over 5;6 of 

the. area of the v1estern third of the U .,S. riot, dr:y rock systems 
development is based on hydrqulic fractl)I'inr; ol' cost-equivalent 
technology" Present di'illing ·teclmoloey is asswnod but nm,r, loH-­
cost deep drillinr; could. substantially improve the economics. 

------·-~------··------ (After Rex and .Ho~-Voll, 1973) 
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GEOLOGICAL SE.L''J.'ING of a go othermal energy source. Hea-c; 
comes from magma, or mol ten I'ock, thai.i has been pushed 
up into the earch's cruse., By conveccion of the m8.2,1na 
the hea-c; moves through crys·valline rock to a porous rock 
layer containing Hater that has percolated do~rn from tho 
ground, sometimes to r;roat.depths. Over the porous rock 
is relatively impermeable rock that serves ~s a cap to 
contain the heat., Deep in the r;round, the ·Hater is undex• 
high pressure and is tho:sefore liquid, although its tem­
perature may be some !)OU F .. it expands and rises in a 
natural vent; as press1:tre drops, Hater bec;ins to boil and 
produce steam. A lrell can tap the vent or tho porous " 
layer. (Ai'ter Barnea, 1972) 



GROUND \1ATEH. 

Ground Hater is important in geothermal systems not only be· .. 

cause it is the heat transporting medimn but also because ground 

Hater in open pore· space increases elect1~ical conductance. In 

resistivity surveys, an increased conductivity is one indication 

that, in areas of higher-than.-normal geothermal gradient, the pos­

sibility of eli scover:i.ng a geothermal reservoir at some depth is 

vex•y goodo Geyseps, fmnaroles, mud pots, sol1'ataras and thermal 

springs depend upon the natural plumbing systems of grm.mdvrater 

for their volume 1 intensity, areal extent and heat. Deepp·seated 

aquifers are, in many cases, sites of surficial thel"mal ac·civity. 

Almost two-thirds of the recognized thermal spl"ings in the 

United States issue from a variety of rock types thought to be 

undel"lain by deep-seat.ed sources. Ground water is heated through 

contact Hi th sub"i:ie1"rane an volcanic sources Ofillel', 1 ';16 3). Al-

. though many. of the country 1 s natural springs have been or al"e be­

ing used as .sites for health spas, only those which issue water 

significantly ··Hax>mer than normal are generally looked upon favor­

ably as supplies of warm tap water or. for heating purposes. Na­

tural springs in the New England and New Yorlr s.reas are discussed 

·in chapter five. 

Lot-t-temperattU'e geothex>mal fields have been used for some kind 

of domestic purpose fox• :many thousands of years at least., It is 

only recently, hm..rever, that their importance has been increasing·· 

ly realized. 'l'he lou~~temperatur-e hot water f'ields generally con·· 

sist of large bodies of "\-Tater in the ap:px>oximate temperature range 



TABLE: 1-7 

~'HERHAL SPRINGS HEPOHTED IN ~rHE UNI'l1ED STATES 

----------------------~-----------

1o Alaskaooooeeooooeooooooooeo 7~ 
2o Arizonaooooooooooooooooeoo~ 21 
3. Ar•kansas .... & o .. " • ., ..... o o • .,.,..,. • 6 
L~o Califoi'niaoe"'•e••••oeoooe>eoe211 
5e ColoradOoooooooeoooo~oeocoe 46 
6o Floridaooooeeooooeoeooeoeoo 1 
7o Georgia~~~~eooooooooeooooooo B 
d. HaHaii. "' " ..... o o , .. G ... o ....... o • • 1 0 
9o IdahOoooooocoooeooooooooooe203 

10. l'b.ssachuscttsot>~••H•<>oo•H•eooo 1 
11. Ivlonta:naooeooooooeeo<H>oot~ooe 41 
1.2e Nevad8.&ooooecr.eooooeoo•.eo•oe200 
13e New MeXiCOeeooooeeoeeooeeeo JB 
1 Lto NeH York"., " e e • e so e • "e e • e"' v • 1 
15o North Carolinaecr.ell>eoeeeoeee 1 
16e Oregoneeeeoeoeoeeoeooeoooe&126 
17o Penns.y"lVD.n.ia ... .,.eoe<~<PoooG>ee 1 
18. South Dakotao. fl.". 0 0 ••• (;e .. 0 L~. 
19o ieXaS&oeoooeoooeeoeeoooeoee J 
20@: Utah •••••••••• OOOfH10901110liHH} 65 
21e Virgin1aoeoeoeoeeoooooooeoo 20 
22e Hashingtonet~ooeeoeeoeeoooeo 18 
23o West Virginiaoeoeooeoooooeo 30 
24. vl y oming • e- 0 •• 0 • 0 6 0 • " • " • 0 Q " •• 2 8 5 

·----------------------------------------~-----------~~ (Af'ter l·Jaring, 196.5) 

26 
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of 120° to 180°11,. ·usually fmm.d in sedimentru. ... y deposits and in 

strata o.f tic;htly .folded anticlines and· deep-seated fault systems, 

such Hater used from loH tempel ... ature .fields can prove useful and 

e·conomical in the lone; rlll1.. In the u.s.s.n., for inst::mce, Hater 

usage from loVT terr1perature geothermal fields is reported to have 

represented a saving of about 15 million tons of fuel·in 1970 

tBa1•nea, 197 2). 

liORLD GEOTHEHHAL SITES 

. In 177'1, at Larderello, Italy, bora.x Has recovered from natur~ 

al·steaJn and hot ltvater vents. In 190.:) the.Horld's first poHer~gen­

erating sta'tion -vras built there using natural steam.. In Ne1-r Zealand . . . 

attempts to harness geother1-r1al en.epgy were made in 1925 but no peal 

development occurred until about 1946~> . ~i}he year 1925 also saH hot 

Hatel" in Iceland being supplied for spa.ce heating. By 1 '130, in 

Reykjavik, natural hot Hater was widely used f'or homes and indv.stry. 

Industry in Japan in 1971~ benefited from the operation of a geother­

mally poHePed zinc plant in Akita (Rutledge, 1974). The .lvfi~;subisni 

Co. claims it as 'the third geothermal sta·cion in Japan. 

i'he United Sta·ces cla:tms tHo ma:tn geothe:t•mal. areas in 'rhe Gey-

sers· and the Imperial Valley, both in California. Of' these, only 

The Geyser~ geothermal plant, built in 19;>5, is currently in opera­

tion., ':J.lhese are important dry steam f'ields.. 'rhe Valle Caldera 

f'ield in Ne1f Nexico is also an important dry steam field. TlfO 1-1et 

steam fields are in Boise, :Ldaho and in Klamath Palls, Orec;on .. 

The Geysers :F'ield1 the Horld' s largest operating geothermal 

field·, in Sonoma County, California, is about 80 milo s north of 



San Francisco., :.the first Hells to supply. ste~:m1 for electric GeneP­

ating pm:>poses 't-J'ere drilled at '.ehe GeysePs in 1921-22. ~t!he project 

Has abandoned in 1928 (Fuchs:>et al"'' 1973) but it Has revived in 

195:), when Hasrma Enerr:;y Co. began a program of drilling and economic 

evaluation. These investieations resulted in a contract Hith Pacif­

ic Gas & Electric in 1958 to supply geothermal steam for a 12 .. 5 m1..; 

poHer plant that v.rent on line in 1960o This original plant Has 

eventually supplemented by nine other generating plants through 

mid ... 1973, with a present total generating capacity of 396 rnlv (table 

1-9). Suppliers of steam are the Magm~a-Thermal Pm.v-er Project and 

Union Oil Co. venture to be joined in the futl..l_re by Signal Oil 6; 

Gas and Pacii'ic Energy Corporation., As of December, 197 3, foul" 

othel" plants were either planned or undel" cons·cruction. 

By 197 5 'l'he Geysers project a pov1er production capability suf­

ficient to supply the needs of the city of S~ Francisco, Iii th u~­

timate pmv-er potential estimated to be 11 000-2 1 000 mw. Consulting 

engineers r1ave appraised future net revenue from one portion of The 

Geysers at $150,000 per acre over a 15 year period. 

At The Geysers, steam arises from a. reservoir of highly frac­

tured, slightly metamorphosed graYivackes, shales and basalts of the 

Jurassic=Cretaceous F:r>a...nciscan formation. The heat source is be-

lieved to be a buried igneous mass of Pleistocene age a few miles 

northeast of the field.. Hells are completed at depths of L~_,ooo-

81000 ft, p~oducing, on the average, 150,000 lb/hr of 570°F steam 

(Fuchs et al., 1973)e The steam production from northHest-trending 

sheax- zones is in a zone about :;> miles long and 2 miles vlide. 



29 

He cent exploration sue;e;o st s that the fu.turo productive ax•ea may bo 

tvdce as largo as the pl'esent field., The steam fed into turbines 

is relatively pure and superheated and is either evaporated into 

the atmosphere or condensed into pure Hater, some of Hhich being 

used for artificial rochax•ge of gx•ound -vrater. 
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'l1ABLE: 1-8 

srrA:PUS OP Gl~O~niBRHAL EXPLORATION AND DI!:VELOPllii~N'l', 197 2 

--------~ .. -~~----------~-------------------------------·--~--·------
NA'.i'iON EL~C'l1HiC 

PO'dl!:it 
G ENBnA'.i'.;LON/ 
CoHS'PHU C~·r Olif 

EXl)EHJ.HEN'.l'AL SIGNil::PICAN:L' 
PO\·ll.!;;.-1 DIHECT 
S'l'A'l'.LONS UTILIZA'.J.'iON 

O':rHEll 
G.l:'.:O'l'.tiE11HAL 
F'.lJ.!."!I.D 
DIS COV ~3.IB.S 

ADD.I::J.'J..UNAL 
l~.t?LuHA1'.LVN 

UliDlli1 UAic 

---------------------------------------------------------------------Chile 
China 
Ethiopia 
Guadaloupe 

(Fr. H. indies ) 
Hungary 
Iceland 
Indonesia 
Italy 
Japan 
Kenya 
Hcxico 
Neu Zealand 
Hicm,acua 
Philippines 
El Salvador. 

· TaiHan 
Turkey 
U.s .s .R. 

X 

X 
X 

X 
United States X 
Zaii'O 

X 

X 

X 
X 

X 
X 
X 
X 

.X 
X 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X. 
X 
X 

X 

X 
X 
X 

X 

X 
X 

---~-----~--------~------------·-~----------~·------~-~-----~--~--~~~ 
a) Under construction; b) Inactive; c) ·other geothermal explol,ation/ 
interest: Algeria, Argentina, Bulgaria, Blirund.l, Colombia, Costa 
Rica, Czechoslovald.a, Ecuador, Fiji Islands, Greece, GuatemaJ.a, in~ 
dia, Israel, HalaHi 1 l1orocco, l'ifeH Bri tain1 l'TeH Hebrides, Peru, J?o-

. land, Portugal (Azores is .. ), R-vmnda, Spain \Canary Is .. ) , Tanzania, 
'l'uni sia, .L'FAI . l Fl"'ench Somali land) 1 Uganda, Venezeula, . .:Lugoslavia1 
Zambia · · 

l ?rol11Ifoen"i8;197 3T~~--



TABLE: 1-9 

GIEO'J.':ti:UHHJ\L F lgLDS PRODUCiriG 1H 197 3 

FIE: I ,])S --....----'* 
. - 'i.t::Ad Cu1 1 iliiTG.i:Ai~- .. 

l?LWD\.JG'l1I Ol',f ST AH'fl;;D -----
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·-1,773T~ 
CAPAC:U X. -------

LtalyoooooeooeLarderellooeeeoooooooooeo1~12 •••••• oooeooooooo36;.o 
Lon t e Arrl:L at a • 0 0 • 0 G "' 0 • 0 II • 0 1 ) ::; '-;) e • 0 .. 0 " ...... ~ •• 0 .. " 0 2:;.> "."> 

Hc-H Zes.lnnd ~ •• ':Jaira1<:eJ., BroD.dlnnds., 0 0 oo1900o" 0" .. (J. G" .. a ••• " .. 0170.0 
United States.'l'he ~eysers•••••••••••••o19b0•••••••••••••••••39be0 
J a 'laD 0" ~ o; • " ... e r:a t S'LU<:a1-la 0 e 0 0 0 0 0 ..... 0 e • 0 0 .1965. " 0 " " •• 0 ... 0 " ... 0 • 0 20. u 

- Otake•••••••••••••••o••••1967 ................... 13.0 
u.,S.S.,R., •• ., .. .,.Pauzhetsk ......... ooeeoooor!i1967.,o•••cooooo•eoooo 29ov 
icolandoe•eoooErunafjallo.,e~>oooo.,o•e•oeo19b9ooooeooeooeeeoeoo 3e0 
China .. e e 0 e 0 II 0 oK1'!antung Province" G@ ...... 0 019 .?8 Cl •· 0 0 0 .. 0 .. 0 ... 0. " .. " 0 ? 

'(....:.o Me~lCO•••~eo~QCerro PrietOccooooooeoooo1973ooeooooooooosoooo ~-

1 , """cr-;~.,..9
9

-.. ~-· 

_....._.._....._ _________ , __ .._, -•-~-·--_ ... ,_...__. ____ ~• ~ a ~-------~ 

~ABLE: 1-10 

GEOTHEHlTAL PO~-fER PRODUC'.L'IuN DEVELOPJ:ID OR UNDE.'R D.EVELOPNlEN~' 

--·-·--------~----------------------------------------·----=-~u~~-~~------~~ 

ChileoQeoooeooooeoooEl ~atiOooeoeoooeooooeeo 20 
El Salvador •••• ,. ..... Atluachapan ................. 30 
GuadeloupBc;o&oeoooeoLa Bouillante ........... eooeo 30 
lceland&e•••••••eeoelifamafjalleoe•••••••••eeo' 3 

rtveragerdi •• " •• ., •••• .,.,.. 1 'l 
ltaly-o •., • •. • •., o.".,., oLardeJ:>ello. ". o • •• o" ....... LJ-1::> 

- Nonte Juniata. o ••• o •••• o o 25 
Japan ................ Hashimanta~Onuma ......... 10 

Hatchobaru •••••••••••• oe >o 
Katsulronda. e • ., ••••• .,., o. • ;>0 
Onikobe ....... ., .. "., ••• -.. o .... o. 25 

Mexico ............... cerro Prieto •••••• ~ ••••• 78 
. Patheooeoeoooooooeoeooee 4 

New HebrideSeooeeeoe?eooeooeoeeeoooooooeooeee ? 
·1Te1-;r Zea.lRnd .. e.,., e eo., .,·.:a:Lra1rei"" o. o o.," o •.," • e., .160 

Kauoraulll. "• •" .. ., .. ". o o" o "o 1 0 
Broadlandsoooeeooooooeee ? 

Phi li DPine s .. e .. (l ~ 0" 0 0 Bi c o1.1' Len: 8 s:o:t 0 .. " " 0 (I 0 0 • • 1 0 
1l1 8.LHa11-~ 9 0 o.,., ".,., o, o • .,'.L'atllJ.1o o o o o o o o e • eo e e" o e e e 10 
111Urlcey e • ., o., •• o .. ., o" • .Ki z:i.ldere .. c., e e .. o., (I.,." o".. 30 
United State8 00 ., • ., •• S::tlton .Scao•oooooo&ooooe ;,0 

~he GeyserSee 0 aooeoooooo633 
Bradyls Hot Sprin~s ...... 10 

Uo~3.;3 • .:~~ • •., • • • • c-eo eo- el.)[.ttl~·.:~J;-C~-~5.c. •. $ o • • o • eo eo o e 20 

· Kunashil'"'Y ..... , ...... " ........ • 6 
---------'-----~--~--~ Ar"te"i·--I<'uc11se·Ea_i. ........ -·,--,~-,:r:-;tf3; · Koon~g, f=J'{T J 



TABLE: 1-11 

CH!illAC'.C.:c;J.IS'riCS OF S£LECfJ.ill GEO'l'IL2iUIAL FI.8LDS 

:l.S03:.t 110iH · HE0~tVOJ.R AVRt-i.AGE l717u1D 
'l'ELP FLUID EN'J:HALP L \11.£l.,L SALJ..lJJ.1.'.i 

FIETD °C '.J..'£?E Cal/g DEP'l'H :rn ~J?~p;;.;;r...:;•l __ _ 

lii~:.:>.::l. 1:''LO.I 
Pl.lt vJ .8LL 

1:(}1J-c u J: 1 J) ..C.:l: :s.L.b LJ::, 

GA0~:S 

k0Jb...r 0 

Larderello ...... 245 •• .,Ste<?.n:..,., .......... 690 ... o1,000.,.,.(1,000.,.,.,23,000., • .,.,., • ., •• o5 
Tho· c~oy;:ers ... 2Lj.)., ... Steamo.,"',..,."',. ,.670.,., .. 2..,500.,., i1, 000., .. ., 70, 000~.,.,.,.,., .. ., .... 1 
~·:at su.kac·I8 ... .,.,., 230 .... .,Hostly Steam., .. 550.,., 0 1,1 00,. • .(1, UOO o., .. SO, 000 .. ., .. ., ........ ., < 1 
ota~:s .... 0 0 ... "'200+ .. .,l.>f ater 0." 0 .... .. r;-400 0 0" .. o,;oo" .~4, 000. "1 00, oou .. " " .... 0., .... < 1 
':Jair·21cei,.., •• ., 210., ... Vlater., • ., ., • ., ., ., ., 280., .... 1, 000.,., 12, 000 .. .,., .. ---,..,., .... .,,..,,. .. o < 1 
Bro cdla:--~ds ... .,280 .. ,. .. 'd~ter .. ., •• ., o •• • .L~OO+., .,1 ,300., Q., .,---., .. , 150,000., .. ., ........ ,r-6 
Pauzhet ::.::.:,. .... "200 .. o .. Hater,. e ...... ., o"' o 195 ..... ., .. bOO.," .,3, 000 ...... 60,\l 000 .. .,., ........ ., -
Cerrc F:::ie i:;o. 300 +., .. Hater .. o • ., ..... ., .. 265., ... 1 , 500 .. ~15 3 000.,., 230,000 ............... .f"l 
lJilsnd ............ 300+., .,Brine ..... " ......... 240 .. ., .1, 300.,260$ 000 ,,";'200 9 oov., ......... o o .. < 1 
Ahuacll.a)8n.,., ,230., o .,\Jater •., o .. ,..,., ".235 .. ., .1 5 000., .. 1 0, 000 e .. 320, 000.,., .. .,.,., .. o ~""1 
.nvera3erd.i .. o ,.2o0• .... 'Jator., ............. 220 0 o., .. .. Boo .. .,-;I, 000., .. 250,000oo ...... o .. " .. "-1 
Rcyl::j an:;~; .... ., 280 .... ,.Brine .......... .,., o 27 ::; .. .. .. 1, 7 ;;o .. ~L~O, 000 ~0.-00, 000 ..... ., .. o .... ,.rv1 
Ha:~1af j all .... o. 280 ... "~Iater .... ., .......... ., 260 .. ., .. ., .. 90v .. .,"";;"4, 000 .... 400, 000 • .- ...... ., ......... 6 

(lr.L'om Kruger et al.,, 197 3) 

(u 
i\) 



CHAPTJi!R II: GJJ:O'.rHEfWLAL GHADIENT AND HEA'l1 FLO\i 



GEO'l1HERHAL GHADIJENT 

Hagmatic, radioactive, tectonic and convective heat are the 

natural sources of heat in rocks. The diversity of rock in the 

crust is best indicated by a diversity in the values of goother­

m.a.l gradient. As there is a prevalence of high values of heat 

flo~<r 1-vi thin the Basin and Range province of the United States, 

a region noted tor thermal springs and 1videspread Tertiary vol­

canism, thoro also exists, according to recent geophysical stu­

dies; an. abnormally thin crust and low seismic· velocity in the 

underlying mantle (Herrin and 'raggart, 1962; Pakiser, 196.5; Pa­

kiser .and Zietz, 1965). 

Leverson (1967) defines geothermal gradient as:· (mean annu­

al surface temperature)/ (depth in feet), · vJhere tho average sur­

face temperatur•e is taken to be 2.5°0 or 77°F. Except for about 

the top meter 1vhioh is subjected to diurna1 ru1d seasonal changes, 

tho temperature within the oar·ch steadily rises Hi th depth at & 

variable rate which depends on the location. Even in volcanic­

ally quiet areas, geother.tr.J.al gradients vary considerably depend­

ing on difforence·s in heat sources of tho local crust (Jacobs et 

al o, 1974.). The range is f'rom less than 1 0°0/lan to greater than 

,50°0/km. 'rho rate of increase of the earth's temperatura with 

depth depends on differing kinds of rook, inhomogeneity within 

rock materials, am.ount of crack space in dry rock and liquid 

pressures in ·the cracks of saturat.ed rocks. 

In most rocks, cracks originntine from forcCJs such as stress 

due to heat and pressure nrc of e;roator importance than tho dif-



35 

ferences produced by the variety of the atomic struct,ures in the 

compo;nent mineralr3. Hea·t·conductance und stress resistance in 

rocks is related to their composition; thus, the mineral content 

of a rock constitutes important information when coupled Hith 

its thermal conduct~vity. 

Simmons and Nur (1968), in their studios on granites, shoHed 

that the presence of open cracks signii'icantly ai'fects many pro-

perties, :i.ncluding the thermal conductivity, 1·rh.ich increases as 

the open pore spaces are filled with liquid. 

HEAT FLOH 

The pl"oduct oi' the geotherraal gradient and the thermal con-

ductivity is knNm as heat .floH. Its valu(7 is reasonably con-

stru1t the Horld over; the average terrestrial value being approx­

imately 1.5 HFU {Heat Flow Units in p.cal/cm2sec)(Lee and Uyoda, 

1965; Sinunons a:nd Horai·, 1968). The vertical component of' heat 
·, 

. flow Qz is calculated from the f'undrun~ntal relation, 

Qz = k( dT/ dz) :;;: ( 1/H )( dT/dz), 

where z is vertical depth, k is the1~al conductivity, T is tem­

perature and R is resistivity., This relation may also be used 

in tho .form of finite differences -of temperature b.T and depth 

Az, vTith <k> a mean ·conductivity, or {R) a mean resistivity for 

this interval, or in the integl"ated form: 

Qz s~· Rdz = 5T dT 
"'O To 

l-lhero Qz is assumed independent of depth and R is a function of: 

z alone (Bullard, 1939, P• 481). The value of Q,z is thon found 

as tho slope of tho least-squares lino giving T as the function 



or tho 'resistance integral' 5 Rdz (Roy et al., 1968). 

The construction of temperature proriles or the earth's 

crust and mantle is fal"' more ambj.guous than other geophysical 

problems. The available parameters are: 

1 ) Heat i'lovl vaJ.uo s 
2) Ro.dioacti ve content or dirren.,ent 

Cl"l.:wtal layers 
3) Coefficient of thermal conductivity 
4) Thickness of the earth's crust ru1d 

its layering 

Heat rlovl studies to date deal with tho ou·bside or the earth's 

crust, 1-vhich is very nonhomogeneous. Actually, there is very 
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little difference in thermal conductivity or various rock types. 

Host of the diffel"'ences in heat flow are due to local sources of 

heat. One possible model listed by Combs and Simmons (1973) as ... 

su.mes that the crustal layering md the heat source distribution 

for areas differ but the mantle contr~bution to the heat i'lux at 

the surface is constant. 

In most ·or the outer crust of the. earth, conduction is the 

dominant mode of heat .tloH, Oi-ling to its crystalline and solid-

state na:l;urc; Col Fourier's Lal-T .tor thermal gradients is expresse.d 

as: 
r=q/k 

where tho thermal g1 .. ~dient (r) is in °C/lan1 heat fl.o'iv (q) in J-WD.l 

/crn2sec and thermal conductivity (k) :i.n ,ucal/cm sec °C. Niner-

alogy 1 poposi ty ru1d i'luid content determine overall thex'lnal con­

ductivity of rock and temperature gradients may chanse greatly 

with depth, thus near-surface thermal gradients cruu1ot reliably 

be projected belohr explored depths due to. possible changes in 



----------~ -~~-----..... 

3? 

those throe determinants (\oJhite, 1973). 

Be sides rndi oacti vi ty, heat f'lo1'l values in excoss of nor-

mal can also be attributed to exothermic chemical reactions, frio ... 

tion alone; faults or migration of' Haters of' different orie;ins 

into areas of near normal geothermal gradient. Incl~easod heat 

flow clue to those phenomena usually arc of restricted extent and 

limited in dm,ation (Combs and }Iuffler, 1973, P• 101 )., 

RADIOACTIVITY 

By good fortune, the heat generated by the 
disintegration of' radioactive minerals, com­
bined Hith that given to the interior o:t: the 
earth du:r•ing its early history, has provided 
en,ergy for earthquakes and volcanism. 

(L'Jilson, 1962) 

The radioactive content of an approximately 6 km thick lay­

er of crust is responsible for the radioactivity of the surface 

bedroclro This radioactivity is believed to impart a certain 

amount o:t: heat to the surface ~Jacobs et al., 1974). The impor­

tant short-lived radioactive isotopes are u236, sm146, Pu244 and 

Cm247; all of which have half-lives sufficiently long enough to 

have heated up the earth during the 107 to 108 years after the 

initial formation (Jacobs et al., 1974). MacDonald (1959) esti-

n1ates that if all this heat vTa.s retained by thG earth, a temper­

ature increase of tho entiro planet on the order of' 2000 to 3000 

°C may be possible todayo 

Birch et al. (1968) 9 Roy et al. (1968a) und Laohenbruch 

( 1971) described a linear relationship betHeen heat i'loH Q, and 

heat production A of' tho surface rock in plutons from many lo­

calities in the Uni tod· Stutes. 'J:lho relationship has tho form 



)<) 

cussed at greater length in Chapter v. 
• !,_ 

In Pl"act:tce, heat flovT measurements, whether talcen for the 

purpose of determining local gradient or the general gradient of' 

an area, may be considered unreliable unless· the holes are 200·· 

300 m deep (Birch, 1966). The gradients measured in the shallovr 

parts of dPill holes (even in regions of gentle topography) com­

monly depart remax•ka.bly from those measured deeper in tho drill 

holes, particularly in regions of loH to normal heat flow. 

These 11 anomalous 11 shallovr gradients have. been attributed to con­

ductive effects such as Hater circulation (Dirnent, 1964; detailed 

discussion by Birch, 1966). 

Shallow temperature measurements, hoi-rever, Hhen conducted at 

about 1.5 to 2 m depth, just out of the range of tempel"ature 

.fluctuation due to diurnal and seasonal temperature effects, have 

been shown to be reliable in the detection of the1-mal anomalies 

due to shallow salt structures and sux•face f'·aul t~ (Poley and Van 

Steveninck, 1970). A more detailed discussion on theory ~1d usage 

of this technique folloivs in Chapter VI. 



TABLE: 2-1 
AVERAGE lD~AT FL01J (p.cal/ cm2 sec) 

OCEANS: Basins••••••••••••••••••••••••••••••••••••••••••••• 1 • .3 
Hidgc A:XCSo•••••••••••••o•••••••••••••••••••••o•eeo 1.4 
Hidge Flo.nks•••••••o•••.,••••••••••••••••••••••••••• 0.,8 

CONTINE!.'NTS: . 

............... . . 

Shield areas o.nd stable platf'orms •••••••••••••••••• 
Paleozoic mountain belts••••••••••e•••••••••••••••• 
Mesozoic 1110Ui:l'bain bolts•o••••••••••~•••••o••••••••• 
Cenozoic mountain belts und activo compression 

TABLE: 2-2 
HEA'r FL0\1J VALUES 

zones ••••• oo 

(Af'ter l·1cBirnoy 1 1963) 

-----~~-~-·~-------·-----d~----·~-·-··--------·----------·-·-~~-A--------------~~--·-Y----I-·-4~·-·--------------NON-VOLCii.HIC 
REGIONS: 

OCEANIC 
CHUS~r 

REGIONS: 

(Hid 

Q, ::: o.6 - 1.0 (p.cal/cm2sec) ••• ~~>•••••oLOtJ heat flm~T 
'Q, 1.0 - 1.5 o • • • ••• • • • • • ., •• o • •. • ., NORNltL heat flow 
Q ::::: 1&5 - 3e0 ••••••••••••••••••••ooHIGH heat f'lOl·l 
Q ::::: 3.0 + ••••••••••"'•EXTREHELY HIGH heat flow 

Q::::: 0.5 eo••••••••••••••o•VEHY L0\-1 heat flow 
(Origins not clear) 

Q = 1.0 1.5 •••••••••••••~•••••••••LOW hoat flow 
(Typical of' Ocean basins and trenches) 

Q = 1 .6 2.5 • • • • • • • ••• •." • •.• •. o • ., .HEAN hoat flo1-f 
(For ocean rises and island arc areas) 

Q = 2.5 8.0 • • e .HIGH TO EXTHENELY HIGH heat flow 
ocean ridge crests, rifts and volcanic :tntrusions) 

Tli'rom Lubimova, .19b'BT 

TABLE: 2-3 
THK-U.lAL CONDUCTIVI'l'Ili:S OF SOf.TE COl',il'lONLY El\iCOUN"fE...qED ROCK '£YI1ES 

Gx•anodiori te s ••••••• o. o •• • 

Gabbro••••••••·~··•••••••• 
Continental Peridotites ••• 
Oceanic Peridotites••••••• 

......... -- .. ( irom Lu'5'iinova, 1968 )' 
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'·· 'l'ABLE: 2-4. 

HEAT PHODUCTI.OH BY IGNEOUS ROCKS 
-..4Aool • 

1 

1 0 9 .............. ~----~~-------......... """'-":'~~-----~--==--~~ TYPE OP HOCK Hf.::A'.£1 Hl!:Nl1 A3SUl:I.8D HB:A'l1 'l10TAL HEli'l' 
PHODUCED PRODUCED CONTBIJT PRODUCED PRODUC'riON, 
BY u, BY Th, OF F~ BY K, ergs/g yr 

--------"-------~£~~L~-I!-~£~~L~-l~-12:~~L~-~~~~Lg-~------------
Granites 117 84. 300 ~~ 235 
Acidic (c;onoral) 126 109 340 273 
Intermediate L~3 36 263 29 108 
Intermediate 81 81 263 29 191 
Basalts 25 4.1 57 6.1+ 72 
Basic Lavas 26 28{~ L~9 5.5 59 
Hualalai Basalt; 1.5 16~~ .56 6.3 37 
T\-Tin Si stors 

Dunite (neutron 
activation) o.o3L~ 0.036{~ 0.1 0.01 o.o8 

Dunites 0.42 0.44~~- 0.1 0.01 o.B? 
. P,.. ___ .._lllli I I..,~ • . .. ' ......... ... ,. -

(From Jacobs ot a.l., 1974., Po 207) 



·CHAPTEf{ III: GEO~CHEHHAL EXPLORA'J.TJuN 

AND HECLA11A'11I ON TECHNIC:lUES 

i 



PARl1 A: G.t!;OT.t!ERHAL EXPLORATI Olif 

The current state-of-the-art of e;eothermal ex­
ploration may be compared to that of oil explor­
ation in the early part of this century t·Jhen the 
technique giving the highest ·probability· of find­
ing an oil re servoil" Has to drill a well a·c the 
site of a surface sh.o1·Ting., 'l'he same m.ay be said 
for geothe1--mal exploration at this time, tv~ th the 
exception that there have been numerous a·ctempts 
to apply seismic, gravity and magnetic techniques. 

(Banwell, 1970) 
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Geothorm.al powex> is obtained by extracting heat that is tem-

pox>arily stored· in the eax>th by such soux>ces as volcanoes and the 

hot water filling the sands of deep sedimentary basins \tlubberii, 

1971 ). The actual extraction of such energy depends upon tech-

niques of location and reclaxaation, whether generalized ox> special­

ly suited to particular locations. According to Dobrin (19:;)2), the 

five majox> geophysical prospecting methods are gravity, magnetics, 

seismic re.fle ction, seismic refraction and elocb:ical resistivity o 

Gravity and x>esistivity measurements mave been the techniques most 

used in geothermal prospecting (Douze and Sorrells, 1972)c 

11he foll01-1ing is a list and description of geological and geo­

physical methods of e.Ai>loration, prospecting and extraction tech­

nology with a shox•t discussion regarding their degree of usage in 

geothermal exploration; 

A. Geology 
B. Geochemistry 
Co Seismology 
D. Gravity 
E. Nas;netics 
F. Electrical Resistivity 
G. Thermal Sensing: Remote and Direct 

A. GEOLOGY 

Geological studies focus on local structure (particularly 

·faulting), degx•ee and )dnd of rock alteration, ty-pe, character and 

extent of thermal manifestations, presence, type and age of igneous 

rocks in the ai•ea and availability of recharge Haters :for ex:L sting 

reservoi1•s. Contemporary fractux>ing and fault movements, evidenced 

by earthquake activity as -v10ll as youthful, acidic volcanism, evi-

denced by cinder cones, . calderas, lava .fl01'1l'S and shallow intrusives, 
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are tjeoloc.;ic cri ter:la sie;ni:fics.11.t in the search for geotherrnal 

energy {Fuchs, et al., 1973). Geothermal reservoirs are not uni­

formly distr•ibuted in the crust of the earth but essentially all 

fields explored to-date are near the margins of crustal plates 

(Huffler and l'lhite, 1972), v-1here scientists consider that crt1.st 

is being either created or consumed {see, for example, De-v.rey and 

Bird, 1970). Current theory holds that in these areas molten rock 

is generated and buoys upward in the crust, providing the basic 

heat· 1-rhich is transferred conducti vely to the cFustaJ. meteoric 

v-rater system {Combs and I'1ui'fler, 1973). The general location of' 

a geothermal system is determined by the location of a deep ige­

ous mass (at perhaps greater than ;; km) that is the probable source 

of heat \AThich drives the overlying meteoric convective system 

(\·lhi te, 1968). 

Geologic exploration for geotherrna~ resources has also been 

· aided by. airborne side-looking radar, ·1vhich has the advantage of 

11 seeing 11 through cloud covel~ and vegetation \Hubbert, 1 ~71). 

B. GEOCHEI-ITSTRt 

Geochemistry involves sampling v.raters f'or dissolved mineral 

content, as lvell as investigations f'or ·epithermal and telether:m.al 

rnineral deposits such .as mercury ru1d fluorspar. 'J.'he detection of' 

passage or presence of hydrothermal fluids, evidenced by recent 

rock alterad.on and adequa-ce grotmd-vrauer ·Hi th favorable recharge 

conditions are f'actors (Fuchs et al., 1973). Chemical analyses of' 

soil gases are made, in some cases, and highs of' hydrocarbon con­

centration are sought. Analyses of soil radioactivity and soil fluor-
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esconce have also been made to test for correlation with subr:~ur­

face structure (Dobrin, 1952, p. 406). IJ.1he chemicals dissolved 

in v-rater samples are rough indicators of subsurface temperature, 

vrater sources and reservoir fluid characteristics. 

C. SEIS110LOGY 

Of all current geophysical techniques, seismic ones are by 

far tho most -vddely used because they give the most detailed in­

formation and the most unique picture of the subsurface (Dobr~n, 

1952). In geothermal prospecting, seismic study involves the 

measurement of microse:i.srns and na·i.Jural gr01md noise. Faults, 

natural conduits for geothermal fluids, often are sites of minor 

and frequent movement •. In geothermal areas, several hundred micro­

earthquakes per day have been observedo Ground noise surveys mea­

sure frequency and amp~itude of natural ground movements believed 

to be the result of rheological defo·rmation and phase changes. as-

. soc:i.ated ,-v.rith eeothermal .fluids. Passive seismic measurements are 

made -vlith six or more lov-r-frequency seismometers telemet~red to a 

central low-speed magnetic tape recorder. 

In the Illrperial Valley o.f California,; for instance, field 

studies indicated that there is a high empirical relationship be­

·tHeen hot Hater deposits at depth and a..Yl anomalously high seismic 

background level at the surface (Goforth et al., 1972). 'i1he meth­

od consists of measuring the pm,rer spectrmn of the vertical back­

grotmd noise in the survey area; the pl1 osonce of a c;eothermal re­

servoir is them indicated by a sharp increase in the noise level 

(Douze and Sorrells, 1972). Clacy (1968) noted that, in the Roto-



rua, :~.Jaupo volcanic region of New Zoala.nd, areas of continuous 

high seismic noise and dominant lov-r frequency Here found in con­

junction with aquifers. 

Recent studies done in regions of geyser activity are also of 

value. In the passive seismic observation of a nv.mber of icelandic 

geysers, Hinehari:i (1973) found that each geyser studied has a char­

acteristic seismic signature gE<neratcd by the interac-cions arnong 

its plumbing sys·cem, Hater supply and heat source. The pattex•n of 

any one geyser Has also f0l.U1d to repeat i tseJ.f closely from cycle 

to· cycleo A 1'772 u.s .. G .. s. seismic survey of .{ello-vrstone National 

.t'ark turned up geothermal seismic noise predominantly in a 2-8 hz 

band and found that the seisnuc signature of Old Faithful is in 

the 8-24 hz range.. It is assumed that only surface activities of 

the geysers produce su.ch f'requency levels and that much lOI·JOr fre­

quencies are generated by the deeper· convective systems associated 

with the-geothermal activity (Iyer, 1974)o 

D. GRAVITY 

Gravity methods are designed to detect variations in the gravi­

tational pull of the rocks Hhich lie as 1ml.ch as several mile's be- · 

low the earth's surface. Since differences may be only on the or­

·der of· 1 part or less ·in 10 million, it has been !lecessary to de­

velop gravity instruments that measure changes less than one ton­

millionth tho total force of gravity. l"rom these data, one can 

estimate the location and magnitude of the corresponding density 

variations in the underlying rocks (Dobrin, 1952). In prospecting 

for e;oothermal reservoirs, hoHever, the use of gravity surveys has 



been inconclusive. Positive e;ravity anomalies due to increased 

density caused by hydrothermal alteration of the country rock are 

associated Hith some reservoirs, but are absent or even negative 

in others (Goforth.et al., 1972, Po 77). 

Eo JYIAGNET l CS 

Nagnetic prospecting involves the ·study of varia:tions in the 

earth's magnetic field attributable to anomalous magnetic proper­

ties in relatively shalloH subsurface rocks. Variations may re­

sult from changes in depth of buried magnetic rock materials, 

fr"om changes in susceptibility, or from both (Dobrin, 19.5~) .. Hag­

netic·lov.rs resulting from demagnetization of magnetite, which be­

gins at about 250°0 1 ar>e associated v.ri th some geother•mal reser­

voirs, but like the gravity surveys for geothermal sources, are 

absent or negative in .others (Goforth et al. 1 197 21 p. 77). In 

general, magnetic surveys are probably the geophysical tool least 

·useful iB d.efining geothermal drilling targets (Griscom and Nuf­

fler, 1971). 

In some cases, very young intrusives and volcanic rocks as­

sociated with geothermal systems disp.lay positive mae;netic a11om­

alies., in most cases, hoHever, so many factors influence the 

·character of a mag:t?-etic map that it is di.fficul t .to interpret in 

terms of geothermal resources (Combs and J'1uffler, 1973). 

F. ELEC'rRI CAL H.t!;.SISTIVI'l1.£ 

One recognized char act eri stic of all the knmm e;eotherm.al 

zones is their loH electrical resistivity. 'l'his is ·due to the 

high temperature and salinity of' the fluids and the high porosity 
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of the enclosing rocks. Hie;h temperatures have been found in all 

types of rocks associated v.ri th geothermal· zones; the undisturbed 

resistivities are in the range of 3.0 to 3000 ohm-meters. True 

r.esistii vi ty 1:d thin the geothermal source itself is al\'lays in the 

range of 0.5 to 5.0 ohm-meters (l1eida.v, 1971). 

An elecvrical prospectiing technique that is being increasingly 

used in geotherrn.al exploration .is the dipole-dipole array. ~Chis 

technique has been used by Hisk, HacDonald and Dmvson ( 1970) to 

ou:tline the Broadlands field in l'Je1v Zealand at depths of 1 to 

g1~ea ter than 3 lon., Greater depths can. be attained ( Kel].er, · 1970) 

using very pm...rerful sources and exceptionally i-J"ell-grounded cur-

rent electrodes • E:ffecti ve dipole-dipole investigations x•equire 

complicated data. analysis and careful interpretation, but the rneth-

od.is logistically simple and is insensitive to rugged topography 

(HarthilJ:, 1971; Combs and Huffler, 1973). Keller (1971, 197LJ.) 

attributes electrical resistivity surveys with effectiveness in 

estimating both reservoir capacity and temperature becaus~ porous 

rocks containing hot ground Hater are commonly far more conductive 

. than surroru1ding rocl{s.. The most usual prospecting application of 

resis.tivity surveys is in the search fox• shallo,,.r minel"'al deposits 

and in engineering surveys (Dobrin, 1952). 

Rex et al., (1971), in a combined geological, geochemical and 
', . I 

geophysical survey in California, states: 110f all the conventional 

geophysical tools, electrical resistivity surveys appear to be the 

most used ancl useful technique for geothermal· exploration. 11 il'his 

is disputed by Goforth ot al., (1972), Hho c.ontent that surveys 

" ••• keying on the decrease in electrical resistivity Hith increasing 
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temperature and saline content have been useful in determininG the 

later.al extent qf knoHn reservoirs but have not been responsible 

for the discovery of any .new reservoirs. 11 There is also some dif­

ficulty in interpretation Hhich aPises in trying to separate effects 

of highly saline ground waters from the temperature phenomena lFuchs 

et al., 1 97 3 ) • 

G. rrifERHAL SENSING: RElVIOTE AND DIREC'J.l 

There are three categories of thermal sensing: airborne, re­

mote ground-based and direct. The first category covers the gr•eat­

est area but is the least accurate, Hhereas the· third offers the 

least amount of area covered but is the most accurate. The second 

category falls betwe.en these tHo in terms of area and accuracy. 

Difficttlties in the use of thepmal sensing arise from the fact 

that backgPound heat from solar radiation is about ?0 1 000 times 

avex•age eaPth heat flow fpom Hi thin. PuPther, differences fn sur­

face color, v~getation, textuPe and m.oi.stupe content produce sur­

face tempePatupe variations many times greater than the increased 

heat flow expected from even shalloH subsurface anomalies l]:i'uchs, 

1973). In airborne surveys, nighttime data cqllection has been 

proven superior to daytime data collection. The plane, hmvever, 

must be flo1m i.h stPaight lines and must make passes in the same 

direction to eliminate diffepences arising from flying with and 

against the Hind (Stingelin, 1969). Hind movements along the gr•ound 

have been fOlU1d to interfere with thermal images, although this 

imac;cvry genel~·ally enhances faults, lineaments and frac·cure traces. 

Surface lveathering and vegetation camouflaGe infrared images,. lim­

iting their effectiveness. .Converse.ly, some geothermal areas fail 

... 
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to produce thermal imac;e s. In the 11blind 11 geothermal area neax' 

Harysville, Nont8l1a, airborne·thermal imaging surveys recognized 

only tHo groups of Harm trees. It 1·Ias later noted that the trees 

had contracted some sort of tree illness· (Blacbrell, 1971+). 

Ground-based therrnal infrared surveys prove most useful in the 

study of localized or neax•by control areas., Lange and Avent (1973) 

used a x•adiat:ton thermometer with precision in the -20° to +75°0 

l"ange., They concluded that the study of steep slopes, Hhich defy 

high:..altitude airborne infrared surveillance accuracy, for the most 

part became simpler. Difficulties arise in heat measurements of 

snow and :lee covered terrain, as it does in areas of heavy vegeta­

tion. Furthermore, observations must be carried out during cleal" 

i·Jeather and preferably in daylight hours due to the nightly ponding 

of cold air on some st~rfaces. Ground-based infrared surveys are 

difficult to carry out on volcano surnmits. 

Direct thermal sensing is carried out usually with thermo­

couples or thermistors and, in some cases, mercury maximum or elec­

tric thermometers~ Thermistors, electrical resistors Hhose resist­

ance varies with temperature, measure temperature at one point. 

'l'wo thernlistors are needed to rro asure the temperatur•e change Hi th 

·depth.· 'l'heir volt~ge ·output is greater than that. of thermocouples 

and their calibra;;ion time is shorter. A thermocouple can be cali­

bl~ated to measure temper.ature differences as a function of deptih 

di:eectly, but thermocou:ple outpu·t voltage is small, making accux·ate 

determinations of small temperature differences diff'icult (Bullard, 

1963). Thermometers are sometimes used for heat floH measurements., 



~rho terapero..ture c;r•adient in boreholes ca:n. be determined by 

mercury maxinrwn therr10mete1~s enclosed in sealed glass envelopes, 

11hey have, hm1eve:r.•, the disadvantaee of taking a considerable time 

tQ come to eq1J.ilibr•hu:n (Jacobs et al", 197L~) •. fJ.J.e equilibration 

t:i.m.e complicates the gathering of many thermal measurements in this 

manner. 'I'hero m•e.11 hm·wvor, electrical thermometers uhich permit 

readout values instantly" Some provide digital outptlt -vdth 0, 01 °C 

0 0 
reaolution from -100 G to ·1:200 c, the most commonly used range" •J:he 

HeHlett-Packard Co<> is marketing thermometers of this type presently11 
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'!'ABLE : 3- 2 

DHlLLIIJG COSTS FOd VlELLS 01" DIPFEl1EUT DEP'rHs 

--------------------------------------=---s-·--·-------~-•-s-•-•-·-•-•=-•--------••• 
DEPTH RANG B l ft ) COS'.V HANGE ( ;p) 

----~"---·-·---------~-·~-----·-~------·--~----·-·-•~--·-·-·"~-----·----·----·---------•u~ 
6,ooo- 8,ooo ••••••••••••••••• ~o••••••••$30o,ooo- 520,000 
8~000 -10~000oeeeooooooeooooooooee~ooooo 425,000 - 770,000 

10,000 -15,000eocoeeeoeeeeoooeooeeoeooooo 635,000- 1,055,000 
15,ooo -2o,ooo ••••••••••••••••••••••••••• 94o,ooo- 2~75o,ooo 

soUR'~t'"a c"omPflcxt'fSy-=-K:.e .. -13i;un·o1t,· no\.1 "Wi1;1l Ph11Tip"i:~#1'etro:r:otun 
Company"' NOTE: Costs are tangible and intangible, for o.x--plora ... 
tory, development and reinjection Hells. Add approximately 
*100 1 000 .. for each e:>..--plo:Patory Hell. In hot-vmter systems, one 
reinjection vroll is drilled i'or oach development vlOll and each 
s:uccessful exploratory well. (From Hex and Hm-rell, 1973) 

TABLE: 3-3 

COS~es AT DIFFERm~~r DlULLING DEP':PHS 
FOH. HOT, J)HY ROCK SYSTEHS 

EneAl.;g'-,,i~P-r:~~i-·c-·e~H"""a-n-ge ___ , ~:-~: ·1~£~1&:~~--=·== 
(mill/ln.rhr) VJestern u ~so Hid Com:;~nont Eas·t;ern u.s o 

3oOO ... ·1-oOO 1 ~,o~~'b,'o'oo-·- ...... · ----=-
4.00 - 5oOO 16,000 - 17,000 --
5oOO - 8~00 17,000 - 20,000 15,000 - 17,000 
BoOO -12.00 20,000 - 30,000 17,000 - 22,000 15,000 - 1B,ooo 
-~ ·"-:- • • b ·.....-.-.~·· -- ~ • - • .:, -~~~n.~.:Oillne·x 'filld ·How~IT~m T97})~ 



PART B: GEOTHBHNAL RECLANATION TECIDH(tUES 
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The actual harnessing of geothermal energy has taken many 

formG, from the simple concept of using naturally heated Hat or for 

minor domestic heating purposes to forced steam s;ystem.s. Hydro­

fr~:wturing of rock at depth is a method advanced for• the forced 

circulation and subsequent heating of cool Hater. 

In tho Klaraath Falls, Oregon area, Peterson ( 1967, 1971~) cites 

tho usage of hot springs for the hot water supply of greenhouses, 

buildings such as schools and a medical center, homes and an inland 

fi sl). hatchery. In most of these cases the rnechani sm for dJ:>aHing 

out· the heat lies in the form of. radiator-ty-pe coils insox·ted to 

some depth i!l l:lell. casings" A Hater· pmr1p is. located at the top of' 

the Hollhead and simply forces cool Hater do-vm through the pipes .. 

Tho Hater is heated and passes this heat out at the radiators which 

do tho space heating. Temperature control can be obtained "GlU'ough 

the use of a motorized or solenoid valve operated by a therraostat .. 

A l"'ough estimate of the heat Hi thdra-1·m from wells in tho IQamath 

Falls geothermal zone ru:nounts to about 31 000 to l.j., 000 BTU/ sec .. 

(Thol"'e are 252 calories pel"' BTU.) averaged over the year. 

Another exarnpJ.e. of rela"bi vely 101-v--temporature geothermal utili­

zation is a system in the to-vm of Helun, on the outsl;,:ipts of Paris, 

France., A 3,000 Poom apartment building sits atop a pair of drill­

holes approximately 1800 m deep. Oil px'ospecting disclosed a 158°17 

hot water reservoir at 1800 m depth beneath the Paris Basin. Water 

is pmnped dov-m one of the anti-foulin£S titanium pipes inserted in 

the holes" The Hater then permeates thrOU[Sh the subsurface strata 

and 1'"~6turns 1 heated, to the SUl"'face via the second pipe. 'rhe heated 
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·Hater passes throuc;h a heat exchanr;e1, and is fed throur;hout the 

entire giant buildingo Fie;ure 3-1 illustrates the oasic technical 

geothermal system in Helun. Sullivan ( 1971-!.) estimates that about 

two-fifths of the (?uildingts annual hot water and heat needs are 

fulfilled but the reservoir is said to be large enough to provide 

service for 1 million apartments for 1300 years. rrhe 1800 m depth 

gives sufflcient heat for 31 000 apartments in a type of geothermal 

system that can probably be utilized s~nytfhere (Kunze, 1974) e 

. There are some homes and businesses in Icelan.d i-Ibich utilize 

he~t from near-sux•i'ace pipes using essentially the same principle 

as those in Klamath Falls, Ore. 11he only di.fference is that in 

Iceland, VJhere volcanism is much more recent, hot Hater .for :muni­

cipal heating was pioneered in the 1930's and appro:;dmately 5o peJ.->­

cent of the population o.f 200,000 receives geothermal heating and 

this is to rise to over 60 percent this decade. Iceland's location, 

. straddling a northern portion o.f the mid-Atlantic Hidge, provides 

it Hi th centers o.f basaltic volcani sin .for the island's geotherrllal 

fields. 

The reclamation o.f deep-seated geothermal energy Hhich has no 

surface mmlifestations requires adequate drilling techniques to 

reach the thermal reservoir as Hell as the technology fo:t.~ transfer 

of the· heat... rrhe present drilling methods are costly, especially 

in areas of hard rock. In the Imperial Valle;yr 11 fol"' instance~ to 

drill end complete a 3,000 .ft Hell cost r125,ooo. For a 5,ooo .ft 

Hell the cost was -~i200 1 000. r.ro dl.,ill ru1d complete a 7,000 ft Hell 

in tho Goys ers area tho cost Has .j)y)o, 000 ( Cl:>omling, 197 3) o .Ei~ven 

the pi•ices for drilling ·ric;hts have soared in tho last ten y·ears. 



FIGUlU!:: 3-2 
Proposed Systiom Por Developing ThG Los Alamos Geothermal Energy 
source (J?rom Hobinson et al., 1971, p., Lj.6) 
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Drilling richt prices around Pacific Gas & Electric's plant thoro 

skyrocketed f'ro~n $. 20 per acre in 196L~ 'Go the almost $1 1 360 an aero 

that Shell Oil recently co:mrni tted itself to pay ( rrnm, 197L~)., 

To try to alleviate some of: the obvious problem witih drilling 

deep holes, tl1.e Los Almnos Scientific Labox•atories in NeH Hex:tco 

worked on the problem and the rock-melting drill Has invented in 

1960., Electrically heated, laboratory-scale drills vJere subse­

quently shown to penetrate igneous roclcs at usefully high l"atess 

\·llth. moderate p01-10r consumption. Hi th the so devices the potential 

exists of producing holes up to sever•al meters in dia.meter and 

several tens of kilometers long or deep (Robinson et al,, 1971). 

The system is said to be insensitive to composition, hardr1e8s 1 

temperature and structure of the rook. It has also been shoM1 to 

produce a self-supporting glass lining in most forraations oHing to 

the high runount of silica in the earth's crusto The problem of 

. debx•is removal is also solved by this -method. As the device heats 

and melts through the rook, it cracks surrounding rook and forces 

molten rock into those cracks. Lithofraoturing1 or the cracking· 

of rocks, produces, also, an added area for fluids to contact. 

This principle was studied at Los Alamos for the purpose of stimu­

lating_ a geothermal rqck zone at depth, where there Has no aquifer 

present and no steaw.G It is necessary to have a closed, pressurized 

circuit of Hater through a large zone fractui'od in hot 9 pe1•meable 

rock (Harlow and Px•aoht 11 1972) in order to extract heated fluid in 

this case. A perfect ch•cui t may not be obtained due to leakage or 

other factorso For this problem Hex (1971) suggests a sine;lo cycle 

or 11huff'-pui'f11 system ln ·t-~h:i.ch Hatel~ is forced in ar.1.d then pumped 
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out. •n10 1•ock must, hoHevor, be able to retain pressure .fox· this 
' 

'· t rl~ s-tnce cold Hater is more viscous than hot water, sym:;em o HO. -•··· .... 

it vJould tend to sink and force up the hot wator. Cooling the 

rock causes contraction, VThich in turn causes neH cracks to :Corm, 

which: 

A. INCR.~.ASES the hot roclr-i-Ia.ter interface area, 
B., ENHANCES heat tx•ansport; by convection of' 

watcn" directly to and from hot rocks, 
C. ENLARGES the ax•ea at the edge of the cx•acks 

:Cor conduction from greater distances and 
D. ALLOi·JS the cracks to penetrate into deeper 

rocks, ivheX'e ·!;he temperature is greater. 

The uncertainties of this method are mainly that the Pocks may not 

contl"act enough to raise the permeability significantly and that 

any lealcage in the system l·lOuld sap pressure .t'rom the main circuit;. 

Fig1J.re 3 ... 2 illustrates the Los Alamos hot, dry rock lithofracturing 

method. If the Los Alarn.os plan Horkd, the energy could provide all 

the additional power the nation will l"equire until thermonuclear 

fusion ru).d solar sources al"e developed (Hex, 1974). 

The Plovshare geothex•mal concept described by the Allierican. 

Oil Shale Corporation et al. ( 1971) entails the generation of p011-

er from the energy contained in deposits oi' hot, d17 rook., The roolr 

is i'irst fractured by a number of nuclear explosions and water is 

·then injected. Steam is then drm-.rn off at the suT•i'ace" The econo­

mics oi' this OO!f.cept equate one cubic mile of rock at 3.50°C, Hhen 

cooled to 150°01 to the -0lltH'8Y equivalent o.f 300 million barx•els of 

oil, 1v-orth approximately $1 billion today (Burnham. and StoHart, 

1973). (See fieure 3-3.) 

Thex•e are some hazards connected with the injection oi' i'luids 
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into the earth. A fundamental chax>acteristic of many geothermal 
'•. 

resource ar•oas is their close a·ssociat:ton v-lith regions of high 

geologic activity, Hhich is manifested rnost commonly as earth­

quakes. Studios have shot,rn that, if fluid pressure is ci1anged 

in tectonically stressed areas, fa.ults can vax•y their normal pat­

terns of earthquake activity (Hickel, 1972). 

In retrieving heat energy i'rom hot rocks at depth, there must 

be some sort of heat transporting i'lu.id or medium. In the cases 

oi' t;he shallov-1 thermal Hells in 011egon and Idaho, the medium is 

water t.-Jhich is passes through pipes., In the case of the stea:rn·" 

producing Hells, the medium is HateJ:> in the gaseous state. In t;ho 

case of thermal springs the medium is 9 again, Hater. The ope:r•ation. 

oi' ru:1y geothermal processing plant must process the steam or Hater 

and I'eturn the cooled liquid into the gro1..md. Those geothermal 

sites which are i'orttmate enough to be situated near or over aqui-

fers have their vTater supplied naturally. .The adequacy oi' flu:.td 

supply is likely to be more cx•i tical t4an adequacy oi' the hea·i; 

reservoirs in limiting i'uture utilization of geother:mal energy,.. 

Artificial recharge of aquifers has· become ·a teclm.ical achieve-

melYbe In Valley City 1 North Dakota, .foP iJ?.stance 9 rivex• \·Tater Has 

diverted into tho top ground surface of the sand and r;ravel aqui ... 

fer,. The system at Hork noH is described by Kelly (1967) as being 

simple, efficient, dependable and low-cost for operating. It novl 

supplies the city l·li th Hater i'or domestic and industrial purposese 

'l1his type of cooling-recharge system for ·geothermal po·Her plants 

is most economical fop their purpose. 

.... . I 
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A more sophisticated method of heat transport was developed 

at the Los Alamos, New He:x:ico, Scienti.fic Laboratories. Known as 

the Grover Heat Pipe, the dev:tcc is explained as boing a self-con­

tained ene;ineer:tng structure which exhib:t. ts a thermal conductance 

groatly in excess o.f tba ·!; ~-lhich could be obtained by the use of a 

homogeneous piece of any lrrwt..rn metal ( Gott.er et al., 1965) o '11J.1.o 

two-phase fluid flow with capillary circulation allows heat to 

vaporl ze liquj.d at one end of the pipe, travel in the gaseous state 

to the other end and condense. then returns to the evapox>ator 

through a uicl( of sui table capillary structure. 

The principle can theoretically be applied to a wide range of 

shapes, sizes, temperatures and materials. 'lhe development of the 

Heat Pipe for the recl~ation of thel'mal energy from hot rocks at 

depth_, especially if the use of water ai:J a thermal transpox•ting 

medium is not feasible, is seen as overly promising. 



E=l.UATIONS. OF HYDRAULIC AND '11HEHHAL 111\ACTUJ.UNG 

1 o Radius of Hydraulically-Induced l~'ract;ure: 

H.f = K/(Ip)t 
Rr = Hyd.I•auJ.ic .fractur>e radius 
I - Injection pressure 
Kp = S/P (Separation over Pressure) 

2. Separation of Fracture: 

. B = 
v::; 
Po= 
if == 
h ::: 
e:.t= 
a= 
a'= 
n= 
E = 

B = 8( 1-v2 )(p
0 

-·th )c'2 a r 1-r!' · 

Haximum separation of hyclrau..1ically induced fractures 
Fluid Velocity 
Injection pressure at the well site 
Average specif'ic 1r¥eight of (rock + contained Hater) 
Depth £f hydraulically induced fracture 
(a/a')'2 . 
FI'acture radius 
Radius of the stress-altered region 
3 .. 11+16 
Young's 1-'Iodulus (stress/strain) 

- (Prom·s~ 

. 3. Thermal Fracturing Propagation Equations: 

Q ::: 

~H' = 
,gR -
h) = 
g ::: 

).l ::: 

K --
bn ::: 

bH :::: 

'll ::: 

I> -· 
~p -
1•s :::: 

Kn. -

Ao Conservation of mass for Hater: 

_ b ewG/~ t + \! ·~wuG :::: e1vS 

B. Conser•vation of momentum for water: 

vP - gPw + (Jl.G/K)u ::: 0 

c. Conservation of heat energy in ·Hater and roclcs: 

~tlba en (1-G).+bw~we) T}/~t +Q•~Hb''i-19uT =\J•(KR(1-G)V'l~ + 

ewhHT8 S · 

Po1~osi ty, open volu.1ue .for· Hater i'low (per unit volume) 
\iater donsi ty, a function of temperature 
Hock density 
Source or sink of ';J"atol' from surface pipes (Vol/vol/tirue) 
Acceleration of gravity 
Coefficient of water viscosity, a function of temperature 
Pormeo.bilj_ ty 1 a ftmction of crack spacing 
Specific heat of' rock 
Specific heat of water 
Water velocity 
Hater IH'essure 
'l10l:lporaturo 
Soureo 01; sirtk temperature 
Heat conduction coof'fioient for rook (F'l:•om Kennedy, 191.!-4) 
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In an asses~?ment of the geothermal potential of 'a X'ogion 

such as NoH .fi.l'lgland, major structural features and thoix• pos-

sible relationship to sources of deep, circulating hot waters 

must be considered. 

The major tectonic and structural fcatu1~es of New Bnglai1d 

include anticlinoria and anticlinox·ial massifs, synclinoria, 

overthrust masses, domes, basin structures and larger fault sys-

toms (figure 1.~-2)" An inventory of such structures follmv-s: 

a. Anticlinoria and anticlinorial massifs: The Green 
Nountain An·biclinorium of Hostern VoT•mont, the 
Berkshire Nassif of' Hassachusotts, the Housatonic 
and Nevr Nilford Hassifs of Connecticut and the 
Hudson Has sif of Nm-; Yo1.,k. 

b. Synclinoria: The Coru1.ecticut Valley-Gaspe and Her.;. 
l ... imac synclinoria, located :tn central NoH England 
and Quebec, the former lying west and northwest 
of the latter.· 

Ce Taconic Allochthon: Thrust sheets of eastern New 
~ork and l·Testern Hassachusotts and Vermont 

d. Domes: 'J:'here are at least 16 domes in Vermont, Nm-1 
Hrunpshire and the central part of southern NevT · 
England Hhich have deformed tho nappes of central 
New Erigland. 

eo Basin structures: The Norfolk,·Narragansett and 
Boston Basins deformed in Permian Tirr1o; and the 
Triassic Basin, developed in Hesozoic rl'ime • 

f" Fault, Systems - 'rho major fault systems ax•c: 

HAIJg):•~ - 'l'lle preliminary gcoJ.ogi c map of Haine 
-rf960) · shoHs a nu.111bor of faults i-lhich may be 

of gx>oator importance and extant than l.H.\S recog­
nized at tho tiine that the map l'ias published. 
Five majox• fo.ults and fault zones have boon 
recognized in 1-'laine; the longest extends from 
the vicinity of Westbrook to tho northeast to 
Bangor rlnd anothox• from. Casco Bay to ncar Brul­
gor and may connect -vlith tho px•ovious one i-lhich 
extends still further to the northeast into 
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south1vostorn NoH Brunswick (Hussey and Osberg, 
oral cormnunication, 197LI-)• Another major fault 
extends from neax• Fla~stafJ' Lake (v·wstern Naine) 
to 1<1oosehead Lak.e; and finally, a series of 
faults of diverse orientation has boon mapped 
near Houlton and Presque Isle, l1e.. There is also 
a cluster of generally soutlnJost-northoast trend­
inB fa:ults in Hestern l',.Ie. 

NEM HAHPSHIHE - The major faults of western New 
Hru;lpsf1l:r-oand Vermont are, i'rom west to east re­

spectively, the Nonroe •n1rust, the .Annnonoosuc 
Thrust and the Northey Hill Thrus·l:i. 

VEH.HONT - 11J.1.e major faults oi' we stern Vermont; are: 
tho Highga.te Springs Thrust, the Champlain-Orviell 
Thrust Fault system, the Hinesbux•g 'lbrust, the 
P:tne Bill Thrust, the Dorset Ht. Thrust, the Haple 
Hill ~rhrust, the Hoosac and Hoosic Thrust and a 
variety of less well-knmv-n normal i'aults ru1.d thrusts 
such as that in the Bennington, Vt .-Hilliamstm·m, 
Hass. Valley. 

}.!!ASTERN NEi:l YORK - The major fault; system in the east­
ern "P"ai.;'t' "'O'lt'he state is the Champlain Fault. 

. -
l1ASSACffiJSETTS - \iestern 1'1ass. has a nuraber of thrust 
---""'*""-~~~ and normal faults that are either similar to or con-

tinuations of those described above for Vermont. 
In the eastern part of the state, the Clinton-Nm·r­
bu:t>y ,Fault is probably the largest and most extensive, 
possibly connecting with the I1.ake Char Fault in 
Conn. OtheP faults in eastern Hass. include the 
Spencer Brook Fault, the Assabet R·ivor·Fault, the 
Bloody Bluff Fault zone, the Nystic Fault, tho 
Northern Border Fault and the 'Ponkapoag Pault. 

CONNEC1.1IGUT .. The major i'ault systems. of Connecticut 
are the Lalm Char Fault, Hhich may connect Hi th the 
Glinton-Novtbury Pault in Nassachusotts, and the Honey 
Hill Fault. 

RHOD:B~ ISLAND - There are no major faults in Hl~ode Is­
""Tand-;ll'ouovcp, some faults offset tho Nax-ragansett 

Basin"' 

PLUTONIC AND VOLCAlHC HOCKS 

The plutonj.c and volcanic rocks of New England include tho 

\Vhi to 'Nom'ltain Plutonic-Volcanic Sex-ios, tho New Hampshire Plu­

tonic Series, tho Oliverian Plutonic Series and the Highland-
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a. \vhitc 1·1ountain Plutonic-Volcanic Series ••• 
It is consolidated from .magma. rrhicknesses 
of 10,000 ft o of the l'··Ioat Volcanics indicate 
the largo quantities of maeraa as flows and 
pyroclastic rocksG The 8tructural relation­
ships arc discordant bodies such as ring­
dikes, stocks and a batholith. The series 
becarao proE:;ros si vely 1110re siliceous Hith 
time, progressing from gabbro through dior­
ite, monzonite, syenite and quartz syenite 
to granite. 

b. Neu Hampshire Plutonic Series..,. 
The o:r>ig:i.n of tho magmas of this series is 
px•oblematical. Although they may be diffo:c•­
ontiates from basalt, they may equally uell 
be melted up older x•ocks or granitizod sodl­
ments that moved up fron1 greater depths • 

c. Oliverian Plutonic Series ••• 
Nost published papc~rs have ·considered the 
Oliveri an plutonic series to be magma:bic; 
however, there are facts that sug~est to 
some observers that tho Oliver:i.an consists 
largely of metamorphosed volcEtnic rocks 
Hhile som<;J facts suggest to other obser­
vers that tho Olive:t?ian is magmatic. The 
series shmv-s considerable range in compo­
sition and may be a product oi' the frac­
tional crystallization of basalt but other 
possibilities cannot yet be ruled out. 

do Highlandoroft Plutonic Series •••. 
The Highlandcroft plutonic series is consi­
dered to be magmatic. Indications point to . 
its consolidation fx•o:ril. a melt~ Hol"eover., 
dikes of the Highlandcroft sories·cut the 
older rocks and some plutonic breccias have 
developed. 

Refer also to figux•e 4--3 showing distribution of Devonian plu­

tonic rocks in NovJ Englando 

GEOTHi!BNAL FEATURES 

Of the tectonic features of NoH JJ~ngland trlf> most pertinent, 

for this report, are the Taconi.c Allochthon, the Nerrimac Syn­

cllnorium and the Clinton.:.Nm..rbury Fault zone. Each possesses 

... 
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some possibility of yielding abnormally high amounts of natural 

heat. The Taconic Allochthon is tho site of nmaerous joint and 

fault systems resulting from the initial overthrusting and meta­

morphism. It possesses at least two reportied tre rmal springs; 

one of Hhich (Sand Spring in Hilliamstown, Hassachusetts) is tho 

nor•thernmost Hhich is knoHn in the eastern United States (Vlar­

ing, 1965)e Tho Nerrimac Synclinorium encloses an area intruded 

by the Hhito Nountain Jl1agma Series, of vThich the Conway Granite, 

having a high content of radioactive heat sources, is a constitu­

ent. The Cli.nton-Newbu.ry Fault zone is perhaps the most promi­

nent and possibly the most extensive fault zone in southeastern 

NeH England. If the fault penetrates to suf':ficient depth, as it 

seemingly must, and has been active in relatively recent geologic 

time (which is not definitely certain) 1 there ir:J a possibility of 

ground Hater being heated at depth and percolating along i'rac­

tures to the.surface or to levels near the suri'ace. 

Given the situation of' global energy allocation ru1d develop­

mont, ro1y natural heat energy which might be tapped from any of' 

theso sotu•ces for some sort of utilization Hould represent an 

enormously significant quantity. These possible sources of New 

England ai'ea goothormal energy are thm•ough..ly discussed in the 

i'ollm-1ine; chapter. 
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FIG. 1.-Tectonic map of southern New England and southeastern New York. Domes: (I) Lake Raponda dome. (2) Sadawga dome, (3) Guil­
ford dome. (4) Vernon dome, (5) Swanzey dome, (6) Warwick dome and Tully body of Monson Gneiss, (7) Shelburne Falls dome, (8) Pelham­
dome, Kempfield anticline, and main body of Monson Gne:ss, (9) Glatsonbury dome. (10) Goshen and Granby domes. (11) Collinsville dome 
(Stanley, 1964), (12) Bristol dome, (13) Waterbury dome, (14: Haddam dome. (15: Willimantic domf (Goldsmith, 1962), (16) Milford dome 
(Page, 1968). 
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':PABLE: 4-1 
'J.lD.fi~ LINJ:E OP GEOLOGIC 11'VE.1H'S AP:i<'J~CTIHG TliB HEH ENGLkHD AlWA 

----------------------------------~----------------------------NI OCENii!: I··J.iocene rocks are f'ound in Hartha t s Vineya1•d. 

CRETACj:i;ous: Deposition along coastal plain, congloinerates, 
sands,. muds • 

gARLY 'EHIASSIC: VJhite r.Iountain Hagma Series, 
Tensional deformation. 

- ... - - ... - - - ATJLEGHENIAN UlWONlilORNITY - - - - - - - ... 

PERHIAN: Alleghenian O:t'ogeny. 

PENNSYJJVAlUAN: Ni ssis sippian and Pennsylvanian deposition 
conf'inod chiefly to basins, coal :forms. 

·uPPER DEVONIAN: Post-tectonic, poralu.m:i.nous granitic intru­
sions. 

... - - - - - - - - ACADIAN UNCONFOHl\1ITY - - - - - - - - ... 
DEVONIAN: Acadian mountain building, plutonism and meta­

morphism~ 
Siluro-Devoninn rocks are found east of the 
Green 11ountain Anticlinorium and occur around the 
domes and in the Herrimac Synclinorium. 
Slates ro1d limestones. 

SILU11IAN: Siluro-De'vonian volcanics along the coast of Ne-vr 
England, as exemplified by the Lynn Volcanicso 

LATE ORDOVICIAN: Quartz-pebble conglomerates, quartzites. 

- - - - - - - - - - - TACONIC UNCONF<JHMITY - - - - - - - - -
HID-ORDOVICIAN: Taconic :motmtain building, plutonir:;m and 

metamorphism. 
Development of faults and gl"'abens, tensional 
deformation. . 
Black mud and gl"'aywacke deposition. 

Carbonate deposition, some metarnox•phismo 

CAHBRIAN: East c_oas·t submere;od, minor volcanism. 
Eugeosynclinal rocks, intensely folded, sheared 
and variably metamox•phosedo 

· lllot'mati on of nappes. 

PRECAJ.illHIAN: Basement· massifs emplaced 
-------~......;.---------------·---------

(Adapted from Ahrood, 19!~0; Boucot, 1968, Cady, 1968; Dixon 
and Ltmdr;ron, 1968; Gx•een and Guidotti, 1968; Harwood, 1975; 
Osbore et al., 1968; Pae;o, 1968; Rankin, 1968; Skehan, 1961, 
1969; rl'hoolrri toi'f, .1968; tmd Zen, 1968) 
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CHAPTER V: N11'V/ ENGLAND GEOTHEH1'1'lli ARE.D..S 



PHEii'ACB 

Since the bedrock formations of the New England area ranr;e 

from Precambrian to Cenozoic in age and the evolution of its 

structures is intensely complex, any possibilities fo1 .. the dis­

covery of heated areas of crust would depend upon relatively re­

cent volcanism, radioactivity or deep-seated faults, possibly in 

conjunction with natural springs. Such areas will be ·t;horoughly 

examined for geothermal indicatox•s. 

The most; recent volcanism in the New Ji::ngland area ranges fi•om 

Cretaceous to Early Cenozoic or about 185-60 million years old 

and is represented by the v·/hi te l'·1ountain Nagma Series in Nm-1 Ha:mp­

shire. The highly radioactive Conv.ray Granite of this Series pos­

sesses a. fEnv observed locations of abnol"'rrlally high heat f'low. 

Haring ( 1965) r•epo;r:>ts tHo natural thermal springs in the New 

England area. One is in \1illiaxo.stown·, Nassachusetts and the other 

is in Lebanon Springs, Hew York. A third thermal spring has also 

been reported (Hansen, 1975, oral communication) ~pproximately 

one mile from the Sand Spring system in V!illiamsto1-m. A l:>econ­

naisance survey of these sprine;s by the author reveals that these 

vlai'111 spl"ings are pat•t of larger• geohydrologic systems. 

Section A -vJ:i.ll _be ·concerned mainly with the C9m-1ay Granite 

and section B 1--rill examine the Williarastown and Lebanon Spring 

thel ... lllal Hater systemse~ 



SECTION A. THE COmvAY GRANIT}~ 



GEOLOGY 

Billings (1956) describes the distribution of the Conv1ay 

Granite as being· the most extensi vo single unit in the l.rJhi te 

l1ountain r1agma plutonic-volcanic series. It is found north and 

south as woll as in· and near the l'Jhi te Nountain batholith (fig. 

5-1) • In all, there are eighteen outcl''ops in Nevl Hampshire of 

the Shite Nountain plutonic-volcanic series, the largest being 

the \t/hi te Nountain batholith, located in north-central NevJ' Hamp­

shire., 

Go 

Birch et al ... ( 1968) state that after about 1 0 km of' Ordovi­

cien and Silurian sediments covered a broad strip of north-nol~th ... 

easterly strike, during a period estimated to be 100 m.y. in 

length, the deposition rate increased during the ·early Devonian. 

and 15 km or more of sediments ~vere deposited in about 50 m.,y. 

Then deformation, uplif.t and erosion followed and were accompanied 

by the enwlacement of the New Hrut~shire Plutonic Series, approxi­

mately 360 m,y., ago nvilson, 1965; Handford, 1965)" Hegional 

metrunorphism·of surrounding rocks to high grades also occurred 

at this time an:d was followed by a Permian episode of metamorphism 

in central southern New Englando Erosion and uplift continued in­

to Triassic Time. 1'1afic volcanism. accompanied the development of 

·Triassic basins while the i.Vhi to 1·1ountain Plutonic Sorios Has em­

placed along a generally N 10° Vl trend from near Boston to Nontl"eul 

with the Com·my Gr•anito as one of the early :lntrusivos. '£he depths 

of elnplacement of V/hito Hountain intrusives suggested by apatite 

fission track. ages and Lovering's (1935) model indicate ru1 uplift 

rate of 30 m/m.y. for the Hid-Hesozoic (~90-120 m.y.) to present. 
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. Hitchcocl{ ( 1 f377) nruncd the Comfay Granito for massive, coarse-· 

grained grani to that forms cliffs and ridges on the east and 1r1est 

sides of the Sa. co .ni ver Va'lloy near North Conway, NolJ Harn.pshir.e. 

It is 'i,-rell exposed in the Hedstone Quarries, 2.8 miles north-north­

east of Comv-ay, Nev.r Hanrpshire. Outcrops occur at the southeast 

edge of the vlhite I:lountain Batholith, in the central stock of the 

Ossippe Hountains, in Green Hountain and in the \·Jhale' s Back stool{ 

(not seen on Billings' map, fig. 5-1, but located at the center of 

the NoH Hampshiro-Haine state line). 

· . 11IJ:IIEHALOGY 

Conway Grru1ite is best described as being medimn to coarse-

grained, light pinkish to buff-colored, equigranular biotit~e gran­

ite. The bio·tito is the iron-rich lepidomelane. .The quartz and 

feldspar grains tu•e 7-12 nun in diametel, and accessory minerals 

are hastingsite, fayalite, apatite, zircon, rutile, fluorite, al-
'· 

lani te and molybden.i te (H1.lson, 1969). For modes and chemical 

analyses of the Conway Gl"'a.ni te refer to tabJ.,es 5.:.2 to .5-Lt .•. 

HEAT FLOH 

Heat floH measurements 1tTOre made in twenty-t·v.ro sites in Now 

~~gland and NoH York by Birch et al. ( 1968) and the throe highest 

measured values '-tel"e obtained in :NoH Hampshire (see table 5-5)" 

These high values (groator than. 1.9 p.cal/cm
2 

sec) in tho White 

11otmta:tn Hagma Series relato to tho Com-Jay Granite's hiGh radioac­

tive heat c;eneration. 1.rhe depth of high radioactivity is est1.matcd 

to be 'L1 .... 6 lun cloep on tbe southern and 1-1estern margins (Hoy and 

Decl{or, 196.5)" 



Several methods of isotope dating "t·wr~ carried out in Rod-

stone C~uarry. They Hero Pb-Pb, Pb-alpha, U-Pb (both) and 'fh-Pb 

methods used on zircon or thorite; and K-Ar and Hb-Sr methods 

used on biotite. The average date arrived at for the Com·lay 

Granite by these methods ·Has 185 m.y., or Eal"ly Jurassic age. 

•rable .5-5 illustrates the heat production from radioactivity in 

a number of sarnples from the Com·my Granite. Included is a swu-

mary of thorium. and uranium in parts. per m:i.llion and potassium 

in pdroont • (It may be helpful to refer back to table 2-1+ for 

a comparison of heat production by igneous rooks duo to radio­

gonic ions" 1lborium, uranium an.d potassium ax•o listed.) The 

a.verag<.7 Horld value for terrestrial heat flow is appro:t::imately 

1 • .5 x 10-6 ;ucal/cra2 sec (Lee and Uyeda, 1965; Simmons and Horai 1 

1968)o The valtios found at investigated· sites in New Hampshire, 

at least the highest ones, are 1.95 in Horth Conway, 2.21 in 

\Vaterville and 2.13 in Kancamagus. These heat flmv values by 

Birch et al. ( 1968) VJere obtained in areas of natural heat· floH 

values (theoretically excluding l"adiogenio heat pl ... oduotion) of 

6. -6 I 2 approximately 1. x 1-0 ;ucal em sec. 

A correction for the finite size of the body of Conway Gr•ani to 

establishes the best heat flow site as being at tho center of the 

outcrop since_the surrounding rocks are roughly half as radioactive 

as the Com·vay Gl"'tu1ite. Similar correction by Birch et al. (1968) 

establishes ~vhat the values of heat .flow at the l·latervillo and 

Nor·th Com,my sitos should bo raised approximately 1 O>b over their 

listed values. 



~ABLE: 5-1 

DESCRIP1.CION OF' VlHPVE I~10UNTAIN PLUTONIC-VOLCANIC SNliES 

1. stratigraphic age ••••• Younger than Lowor Devonian rocks 
2. Ar:;e relative to _regional mctamoPphism •.•••• Younger 
3. Consanguineous volcanics •••••••••• .,o••••••Prosent 
4• Foliation ••••••••••••••••••••••• e••••••••eVery rare 
5. Lineatione•••••oee•••••••••••o•••••~>••••••Absent 
6. Texture&•••••••••Hypidiomorphic granular 
7. Pegmatite•••o•••••••••••••••••••••••••••••Hare 
8. Struc tur·al relations ....... Disoordan.t: ring-dikes, stocks 

and batholiths 
9. Origino•••o•••••••e•••••••••••••••••••••••Hagmatio 

10. R-tneralogy: 
(a) .Olivine .. eeeooouPresent in gabbro as chrysolite (oli­

vine) ru1d in quartz syenite and granite as 
f'ayalite 

(b) Pyroxene •••••••• "Present throughout series; chiefly diop­
side-hedenbergite series; some augite in gabbro, 
a little aogerine-augite in special typos 

(c) Amplubole •••••••• Present throughout series; coramon horn­
blende in mafic end or series; hastingsite, soda 
hornblende and riebecki te in siliceous end of ser·io.'3 

(d) Biotite..,.,."_. ••• Persistent but relatively less important 
than othel" mafic minerals 

(e) :Huscoviteoo••••••Absent 
(f) Q,uartz ............. Generally conf.ined to rocks with high 

ratio of potash .t'eldspar to total feldspar 
(g) Nephelite and sodalite.- oPl"esent .but rare · 

(After Billine?s, 19.56) 



'·· 

TABI,E: 5-2 

APPROXIl'·iA'rE AVJ:l:JRAGE HODE OF THI\! COJin>IAY GRANITE 

MIHEHALS 7; OF ~J.lOTAL VOLUNE 

Quartz. 0 e 0 ••.•• 0 •••• 0 •• 0 8 " • 29 . 
Potash feldspar••••••••••• 59* 
Plagloclaseeoofloooo••••••• 7 
Olivine.~$••••••••••oo•••• 
Pyroxene•••••••e•••••••••~ 
Amphibole••••••••••••••••• tr 
Biotite••••••••••••••••••• 5 
op·aque oxides 0 0 0. 0 • " ••• 0 • • tr 
Opaque sulfidesoo••••••••• tr 
Nepheliteoo•o••••••••••••• 
Sodali te ......... •., • .......... • 
Apatite••••••••••••••••••• tr 
Acce'Ssox•ies and alteration 

minex•als.. 12· 

{:· Chi fly microperthi te, but also some orthoclase 
and anorthoclase •• uthe biotite is lepidomelane 

(From Billings., 1956) 

.... ._ 
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TABLE: 5-3 

HODES OF CON'i'iAY GRANITE 

ill'!:.t BN-2 -u 68 .l2Q --
Q,UAllTZ 33 31 26 32 39 
HICROPERTHITE 51 43 42 38 64 
AJ.JBI11E 13 20 21 19 
BI011ITIE 2 6. 4 ·5 
AGC:U:SSOHIES 1 tl~ tr tr 

---~------------~~-~~~---~~~-~-~~-~~---~~~~-
Loca:!;ions and details of the specimens: 

BM-1 Average of two thin section modes, B&M 
Ledge QuaPry 

BH-2 Average of six macro-point counts on six 
sm·Jed slices of: granite from the B&H . 
Ledge Quarry. Four slices were treated 
with HF acid and cobaltini"trite to aid in 
distinguishing K-. from Na- f:el·dspa:g. 

~ 
1 

73 Sunnnit of Birch Hill, one mile N.35 \·l. of 
the B&Jvi Ledge quarry 

68 Summit of Albany Ledge, one mile N .40°E. of 
the B&M Ledge Quar>ry 

330 Elevation 1700 ft., 0.3 mile southw-est of 
Hanson Top on Green Ht.., 

(Fl"om \Ulson1 1969) 

.... 
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TABLE: 5-4 

CHEHICAL ANALYSIS Oli' NINl:;H.ALS IN CON~vAY _GHANrttE 

Si00 OCIOOOC<e>OOOGO 35.37 
Tio2 ooee>oooooeoo 3o20 
Al203 000$00008&00 13 eL~J 
Pe2o3 •••••o•••••• L~.32 
FeO •••••••••••• 27.26 
HnO oaeeooooeooo 0.26 
l1g0 •••••••••••• 4.03· 
GaO .............. o.69 
Na2o oeoooo•oooee o.88 
K20 •••••••••••• ?.86 
H20+ ............. 2.03 
H20- CIOOOooooooeo nd 
BaO ............. nd 
cr2o3 •••••••••••• nd 

TOTAL~J 
~---------------------·-·--~----------------. ~·{~Fr-;-()-m---\-vi_l_s_o_n--,--1~9~ 



TABLE: 5-5 
H.ADIOACTIVITY, HEA'.r GENEHATIOH AND HEAT FLm·l IN H.EI H;t\HPSHIHE _ 

STATION N.LAT. -~i.LONG COLLAR DEP'l1H'i·,No. OP 'Ih, U, 11..,~k k;:..-:~ 
ELK'l •, HETER.S SAHPLES PPH PPl-1 
l11ETER.S . 

-------------~---------------~-------------------------------------------------
KANCAHAGUS-::- 4lt.0 02' 71°291 730 170-30.5 .557 .59 1.5.8 4.0 20o.5 

NORTH CON~IAY-1" 44°0L~ 1 71°101 195 120-21.5 14.5 52 12.6 4.3 17 • .5 

NORTH PiliVEi\HILL 44.0 06 1 72°00 t 180 1.50-240 

1-IA'TER.VILLE~<- 43°.56 1 71°32 1 400 21~0-320 349 61 1.5.9 4.1 10.9 

-1:- Data from Com·my Granite of \~hi te 1'Iotmtain Magma Series 
~~-::- A = Heat generation in 1 o-13 cal/ cm3 sec. 
-1- DEPTH: '.Ehis is the interval used f'or the computation of' heat f'loH 

-~-~-~----~-------~-~ 
HEAT FLObi 1 

1 1 0 -b cal/ em 2 sec., 

UNCORRECTED 'I'OPOGRJI..?nf GBOLOGY 
com·mcTIID COil.RECTED 

KANGAHAGUS 2.40 2.,27 2.13 
.t02 

l:IORTH GOl\11·lAY 2.04 1.89 1.95 
.o~. 

NOH'rH HAVERHILL 1.41 1.34 1 .21 
.01 

HATERVILLE 2o53 2o 15. 2.21 
.o6. --------------------------------------------------------1) Heat Flovr.: rruncorrected.11 from combination of' gradients 

and conductivities, with statistically determined stan­
dard errors. trTopography corrected tt from temperature , 
chat."lge in re~erence plane. Values at North Gom·my and 
-~,faterville: 1. 77 and 2$01 respectively be.fore correction 
f'or radioactivity con~rast 

(Af'ter Birch et al., 1968) · 
C_; 
C.J 



SEC'I'ION B. THE TH.EHHAL SPRINGS OF \viLLIAHS1l'O'vJI-r, 

NASSACHUSETTS AND IJEBANON SPRINGS, NEVI YORK 
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Jn.GURE: 5-2 

LOCATION OF N:hli.J ENGLAND ARBA THEHNAL SPHINGS 

. /~l. . __),1' 
i !' . 
' I 

I I J 

From Stearns et al. (1937) 



SAND SPHING 

ThEl history of Sand Spring, vlilliamstown, Hassachusetts, as 

a thermal spring is recorded by New England area Indians as being 

a. landmark and campground for hunting and Har parties among the 

five Indian nations and other tribes (Carlin, 1972) .. It lay near 

the intersection of an important north-south trail and the Nohawk 

Trail. Early settlers also used the spring for medicinal as 1'fell 

. as domestic purposes.. Graylock Hall, a popular health spa ot: ·its 

day, Has built on the spring site in the 1880's and included a 

hotel lvhich had 26 large baths and 6 sunken .bathing pools which 

were fea by the therm.al spring's mineral l·rater. The baths sup­

plied to the guests 1..rere Harmed in the same fashion. The hotel 

rlas advertised as a "slice of metl .. opolitan life and luxury 11 and 

lodged 250 people and seated 200 in its dining room. 

The spring is actual~y located in the forested north part 

of Hilliamstet·m., Nassachusetts near the conjunction of the three 

. states of Vermont, Hassachu_setts and Net>T York. It is the only 

reported thermal spring system in N:assachusetts and only the 

second repox•ted thermal spring in the entire Ne-vr England area. 

Accor\l.ing to stearns et al.~(1937) and Waring (196.5) it is the 

northernmost such system that is lo1oHn in the eastern United 

States and is approximately 30°F Wal"mer than shallm·T well waters. 

The thermal Haters are believed to percolate up th1->ough thick 

beds of white ::Jand and sandstone .from a depth of 3,000 ft (Car­

lin, 1972)o rrho vTater temperatur0 is reportGd to be a constant 

76°F (:24·4L~°C)(\laring, 196.5) ruld steruns in cold Heather .. Hepol .. -

tedly, the spring nevor freezos41 

91 



Stearns et al. (1937) reported Sarid Spring to be 76° F ru1d 

to i'low at 400 gal/rain as Warins reported in 1965. Hansen et 

al. ( 1974) list the temperature at 7 2°1". 

GEOLOGY 

C)2 

Emerson (1916) gives the local geology of the Sand Spring 

area to be chiefly Stockbx·idge Limestone, a coarse, granular 

variety of limestone of various colors. Emmons (1842) describes 

\'Jillirunstmm as the type localit;y for Stockbridge Limestone. 

Pu.mpelly et al. ( 1891 ) illustrate the Stockbridge Limestone of' 

Williamstm-.rn bordered to the west. by the Berkshire Schist and to 

the east by the Vermont Formation~ '\·Thich :ts c·larii'ied by Emerson 

(1916) to be Cheshire Quartzite. Dale (1923) sugges·t;s the con­

tact of Berkshire Schist and Cheshire Quartzite with the Stock­

bridge Limestone in the im:media·t;c vicinity of Sand Spring. The 

thermal waters which permeate to the surface probably i'J.ov1 through 

these Precroabrian and Lower Paleozoic rocks at the formation con­

tacts. The thermal waters, upon reaching tho surface, are only 

moderately mine_ralized and, according to Stearns et al. (1937) 

and vla1 ... ing (196_5)' the water penetrates to considerable depth, is 

heated, and returns along fl ... actures to the surf'ace. It has no·t; 

yet been determined if the spring's tepid ~>Tater has undergone 

cooling by subsurf'ace lateral fl01.-1 or by mixing w:t th cooler tiater 

from ei tl10r groundwater runoi'f or cool spring 1v-atoro Hanson et 

al. ( 197LI.) · li·st analyses :for the waters of \villia.msto1'fn (Table 

5-6). It is suspected by the author that those springs of tho 

Sand Sprinc; system ~1.re_ much warmer a.t depth. Chemical anaJ.ysos 



TABLE: 5-6 
CHZJ:.IICAL ANALYSES OF SP.tUNGS IN HILLIAHS'fOVJN, 1·1ASSACl-IUS.D.'T:J.lS 
--..-·-·-·-----·-· ___ .........,_._0 ....... 

Local l'loll ;0 
Date Sample 

·Taken 
Temp. °C 
SiO;:> (mg/1) 
Fe - (ug/1) 
Nn (ug/1) 
Ca (mc;/1) 
Hg II 

Na 11 

·K II 

HC03 u 
CO II 

so~ · 11 

Cl ~ 11 

F 
N03 

It, 

" 
Dissolved 
solids 
(calc) 

Dissolved 
solids 
(residue · 
at 180 C) 

Hardness 
( Ca-l'lg in 
mg/1) 

Non-Carbonate 
Hardness 
(rng/1) 

Alkalinity as 
CaCO.., (gm/1) 

.) 

Specific 
conductance 
(Hicro NHOS) 

Ph 
Color 
Data Source 

21e0 
13.0 
20.0 

0 
21.0 
11.,0 

3o3 
1.3 

116.0 
0 
8.6 
2.0 
0.1 
o.L~. 

S2 
8-69 

22.0 
12o0 
20o0 

0 
23.0 
8.8 
2.0 
0.9 

118.0 
0 
8.1 
1.0 
0.,1 
1.0 

110 116 

98 9~. 

·3 0 

197 199 
8.2 7.8 
2 4 
1 1 

S3 
10-69 

11.0 
0~5 

10.0 
0 

2L1 .• o 
4.2 
1o3 
0.2 

84.0 
0 
7o5 
o.~. 
0.2 
1.0 

8o.o 

79 

77 

8 

153 
7·7 
2 
1 

S6 
8-70 

---
18e0 
3.0 
0.3 
0.1 

68c,O 
0 
6.0 
0.1 
o.o 
4.2 

.......... 

58 

2 

---
1 

S7 
8-69 

22.0 
12.0 
20o0 

0 
25"0 
8.9 
2.0 
0.9 

11 ~ .• o 
0 
Q.1 
1.3 
0.1 
o • .J+ 

i11!I. 

99 

6 

---
199 

8.1 
~-
1 

s8 
8-69 

17.8 
7.2 

20•0 
0 

46·0 
11.0 
1.9 
o.6 

177•0 
0 

.11.0 
o.8 
0.1 
0.7 

S9 
10-69 

167 130 

160 135. 

15 9 

--
291 252 

8.o 8.1 
l.t. 2 
1. 1 

------------------------~-----------------------------------M 
Source of Data: 1) u.s. Geological S~lrvey 

2) State .Health Dopartme11'b 
er...-o=e _l);,.....'t!So dfOJI/llt 

93 



by Fournier an.d Bmve· ( 1966) shoH that most hot spring waters 

are gron.tly supersaturv.:l:ied 't-ri th silica in respect to tho solu­

bility of quartz and other silicates. Drill hole data also show 

th.D.t veins of hydrothermal quartz occur at depth but not near 

the surface. Existing data on compositions of hot spl?ing solu-

tions and solubility of silica phases suggest that the·solubility 

of quartz ali depth is the rnajol'' ·control. In ·cable 5-6 1 the warm 

springs of the area are v.rells S2, S2a1 S? and s8. In each of 

thesE? it is easy to note the correlation of higher silica con-
. . 

tent· with rising temperature. \'/eJ_ls S2 and ·s2a are the actual 

nsand Spring'~ wells e Table 5-7 lists a potability. analysis of 

water f:r:'om these two vfells. 

In 1893 a bottling 'tforks 1-vas added to the existing balneo-

logical hotel and spa. In addition to the pure vJ'ater being bot­

tled, soft drinks were mixed v.ri th the waters and carbonated gin­

ger ale was pioneered at the site (Carlin, 1974). 

In 1972 l1Iichael Neehan began to bottle and sell the Hater 

again. Hm.;ever, due to a poor market, bakruptcy folloHed. 1'1r• 

· Robe1.,t Carlin bought out tho product and stock but. Heehan retained 

the house. ~rhe actual bottling ceased in late 197 2. 

The feasibillty of Sand Spx•ing being utilized fox• industrial 

domestic heating purposes appears t;o be very good: the watel" is 

at a rolati vely elevated tcrnpcPature constantly and issues forth 

in quantity (400 gal/min). In a rough estimate of ge.othcrmal 

tempera tu1,e s and a.ppli cations, Lindal ( 1 97 3) 1 Beall ( 197 3) and 
0 0 . 

Beall and Yarosh (1973) report 20 C or 68 F as suitable for the 
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FIGUHE: 5-3 
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'I 
MILDLY ALKfo.liNE MINERAL WATER t -
FROM THE FAMOUS MINERAL SPRING 
IN THE HEART OF THE BERKSHIRES 

THE SPRING WHICH f{ISES FROM 3000' 
UNDER GROUND IS NATURALLY fiLTER. 
ED THRU WHITE SAND. IT MAINTAINS 
AN- EVEN TEMP. OF 72" YEAR ROUND 
AND HAS A FLOW Qf 400 GAL PERM IN. 

SAND SPRINGS RD.,WILLIAMSTOWN,M!1SS. 

NET CONTENTS 128 OZ. (1 GAL.) 
I 

Dome_ 
Mountain 

UPRIDE OF 

BERI<SHIR£S" 

Natural 
Sprir1g 
Water 

l_ ____ -------------~--- • f' 

BOC:I,lTLIHG LABELS of San.d Spring t s thermal Hater. Label 
on left 1.vas the older label used by Flichael Heehan in 
197 2 and the label on the right Has used by Robert; Car­
lin after foreclosure.. Although actual bottling has 
been discontinued, older stock is still beinr; sold in 
area supermarkets. According to Heohan (1975) it Has 
tho warmest Hater bottled for these purposes in the 
United States. 
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TABLE: 5-7 

CHI!;HICAL DE'rER1'·1INA'riONS OF HATE:-\ SAHPLES FI-tOH SAND SPIUNG 

TJ5STS: 

1. Color (APHA units) 
2. pH 

SAHPLJ!: A 
~--

2.00 

7.70 
3. Hardness {CaC03) mg/1 102.00 

l+• Alkalinity mg/1 80 o 00 

5. Nitrate Nitrogen mg/1 

6. Nitrite Nitrogen mg/1 
Iron mg/1 7. 

8, Manganese rng/1 

9·. ABS (Detergent) 
1 o.· . chlorides mg/1 

11. ·Turbidity 
12. Odor 

mg/1 

0.01 

o.oo 
o.oo 
1.60 

0.20 

o.oo 

.. _ .. ..,_ -··- ..... 
USPHS: HAXIHU11 

ALLO\VAJ3LJE ------
15~00 

---------
---
0.30 
o.o5 
o.5o 

250.00· 
· r;.oo 
4.00 

CO!''il·1ENTS: Satisfactory according to 
u.s. Public Health Service Drinking 
Standards 

· · ··· TF~oTdonnell, 197:31 
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9? 

hatching of' shrimp, fish and tho farming of' both, as woll as the 

agricultural application tmvar•ds the cultivation of lettuce, to­

matoes and cucumbers. 'l"hese reports also cite 30°0 or 86°F as a 

suitable temperature for Harming s"t-Timming pools, for use in bio­

degredation and fermentation processes,· for supplying l.varm l·Tater 

for year-round mining in cold climates and for de-icing. The 

temperature of Sand Spr•ing falls into this category and therefore 

could be usefully investigated foJ:o non-electric heat generation 

and utilization. 

LEBANON HARH SPRING 

The only other reported thermal spring sys·tem rei'erred to by 

Stear•ns et al. (193?) and \varing (1965) in the NeH· England area 

is located approximately 17.3 miles south-southeast of Sand Spring, 

in Lebanon Springs, New·. York. Both Sand Spring and Lebanon Harm 

Spring are located in the Taconic Allochthon System, a massive 

thrust sheet. shoved from east to west during the Taconic Orogeny 

(refer to chapter IV) o During that period of time, layel"S of 

massive limestones and sand deposits were metamorphosed along with 

the other sedimentary materials deposited in the Early Paleozoic. 

Deep-seated faults i"esulted from the allochthonous movements and 

. the Taconic Range Has created. The probability of. those the1~mal 

springs acquirin~ their heat from contact with tl1ose deep-seated 

.fault zones is high. Since the underlying strata a.re permeable 

.and, in tho case of the sandstones and limestones some1-v-hat poPous, 

groundHater has a ~ood chance of'boing funnelled down to the 

depths necessary for app:r:ec:table heating to take place. 



'rABLE: 5-8 

POTABILI'I'Y DETERHINATIONS 01•, HATER 

FH.OH LEBANON THEHr·IAL SPHING 
.,._.......,. , ___ ., ___......... --------------------
Number of' springs •• ; •• 1 

· Flmf Rate. • • •••••• "• •. 30 b 000 gal/hl .. 
Temperature•••~>••••••• 76 F 
Hater Character•. • • • • •• Chalybeate 

Sodium Carbonate 
Cal ci tun Carbonate 
Calciu:m Sulfate 
Potassivxn. Sulfate 
Iron Carbonate 
Magnesium Sulfate 
Sodit.ml Chloride 
Sodium Sulphide 
Iron Oxide­
Alu1nina 

AMOUNTS (gr/gal) 
2.41 Silica 3.25 
4.04 Organic Hatter 10.21 

1.0~. 

GASES 

Hagnesium Carbonate----­
Sodiu1'11. Sulfate ---­
Calcium Chloride 
Po·bassimn Chloride 
Hagnesitu11 Chloride ---­
Magnesium Bromide 
Sodium Bromide 
Soditun Iodide 
Free Carbonic Acid 

TOTAL 

Volm11e ( in3) 

...... -........... 

.Sulphurcitod Hydrogen 
Carbonic Acid 
Oxygen 
Nitrogen 

(Frmn Peale, 1886) 

r 
: 
i 



TABLE: 5-9 
OHF.."i.UCAL DETEEn·lDTA'riOl·TS OF Li:..'BANON l'IAHH SPHING WA'l1ER SAHPLES 
(ANAI~YSIS BY PlWl~'J:i:,SSOH H .. DUISAND, 01-Ill:IHS'r '£0 Tim D 1IPJEFUAL 

COiJSEilVA'fORY O.W 'I'Hi5 AHTS AND SCii!J'WES, PAHIS) 

GASJ~S 

Ox.ygonoo~~toeeoeeooooflooeteooooe•oeoo• 2.00 
Nitrogon., ....................... goo 3o50 
Carbonic Acid••••••••••••o••••••• 0.$0 
Sulphuric Acidoooooooe•••••e••••• traces 

FIXED HATTERS 
-----~~· 

Sulphatos of SodbJ1n<~ ••••• 
Cal? bonate oi' Sodium •••• .,. 
Sulphate of Potash,. e • • • o o 

Chloride of Sodium••••••• 
Carbonate of Limeo•••oooe 
Sulphate of Hagnosia"' .... ., 
Alumina. o .... ·" ••••••••••• ., 

Oxide of Iron., ........... . 
Silicic Acid••••••••••••• 
Orgru1ic Compom1ds ......... . 

PERCIDI'J.l 
.....a~<-~ 

........... 1.298 
• ••••••••. 15.649 

6 A'"75'3 I!<OOCIOOCIO& • 

eooeeeoeo 6.,233 
ooeoooooo 26.,292 
•• .,....... 6$383 
••••••••• 2.629 
••••••••• 6.103 
o eo e e eo • o 21 .,1 00 
o • eo e eo o o • Ll·• 8?0 --·---c-•-=-• -·----------~ -··- .... • --=-~4 <Fl., om ~·~r9=7=""4""-r+r 

TABLE: 5-10 
\1/ATER P01~ABILITY DET11RNIHATION 

(LEBANON HAitH SPHING, H ... Y.) . 

~-------------------·---------·--·-·-------------------------------------
'l1ESTS: ANOUNT (mr/1·)-: 

b4.....- - - ~ ... 
1 <> Sodium 7"2 
2. ll'e-Mg { Chem..:l cal Oxygen Demand-) 

3. pH 7o8 

4o Alkalinity 125 

5. Total Hardness 1~.5 
6o Chlorine 7 
7e Nitrate 0.,2 

Be Nit1.,ite 4 
9. Amr11onia 0 

10o Turbidity 0.,5 

11 ~ Color ·0 

99 
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GEOLOGY 

"Lebanon Harm Spring 11 is located in Oolmabia County~ N<:nv 

York and is 27 miles southeast of Albany, Now York. There a:t"'e 

presently no published geological maps of the Lebanon Springs 

al~Oa which give details of the type Of rocks or ntructuro 

(Fish0r, 1975). Tb.e State Geologic I•1ap of Nm,J York ( 1961) shot-.rs 

the goneralizod geologic relations on a scale of 1:250,000 or 

8.bout L~ rnilos to the inch. Howevel'"'1 according to Dale ( '1923) 1 

Lebanon Springs is located on the geologic contact bet-vwen the 

Berk:sh:i.re Schist end the Stockbridge Limestone, a gr::m.ular, cal­

o:i.tic limestone ,,dth lenses ru1.d beds of g1"ru1ular dolomi to$ '1'110 

State Geologic l<lap of Iifevl York ( 1961 ) describes the BerJrshire 

Schist in the ar0a to be of the variety of Austevlitz Phyllite 

rand black \vallomsac Slate e According to Waring ( 1965), Lebanon 

Harm Spr•ing issues from the base of gravel beds of glacial dl~ift 

mate1..,:i.al near a contact of Paleozoic, faulted limestone and talc 

slate and is ·nearby evidences of local faulting and derangement 

of the strata. The 't<J"ater tempox·atur·e of tho thel"111al spring is 

repo1 ... ted to be 76 °Jr by Stearns et al. ( 1.937) nnd 75°F1 by Haring 

(196.5). The author .fou.nd the temperature of vrato1 .. issuing from 

the outside pipe sys·tom to be approxiraatoly 65°F. -This value 9 

hoNever, Has undoubtedly influenced by thermal dissipation in 

tho large pool and plmnbihg system. The outside ail" temperature 

at the time of the reading \vas 34 °F. 111he flO\v rate is a constant 

.500gal/min (Stear>ns et al., 1937; \>Taring, 1965) and its volume 

has not visibly decreased (Stouter, 197.5). 
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lUSTOHY 

Lebanon ~~arm Spring vras a colobratod colonial resort and 

has been fairly well-known since then as a health spao It is 

re.corded that the Harquis Do Lafayette, a"llon.g other digni to.rie s 

of tho time, stayed at the spring t s CoJ;umbia Hall, a L1.00 room 

hotel uhich Has built in 1?9L~ and -vras razed· in 1928 (because, 

of all l'easons, there 1r.rs.s groat diffi cu.l ty in heating the large 

Tho ,,.rater is said to be soft an.d tasteless but possesses 
. 

"medicinal properties of great merit 11 (Salls, 197L~).. A two•a 

1.1eek regimen, f'or exwnple, of drinlring six glasses of the thor-

mal ,.rater, Halking a mile, drinking six more glasses of the 

thermal Hater, finishing vdth a cup of coffee and molasses, Has 

repi:tted to cure kidney s·cones, ax-thritis and a long list of' oth.-

er maladies, if religiously adhered to daily (C~.-mlmings, 1975). 

~rho author found the Hater to be quite potable, having very l:i.t-

tle tast;e \'lith a slight sHeetnossq, 

Th0 pr>operty is Oivned by Hrs. Anna Zietor, v.rhoso late hus-

oandp Victor, did much to restore the area.. In about 1906,. the 

Rutland Hail1~oad J.aid about n. m.ilo of porcelain-J.i11ed pipe from 

the spring doHD. to tho railroad dopot.l' Hhere the Harm Hatei' Has 

used to X'BCharge boilEn•s of tho railroad steam engines& Over the 

yoa1"'8, af'to:t: tho rail:eoad li:ne 'Has abm1doned 1 over 30 i'amil:ios 

have tapped into t;b.e line f.tnd have utilized the 11n.ter foP various 

domest;ic uses. \{hen a quEH~tion arose as to tho right to utilize 

the sprinG t s Hater, lirs" Annu Zieter• and the. rl1oHn of Lebanon 
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Springs negotiated a cmnpro:cnise agreement whereby the tmvn' s 

residents are po1:ini tted to utilize the hot Hater but are respon­

sible for mainta:Lning their m,m pipeline system., It appears 

that the question as to who owns goothe:r.mal resom:>ces is a nov-

el legal question and is in need of furtheP study., 

1'lal~ing (1965) states that surface 'Hater at Lebanon SpPi:ng.s 

penetrates to cons:i.derablo d0pth and :eoturns to the surface via 

cracks and fraot1...u>es o As is the Cl'we Hi th San.d Sp:t::i.ng, natux•al 

heat recovery from the Lebanon :rhermal Spring, -vrhich falls into 

0 the 20-30 C range, is feasible~ 

Both SruJ.d Spring_ and Lob&non Hal"nl Spring issue from deep-

seated joint and fault systems developed in the Taconic Alloch ... 

thon" \'JlJ.ile :Ada.m.s ( 192)~.) calculated that Hater r:i:sing along a 

c:t.:>B.ck in tho rock fl ... om a depth of 3.5 km, correspondinG to a 

release of pre~ sure of about 1, 000 megabars, i·IilJ. be sub ~i oeted 

to an increase :i.n tompex•ature of more tl':ian 20°0 Hhile in tr:J ... nsit 

i;o the surface of the ground, Devcmo (19?.5) -states that; pl'lessures 

bf the order of 109 bars are only possible, in modern scionti.f:Lc 

thl.11lringp at the center of the earth. 

OTHEH SPRINGS 

In a Vermont Geolog:i.cal Survey report' Adarns ( 18L~8) mentioned 

JVIorgan Spring, near the centel:> of Benn:i.ngton, Verrr1ont 1 as possib­

ly being a ivarm spring. Stoa.rns et al., ( 1937) reported that tho 

particulo..I' spring ·Has listed a.r:;ain in. ·193L1. as a thermal sp1~ii1g, 

and listed th6 tempePatux>e of l·1organ Spr:LD:g as 53°F ( 11 .67°0), 

'\vh:tch is 8°F abov~ tho mean annual temperature.. Bennington is 

located along the -vrestol'l1 rrwrgin oi' tho CTr0on Notmtain Anticli-

l 
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norium" Also lm.m·m as the Green Hountain-Reading Pron[; Arc, it 

consists of a discontinuous, essentially lineal.., series of anti-

clinorial folds ovel"turnod and ovorthru;Jt t·wst-vra.rd (Skehan, 1969) e; 

According to Savago ( 19'7L~), the Hater of Jviorgan Spr•ing .is cold 

but it never freoz,es and is sometimes used to impleme:nt the Hater 

supply of the tovme 'fho geothe1->:m...ql potential of the spring is 

not kno-vma HO'V·rever, the fact that it never 1'1-.eozes raises quos-

tions regarding possible mixing of vHl.rmer water and cooJ.e:r.• groun.d 

water near the surface. 

Daubney ( 1839) reported tm.other slightly thermal spring at 

Canaarlp Vermon.t but :tt vfas not listed again by others~ 

Saratoga Springs, New Yorlr., J• " 
·"' situated in the ~~~aconic Hango 

and is tb.e r:d. te of approximately 18 natul"al springs; one of which 

is a spouting spring" 'l'hese springs, although rich in carbon 

dioxide content P are not considered thertrlo.l o The apparent gey"" 

sol"like qual;i. ty of the spout~ing spring is caused by the release 

of pPessure 'Hi thin the co2-rich spring$ The resultH.nt depres­

suJ:>izecl gas behaves in a manner not unlike a can o:f boer or tonic 

when shaken and openedo 



TABLE: 5-11 

ANALYSBS OF 11HE V·!ATI::11S OI11 THE SARATOGA SPA IONS AND HADICALS 
AS PRESElJ':P IN SOLU'J:IION, PAH'rS PFJi. HILLION 

JEloment 
or Hathorn 

1 OL~ 

Hadical: __ ltJ_ J~ayo.§. .Q£2_ncb1 IS,qr,:~ba_ biP: .. C:.O}.JJ. L~ J.:QLJ}j'L~JJ.:.. 
---~ 

Sodium 3f320e. 3025e 24.20c 1760@ 1150. 560o 10e 
Potass:tmn 340., 333e 266. 170~ 219. UOo 3e 
Li thiurn. 10 ... 12. a. 96 6.3 5. ..s-..-At5l:f~·u 

Calcimn 872~ 72L~. 672o 4-1tte 3lt-8. 370. 550 
Nagnesium 3r)3 277e 22Ll·• 17 ( • 171 • 95e L~o . - . 
Bariu..m 25. 12 .. 15o6 12.6 8.1 2o 1 OoOL~ 
Strontium 12" 10"5 1 o. 18o3 9e9 

.,. __ ..... .,. o. 1 
Ammon:lu:m i4e 13. 13o 15. 6. 1.2 Oet02 
Ix•on 2o2 1.8 1o7 6. 8.2 1 .1 o.L1. 
Allunl nmn 1+.0 9.- Be 11{> 3e 6e ~03 
l1anganose 0"'1·1· 0.3 0~3 Oe13 .-vo:-t:'llll•ct-.4 -~---'"* 

.,...,.~~...., 

B:tcarbonate L1.85o" 45_r:>o. 3600~ 3890@ 2610., 2130o 79~ 
Chloride 6030o 4500e 3800. 2000. 154.0 e 1000e 13o 
Bromide r'3 ' 51& 46. 8. JL~o .s .. __ .... '"'~~ 

;) $ 

Iodide 2e9 2.1 2.0 01)9 1.3 ,.. .. wo!l .. _.,tr;:l!; 
..., __ """'«::a 

l·1otaborate 7~0 7e0 7o5 5.1 4.1 Oa9 OQ008 
Silica 12. 11 e 11. 6.,3 51" 17o 15(1 
Sulf'ate 0 0 0 0 0 0 3l.i·• 

Total Solids16407e 13539.11105. 8540& 
(DPied at 1100C) 

6166. 3260o 231Q 

Radium 226 
(Pico Curies 
per lltor) 430. 28L~«~ 232e 95. L~8. 102o 1o3· 

All of the above Haters 11 except Fern.dell, are effervescent as 
they come from the ground and contain :t'rom 2 to 5 volu.mes of 
carbon d:Loxido. 

( Gono~orniati orr-Qn-~ersofthe "sari~ toga-si)i.;-:G"lgs 116iii;r'V7) 

·-
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In making sho.lloH-depth temperatur•e measurements in ther­

mally equilibrated drill holes, 65.6 ft (20 m) is the approxi­

mate depth at -vrh:i.ch. the tem:..oeratux•e variation due to the seasonal 

air temperature variation becomes negliGible for typical values 

of thermal properties (Van den BoU1rJ"huijsen, 193L~; Kappelmeyer~ 

1957; Lovering et ttL,, 1963). The runount of this var:t:::1.tion dif­

fers, these diffel"'ences having been att:t"ibuted to structurul .fea­

tul"es1 'Hi th the local tempcratur•e dif'f'erences du0 to therr.mal con­

du.ctivity of the soil$\ the vegetation 8}ld the mic1--oclim.ate (Kfl.p ... 

pelnieyex> 195'7)" The diurnal periodic temperature va:r:>intions CEttl 

be detected doHn to a depth of appr•o:x:ilnatiely one meter (Kappel­

mey€H'$ 1957; Poley and van Steveninck, 1970)., 

~f.lhe tompert,.ture measured at a given depth at a certa:l.n time 

depends on the thermal cUf'i'ushri ty of the soil, Jche amplitude and 

phase of the f'undrunental and component ·Haves of the temporatul"0 

variation curve a:nd the mean annual tem.pex•ature. Of coUl"se 1 the 

·thermal conductivity of a sample of earth materiH.l depends· upon 

its constituent materials. Vegetation contrasts can also affect 

thel"mal values. ~rhey can cause grou.::.n.d surface temperature vari­

ations oi' up to 2°0 over a lateral distance of a f'ow tens o1' me~ 

tors (Poley and vnn Stcveninck, 1970). 

Tho most important temperature changes at the surface, which 

al'6 propagated through the e:round1 ar·e the regular dj;urnal and 

annual variations. At depths e;x·oater i:(han 1m, the mmual vari­

ation has a ver·y lone period ( 365 days), making day-to-day chD.llges 

very small. A gPid of regional temperature differences at H.bout 



107 

1 "5 :in depth (well outside the reach of' diurnal variations), made 
. · .. 

in ~ reasonably short time can be considor•ed to be undisturbed 

by solar effects {Poley and Van Steveninch:, 1970). Van den Bou.­

Hhuijsen (193LJ.) offoPod the reasoning :ln usinr; such measm"emont:::i 

to denote poHsiblo structural differences: 

Tho i'loH of heat from the oa1..,th' s center toHar>ds a fixed 
point close to its surface depends upon the heat conduc­
tivity o:r ·i:;ho rock ~formations bot1-v-een tho center and the 
point and on tho thickn.c ss oi' tho different layers., One 
may thoroi'ore expect thnt a shift in tho location and a 
varintion in tho thickne:-Js of tho layers, o.s may be :rwt·~ 
ed in. v::n"':i.oun geological structuros 11 Hould result in dJ.fh· 
ferences of temperature, uhen measv.red acros ~ the struc­
turo at the same depth..- The horizontal gradient oi' the 
temperature in a layer close to the surface, therefore, 
should supply some evidence as 'to the structl.J.:r•e of the 
U11derlyix1g form.ations. rrho dif.fex>ences :Ln temperature 
must of cou:ese be oi' a magnitude higher tha.n the dif'fel"'­
ences caused by the inevitable ex•rox•s in measurement .. 

The etpplicHtion of shfl.llm.r~depth measurement has boon made 

tov.rards the deseription of subs·urface geology in a.roas of special 

importance. Heald ( 1929)., :i.n a progress report, concludes that 

in central Oklahoma, for :i.nstance, the isotherms dofini tely re-

i'loct the regional geologic structure 1 '-Jhile Van Ol..,strand { 1943) !J 

sull1.'Uarizing the survey's reaults, states,. " .... evidence· sho·Hs that 

temperature variations have boon found to be associated 'Hith salt 

domes, sand lensoi3s- faults and stl:uctures -vd.th both large and 

small cl.osuro.,rr 

~Caking into accov.nt that tho ·geology of the NoH England a:t:•eo. 

is bcf:let by a sorios of doop-soo.tod i'ault zones (see chapter· IV), 

tho application of such shallou~·dcpth temperature measurements in 

conjunction Hith :L'ind:tnc fault t:f?accs Hould enhance the po:Jsibll:L-

ties of finding near-rmrfuce ·e}..1H'es sions of' deep-seated i'aul ts and/ 

... 



108 

or fault tracea Hhich may be conduits of ground Hater Hith ele-

and Lebanon Harm Spring in LcbDnon Sprine;s, NeH York, aro well·~ 

knm-m expressions of ground -vw:tcr being Harmed at dopth and per·-

colating along fracture tracos to the nurface (chapter V). 

Poley and van Stoveninclr:, in a study o:r tho delineation of 

shallovr salt domes and surface f'au1ts by temperature measurements 

:;~.t a depth of app:c>ox:i.mately 2 m, concluded that in sGveral cases 

str·ong ther·mal anomalies coincided Hi th knm-rn surface faults and 

that it Has their opinion that th0 method of 2m depth ther:m.al 

measuromon ts is efficient :Ln locating fault traces as 1.vell as shal-

loH salt domes. Their qualitative reasoning makes the existence, 

of a thermal anomaly o.f a given shape plausible ove:r."' a surface 

fault zone~ 

Consider a surface fault in e:i. ther consolidated ox• uncon­
solidated material" .PaPticulo..Ply in the case of co:nsoli~ 
dated matcn~ialas the heat conductivi tios of' the formations 
on ei thor sicle of tho fault ·Hill not differ· much and can. 
effectively be taken as equal. This need by no me;::;.ns' be 
·l:ihe case, hoHevor, for tho fault zone i tse1.t' e 0-vdng to 
the shoad.ng act :Lon along the fault, a zone of the .forr:1a~· 
tions on en.ch side may have boon fractured an.d its original 
toxt·ure, porosity etc., may have been· completely upset., I~c 
seems x•easono..ble to asstuno that such a fault zone has a 
heat conductivity (Af) vJhich d:iJ'feJ:.>s .f:l;•om that of the sur·~ 
rotm.ding fo:e:mation (,\ s)o Also, fault zone mineralization 
may lettd to >.f f. >. s,. 

vJhen, u..ndel" stationary conditions, an equal heat floH ( q) 
pel"vades tho entire structure and dissipates to tlw (isc­
thornw.l) sur:Caco, we get the f'olloH1ng conditions at 
depths /).Z vrith. respect to the surface in the undisturbed 
zone (A) and in tho fault zone (B) f; 

( . ) .. D,T-~ (. ) , ATB 
A'b ,A : q= -t,.s ~ At B ~ q= -11f AT 

Betwoen the fn.ult zone and its surrou:nd:tng for•1no.tions a 
temperature difference Q will be observed: 

... 

T 



G ..: b ~J.1B - A TJ1 ~ - ..... <1 °-~~ + ~~ :::: 9..-:. f";_z,., ( 1- >.. 8 ) 
. . · Af ),s )\s A1" 

1Hth q=1 .,J ;,· 106 cal/cm2sec~ b,z =200 em and AS (tcmta­
tively) = 2.6 x 10-3 cal/cm~sec °C. In this cnse, Q = 
0.10 (1- >-s/,\t') °Co It :i.s obvious that Hhothel~ the ob­
served ter'lpON1.ture difference Hill bo positive or nega­
tive, largor or smaller, is dependent on tho ratio of 
As/;., f'~> Hovrovor, there is a comploto lack of pertinent 
data on thin rat5.f1i'rom Poley and van Steveninck, 1970) 
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In a He sa, Calif'orniat survey, geothermal temperature 1neas-

uromonts made at depths of 61, 122 tmd ·183 m indicate that the 

temperature patterns change Hith depth., suggesting that gx•ound 

l<Vatei' flo-vr affects th(') l',osults at shalloH deptb.s· (Douze and Sor­

rellsp 1972) Ell The NGsa survey 'Has not lntencled to study shallovJ 

depths in detail nor 'vH:ts the study on fault traces intondedo The 

suggestions abotlii grou .. :nd 1-rater flO'tcJ and its effects Has, hovrevert> 

augmented by the possibility that the water as it cools -vrill de-

posit some of the minerals horctofol.,e :in solution1 thus decre·a.s-

ing the permec~bilitye The Hesa area is a prime study a:~.:>ea f'or 

geothermal I'J'atei' deposits due to tectonic act:i.v:ttyG HoHeve~r, in 

a study on the central and soutb.ern Appa:lachiD.ns .• D:tment and Vlerre 

( 1960) noted that irregular and lm·r heat flo\..t vs.lues ·a:t less t;.han 

200 m depths are pl'obably the rosul t of gl"'OUnd wa. tcr movement o 

To drill holes to a depth belmv the leYel of the annual tom-

perature variation, appr•o:.x:im.ately a 20 m depth~ involves heavy 

cost;.~ for machinery and Hages a:nd increases the time necessary 

fol' su:evcy$ Since the possibilities of delineating faults i~ the 

Nel:i 1~gland arcn could lmll be linked to the discovery of thermal 

ground'.fnte:r'.P such rt stu.dy Has carried out 'in the som.i-rm:>al area 

of NoHbury, Hassachusetts~ ':Phe location -vras Scotlnnd Road :i.n NovJ'-

.... 
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bury,.. 

SCO'J!LAND HOAD FAULT 

The Scotland Hoad Fault Has inferred by A. Sh:r.ide of' the U.,So 

Geoloc;ical Survey ( Sh1~i.de 1 1971) to have an easterly trend through 

the t.oHns of Host lkn,rbury 1 Henvbury an.d NoHburypo:r.t, Hassachusctts., 

Shride has interpreted tho Scotland Hoad Fault to x•epPosent the 

easte:r·n. portion or continuation of the Clinton-Nevrbury ll'aultSJ 

Hhioh tr•ends no:Pthoasterly for a dis tanco of about 60 miles, from 

the ar•ea of Hoi'coster, 1-ltlSSachusetts, to project of:fshore at PlurrJ. 

Island :tn Ne1.-vbury, lias sachusetts. 

A detailed study of the :raul t zone in ru1 open :field Oirmed by 

tho l1ax'ion H"' Nax'shall Estate Has carried out in June, 197L!. to 

locate and examine the fault and its overlying Pleistocene deposita,. 

'J:he study done by the Public Service Compan.y of NoH Ha..n1pshiro and 

\lleston Geophysical Jtlngineers, Int~o of Weston, :Na.ssachusetts.,. In­

formation ·po:t~·t~:dning to location, makeup~ localized geology and 

seismic data ·has been graciously provided and is approprj_o:tely 

referenced herciino . 

Gcolot;ieally: the fault: is vepy old (Early to Hiddlc Pex'rriian) 

and tho al torod ::u1d deformed bedroclc materials in the :fault zone 

are annealed and compnct: (l N:tne core borinc;s define the i'uul t zo110 

as be:Lng about .300 ft thiclc and dipping at about 4~.0 to the north 

adjacent to Scotland Roo.d in Ne~oJbury, Hassachusetts (Hand, 197Lt-). 

All tho evidence compiled by and observed in the investigations 

indicates that Pleistocene deposits overlying th.e Scotland Road 

P~~ul t have not boon sub j cctod to disrupt:i.on by faul tingo It is the 

iritontion of the folloHinc; data to px>ovido an additional set of 

refcroncns for tho aron. 
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SHALLOH TiftmNAI... HEASUlU,HL'NT 1J~ T.!;CHNIQUB 

II! o:x:plora.tion for· shaJ.loH thermal soux•ces .ll measurements of 

tempepo.tu:ee are mJ.ffi cient., Prn.ctical e.x:perl.men.t s of such moasure­

rncnts using standard thermometers have often been carried out Hi ·ch. 

some Sl.J.Ccossp but the field proced1.1res ue:ro. tedious (I'I:r cmar nnd 

Hasin.9 1970 ) described a therm.nl m.easuremont tochniqu.e using a 

thermi.gtor and u11 elE~c·trical bridge<) It seemed to meet require·~ 

ments o.f easy, :lne.:x:ponsive and fa:Jt field operation.B Hith a high 

degr~e of uccux•acy ru:1d reproduci bill tyo 

In :the :::halloH tem.pernture m.ear:;uremont; tecl.t:nique being repox··~ 

ted on, a PEHli'laJ.l thermistor 1r.ras used aB the ·sensing element r 

Heighted doHn Hith a ~2lb ( ,.226 leg ) 1tleight of' loH thermal cmlduc­

tivityo This thor•mistor 1-vas mo1..mt e d on a cable vvhich vJaS HO"Lmd 

around a poPtable ·Hinoho Tr.1.e total Heic;ht o.f the cable?. an.d Hinch 

is 68 lb ( 30.87 kg ) . A Wheatstone bridge ( Biddle-Gray model, cato 

ll 603108 ·• ser., # L~0091 ) Has used Hith a Ke:tthley-type null detec~ 

tor 6 The total -vre:tght of the bridge and th<:} nullmeter is abou t 

5 1 b ( 2 .. .3 kg ) Q . 

The actual method of measu:d.ng 1-ras to record the time at Hh:Lch ­

roeasu:cemcnts "\vere beg1.m and finished at each hole., 1.rhe ground sur~ 

face temper&.ture Has determ.ined and measuPements Here made at every 

5 ft doH:n the; hole I'U1d every 10 ft upholel) In · all eight holes the 

Hater table Ha8 relatively high ( less than 1.5 f't deep ) ., At all of 

the holes at ·scotltU1d Road tb.c ·vrater table HD.S flush with the ground 

sur·fH.ce. 1I'he> mo2.suremcntn ·Here carried out botHoen the elutes · of 

October 28 11 197L~ :J..nd Novemb0P 26 Jl 19'1ti-; be t.1·.rocn the hours of 11 :~.5 
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e.nd 3:30 PGIIvi., Du:d.ng the period of the investir.;ations, tho sun 

shone ovory day an.d the Heather HD..[:l moderately mild fall NoH Eng­

ls.nd weather 1-Ji th maxirnurn tempor•atures :Ln the L~0-50°11' range. 

~Chore tD."'e fou.x• holes in tho Scotland Hoad area reported on 

herein1 one at VJeston Observatory, Weston, Nassachusetts and 

three at Seabrook, NoH Hrunpshire{; Since geologic section:s Here 

provided at ·scotland Hoad by Heston Geophysical Engineers, Inc .. , 

a more dotailud stu.dy vms done in that area. 

· GJ.'ov.nd cov0r l''[mged fr•om no vegetation at Scotland Road to 

dense ve,getation at the 1'ie ston and Seabrook sites.. 'rhe holes at 

the Soabr•ook ·and 1r.Jt1~rbon sites uer•o kept open by metal pipes along 

their entire deptb., Hhile those at Scotland H.oad ·Here kept open 

Hith PVC plastic piping$ 

r.Phore ar•e tlvo graphs of temperature· vs .. depth f'or ever·y hole 

except for S-1, a hole at Seabrook only 35 .ft deep Hhich Has too 

shallovr to yield a T'eliable gradient trende As previously stated., 

gradients are· not considered reliable Hhen taken at bottom-hole 

depth8-«' Bottom~hole temperatux•os vJOPe therefore discarded in tho 

enlarged gr·n.phs due to their in.consistoncy., There} are cases Hhex•e 

the bottom tvlO ox• thPec values were also discarded in those graphs 

for• tho sanw re~Lson6 Tho enlarged graphout of those gradients 

indicates the number of vn.lu.es taken and shm.·rs ·tho calculation of 

tho pc.rt:Lculro~ 11 ro1inblo 11 gradient • 

In the Scotln.nd Hoad graphs, .the materials found· by Hand ( 19'7LI.) 

&.re labelled ut th(-> appropriate depths. 



HOLE 1!;~ 
DA'l1E 
TilliE 

0 
rJ 
;:.> 

10 
15 
20 
25 
30 
35 
L!J) 
LJ.5 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
1~.0 
1Lt.5. 
150 
155 
·160 
165 
170 
1 '75 

~CAJ3L:E:: 6-1 
HES:UYrANC:r~: VALUE~3 AT SCO'rLAND HOAD 

SH-1 
1 0/28/?1-J. 
12:30 PI·1 

1900 
1862 1906 
1815 
1798 1927 
1(328 
1953 1962 
1984 
1989 1989 
1988 
1985 198L1. 
198;2 
1979 1978 

. 1977 
1976 1975 
19?L!-
1972 1971 
1970 
1968 1967 
1966 
1965 1966 

SH··2 
1 0/28/?LJ. 
2:15 PN 

197~? 
1816 1823 
1790 
18!~8 .1953 
1931 
1956 1957 
196L~ 
1961_~ 196LJ. 
1961+ 
1963 1963 
1963 

SH-3 
11 /26/7LJ. 
1 :00 PJII. 

21L~1 •1923 
1955 1931 
1922 1911 
1919 1912 
1937 1935 
191+8 1950 
1953 
195~- 1954 
195LJ. . 
19.S3 1953 

. 1953 
1952 1952 
1952 . 
1951 1951 
1951 
1950 1950 

sn-L1. 
10/29/?L~ 
1:15 PH 

•J700 1920 
1795 1Ci10 
1810 
1824 1eL1.0 
1903 
1937 1931 
19L!.1 

. 1939 1939 
1937 
1935 1935 
1935 
193L~ 1934 
1934 
1934 1931~. 
1933 
1933 1933 
1932 
193''1 193"1 
1931 
1930 19"'.J() e~' 

1929 
1928 1928 
1927 
1927 1926 
1925. 
192Lt- 192L~ 
1923 
1922 1922 
192'1 
1919 19'1 9 
1918 
•1918 1917 
1916 
191lj. '1915 
191L~ 
191 L~ 1913 
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~ABLE: 6-2 

HJi:Sisr.PANCE VALUES A'!! \r/l~S'rON AH!J SJJJABHOOK 
-----~ v ~. ~·~----------- ------------

HOLi.~ J: 1.4-1 
DATE 11/13/74 
Til·m _ 11 :1.~5 AoH. 
.,... ---..,. ........ (>j:OOQI<'I--

DEPiJ.'H 

0 
5 

10 
15 
20 
25 
30 
35 . 
1-J.O 
)_!-5' 
50 
55 
6o 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
·1 i~O 
11.! .. 5 
150 
1 rJ r·J 

.).) 

•]60 
/165 
'170 

( ft) - D01!H UP 
---........~~~· 

19.50 2013 
1927 1892 
1880 1884 
1913 1918 
196lj. . 
2005 2008 
2030 
204.0 2039 
2040 
20.39 2038 
2035 
2;031 20.31 
2027 
2023 2023 
2023 

· S-1 
11/5/71.1. 
12:00 NOON 

DO'iHT UP 

H333 1906 
1628 1910 
181+8 ·1860 
1860 18S8 
1890 1991.~ 
1937 1939 
1979 
1979 1979 

S-2 S-3 
11/7 /7!!. 11 /12/7~-
2:00 P.N. 2:30 P.,H., 

DOHN 1JP D01.1N UP . .-.... -~,..,-----

2037 20tr.1 1650 20~)9 
20;:20 1898 1912 19Lr.1 
1887 190L~ 1890 
18T1 1879 1 (366 1866 
1917 1909 1912 
1989 1972 1987 1986 
2020 2022 20;~1 
20t~6 20[~.7 203? 2038 
201.,.5 . 20L1~ -
206~ 2051!. 20L~' 20L1.9 
206 .2048 
2052 2052 2048 2048 
2050 2047 
20~.8 20L1.8 201-f.}.~ 204h 
20LJ.5 2039 
201.~3 20L~3 2036 2037 
204.1 2033 
2038 2038 2031 203'1 
2035 2035 2028 
2033 2033 2025 2025 
2030 2030 2022 
2027 2027 2019 2019 
2025 ·2016 
2022 2022 2013 2013 
20'19 2010 
2017 2016 2007 2007 
2014. 2003 
2010 2010 . 2000 2000 
2009 1997 
2007 2007 1991~ 199L~ 
2006 1991 

1989 1989 
1986 
1985 1985 
1983 
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TABLB: 6-3 
~~J!JHPJEHA~~UHES ( °C) AT SCO'l1LAND i10AD 

HOLg ~~f SH-1 SH-2 SH-.3 SH-1.~ 
DEPTH( i't) DOHN . UP . Dm·lN UP DOHN UP DOHH UJ? 

. ""'"~-- .... ~-~~---------~------

0 1 Oc.20 9ol.j.5 8.79 9.97 12 .. 20 10(;00 
5 10.58 1 Oo 14 11 ., OLJ. 1 Oe9'7 9o65 9.89 11 .. 25 11.,10 

10 11.05 11.30 9e98 10.,09 11 .1 0 
1.5 11o22 9.,9J 10 .. 72 9.67 1 0.,01 10 .. 08 10.96 10e80 
20 10 .. 92 9 .. 89 9"83 9e85 10"17 
2.5 9o6? 9 .. .58 9.6Lr. 9o63 9e72 9o70 9o83 9,.,89 
30 9&36 9.56 9.6.5 9.79 

9.81 35 9.31 9e 31 · 9.56 9.56 9e66 9.66 9 .. 81 
L~O 9o32 9 • .56 9,.66 9 .. 83 
L~5 9.35 9.36 9 • .57 9 r;7 9e6'7 9o67 9 .. 85 91'8.5 . o_ 
50 . 9.38 9.57 9o6'7 9 .. 8.5 
55 9 .,1,.1 9 .,1.,.2 9.,68 ·9e68· 9.,86 9.,86 
60 9 .,L,_J 9 .. 68 9o86 
6~ 9.1.~.~ 9 .. 1.~5 9o69 9.69 9 .. 86 9.,86 / 

70 9.L~6 9o70 9o70 9.8? 
7.5 9 eL1.8 9<149 9.87 9e87 
80 9&50 9.88 
85 9e52 9 • .53 9.89 9 .. 89 
90 9.54 9.89 
9.5 9.5.5 9e.51~. 9.90 9$91 

100 9o91 
105 9.92 9 .. 92 
110 9.,93 
11.5 9.93 9.9L~ 
120 9.95 
125 9o96 9 .. 96 
130 9.97 
135 9.98 9.98 
140 9.99 
·11.~5 1 0.,01 1 0.,01 
150 . 10.02 
1_S.5 10.,02 10.,03 
160 10 eOLl. 
16.5 10.06 10t~05 
170 10..,06 
175 10e06 1 0"07 
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Ti\BLlE: 6-4 
'JlEHP T!::HA'~rGH E:S (oc) Nr HBS110N AND SEABROOK 

,_"""'- ~-,.,.,... . , ... '"' ~~--- .. e:i'l "'-I'"'S .... I~..._,. ""..S 1 4 It~-------~~·----~......._., 

HOLE /J W-1 S-1 S-2 S-3 
DEPTH(.f't )DOUH U:P DO\·jN UP DOl·lN UP DOI1N UP 

-~----=----- ... ·~-~~~ -$ 

_. .... ,..., _._, ..... ..,.._ 

0 9.70 9e07 10 .. 87 10(l<L~O 8.83 8a79 12.70 8.61 
5 9o93 10t~28 12o92 10 (> 10 9~00 10.22 10o08 9o79 

10 10.,.1+0 10e36 10.72 10e60 10t~33 10.16 10.30 
15 1 0.,07 10.,02 10.60 10062 10\1)43 10 .. 41 10 • .54 10 • .5~ 
20 9~56 10e30 9 .. 26 ·1 o.o3 1 o., 11 1 o. oo 
25 9.15 9e12 9.83 9.81 9e31 9oL!.8 9o33 9e3L~ 
30 8o90 9.1.,.1 9.,00 8.98 8e99 
35 8 .. 80 8.,81 9 (tl~1 9eD,1 8o ?L~ 8.73 8.83 8e82 
40 8.,80 8f/15 8.,76 
45 8.,81 8e82 8.56 8<1166 8o72 8.71 
50 8.85 8.5~ 8.72 
5c::' 8.89 8.89 8o6 . 8.68 8.72 8.?2 ,) 

60 8e~93 8.70 8.73 
65 8~97 8.97 8.72 8 .. 72 8.76 8o76 
70 8.97 8..75 .8eC31 
75 8<1 ?'7 8.7'7 8e8L~ 8.83 
80 8.79 8.87 
85 8.82 8o82 8.89 8.89 
·9o 8e85 8o85 8.,·92 
95 8.87 8.87 8.,95 8o95 

100 8.90 8.90 8.98. 
105 8.93 8e93 9.01 9.01 
110 8e95 9.04 
115 8.98 . 8.98 9.07 9o07 
120 9o0·1 9.10 
125 9o03 9t.0'4. 9o13 9.13 
130 9.06 9.17 
135 9a10. 9e10 9.20 9.20 
140 9.11 9.23 
14r' 9o20 9"20 9 .. 26. 9 .. 26 . ;:J 

150 9oH~ 9· ')9 0 l-~ 

155 9o31 9~d1 
160 9.3t} 
16.S 9 Q 3~) 9(135 
170 9<>3'? 



'rABLE: 6-5 

AVE:iiAGE VALUES orr· HHJ5LIABLJ5lf GEO~~HEHHAL GHADIEN'I'S NJ: SOO'J:LAND 

ROAD~ HESTON .AJTD SEABHOOK SPrBS 

HOLE // 11HJ%IA13LI.~" NUJ:iBlt;H OF AHI'l'JTI-U:;;;riO Vii.J:UANOB STA:NDAH.D 
Gl1ADI1.~1'P1~ l·JEASUHIE-
Dli~YPH NENTS 
(ft) 

a,~----.-'=0-..,~ ~ 

HEAN (<r.:t.) DEVIA'l1ION 
TE:HP.. ( 0 c) x1 o-r!. · ( ~~ 

x1 0 ·· 
-~-;of~.- .. 01'"''. 'll 4 "-4 ... -~-----~ 

65 ... 90 6 9~490 1l.j.. 3?4.17 

30 - L~5 ~- 9o563 925 50 

45 - 70 6 9.680 .8 89 .L~lt. 

90 - 150 13 9.951 17 .. ~-1. LJ.17. ;25 

1-J.5 - 65 r' ;;> 8.890 L~O 632.1.,.6 

(none) 0 .-.a-631 --- ....... aft 

65 - 130 1 L1. 8.888 

S-3 85 - 150 1 !~ 9~089 

Gradients w·ere considered reliable Hi thin intervals . of stabil·"! 
ize.tion at depths beloH diurnal and seasonal fluctuation and 
excluding bottom-hole readou.tso 
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FIGURE: 6-J 
SURFICIAL DE?OSITS A:rD DRILLHOLE LOCATIONS AT THE 

SCOTL..!lliu ROAD FAULT ZO:iE 
(on property of Harion H. ?1arshall Estate: Hewbtu:"".f, ?Iassachusetts 
for the PaClic Scr""'v"'ice Cott~any of I~Je~~ Harnpsl-.tire b~r Joh:1 R.e Ra:1d) 

SQ-~ 
11.·~~/ 

SR-1 SR-2. SR-3 
GROtll'l:1) '5\~?",qC E: 

C-····-·- ~~:iflrF' Ol..t-.16-H~'! SILTY C!.AV ~- ---- ---~-- ------ -----------------~------ - ~---~'::' • -----.:::--- :SC•- f,$lJ1 <;;p-y-•A -------- _ ... - ---------- ~ 
._:.,.::_;_:._-F.·:·.·::_-::-.-,:--- .•. ~ -------- • ---~ ~\,.,.•,.- •• ... t • • • .: ::~:-:·.: • .. • • • .....:_-' .:::_..., .<t$;,t!ME'i) M.E".t:-I'J---o-

.·;··.:;:t::.,-.,: ..• ;·: • .-.-1',<1,\;:.;-, .••• • • -- -~---- Se'll 1..13'>1-"!.-
{:···:' .. _.. ... \~!'l.t.:~ ... -:,:·.-:ir.r.·f:.~·,:~~).·,:,,-;t:; ..... '?· •- -- - --: • • • • • • • • • -;-.-, .:: . ."-;::: ... ......,_.,_ -~-:..o . . .•.... , , .. ~··;,·"·· r.~. ....... - -- . . . . - ..--- •r/ · ·- · ~ ·- ·_ ·. ·-·· · _. ·e,,.;j.,:.1g~~·;:.;_..~:.·,~~:;:.~~~ ..... ,-- -:::::";:: ·.>E\.·.,:.:.;; •. : ... x~ .. : ::.~;::.:: .. .-:.·=-.:.::·;~':- :-< ----- • --r-:-::o· · · . . · · ... -. · '. ,· ·· .' ... :< ·.··.· .. ::.:·: d, .. ., ... . ':: :·'_.;: .. ";.·' .. t-<:AP.lNS •• ;..·~:i:.~>-:·1\\.;-:~ ,·· ':···~ ~: .. :·· '• 71S4~ 

. . - - ~ . - . - - .. :. .·?. : · ........... ' . . : . :-.: .. · .. : :' .. . · ..... :-;:;., -~ ···.;.;-:·-:. ·::.:· .... :· .:·~·-::/~~-:',""f'-:::;·· . ...-: ,:~·~ .... -. ·• ·,~- .. . 

~'11?'. -. -..... ,H .. ~~-, .:>:j!:~-¥~~;..:.:.:..:. ...:_:.::...: ..:.··---i::.-l2r! ... -~~tiS:.~ -~~~.;-ir~i:~ik~i0-;:i."'~~~:~~~~~~:--~: ?;.:_ ... ~~:~~·-:·~..,~r::: -- .::.:.",,J.·';;..; ~ -- . G>) - a;.; .:...... .. ...,.",..·-- •• ~ • .... - •• • _,. ... --. ..... ~ ....... - . ,.,. . ' ( -.:,o' "!.~ ~... 'fO--
'Jo ,. ::: ···n•c "'•"'·" '4. ' ... -., 

-
. _...;..·~-·-~r;.'.:.'~'";;.':;.;.:t>1~1:....;:A~l7:,_;· E~P~.A:!l,1'_:;t02;1\!:;I::.JP2,:.!.!!:','!!:6'..:il>:I•~~S(.~!·.!:tf.A~H'/1."~"~A~'.J3.-S'~~~:..~~~~~:::::.._J '-' ;;)i:J~Ar!= .J.JEF!!P,,>';ATI~N ~er •l.~~K:.Cn!;r;~-:~.t"f .. ......._ •::,..,..r,(:voC ' r ... ' • -~·~"'• ''"'' ~,..., <::(0,.;.-...... ' ,;.;;(.1-o· , ·-·· · "····-~~.-.. .... 

I I I I I {o (.Fro:-:1 Rallu, '1074) 

EJ lA"t'fRII'IG H~ CLAY ~ 
~ 

1'<\EDIVM 1'0 COARSE SIHJD 

~§j 
I I 
k:. ~ ;:·;·! ...... 

FINE SILTY SAfiJD 

SILTY -C.lAY 

FH~S TO M£!HVf.1 SAND 

!;·-,:::-,... .... ,! 
r ... -..: ... o ~ 
1 *;...-~;:j GRAVEl 

~1§1 BOVL'DERS 

_, 
f\) 
0 









." 

~ f 

I I I I' I I 
i i 1 i l I I I i ll I I 

J_L1 -t--~_j. I i : I I I : 

l 

I 
I I 



1-; 

.. ) 1-1 

' ; 

l :-: • f l-
! ~ : ' 

i ' 
• ! t ' ' • 

---'--'---·-·1-i--~. 
' : ' I j l II _:I t:u(t 

l 
, I . 

_,.__ "----~ --<- ~ ; -.J..-~- 1- !__......-·+-·---,- M~'"T ... 
i ' I I 





I I 
I I 
l J ! 

I 
- ~ 

-l 



i II I I 

I 



' r I I 
j t I t I t 

·--~lj~~it· f!~ uJ --· L · 
I j T) l../ ~ j • ' ' t I 

• l r I J 1 t ' ; ! \ 

i ' 
! ' i \ • j 

I I \ 
' ' 



' i 

i I I 

-- ~ r , 
t t -1 

; i 

: ' I I t -I 
I I 

I ' l : 
j • j l j l. 

' I t ,. 
l I 

t i 1-
i ' ' 

i 
t ! I 

I l I 



_, 
' 

t i 
' i i ' I 





j t ! l 
: _( I ~-1--i ~-+-t~- L-; 

! i . -~; 

;
f',_ -~--l- I- ~- t--- 1-- 1-- I i 1- I I _; __ :--+---l- ,_ 1- f--- ---c !i- t-- :~ ;::: 

1
_1- I- 1- -+---l-++-i---+--H-+-+--+-t--1+-H+!j- _-1t---!---+t-+-t--+----,H-f--- _ -it~---+-+-+-+--j'--1--+--+-t :- -1--+--+-il-_r=:: 

t . t- ;::: ,___ :~t-+--i---1-+t----Ht---~-t--l---l--t---+----1----1----i- t-- '--~--+-+t---t-tt-----+f+ __ t---t-l--t'--,-+-+-::~'--+1--f-+--+--+-_--,~---~-----!Bj=t6+ ::- ~--~:~ t- t ;' 
l- H t ;-::_i-~1----++f-+-li ----- f--- !- j- j- ~t 1-- -t--f---l---t---1-1;::: I- --= :::: -:= .::: + 1- I- H-; , ·t+ ;--- t- 1--- --1- - 1---- +-H-++---1-H++-1-+ -- f-- t--- - - -1-- -:-f+- +---+-+-++-t- 1--+--+--t--t-t- -~--1 



l ! i l 





OffAP~rER VII .. CONCLUSIONS AND 
ACKNO\•li,EOOEHE.tif:PS 



CONCLUSIONS 

Huch of geothermal technology in the United States is still 

underdeveloped simply because Americans have not yet had to rely 

greatly upon geother-mal energy for f'or domestic· usage of' heat or · 

energy. 1~e depletion of fossil fuels and the resulting steady 

drain on related industries underscores the. need for increased 

research and·development. 

Legally, geothermal energy occupies an untenable position. 

Judi.cial action -vrill be necessary to classify .geothermal energy. 

Presently it has not been legally determined whether geothermal 

energy sourc~s should be classified as 'l<Vater,. gas or a mineral. 

Definite decisions in this area are needed to deterraine tax and 

ownership status along vri th economic considel"'ations associated 

with utilization. Different types of geothermal resources have 

unique problems concerned w-ith localized geology, environmental 

impact, regional geography, projected potver output and other as-

sociated questions. 

In the greater Ne~v England area more data are needed con-

·corning heat flm-v in. intensely faulted zones and geological and 

geophysical analyses oi' natural and thermal spring systems., No 

such concentx•ated l"'esearch has been done.. ':£1here have been no 

heat flOiv studies made in vital faulted zones of the Taconic, 

G:-eeen Hountain and Bel"kshi:r.e systems, nor along the Clinton-New-

bury, Bloody Bluff, Hystic or other i'au.lt zones of southeastern 

137 

Nel-l England. The therraal springs of the region have not been ana-

lyzed ·for geothermal potential a.t depth by such methods as silica. 

.... 
I 
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and gas percent or by ca..:.Ha-K ratios, 1oThich are considered standard 

invost.ic;ations of thermal sprine· waters tho Horld over. Indeed, a 

reliable geologic. and tectonic map of those ar·cas does not present­

ly exist. Tho area has not been geologically mapped since Dale 1 s 

work in 1923. 

De spi to this laclc of information tho author concludes that tho 

two thermal spring nystems of the Nei-l England area display definite 

geothermal potential, as does the Com .. Tay Granite. 1fue thermal 

springs, Sand Spring in i;Jilliarnstovm, l·iassachusetts and Lobru.1.on 

Harm Spring in Lebanon Springs, New York, have potential for domes­

tic heating purposes~ The exact extent of theiv heating capabili~ 

ties is subject to some amount of del:ntte b.ut theirs is the l .. ru.1ge 

of temperature Hhich has been successfully utilized for the heating 

of sHinnning pools, biodegredation, fermentation pl"Ocesses, 1varming 

water for year7round mining in cold climates, de-icing, hatching 

and farming of fish and shrirnp and soil ·,·Hlrn~ing for• agricult'I.U"al 

and horticultural purposes. There :ts also the possibility. that 

thex'e is mixing of the thermal -vrater ·Hith cooler ground water near 

to the SUl.,fD.ce, thereby diluting the heat. concentrations to those 

observed. 1'he author has identi.fied what may ·be an e.xtensi ve ther­

mal spring t;ystem Hhich appears to exist along a contact of Stock-

bridge Lira.estone Hi th both the Berkshire Schist and the Cheshire 

Q,ua:rt zi to fOl"mations • 

'l'ho hiGh .heat floH obcervod in soirle aroas of l:ihe Comvay Grarl­

ito in NoH Hrunpshire is an indication that r;eothcrmically useful 

hout will be reached by drilling to a depth fm" lesn them in aPeas 

.... 



of normal heat flmv. One estimate of the amount of heat in the 

GonHay Granite is tha:t; the heat at a depth of 10 km lJ"as about 

400°0 before the intx•usio.n of the Hhi te f.lountain Volcanic-Plu­

tonic Series approximately 185 m.y. ae;o (Birch et al., 1968)o 

In the same study the assumption Has made that a layer oi' Gon­

vray Granite 10 km thick would generate all the heat nmv· coming 
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to the suri'o..ce in north-central Nevi Hampshire (See figure 5-1 ) .• 

The estimates are said to be in reasonable agreement 1rli th those 

of Jo'yJ.J.er (1963) for the thickness of the Gom·my Granite required 

to explain the Hhite Hountain gravity low. 

Tho r<:l.dioactivi ty responsible for tho high heat flow in the 

Com·my Granite is also responsible for interest in its mineral 

potential., In January of 1975, New Hampshire Governor Neldrim 

Thompson Jr. asked tho United S·t;ates Interior Department to fv.nd 

a study of the mineral potential of the Com-my Granite. Urani1..un 

and thorium, along with columbium, fluorite, berylirun, tin, iron, . 

feldspar, quartz and scrap mica are to be studied for possible 

extraction (Jaryis 1 1975). 

Hopef'ull;y- tliese ·geothermal possibilities in the He'\v Enr;lend 

area Hill be f'tn"'ther investir;a ted fox• addition to the area 1 s sup­

ply of enorgy sources. Investigations· of this sort ·Hill not only 

bo important scientifically but "Hill benefit the community and 

vdll have important economic benefits. As an alternate sou1..,ce of 

energy, the demand for such can only become grGator. 
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