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ABSTRACT 

This handbook is intended t o  assist the  phys ic i s t s  chew 
i S t s  engineer, and geologist engaged i n  discovering and develop- 
ing  geothermal energy resources. 
glossary of the approximately 500 most frequently occurring 
geological, physical, and engineering terms, chosen from the geo- 
thermal l i t e r a tu re .  
discuss  such subjects as geothermal gradients, rock c lass i f ica-  
t ions  and geological time scales. 
t ab les  f o r  the physical q d n t i t i e s  of in t e re s t  f o r  energy re- 
search in general and fo r  geothermal research in par t icu lar ,  

The f i r s t  sect ion contains a 

Sections 2 through 8 are fac t  sheets  t h a t  

Section 9 contains conversion 
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PREFACE 

The Geothermal Handbook is published t o  provide a oimpli- 
f led,  omall, and readi ly  avai lable  reference work tha t  w i l l  p r w e  
useful t o  the physicis ts ,  chemists, engineers, and geologists en- 
gaged i n  the  discovery and development of geothermal energy re- 
sources. 

The Handbook consis ts  of nine sections. The f i rs t  and 
la rges t  sect ion is a glossary of approdmately 500 terms. These 
terms, chosen largely from the geothermal l i t e r a t u r e ,  define the 
geological, physical, and engineering terms t h a t  occur most fre- 
quently. 
intended t o  replace standard geological glossar ies ;  

The glossary is wri t ten fo r  the nonexpert and is not 

Sections 2 through 8 of the  Handbook consis t  of a set of 
“fact  sheets” containing discussions of such topics as geothermal 
gradients, rock c lass i f ica t ion ,  and geological periods and time 
scales. 
physical quant i t ies  of i n t e re s t  fo r  energy research i n  general 
and geothermal research i n  par t icular .  

course of work performed by The Johns Hopkins University Applied 
Physics Laboratory as the Operations Research and Development Con- 
t rac tor ,  DGE Region 5,  for  the Division of Geothermal Energy of 
the U.S. Energy Research land Development Administration. Although 
i t  r e f l ec t s  the l imitat ions of the authors, both in expert ise  and 
avai lable  time, the Handbook is offered t o  the la rger  g e o t h e F l  
community i n  the hope tha t  it w i l l  provide a useful  desk-top 
reference. 

The authors wish to  thank Dr. A. M. Stone, Mr. F. C. 

Section 9 contains conversion tables  f o r  many of the 

The Handbook had i t s  or ig in  i n  self-education in the 

Paddison, and Drs .  J. W. Foll in ,  Jr., and R. J. Taylor fo r  t h e i r  
criticisms and corrections and M r .  R. Kroll who edi ted  and com- 
posed t h i s  Handbook i n  its f i n a l  form. 
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1. 6eOTHERP1AL GLOSSARY 

ABSOLUTE TEMPERATURE Temperature measured i n  de- 
grees Celsius from absolute zero (-273.18OC). Abso- 
l u t e  temperatures are given as "degrees absolute" 
o r  as "degrees Kelvin!' 

O K  = *C + 273.18 
OK = 5/9 (OF - 32) + 273.18 

ABYSSAL PLAINS F l a t ,  nea r ly  l e v e l  areas t h a t  occupy 
ons of. many ocean basins 

ACOUSflC LOG n e r i c  term f o r  w e l l  logs t h  
play any of severa l  aspects of acoustic-wave propa- 
gation. In  some acous t ic  logs t h e  t r a v e l  time of 
t h e  compressional w a v e  between two poin ts  is mea- 
sured. I n  others,  amplitude of p a r t  of the  wave 
t r a i n  is measured. her acous t ic  logs d isp lay  p a r t  
of the wave t r a i n  igg le  o r  variable-density form. 
S t i l l  o thers  are characterized by t h e  objec t ive  of  
t h e  measurements r a the r  than t h e i r  form. 

when a gas o r  o ther  f l u i d  is compressed o r  expanded 
without either giving ou t  o r  
Isothermal Process 

A nearly horizontal  pas 
i c h  a mine is entered and water is removed. In  
n i t e d  States an a d i t  is usually ca l l ed  a tunnel,  

a t ter ,  s t r i c t l y  speaking, passes e n t i r e l y  
n a t  both ends. 

i e t y  of quartz 
nce, i n  which t h e  Colors a r e  i n  bands, 

ADIABATIC The r e l a t ionsh ip  of pressure and volume 

s, or d i s t i n c t  groups 

up by volcanic eruptions and showered 
ound the  volcanic e o r  crater of eruption 

Essent ia l ly  a ALBITE One of the plagioclase fe ldspars  i n  which the 
diagnostic pos i t ive  ion is Na+. 
sodium-aluminum s i l i c a t e  

ium,  sodium, potassium, rubidium, o r  cesium 
ALKALI METAL Any metal o f  t he  a l k a l i  group, as l i t h -  

- 11 - 



1: Batring t h e  propelcties of @ bgqe . 
'L!!"~kta$niag sqdium bndkor potasgium *n excess of 

khe mount  reeded to fgm fefdspgr with ?he avail- 
able s i l i c a ,  e , g r r  an afkiidlae rock - i n  $ 
pometime6 gJritlren a l k a l i c  9 : Contqihlng 
epe or pore alka e t a t s  4 t  Waters erontaining 
more than strerag 
petasslum, magne 

ireriu t ing  from the operqtions of  raodern riveus. 
cfgded ate the 
flood-plains 1 and estuaries? 

aunts of cbrbon9tes of sadirsm, 

4LLUVIYM A general  term fog at&  d e t r $ t a l  Cleposits 

mente l a i d  d~wn in €%we!: peds, 
fn- 

AHORPMOIJS w i t h 0  em 8 p l l ed  t o  
minegale batring crys e a l l i n e  is% 

eous FRok with 
@bout 75% p l a g i  

and 25% ferromagneslum &Qfci teg ,  pnpor- 
r$ved by f r a c t i o n a l  ems- t e n t  ps lavast posgibry 

t g l l i p a t i p n  from b a e a l t i  
t s t ic  af mountain-making 
c i f i c  Ocean 

P N I ~ N  9 negatively eharged ion 

AN cL1 E Pock beds or g t r g t a  t h a t  bend $R appos i te  
;d!pc!ions 
roo€ sf a houser a fs$d that is concave dowpwards 

NT1CLtNbRfUM 
arranged f t ruc t iura l ly  80 that they farm a general  
arch or a n t i c l i n e  

a cOnmron ridge cry axis, t i k e  the 

A Series of antic)$eeg and synclines 
. 

und resiis$$vity cal- 
geometric f a c t o r  

ground is homogepe- 
e r e e f s t t v j t y  p- 

ditOerp from the  
n because of t h e  

presenoe of mud column, &waded @oner and in€ 

ing sttaturn p e w a b l e  p c k ,  
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AQUICLUDE 

ARENACEOUS 

An imPemEable strata t h a t  acts as a bar- 
rier to  the  flow of ground water 

t h a t  contain 
Rocks t h a t  have been derived from sand o r  

Rocks or substances composed of c lay  
having notable proportion of  c 

A sandstone containing 25% o r  more o 

t h e i r  composition such as sha le  and slate 

spars  usually derived from s i l ic ic  igneous rocks 
ARI(OSE 

ARRAY STATION Earthquake-detection s t a t i o n  t h a t  uses 
an ar ray  of seismometers. 
spread over about 20 Sun may be employed so t h a t  
s p a t i a l  f i l t e r i n g  can be used t o  improve t h e  detec- 
t a b i l i t y  of weak signals.  

s ta t ic  head t o  rise above i t s  aqui fe r  

Twenty seismometers 

ARTESIAN Ground water t h a t  has s u f f i c i e n t  hydro- 

b/ ARTESIAN WATER Ground water t h a t  is un 
pressure t o  r i s e  above t h e  l e v e l  a t  which it is en- 

_ -  countered (by a w e l l ) ,  bu t  which does not  necessar i ly  
( l i b  rise t o  o r  above the  surface of t he  ground ’ ARTESIAN WELL A w e l l  t h a t  penetrates an -aqu i f e r  con- 

t a in ing  water with s u f f i c i e n t  pressure t o  rise above 

* 

-. 

surface of the e a r t h  of undefined thickness. The 
formation is  a s h e l l  of weakness where plastic move- 

AZIMUTH As used i n  surveying, t he  azimuth of a body 
is  t h e  arc measured from due north t o  the r i g h t  C ’  I G  (clockwise), 

- -  13 - 



BALNEOLOGY Science of t h e  hea l in  
baths eepec ia l ly  na tu ra l  ininera 
peutfc use of-natura2 w a r m  br mineral waters 

BASALT A fine-grained igneous roc 
dark-colored minerals, cons is t ing  
fe ldspars  (a calcium-sodium-aluminum-silicate, 
usually plresent i n  amounts over 50k) ,  and ferromag- 
nesium silicates. 
about 98% of a l l  extrusive! igneous rocks, 

Oeologic basement is t h e  highest  sutface 
beneath which sedimentary rocks are not found: i.e., 
igneous or metamorphic rock rinderlfiing sedimentary 
rocks. Xn many places& they ate Precambriafl, bu t  
may be much younger. In terms of petroleum explora- 
t ion,  basement i s  the m r f a c e  below which 
no curren t  expl im i n t e r e s t .  

dominantly sedimentary rocks. 
a l l y  have a coinplex Ltructurer i n  many places they 
are igneous and metamorphic of e i t h e r  e a r l y  or late 
Precambrian although they can be much younger. 

BASE TEMPERATURE 
by geothennal water during convective c i r c u l a t  

BATHOLITH h g r e a t  i r r egu la  
igneourl rock k i t h  a sureac 
40 mi2 (100 km2II t h a t  has 
couhtry rock, c u t t i n g  across t h e  layering, 
derived from the  country rock through meta 

I n  sedimentary o r  s t ra t i f ie  
the d iv i s ion  planes t h a t  separa te  the  i 
layers4 beds, or s t r a t a  

BED ROC# A ene ra l  t e r m  fo  
khat underlfes s o i l  
f i c i a l  mater ia l  

taining earthquake f o c i  

B a s a h  and andesites rep 

BASEMENT 

BASEMENT COMPLEX series of rocks found beneath 
These rocks gener- 

The inakimum temperature a t t a i n e d  

BEDDING PLANES 

B E N ~ o F F  ZONE Subduction eonet a dipping 

A highly p l a s t i c ,  c o l l o i d a l  c l a  
its volume upon addition of water 

I - L4 - 



BIPOLE-D~POLE MAPPING Electrical method of  geo- 
physical exploration. Current flbw I s  es tab l i shed  
i n  the  e a r t h  by using a p a i r  of source eleCtrOde6; 
t h e  electric f i e l d  is determined by observing the  
voltage drop between two p a i r s  o f , e l e c t r o d e s  
or ien ted  approximately a t  r i g h t  angles. 

BLACK BODY An i d e a l  body, t he  surface of which ab- 
sorbs a l l  t h e  rad ia t ion  t h a t  f a l l s  upon i t t  i,.e., 
it ne i the r  r e f l e c t s  nor-transmits any of t h e  inc i -  
dent rad ia t ion  

A borehole characterized by l o s t  circu- 

’I td 

i; 
i i  

BLIND HOLE 
I U  
I 
I of t he  d r i l l i n g  f l u i d  

i u  escape of  o i l ,  water, o r  gas a pressurized 
I 

4 9 ’  

BLOWOUT PREVENTER A device used t o  prevent t h  

is penetrated 
# \  

BOILING POINT The temperature a t  wh 
pressure of a l i qu id  is equal t o  t h  
the  atmosphere on the  l i qu id  

A hole d r i l l e d  i n t o  t h e  ea 
great depth, as a prospective o i l  w e l l  o r  f o r  ex- 
p lora tory  purposes 

of the  s i z e  and influence of the  borehole o r  t he  in- 

ilri 

‘ G  
+ 

E ’  
BOREHOLE 

BOREHOLE EFFECT A d i s t o r t i o n  of a ‘ w e l l  log because 

I vading zone 
-. 

% 
4 

t he  Bouguer cor  l i d  

id 

u 

A ’ )  
vey data to  take i n t o  account t he  e leva t ion  of the  
s t a t i o n  and t h e  rock between the  st  
l e v e l  datum, usually sea l e v e l  . 

E ’  BRECCIA 1: Fragmental rock wh 
gular  and therefore ,  as d i s t i n  
erates, are not waterworn 2. 
highly angular coarse fragment 
mentary or  formed by the  ac t ion  of crushing or 
grinding along f a u l t s  3: Volcanic breccia is a 
more-or-less indurated pyroc las t ic  rock consisting 
ch ie f ly  of accessory and accidental  angular ejecta 
32 mm o r  more i n  diameter l y ing  i n  a f ine  t u f t  
matrix. 

-. 

1 

, \  

Lj 
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n. A tsolution contain- 

its Paint  bf masirnum densi ty  (equivalent t o  252 cal) 

A A h r g e  basin& 
ulaf i f i  form, with a diameter many times 

g rea t e r  than the incluBei3 Vblcanic vent, %%e steep- 
hess of t h e  walls or € o m  6f Ur& f l o o r  daee fi6t mat- 

i 
CANAbl AN SHI EtD Nuc 

CAP ROCK A c parat ively impervious stratum t h a t  

M~BUNATE 

CARNOT CYCLE 

which t h e  North American continent has grown 

prevent$ t h e  c i r cu ra t loh  of hea t  or f l u i d s  

rock cornpased bt cafbonate i i l ierah 

working substance is compressed and expdhded along 
t h e  ad iaba t i c  atrd irotRerma1 l ines of a P-V diagram 
i n  such a.manner As to tmmplete a closed reversible  
cycle, I f  hea t  is absorbed ffom a warm reservoir 
and ihjected Snto a coclle'r reservoir ,  t he  cycle  rep- 
tesents.Pin engine with work a6 the output; if wolrk 
is applied Oo,the cycle, heat is transformed from 
one reservoir t o  Bnothet and t h e  eycle represents a 
Carnot r e f r i g e r a t o r  tor h hQht  )*  

CARNOT EFHCIENC ne working 
tween high temperatwe 9'2 ahd low tetnperature $1, 

. the eff ic iency (bmrkioutjheat removed from Tal is 
given by ('€2 - Q j l T 2 ;  blX temperatures measured on 

Lute seale.  For a r e f r ige ra to r ,  t he  desired 
14 the  removal oE heat from 'P @itid the coef- 
of performance ~ I / c ' P ~  - Pot p hea t  
e desired prod AS' the. addi t ion of hea t  to 

T and t h e  coeff icfent  &if petfarmafice is ??p/(T2 - 911. 
T f e  second l a w  of therrnodjmxrnfcs 6 t s k i s  t h a t  earnot  
e f f i c i enc ie s ,  or coeff ic ient$ of: performance, cannot 
be exceeded by any realilrable machifie. 

A compound containing the r ad ica l  cos2 u r  

A thermodynamie cycle  i n  which t h e  

- 16 - 
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CATION Posi t ive ly  charged ion 

CENOZOIC The latest  of t h e  four eras i n t o  which geo- 
l o g i c  t i m e ,  as recorded by the  s t r a t i f i e d  rocks of 
t he  ea r th ' s  c rus t ,  is divided. The Cenozoic era in- 
cludes the  periods called Tertiary and Quaternary - 

i n  the nomenclature of the  U.S. Geological Survey. 

CHALCEDONY nsparent, o r  more gk a l l y ,  a trans- 
lucent  cry s t a l l i n e  quartz;  the  
agate 

CHEMICAL GEOTHERMOMETER 
assessment of temperature cha rac t e r i s t i c s  of t he  
geothermal reservoir.  
ters are the  Si02 content and Na, Ca ,  and K r a t i o s  
measured i n  water samples. 

The technique of P red r i l l i ng  

Most widely used geothermome- 

Cryptocrystall ine v a r i e t i e s  of 

CINDERS. Primarily uncemented, volcanic e j e c t a  rang- 
ing  from 3 t o  4 mm i n  diameter 

e a r t h ' s  c r u s t  
The average percentage of an element i n  the  

Sedimentary rock formed from mineral p a r t i -  
i c a l l y  transported 

nely c r y s t a l l i n e ,  hydrous silicates 
e s u l t  of t he  weathering of such 

CLAY MINERALS 
t h a t  form a 
s i l i c a t e  mine feldspar,  pyroxene, and 

i 

CLEAVAGE 1: Mineral cleavag - a  property possessed 
by many minerals of breaking i n  c e r t a i n  prefer red  
d i r ec t ions  along smooth plane surface&. The planes 
of cleavage are governed by the  atomic pa t t e rn  and 
represent d i r ec t ions  i n  which atomic bonds are rela- 
t i v e l y  weak 2: Rock cleavage - a property pos- 
sessed by ce r t a in  rocks of breaking with r e l a t i v e  
ease along p a r a l l e l  planes o r  nearly p a r a l l e l  sur- 

a; 

-A 

& + >  

ces id 
if\ 

i U  I 

CONCORDANT PLUTON An in t rus ive  igneous 
contacts of which are p a r a l l e l  t o  t he  bedding of 
the country rock 

l i q u i d  o r  s o l i d  form 
CONDENSER A device f o r  reducing gases o r  vapors t o  

t ,- 

- 17 - 
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CONDUCTION Xn thermodynadcs, t he  t ransference of 
heat  through a medium or body &riven by B tempera- 
t w e  gradient  and no macroscopic 
wt&os 

reg on wi th in  the 
earkh where the E eat  flaw f s  dominbtcd by conduction 

Pounded water-vorp fragments o f  roc& or 

CONDUCTION PQMINAT p REGION 

OMEMTE 
kles ,  cemented tagather: by another mineral sub- 
ncei also a consolidated gravel  

iments a t  the time o f  deposit ion 
CONNATE WATER Water trapped i n  t h e  i n t e r s t i c e s  o f  

CONTACT The place P rface where t w o  different:  
kinds of rocks come ether .  Although used for 
sedimentary rQCk$ I e contect  between a lime- 
s tone and sandstone, it i s  more genefally used t Q  
ind ica te  the i n t e r f ace  between igneous Intrusions 
and their walls. 

l s t e d  to the in t rus ion  tor e x t r u s i  
t sk ing  place i n  
a bady o f  tgnequ 

CONTINENTAL R I S E  Th@ submarine eurface beyond t 
base o f  t h e  cont inental  slope, general ly  with a 
gradient of less than 1 irl 1 O O Q e  ac 
from about. 1313 o 5185 m and leadi  
abyssal p la ins  

merged marginal zon af a continent,  extending from 
the  shsre t o  a n ~ a b r u p t  increase i n  bottom inc l ina-  
tian; the gzea tes t  ayerage depth i s  less than 183 m e  
the slope general ly  I than ?. i n  IOOC, a locat 
relief lesa than 18'3 and a width ranging from 
very narr~w t o  mare than 323,8 km. 

a -  the cwtknen ta l  margin with a gra  
than I i n  40, beginning a t  t h e  outer 
t inentar  6hel.f and bounded on the  ou 

CONTACT flETAMORPHlbM MetamaqhiGm 

CONTINENTAL SHELF A e n t l y  sloping, 

CQNItNENTAL S QPE The COntfnUOUSly Y 

iiecrease i n  slope wh 
a t  depths ranging f r  

CONTOUR )rlb\p A p p  ahowiny the  Config 
76ur4ace by means of l ines  ccnnecting 
have the  same e leva t lan  

- 18 - 
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CONVECTION A process of mass movements of portions 
of any f l u i d  medium ( l iqu id  o r  gas) i n  a gravi ta -  
t i o n a l  f i e l d  as a consequence of d i f f e r e n t  tempera- 
t u r e s  i n  the medium and hence d i f f e r e n t  dens i t i e s .  

. The process thus moves both t h e  medium and t h e  heat 
and the  term is used t o  s ign i fy  e i t h e r  o r  both. 

rounding and penetrated by mineral veins;  i n  a wider 
sense applied t o  t h e  rocks invaded by and surround- 
ing  an igneous in t rus ion  

A s t a b l e  r e l a t i v e l y  immobile area of t h e  
ea r th ' s  crust t h a t  forms t h e  nuclear MSS of a con- 
t i n e n t  or the  cen t r a l  basin of an ocean I 

The t h i r d  and latest  of t h e  periods in- 
cluded i n  the  Mesozoic era; a l s o  the  system of 
strata deposited i n  the  Cretaceous period 

COUNTRY ROCK A general term applied t o  the rock sur- ' 

CRATON 

CRETACEOUS 

I CRISTOBALITE A type O f  quartz formed a t  high t e m -  
pera tures  I 

bance a t  which t h e  re f rac ted  and r e f l ec t ed  wave arrive 
a t  the same t i m e ;  that  is, the  r e f l ec t ion  from a lower 
medium, characterized by a g rea t e r  sound ve loc i ty ,  oc- 
curs a t  the  cri t ical  angle (angle of t o t a l  r e f l ec t ion )  

the  proper t ie  a l i qu id  and i t s  vapor become indis- 
t inguishable 

t h e  ea r th ;  t ha t . po r t ion  of t h e  e a r t h  above the  

C R I T I C A L  DISTANCE The distance from a seismic d i s tu r -  

C R I T I C A L  POINT temperature and pressure a t  w h i c h  

CRUST The li thosphere,  o r  s o l i d  ex te r io r  portion of 

ohorovicic d iscont inui ty  

STALLINE Having reg molecular s t ruc tu re ;  con- 

The temperature a t  which ferromag- 

trasted with amorphous 

n e t i c  e f f e c t s  are destroyed by thermal ag i t a t ion  i n  
ferromagnetic substances. 
t h e  curie temperature (or  c u r i e  po in t )  is t yp ica l ly  
500 t o  7OO0C. 

CUR1 E TEMPERATURE 

In common i ron  alIoys,  

CYCLE A sequence of changes a t  the  end of which the  
ifiitial s i t u a t i o n  has been re-established 
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DARCY R W i t  of permeability. The unit of the  barcy is 
g-cm/atmdsa since i n  Datcy’p e Utttion, length is i n  cm, 
pressure i n  atmospheres, m8B In gfamB, f l u i d  flow in 
cm3/13, and viscosity i n  centipoise - 0601 dyne-sfcm2 
5 O I O i  g/cm-s* 

DARCY’S EQUATtotJ l a t i onsh ip  for  the  fluif3 flw 
um t rate q through a 

where 

k = permeability, A * aross-sectional a rea ,  u p vis- 
cos i ty ,  and Ap = preseure d i f fe rence  acrosa: the  
thickness Alc  

DEBYE T E M ~ ~ ~ T X R E  A parameter with the  dimensions of 
temperature 
hea t  of a solid a t  constant volume. Above t h e  
Debye temperature, the s p e c i f i c  heat f o r  a l l  s o l i d s  
approaohes t h e  value bf about 6 c a l l g  mole-deg, t h e  
bulong and P e t i t  value. Far many common metali and 
sitnple compounds, the Debye temperature lies between 
100 and 300% and the  s p e c i f i c  heat a t  constaht vol- 
tlme i s  very nearly Constant: a t  room temperature$ and 
above. The Debye equation fo r  s p e c i f i c  heat is a 
quantum mechanical ca lcu la t l6n ,  and in prac t i ce r  
the Debye temperature is an ekperimentally de te r -  
mined parameter f o r  a given s o l i d .  

DENSIT  LOG A w e l l  log  t h a t  records the fbrmakion 
dens X ty. 
source and a de tec tor  shielded 60 t h a t  it records 
backscattefed gamma ray6 from the  formation 

Sediment formed from hccumulations 
o !! mineral6 and rocks derived e i t h e r  from mechanical 
erosion of previously exisping rock or from the  
medhanically weathered product$ of these sedimedts 

DEVONIAN I n  the o rd ina r i ly  ccepted c l a s s i f i c a t i o n ,  
t he  fourth i n  order ob age the periods cbmpfis- 
ing the Paleozoic e r a ,  f o l  ing the S i lu r i an  and 
precedihg the  Mississippian: a l s o  the  Gyaftem of 
s t r a t a  deposited a t  #a t  time. 
age of Fishes 

cu la r  w i t h  a pipe l ike  shape, usually ah a l t e r e d  
ultramafic rock containing diamonas 

n the  Debye equation f o r  t he  specific! 

The logging t o o l  cons i s t s  of h gamma-fay 

DET !TAL SED1)rlEN-f 

Sometimes c a l l e d  the  

DIAMOND PIPES htrusive bodies t h a t  a r e  rough 
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DIATOMITE 
hard p a r t s  (skeletons) of diatoms 

DIATOMS A microscopic, single-celled p l an t  growing 
i n  marine o r  f r e sh  water. D i a t o m s  have d i l iceous  
skeletons of  a g rea t  va r i e ty  of forms t h a t  may accu- 
mulate i n  sediments i n  enormous numbers. 

A tubular body of  igneous rock t h a t  c u t s  across 
t h e  s t ruc tu re  of ad jacen t  rocks or c u t s  massive rock.. 
Although most d i k e s  r e s u l t  from t h e  i n t r u s i o n  of  
magma, some are t h e  r e s u l t  o f  metamorphic processes.  

A S i l i C e O U S  sediment cons is t ing  of t h e  

DIKE 

DIORITE A plu tonic  rock composed e s s e n t i a l l y  of b 

Lr 

1. surveying 

-. sodic plagioclase (usually andesite) and mafic (datk) 
6 ’  minerals. Small amounts.of quartz and or thoc lase  

(potassium-sodium-aluminum-silicate) may be present. 

duced polar iza t ion ,  electrical, and electromagnetic 
DIPOLE-DIPOLE ARRAY An electrode a r r ay  used i n  in- 

* ’  

DISCORDANT ~ L ~ O N  An in t rus ion  that c u t s  across the  l b  

- 
2 ’  

bedding or f o l i a t i o n  of adjacent rock 

DOLOMITE 1: A mineral composed of the carbonate of b! ca lc ium and magnesium CaMg(CO3)g 2: A rock name 

+ *  
A roughly symmetrical upfold, the beds dipping 

l l y  from a poin t  

f o r  formations composed l a rge ly  of dolomite 

i n  a l l  d i r ec t ions  more o r  less 
DOME 

4Ilv 

D A suspension, gen y aqueous, used 
1 >  i n  ro ta ry  d r i l l i n g .  It i s  pumped downward through 

d r i l l  pipe t o  s e a l  o f f  porous zones and t o  co 
balance the  pressure of o i l ,  gas, p 

a DRILL PIPE Pipe t o  which the  b i t  i s  
which is ro ta ted  by a d r i l l .  Dr i l l i ng  f l u i d  circu- 

!d lates through the  pipe.  

#-? 

, u  
6 

d 

-- 
6 beneath the  e a r t h ’ s  sur face  t h a t  do 

u i f e r  or any o the r  source 
not have meteoric o r  juvenile water supplied t o  

EFFICIENCY The r a t i o  Of the US 
a machine or o ther  energy-converting p l an t  t o  the  
energy input 

I i i  I 
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EFFLUENT $: 6 glows ou t ,  BS an 
ing'branch o f  a main stream of lake 2: Waste mate- 
rial  (as smoke, l iquid Lndus 
discharged i n t o  t h e  env i  
ing bs a po l lu t an t  

ELECTRICAL SURVEY 
e a r t b t s  surface 
f i e l d s ;  used f o r  mappi 
basemqt formations 

t h a t  uses the  generation o f  electromagnetic waves 
a t  t h e  earth's'surface to penetrate  t he  e a r t h  and 
impinge on conducting format4ons or ore bodies. 
Currents are induced i n  the conductors which pro- 
vide the  source of new waves t h a t  radiate from the 
conductors and are detected by i n  
surface.  

EMISSIV~TY The.relat ive a b i l i t y  of a surface to emit 
radiant  energy c 
the same tempercbtu t h e  same area 

t i o n  o f  hea t  

a reversible  process as d H  = dQ + Vdp where Q i h  heat,  
V P volume,and p = pressure. 
procegses, the difference in enthalpy is  t h e  hea t  t rans-  
ferred; H f - l i i  = Q. Enthqlpy is  usually tabulated as 
specific enthalpy; 8s J/kg o r  Btu/lb. It  i s  a function 
of t he  s t a t e  o f  t h e  system and a t  constant pressure,  
&-Hi F Qt is t rue  €or phase changes, where Qt is  t h e  
hea t  of  transformation, 

#XECTRONAGNET I C PROSPECT] A geophysical me  

o an ideal black body a t  

ENDOTHERMIC Char by or formed with abs 

ENTHALPY In thexdynamics ,  enthalpy, H, is defined for 

For r eve r s ib l e  i soba r i c  

EBTPOPY In thermodynamics, entropy, 6,  is a func 

Of t he  s t a t e  of a Systemr defined by s2-s1 = J" 

For irreVexsi.ble processes, t h e  entropy of any iso-  
l a t e d  system @lWaYS increases,  and entropy is  a mea- 
s u r e  of t he  thermal energy i n  a s y s t p  t h a t  is no t  
avai lable  f o r  conversion i n t o  work. 

series of s t r a t a  deposited during t h a t  epoch 

dence t h a t  a f f e c t  l a rge  portions of cont inental  
areas  o r  t he  oceanic basins 

dQ 
1 

EOCENE 

EPE I ROGENY 

Second epoch of t he  Tert iary period; a l s o  me 

The broad movemento of  u p l i f t  and subsi- 
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EPICENTER 
above the o r ig in  of an earthquake 

EPIPALEOZOIC cks above t he  paleoz 

,EPITHERML 

The poin t  on t h e  e a r t h ' s  sur face  d i r e c t l y  

A deposit  formed from low-temperature 
hydrothermal so lu t ions  i n  rocks a t  shallow depths 

EPIZONE The "upper zone" of  metamorphism. In  t h i s  
zone the  physical conditions of metamorphism, which 
t h e  rocks c h a r a c t e r i s t i c a l l y  show,are a r e s u l t  of 
a moderate temperature, lower hydros ta t ic  pressure,  
and g r e a t  stress, 

A div is ion  of geologic t i m e t  when cap i t a l i zed  
it is a formal d iv is ion  of  geologic time correspond- 
ing  t o  a series of rock or a subdivision of  a geo- 
log ic  per iod .  

EQUATION OF STATE A mathematical formula t h a t  ex- 
presses t h e  r e l a t ionsh ip  of pressure,  volume, and 
temperature of a substance i n  any s ta te  o t  aggrega- 
t i o n  

. 

EPOCH 

E Q U I L I B R I U M  Equilibrium e x i s t s  i n  any System when 
he phases of t h e  system do not  undergo any change 
f p roper t ies  with the  passage of time, provided 

t h a t  t h e  phases have the  same proper t ies  when t h e  
same conditions,  with respect t o  the  var ian ts ,  are 
again reached by a d i f f e r e n t  procedure 

The seaward p a r t  of a geosynclind i n  
which volcanism is associated sediments de- 

EUGEOSYNCLINE 

chani c a l  weathe r i n  

Designating, o r  pe 
t h a t  occurs with a l i be ra t ion  of hea t  

igneous rocks t h a t  

i ng  poin t  of water is 212 degrees above zero 
(OF = 9/5 O C  + 32) 

has been displacement of the  sides r e l a t i v e  t o  one 
another p a r a l l e l  t o  t h e  f r ac tu re  

A f r ac tu re  o r  f r ac tu re  zone along which the re  
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FAULT BLOCKS A m ounded on a t  least two opposite 
s ides  by f au l t s .  
r e l a t i v e  t o  the  adjoining regions, or it may be ele- 
vated eelative t o  t h e  region on one s ide  and de- 
pressed r e l a t i v e  t o  tha t .on  the  other,  

FAULT SCARP 
scarps have been modified by erosion s ince  t h e  
f au l t i ng  

of the  general formula, M A 1  fA1,Si)jOg where M 
can be K, N a ,  Ca, Ba, Rb, Sr,  and Fe, Most wide- 
spread of any mineral group, fe ldspar  may cons t i t u t e  

,609 of  the ear th '$  c rus t ,  occurring i n  a l l  types of 
rock. When the  positive ion  is K+, t h e  mineral is 
orthoclaset  when it is Na*# it is a l b i t e ;  when it i s  
~ a + 2 ,  it is anos th i te ,  

rere rock-forming minerals cons is t ing  of alumino- 
silicates o f  sodium, potassium, o r  calcium and hav- 
ing too l i t t l e  s i l i ca  to  form feldspar 

FELSIC A mnemonic term derived from "fe" f o r  feld- 
spar ,  "1" f o r  lenads o r  feldspathoids,  and 's" f o r  
si l ica.  The term is applied t o  light-colored rocks 
containing an abundance af one o r  a l l  o f  these  con- 
s t i t uen t s .  Also applied to t h e  minerals themselves, 
t h e  chief f e l s i c  minerals being quartz,  fe ldspars ,  
feldspathoids, and muscovite. 

f a u l t s ,  inttU6iOnS, unconformities, and other sur-  
faces where rock formations meet; t he  f i e l d  geolo- 
g i s t  reconstructs t he  chronology and h i s to ry  of an 
area from these pa t t e rns  

F I R S T  LAW OF THERMODYNAMICS 
dynamics introduces the  concept of i n t e r n a l  energy 
of a system and expresses the  f a c t  t h a t  t he  change 
of  energy of a system is equal t o  the  amount of  en- 
ergy received from t h e  ex te rna l  world. The energy 
received from t h e  ex terna l  world is equal t o  the 
hea t  taken i n  by the sys tem and the work done on t h e  
sys  t e m  . 
rock,  A mere j o i n t  o r  crack pe r s i s t i ng  only f o r  a 
few inches o r  even a few f e e t  Ls not usually termed 
a f i s su re  by geologists or  miners, although i n  a 
str ict  physical sense it is. 

It may be elevated o r  depressed 

- 

A c l i f f  formed by a f a u l t ;  most fauZt 

FELDSPAR A group of abundant rock-forming minerals 

FELDSPATHOIDS (FOIDITES) A group of comparatively 

1 

F I E U  RELATIONS The t o t a l  pa t te rn  of contacts,  

The first l a w  of the rm-  

FISSURE An extensive crack, break, or f r ac tu re  i n  
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FLASH STEAM The steam generated when t h e  pressure on 
hot water (usually above 100°C) is reduced 

IFLUX 1: Passage across a physical boundary such as 
c02 from atmosphere t o  hydrosphere, o r  across a chemi- 
cal boundary as COz from atmosphere to drganic matter 
2: The rate of flow of a f l u i d ,  heat, o r  t h e  l i k e  

FOCUS 1: The source of a given set of e l a s t i c  waves 
2: The t r u e  center  o€ an earthquake, within which 
s t r a i n  energy is f i r s t  converted t o  elastic wave 
energy 

FOLIATION The l'aminated s t ruc tu re  r e su l t i ng  from 
segregation of d i f f e r e n t  minerals i n t o  layers.  
Fol ia t ion  i s  considered synonymous w i t h  "flow cleav- 
age," " s l a ty  cleavage," and s c h i s t o s i t y  by many 
writers t o  describe p a r a l l e l  f ab r i c s  i n  metamorphic 
rocks. 

FOOT WALL The s ide  t h a t  l ies  below an inc l ined  f a u l t  

FOREDEEPS A long, narrow, c r u s t a l  depression o r  
furrow bordering a folded orogenic belt o r  i s land  
arc on the convex side, commonly on the  oceanward 
s ide  

d i f f e r i n g  conspicuously from adjacent ob jec ts  o r  
material ,  o r  being noteworthy f o r  some other  rea- 

In s t ra t igraphy the primary u n i t  of formal 

t i n c t i v e  rock compositions. 
on t i m e  c r i t e r i a .  Formations may be combined i n t o  
groups o r  subdivided i n t o  members. 

rock sa tura ted  w i t h  an e l ec t ro ly t e ,  divided b 
r e s i s t i v i t y  of the e l ec t ro ly t e .  
verse l i n e a r  re la t ionship  between the formation fac- 
t o r  and the PO l i t y  of the rock. 

FOSSIL FUEL A mater ia l  containing 
s tored  s o l a r  e t h a t  can be used a s  fuel.  The 
most important oleum. 

duc t iv i ty  and heat flow: writ ten: 
where dt /dr  = temperature gradient,  q = heat flow, 
and k .C conductivity 

FORMATION 1: Something na tura l ly  formed, COHRnOnlV 

description. Most formations exh ib i t  d i s -  
Boundaries are not based 

FORMATION FACTOR The e l e c t r i c a l  resistance Of 

There is an 

FOURIERS LAW Relates temperature grad ien t  with con- 
dt /dr  = q/k, 
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FRACTIONAL CRYSTALLIZATION Separation of a magma . 
i n t o  two phases, c r y s t a l  and l iqu id ,  possibly fo l -  
lowed by a gross  separat ion of  the  two phases from 
each o ther  by o ther  processes 

ence of openings produced by the  breaking or shat-  
t e r ing  of an otherwise less pervious rock 

t h a t  i s  the maximum avai lable  f o r  doling work 

i s s u e ;  a spr ing o r  geyser t h a t  e m i t s  steam or gase- 
ous vapor; usually found i n  volcanic ateas 

FUSION 1: Isotope. The combination of two l i g h t  
nuclei  t o  form a heavier nucleus. The react ion is 
accompanied by the re lease  of a la rge  amount of 
energy a s  i n  the  hydrogen bomb 2 :  Petrology. 
The process whereby a s o l i d  becomes l i qu id  by the  
appl icat ion of heat ;  melting; a l so ,  the uni f ica t ion  
o r  mixing of two o r  more substances as  by melting 
together 

FRACTURE POROSITY Porosity resu l t ing  from the  pres- 

FREE ENERGY That port ion Of t h e  energy Of B system 

FUMAROLE A hole or vent from which fumes o r  vapors 

GABBRO A coarse-grained ( in t rus ive)  igneous rock 
composed e s sen t i a l ly  of the more calcic plagioclase 
feldspars  and one o r  more mafic minerals 

GAMMA A u n i t  of magnetic-field in t ens i ty ;  a gamma is 
10-5 oersteds or (1 /4  f)  10-2 ampere-turns/m 

GAMMA-GAMMA LOG See Density Log ' 

GAMMA-RAY LOG A well  log t h a t  records na tura l  radio- 
ac t iv i ty ;  i n  sediments t he  log mainly r e f l e c t s  sha le  
content because minerals containing radioact ive iso- 
topes tend t o  concentrate i n  sha les  and clays 

GAMMA-RAY WELL LOGGING A method of logging boreholes 
by bbserving the na tura l  rad ioac t iv i ty  of  rocks 
through which the hole passes. Developed f o r  log- 
ging holes t h a t  cannot be logged e l e c t r i c a l l y  

GAS CONSTANT In  the  idea l  gas l a w ,  PV = N RT, where 
R i s  the  universal  gas constant,  P i s  the  presshre, 
V is  volume, N t he  number of moles of gas,  and T 
the  temperature. The value of R depends upon t h e  
un i t s  i n  which the  quan t i t i e s  are measured; f o r  t he  
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i. 

mks system of u n i t s  R = 8.31~103 J/kg- 
more sophis t ica ted  equations of state,  where correction 
terms are added t o  the  ideal gas l a w  (such as t h e  
van der  Walls equation of state],  t h e  constant R is $' usual ly  re ta ined  with the same dimens s and magnitude. 

The cgs-em u n i t  of magnetic i n  
densi ty ,  1 gauss = 
The e a r t h ' s  magnetic f i e l d  is 0.25 t o  0.5 gauss. 9 )  

elements i n  rock, s o i l ,  sediment, vegetation, or 
water markedly d i f f e r e n t  from the  normal concentra- 
t i o n  i n  the  surroundings 

GEOCHRONOLOGY The Science Of absolu 
dat ing of  geologic events and forma 
through the  measurement of daughter elements pro- 
duced by radioact ive decay i n  minerals 

rock v a r i e t i e s ,  age re la t ionships ,  and s t r u c t u r a l  

GAUSS 
webers/m2 i n  the  mks system. 

GEOCHEMICAL ANOMALY A concentration of one or more 
lltri 
" t  
ti 

d 
t GEOLOGIC MAP A map showing surface d i s t r ibu t ion  of 

d fea tures  

c ?  t h ' s  magnetic field 

GEOPHYSICAL PROSPECTING The mapping of rock strut- 
tu res  by methods of experimental physics; included 

force of grav i ty ,  electrical  proper t ies ,  seismic 
wave paths and ve loc i t i e s ,  radioac 
flow 

! Y  
r *  are the  measurements of:  magnetic f i e l d s ,  the 

&d 

i n  basins are commonly char- 
ac te r ized  by abnormally high pressure,  high tempera- 

l u  
, generally l i n e a r  t 
hroughout a long period of 

t i m e  i n  which a t h i c k  succession of s t ra t i f ied  sedi- 
ments and possibly extrusive volcanic rocks commonly 
accumulated. The s t ra ta  of many 
been folded i n t o  mountains. Many 
have been d i f f e ren t i a t ed  and name 
of such a trough 3: A s t r a t ig raph ic  surface t h a t  
subsided i n  such a trough 

i-i 

: c 1  

i GEOTHERM (GEOISOTHERM) A curving surface within the  
,--. 
f i  

ear th along which the temperature is constant 
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GEOTHERMAL ENERGY The i n t e r n a l  energy of t h e  ea r th ,  
ava i lab le  to man as hea t  from heated rocks or water 

GEOTHERMAL FLUX A vector 'quant i ty  that measures the  
hea t  flow from t h e  inter ior  of t he  e a r t h  teward the  
surface. 
about 1.5 x 10'2 cal/m2-6. 

t u r e  i n  the  e a r t h  with depth. The gradien t  near  the 
surface of t h e  earth va r i e s  from place to  place Be- 
pending on the  hea t  f l o w  i n  the  region and on t h e  
thermal conduct ivi ty  of the  rock. Approximate aver- 
age geothermal gradient  i n  the ea r th ' s  c r u s t  is 
about 2S°C/km. 

GEOTHERMAL RESOURCE BASE A l l  of the  s tored  hea t  
above 15OC t o  a depth of 1 0  km 

able  using cur ren t  or near-current technology 

t e r i o r  

The global  average for t h i s  quant i ty  is 

GEOTHERMAL GRADIENT The rate Of increase of tempera- 

GEOTHERMAL RESOURCES Stored heat  t h a t  is recover- 

GEOTHERMIC; GEOTHERMAL The heat of t h e  e a r t h ' s  in- 

GEYSER A spring t h a t  throws f o r t h  in te rn t i t t en t  jets 
of heated water or steam. 
r e s u l t  from the contact  of ground water with hot  rock, 

GIBBS FUNCTION A thermodynamic function defined as 
G = H-TS, where H i s  enthalpy, T i s  temperature, 
and S i s  entropy. For revers ib le  isothermal and 
i soba r i c  processes,  G .is a constant and is a use- 
f u l  function i n  the  ana lys i s  of phase changes and 
chemical react ions.  

GNEISS A coarse-grained regional metamorphic rock 
t h a t  shows compositional banding and p a r a l l e l  align- 
ment of minerals 

bounded by p a r a l l e l  f a u l t s  created when the block 
t h a t  forms the  t rench moves downward relative t o  the  
blocks t h a t  form t h e  s ides  

The heat  is thought t o  

GRABEN An elongated, t renchl ike  s t r u c t u r a l  form 

GRANITE 1: In  a wide sense a coarse-grained acictic 
igneous rock cons is t ing  e s s e n t i a l l y  of quar tz ,  feld- 
spar ,  and mafic minerals,  by far  t h e  most abundant 
of a l l  p lu tonic  rocks 2: In  seismology, a rock 
i n  which ve loc i ty  of compressional waves l ies  be- 
tween 5.5  and 6.2 km/s 
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GRANODIORITE.. A gran i t e ,  i n  t he  wide sense, i n  which 
plagioclase fe ldspar  considerably exceeds a l k a l i  
feldspar;  intermediate i n  composition between a 
g ran i t e  and a d i o r i t e  

t he  magnitude f o r  the  e a r t h ' s  g rav i t a t iona l  f i e l d  

cu la ted  and observed terrestrial gravi ty ;  excess 
observed gravi ty  is pos i t ive  and deficiency is nega- 
t i v e l y  anomalous 

Measurements of t he  g rav i t a t iona l  
f i e l d  a t  a series of d i f f e r e n t  locations over an 
a rea  of interest. 
is t o  assoc ia te  var ia t ions  w i t h  d i f fe rences  i n  the  
dens i t i e s  and hence of rock types, 

A var i e ty  of sandstone generally charac- 
t e r i z e d  by i ts  hardness, dark co lor ,  and angular 
gra ins  of quartz,  feldspar,  and small rock fragments 
set i n  a matrix of clay-sized p a r t i c l e s  

GRAVIMETER 

GRAVITY ANOMALY 

An instrument f o r  measuring va r i a t ions  i n  

Difference between t h e o r e t i c a l  cal- 

GRAVITY SURVEY 

The objec t ive  i n  exploration work 

GRAYWACKE 

HALITE Native s a l t ;  sodium chloride; a common 

HALOGEN In chemistry, any one of t he  elements 

mineral of evaporites 

bromine, chlorine,  f luor ine ,  and iodine,  which, w i t h  
t he  metals, form compounds analogous i n  some respects 
t o  common sa l t  

HALOID Denoting any halogen de r iva t iv  

HANGING WALL An inc l ined  f a u l t  plane where one of 
the  displaced p a r t s  l ies above another. Its surface 
along t h e  f a u l t  plane i s  ca l l ed  the  hanging wall ,  

HEAT That form of energy t h a t  is t ransfer red  between 
two bodies as a r e s u l t  of the d i f fe rence  i n  tempera- 
t u r e  and governed by the  laws of thermodynamics. 

t he  f i r s t  l a w :  
I n  thermodynamics, heat is defined i n  terms of 

Uz - U1 = Q - W, i?e . ,  

the change is t he  i n t e r n a l  energy of a system, U 2 - U 2 ,  
is equal t o  the  heat Q flowing i n t o  the  system minus 
the mechanical work done by the  system, 

- 29 - 



HEAT CONTENT Although this term is  seldom used i n  
thermodynamics, its meaning is  e s s e n t i a l l y  the same 
as "enthalpy." Enthalpy is a function of t h e  state 
of t he  system but  it i s  meaningless t o  spec i fy  the  
"heat" of a system s ince  heat,  as defined by t h e  
f i r s t  l a w  of thermodynamics i s  not  a function of  the  
s t a t e  of the system. 

HEAT EXCHANGER A device i for  t r ans fe r r ing  hea t  from 
one f l u i d  t o  another. The f l u i d s  are usually (but 
not necessar i ly)  separated by conducting w a l l s .  

HEAT FLOW 
- e a r t h  by conduction (e.g., hea t  flow from a magma 

i n t o  i t s  surroundings) o r  rad ia t ion  ( rad ia t ion  from 
breakdown of radioactive elements) measured a t  the  
e a r t h ' s  sur face  ; t h e  average i s  about 1.5~10'6 
cal/cm2-s. 

cal/cm -s 

HEAT PIPE A closed.system (usually i n  the  form o f  a 
closed pipe) i n  which hea t  i s  t r ans fe r r ed  from one 
end t o  the  o the r  by a t r a n s f e r  of the  working medium 
within the  pipe accompanied by a change of phase a t  
each end. Because of t he  la rge  amounts of hea t  in- 
volved i n  t he  phase changes, l a rge  amounts of hea t  
can be t ransfer red ,  relative to  metallic conduction, 
provided t h e  c i r cu la t ion  of t he  working medium can 
be e f fec ted ,  

A device which,. by t h e  consumption of work 
o r  hea t ,  e f f e c t s  the  t r anspor t  of hea t  between a 
lower temperature and a higher temperature. In con- 
ventional usage, t he  term is  usually l imi ted  t o  a 
device whose usefu l  output is heat. 
u se fu l  output is the  removal of hea t  is ca l l ed  a re- 
f r igera tor .  

mometer t h a t  has a f a s t  response used f o r  logging 
open o r  cased bore holes with a temperature resolu- 
t i o n  of 0.5OF 

temperatures g rea t e r  than 150°F as defined by the 
U.S. Geological Survey Ci rcu lar  726 

Dissipation of hea t  coming from within the  

HEAT FLOY U N I T  'One hea ow u n i t  is equal t o  1x10'6 

HEAT PUMP 

A device whose 

H IGH-RESOLUTI ON THERMOMETER A small-diameter ther- 

H IGH-TEMPERATURE RESERVO I RS Reservoirs With base 

HORIZON A plane o r  l e v e l  of s t r a t i f i c a t i o n ,  which a t  
the  t i m e  of deposit ipn,  is assumed t o  have beerr hori- 

' zontal  and continuous. Thus the  s t r a t a ,  over the  en- 
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t ire e a r t h  t h a t  were formed a t  the same time belong 
t o  the same geological horizons. I n  paleontology, a 
stratum or strata characterized by a p a r t i c u l a r  f o s s i l  
o r  group of f o s s i l s .  In  seismology, t h e  sur face  di- 
viding two layers  of rock t h a t  can be detected by 
seismic methods. In  the  s o i l  sciences,  the  topso i l ,  
subsoi l ,  and parent material form d i s t i n c t  horizons, 

HORST 1: A mass of earth-crust  that  is l imi ted  by 
f a u l t s  and which stands i n  relief with respec t  t o  its 
surroundings 2: A block of t h e  ear th‘s  c r u s t  sepa- 
rated by f a u l t s  from adjacent r e l a t i v e l y  depressed 
blocks 

anomaly fs derfived from igneous formations i n  t h e  
upper 10  km of t h e  c r u s t  

radiogenically heated 

temperature than t h a t  of t h e  human body (98.6OF) 

culatfng l i q u i d  t h a t  t r a n s f e r s  most of t he  hea t  and 
la rge ly  cont ro ls  subsurface pressures. Characterized 
by hot springs t h a t  discharge a t  the  

composed o 

HOT IGNEOU SYST M A system i n  which the  thermal 

HOT ROCK 

HOT SPRING 

Per ta ins  t o  any rock t h a t  is volcanically o r  

A thermal spring whose water has a higher 

HOT-WAT R SYSTEM A system t h a t  is dominated by a cir- 

HYBRIDIZATION Derived from heterogene ources o r  

per un i t  of distance of flow pas t  a given poin t  and 
i n  a given d i r ec t ion  2: A vector po in t  function 

e a t e s t  decrease i n  rate 
crease i n  hydraulic head per u n i t  d i s -  

HYDROFRACTURE P permeability 
of strata near a w e l l  by pumping i n  a mixture of water 
and sand under high pressure. The hydraulic pressure 
opens cracks and bedding planes, and introduced sand 
serves t o  keep them open a f t e r  t he  pressure i s  re- 
duced, 
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HYDROLOGIC CYCLE 
water passes, beginning as an atmospheric vapor, pass- 
ing i n t o  l i q u i d  or  s o l i d  form as p rec ip i t a t ion ,  thence 

vapor by evaporation and t r ansp i r a t ion  

t ies  , d i s t r ibu t ion ,  and c i r cu la t ion  of water on the  
surface of t he  land, i n  the s o i l  and underlying 
rocks, and i n  the atmosphere 

water, the weight o f  which, if of u n i t  c ross  sect ion,  
i s  equal t o  the hydrostat ic  pressure a t  a poin t  

f o r  a given point  i n  an aquifer ,  passes through the ' 
top of a column of water ' that  can be supported by 
t h e  hydrostat ic  pressure of the  water a t  t h a t  point  

HYDROSTATIC PRESSURE Pressure exerted b 
water a t  any given poin t  i n  a body of water 

HYDROTHERMAL An adjec t ive  applied t o  heated 
aqueous-rich so lu t ions ,  t o  t h e  processes i n  which 
they are concerned, and t o  the  rocks, ore deposi ts ,  
and a l t e r a t i o n s  products produced by them. Hydro- 
thermal so lu t ions  are of  diverse  sources , including 
magmatic, meteoric, and connate waters. 

The Phase changes r e su l t i ng  
from the  in t e rac t ion  of hydrothermal f l u i d s  with 
pre-existing s o l i d  phases. 
and mineralogical changes i n  rocks brought about by 
the  addi t ion or removal of materials through t h e  
medium of hydrothermal f lu ids ,  

HYPROTHERMAL CONVECTION SYSTEMS In such a system 
most of the  heat is t ransfer red  by the  convective 
c i r cu la t ion  of water o r  steam ra the r  than by thermal 
conduction through solid rock. 

tended as a group name f o r  plutonic  and metamorphic 
classes of rocks 2: Applied t o  mineral or ore 
deposi ts  formed by generally ascending water 

water; &.e., g rea t e r  than 3.5% by weight 

posi ted a t  r e l a t ive ly  high temperatures (300° to  5OOOC)  

The complete cycle  through which 

- i n t o  the  ground, and f i n a l l y  re turning t o  spheric  
I 

HYDROLOGY The science t h a t  dea ls  with the  proper- 

HYDROSTATIC HEAD The height  of a v e r t i c a l  column of 

HYDROSTATIC LEVEL (STATIC LEVEL) m a t  l eve l ,  which 

HYDROTHERMAL ALTERATION 

Included are the  chemical 

HYPERGENIC 1: Used by S i r  Charles Lye11 and in- 

HYPERSALINE Water co ining more sa l t s  than ocean 

HYPOTHERMAL Pertaiping t o  hydrothermal ore veins de- 
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i . t  

IDEAL GAS A gas t h a t  obeys t h e  general  gas l a w  per- 
f e c t l y  (PV = NRT). The term implies: (a) atomic- 
s i zed  gas p a r t i c l e s ,  (b) t h e  molecules are i n  ran- 
dom motion and obey Newton's laws of motion, (c) t h e  
to ta l  number of molecules is large,  (d) t h e  volume 
of  t h e  molecules i s  a negl igibly small f r ac t ion  of 
the volume occupied by t h e  gas, (e) t50 appreciable 
forces act on t h e  molecules except during a c o l l i -  
s ion,  and ( f )  c o l l i s i o n s  are elastic and are of 

ki 

" I  
k neg l ig ib l e  duration. 

IGNEOUS ROCK 
cooling and s o l i d i f i c a t i o n .  I f  the s o l i d i f i c a t i o n  
occurred a t  depth, t h e  rock is  c a l l e d  "plutonic;" 
i f  formed from magma erupted onto t h e  surface,  
ca l l ed  "volcanic", 

Rock formed from a melt or magma by 

INTERMEDIATE ROCK 
52 and 66% Si02 

An igneous rock containing between 

INTERMEDIATE TEMPERATURE RESERVOIR 
which t h e  f l u i d  temperature is between 90 and lfO*C 

INTERMONTANE Lying between mountains. S t ruc tu ra l  
and topographic basin enclosed by diverging and 
converging mountain ranges 

u2 - u1 = 0 - W, the difference i n  the  i n t e r n a l  en- 
ergy, U 2  - U 1 ,  is equal to  the  hea t  supplied t o  the 
system minus the  work'done by the system. For an 
ideal gas,  t h e  i n t e r n a l  energy is a function of the 

r; 'i i n t e r n a l  energy for systems i n  general is equal t o  
t he  sum of t h e  k i n e t i c  and po ten t i a l  w t h e  molecules. 

INTRUSIVE F1 

A r e se rvo i r  i n  

/L 
; $ '  

INTERNAL ENERGY In the  f i rs t  l a w  Of thermodynamics, 
$ 1  

sd 
Y temperature alone; k i n e t i c  theory shows t h a t  t he  

Having been forced while i n  a f l u i d  s t a t e  
i n t o  o r  between other rocks, but so l id i fy ing  before 
reaching t h e  surface. 
rocks and contrasted with extrusive 

proceeds i n  one d i r ec t ion  spontaneously, without ex- 
t e r n a l  interference,  and cannot be returned to  i ts  
o r i g i n a l  s t a t e  without a chang n t h e  s t a t e  of its 

4 %  

Said o f  plutonic  igneous u 

id 
I R R E V E R S I B I L I T Y  The property of any process t h a t  2. 

it surroundings 

IRREVERSIBLE PROCESS In  thermodynamics, any Process 
t h a t  is no t  revers ible  (see reversible) .  All physi- 
cal processes i n  nature  a r e  i r r e v e r s i b l e ,  which 
means t h a t  t h e  entropy of any system increases and 
t h a t  t he  r ea l i zab le  eff ic iency of any r e a l  system 
i s  always less than t h e  Carnot efficiency. 

i .bJ 
i - j  
, G  1 
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ISENTHALPIC A process t h a t  takes place without any 
change of enthalpy; i.e., t he  i n t e r n a l  energy p lus  the  
product of pressure and volume remains constant. 

ISENTROPIC 
entropy 

ISLAND ARC 
vex toward the  open ocean, margined by a deep sub- 
marine trench and enclosing a deep sea basin 

constant 

p a r a l l e l  dips;  it may be an a n t i c l i n e  o r  a syncline. 

A process t h a t  occurs with no change i n  

A curved chain of i s lands  generally con- 

ISOBARIC PROCESS 

ISOCLINAL FOLD In geology, a fo ld  whose s ides  have 

A process i n  which the pressure i s  

ISOMETRIC CHANGE A change i n  a gas t h a t  takes place 
a t  constant volume 

ISOTHERMAL PROCESS 
constant temperature. Isothermal re la t ionships  be- 
tween pressure and volume of a gas o r  o ther  f l u i d  
r e s u l t  when the  temperature i s  constant and when 
heat i s  added o r  subtracted by an outside substance 
o r  body. 

A process t h a t  takes place a t  a 

JOULE The SI u n i t  fo r  a l l  forms of energy or'work. 
The joule is equal t o  1 newton-meter, 1 W - s ,  o r  
1 kg-m2/s2. The ca lo r i e  i s  defined a s  4.1868 J. 

temperature with respect t o  pressure, measured a t  
constant enthalpy, (aT/aP),. For an i d e a l  gas, 
t h i s  coe f f i c i en t  is zero; f o r  r e a l  gases, it can be 
negative o r  posit ive.  
process, cooling is  produced when the  Joule-Kelvin 
coe f f i c i en t  i s  negative. 

served when a gas undergoes an ad iaba t i c  expansion 
without doing ex terna l  work 

JOULE-KELVIN COEFFICIENT The p a r t i a l  der iva t ive  Of 

Applied t o  a t h r o t t l i n g  

JOULE-KELVIN EFFECT A change i n  temperature Ob- 

JOULE-THOMPSON EFFECT See Joule-Kelvin e f f e c t  

JURASSIC The middle of th ree  periods t h a t  comprise 
the Mesozoic era; a l s o  the  system of s t r a t a  de- 
posited during t h a t  period 

i o r  of the e a r t h  and has not  previously ex is ted  as 
atmospheric o r  surface water 
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KARST TOPRGRAPHY ToPograPhY t h a t  is formed, Over 
limestone, dolomite, o r  gypsum by dissolving; char- 
ac t e r i zed  by closed depressions, sinkholes,  caves, 
and underground drainage 

based on thermodynamic pr inc ip les ,  i n  which zero 
is equivalent t o  -459.4OF o r  -273.2OC 

pipes, believed t o  have come from the mantle. some 
examples, such as those i n  South Africa, are diamond 
bearing, 

4 
i 

KELVIN-TEMPERATURE SCALE A scale of temperature i L! 
i Ii 
J 

KIMBERLI~E An u l t r a  mafic rock, found i n  volcanic 

LACCOLITH A concordant, i n t rus ive  body t h a t  has I 

domed up the overlying rocks generally with a hori-  
zontal  f l o o r  but may be convex downward 

LACUSTRINE Pertaining t o ,  produced by, o r  formed i n  
A :  a lake 

I '  
% i '  

I - J  

I 
J 
I 

LAPILLI Volcanic ejecta consisting of fragments of 
lava of rounded o r  i r r egu la r  shape, varying i n  s i z e  
from t h a t  of a pea t o  t h a t  of a walnut 

LATENT HEAT The quantity of heat absorbed o r  re- 
leased i n  an isothermal transformation of phase 

LATERITIC Red o r  reddish s o i l  leached of Soluble 
minerals, alumina, and s i l ica ,  but  r e t a in ing  oxides 
and hydroxides of i ron  

f i s s u r e  i n  the e a r t h ' s  surface; a l s o  t h e  same mate- 
LAVA F l u i d  rock t h a t  i s s u e s  from a volcano o r  a 

di.fied by cooling 

The washing or draining by percolation: 
ve minerals or metals 

LEUCOCRATIC Light-colored rock 

LIMB 

ac id  o r  water 

rocks, conta in i  between 0 and 30% dark minerals 

o p a r t s  of an a n t i c l i n e  o r  syn- 
c l i n e  on either s ide  of t he  ax is  

A bedded sedimentary deposit  consisting 

Limestone is the  most important and 

One of the  

LIMESTONE 
ch ie f ly  of calcium carbonate (CaC03) y ie ld ing  l i m e  
when burned. 
widely d i s t r ibu ted  of carbonate rocks and is t h e  
consolidated equivalent of limey mud, calcareous 
sand, o r  s h e l l  fragments. 
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LITHOLOGY The physical character of  a rock; gener- 
a l l y  determined,megascopically o r  w i t h  the a i d  of 
a low-power magnifier 

s t rength  r e l a t i v e  t o  t h e  underlying asthenosphere 
' f o r  deformations a t  geologic rates, which includes 
the  c r u s t  and p a r t  of t he  upper mantle and is of the  
order of 100 km th ick  2: I n  geochemistry and 
general  geology, the s i l i c a t e  s h e l l  of the  ea r th ,  
including mantle and c r u s t  

c r u s t  of the  e a r t h  caused by the weight of overly- 
ing rock 

i n t o  the  form of a basin 

LITHOSPHERE 1: In p l a t e  t ec ton ic s ,  a l aye r  of 

LITHOSTATIC The equal, al l-sided pressure i n  the  

LOPOLITH A large floored in t rus ion  sunken cen t r a l ly  

LOW-TEMPERATURE RESERVOIR Geothermal reservoi rs  with 
base temperatures less than 90°C 

MAFIC Pertaining t o  o r  composed dominantly of t h e  
magnesian rock-forming s i l i c a t e s ;  s a id  of some 
igneous rocks and t h e i r  cons t i tuent  minerals. Con- 
t r a s t e d  with f e l s i c .  In general, synonymous with 
"dark minerals" 

MAGMA 
which an igneous rock r e s u l t s  by cooling 

MAGMA A S S J M I U T I O N  
of material o r ig ina l ly  present i n  the  w a l l  rock 

MAGMA DIFFERENTiATION 
e n t  types of igneous rocks a re  derived from a s ing le  
parent magma, or by which d i f f e r e n t  p a r t s  of a s in-  
g l e  molten mass assume d i f f e r e n t  compositions and 
tex tures  as it s o l i d i f i e s  

Molten rock material  within the  e a r t h  from 

The incorporation i n t o  a magma 

The Process by which d i f f e r -  

MAGMATIC WATER 

MAGNETIC ANOMALY Any departure from the  normal mag- 

Water t h a t  e x i s t s  i n  or is derived 
from molten igneous rock o r  magma 

n e t i c  f i e l d  of t he  ea r th  

MAGNETIC VARIOMETER An instrument used t0 meaSUte 
var ia t ions  i n  a magnetic f i e l d  

components of t h e  horizontal  e l e c t r i c  and magnetic 
f i e l d s  induced by natura l  primary sources a re  mea- 

MAGNETOTELLURI C METHOD A method i n  which orthogonal 
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sured simultaneously a s  a function of frequency t o  
determine t h e  r e s i s t i v i t y  of e a r t h  s t ra ta  

Rising, columnar cur ren ts  of s o l i d  
from the  mantle; thought t o  be the  

source of "hot-spot volcanos," i.e., volcanism not  
associated with p l a t e  margins 

Number of u n i t s  of 
work t h a t  are equivalent t o  one c a l o r i e  of heat,  
its value being (4.1855 f 0.0004) x l o 7  ergs/cal a t  
15OC o r  4.1855 J/cal 

MESOTHERMAL Of havin 
mediate temperature 

MESOZOIC One of the d i v i s i  
t i m e ,  following the Paleozoic and succeeded by the  
Cenozoic: comprises the  Tr iass ic , Jurass ic ,  and 
Cretaceous periods; a l s o  t h e  s t r a t a  o f  rocks formed 
during that  e r a  

has p a r t i a l l y  o r  completely r ec rys t a l l i zed  i p  re- 
sponse t o  elevated temperature and pressure 

It 

MECHANICAL EQUIVALENT OF HEAT 

METAMORPHIC ROCK An igneous o r  sedimentary rock t h a t  

no t  associated with sedimentation, The nonvolcanic 
aspect of an orthogeosyncline (a geosyncline between 
continental  and oceanic c ra tons) ,  located near t h e  
cont inenta l  craton. 

MKS Meter, kilogram, Solar second system of 'funda- 
mental standards 
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MOHOROVICIC DISCONTINUITY (MOHO) Seismic discon- 
t i n u i t y  s i t ua t ed  about 35 km below the  cont inents  
and about 10 km below the oceans tha t  separates  t h e  
earth's c r u s t  and mantle 

proximately equal amounts of or thoclase and plagio- ' 
clase and is intermediate between syeni te  and dio- 
rite. Quartz is usually present, bu t  i f  it exceeds 
2% by volume, it is c l a s s i f i ed  as quartz  monzonite. 

MONZONITE A granular plutonic  rock containing ap- 

MUD POT A type of hot  spr ing cons is t ing  of a shallow 
p i t  or cavi ty  f i l l e d  with hot,  bo i l ing  mud which 
ca r r i e s .ve ry  l i t t l e  water and a large amount of fine- 
grained mineral matter 

he igh t  of 250 f t  b u i l t  around a spr ing  by mud 
brought t o  the  surface by slowly escaping na tura l  
gas 

MYLONlfE 
extreme crushing and mi l l ing  of  rocks during move- 
ment on f a u l t  surfaces  

MUD VOLCANO A cone-shaped mound w i t h  a maximum 

A fine-grained laminated rock formed by 

NAPPES 1: Faulted overturned fo lds  2: A large 
body of rock t h a t  has moved forward more than 1 mi 
from its o r ig ina l  posi t ion,  ei ther by overthrust ing 
o r  by recumbent folding 

NECK 
t h a t  i s  exposed by erosion 

NONCONFORMITY Where the o lde r  rocks were metamor- 
phosed and exposed by profound erosion before the  

' s t ra ta  were la id  down on them, there is a major 
unconformity, representing a h ia tus  of g rea t  dura- 
t ion .  To  dis t inguish unconformities of this s ig-  
nif icance,  the  term "nonconformity-" is used. 

been depressed r e l a t i v e  t o  the  foot  w a l l  

ous rock t h a t  is very dense and even-grained 

A l ava- f i l l ed  conduit  of an e x t i n c t  volcano 

NORMAL FAULT 

NOVACULITE A light-colored cryptocrys ta l l ine  silice- 

A f a u l t  where t h e  hanging w a l l  has 

OERSTED A un i t  o f  magnetic-field in t ens i ty  i n  f r e e  
space; t h e  f i e l d  which would exe r t  a force of 1 dyne 
on a u n i t  magnetic pole 
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OIL SHALE A fine-grained laminated sedimentary rock 
containing kerogen (i.e., material from which 
petroleum can be obtained by d i s t i l l a t i o n )  

OLIGOCENE 
Ter t ia ry  period is ord ina r i ly  divided; a l s o  the  
series of strata deposited during t h a t  epoch 

OLIGOCLASE 
series w i t h  more sodium than calcium i n  its composi- 
t i o n  

OPAQUES 
t h i n  sec t ion  under a microscope 

ORDOVICIAN The second of seven Paleozoic periods 
generally used i n  North America; a l s o  the  s t r a t a  of 
t he  system of rocks deposited during t h a t  period 

quant i ty  so t h a t  it may be prof i tab ly  mined. 
mineral, o r  mineral aggregate, containing precious 
o r  useful metals o r  metalloids,  t h a t  occurs i n  such 
quant i ty ,  grade, and chemical combinations as t o  
make ex t rac t ion  commercially p ro f i t ab le ,  

OROGENIC The process of forming mountains, particu- 
l a r l y  by folding and thrus t ing  

OROGENIC CYCLE The geotectonic cycle i n  which a 
mobile b e l t  (geosyncli e )  is folded and deformed 
i n t o  a stable orogenic be l t ,  having passed through 
preorogenic, orogenic, and post-orogenic phases 

The t h i r d  of t h e  epochs i n t o  which the  

A mineral of the  plagioclase fe ldspar  

Minerals t h a t  transmit no l i g h t  through a 

ORE A mineral of s u f f i c i e n t  value, qua l i t y ,  and 
A 

ORTHOCLASE A member of t h e  feldspar group 
( K A 1 S i 3 0 S )  - -  

othermal sourcer when the  r a t i o  of 
hea t  removed by a f l u i d  (water o r  steam) t o  the  nor- 
mal hea t  flow i n t o  t h e  volume of the  f l u i d  exceeds 
uni ty ,  the  r a t i o  i s  c a l  the overdraft .  

t he  Precambrian and Mesozoic, comprising the  Cam- 
br ian ,  Ordovician, S i lu r i an ,  Devonian, Carboniferous, 
and Permian systems. 

are recoverable a t  a cos t  between one and two t i m e s  
t he  cur ren t  p r i ce  of competitive energy 

One of t he  er  ologic t i m e ,  between 

PARAMARGI NAL GEOTHERMAL RESOURCES The resources t h a t  
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PASSIVE M i  CROWAVE TECHNIQUE kadiometry conducted i n  
the  microwave region of t he  &lectromaghekic spec- 
trum 

P E G M T I T E  An exceptionally coarse-graihed tock 
(most gra ihs  are 1 cm or more i n  diameter) df igne- 
ous o r i g i n ,  with intePlocking c r y s t a l s  

PENEPLAfEI 
nearly f l a t  or broadly uridulatihg p l a i n  

PERAKLALINE Zn t h e  Shand c l a s s i f i c a t i o n  of igneous 
rock, a d iv is ion  embracing those rocks i n  which the  
molecular proportioh of alumina i s  less than t h a t  
of soda aiid potash combined 

The permeability of a rock is  its 
capacity f o r  t r a i i s n i i t t i n g  a f lu id .  
meability depends upo!. the  s i z e  and shape of the  
pores, the  s i z e  and shape of t h e i r  interconnections,  
and the  ex ten t  of  the l a t t e r .  I t  is measured by 
the  r a t e  a t  whikh a f l u i d  of standard v i scoe i ty  can 
move a given diatance through a given i n t e r v a l  of 
t i m e .  The u n i t  of permeability i s  the  darcy. 

A land sur face  worn by erosion t o  a 

PERMEABfLITY 
Degree o f  per- 

PERMEABLE ROCK Having a tex ture  t h a t  permits water 
t o  move through it perceptibly under the  head d i f -  
ferences orcqinarily found i n  sulmurface water. A 
permeable rock has communicating i n t e t s t i c e s  of 
cap i l l a ry  or supercapi l la ry  s i z e .  

PERMIAN The las t  (youngest) of seven periods of the  
Paleozoic era 

PERTHITE A var i e ty  of feldspar cons is t ing  of an 
intergrowth of plagioclase and a l k a l i  fe ldspar  

t he  o r i g i n  o f  rocks, and more p a r t i c u l a r l y  With the  
o r i g i n  of igneous rocks 

PETROGENESIS A branch of geology t h a t  dea ls  w i t h  

i 
i PETROLOGY The branch of geology dealing with the  
I o r i g in ,  occurrence, s t r u c t u t e ,  and h i s to ry  of rock. 

1 which is concerned with the  descr ip t ion  and classi- 
Petrology is  broader i n  scope than petrography, 

f i ca t ion  of rock. 

I PHASE 1: A Variety d i f f e r i n g  i n  some minor re- 
i spec t  from the  dominant or normal type: a f ac i e s ,  
i ord ina r i ly  used i n  the de t a i l ed  descr ip t ion  of 

d i s t i n c t  portion of matter i n  a nonhomogeneous sys- 
I igneous rock basses 2: A homogeneous, physically 
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t e m  3: An event on a seismogram marking the  
a r r i v a l  of an impulse o r  a group of waves a t  a de- 
t ec t ing  instrument and indicated by a change of 
period o r  amplitude, o r  both 

PHENOCRYSTS I so la ted  o r  individual c r y s t a l s ,  usually 
. v i s i b l e  t o  the  naked eye, t h a t  are embedded i n  a 

A term or ig ina l ly  applied only t o  

f i n e r  grained groundmass of igneous rocks 

water t h a t  occurs i n  t h e  upper p a r t  of t he  zone of 
s a tu ra t ion  under water-table conditions. Now it is  
applied t o  a l l  water i n  the zone of s a tu ra t ion ;  thus 

PHREATIC WATER 

xact synonym of ground water. 

o r  formed a t  the  base of mountains 

PLAGIOCLASE 1: A mineral series ranging from the  
composition NaAl Si308 t o  C a  A12 Si208 2: A con- 
venient designation fo r  t he  fe ldspars  bonsisting 
ch ie f ly  of silicates of sodium, calcium, and alumi- 
num as opposed t o  those consisting ch ie f ly  of  potas- 
sium and aluminum s i l i c a t e s  (i.e., a l k a l i  fe ldspars )  

ing the Quatern 

l i g h t  of d i f f e r e n t  po lar iza t ions  as it passes 

PLEISTOCENE The f the two epochs compris- 

PLEOCHRO~C The f d i f f e r e n t i a l l y  absorbing 

the  c r y s t a l  i s  op t i ca l ly  

f ive  epochs of t h e  Ter t ia ry  
deposited during 

ody of  i g  
rock t h a t  has formed beneath the  surface of the  
e a r t h  by consolidatio 

formed a t  grea 
re usually medium grained 

Contact metamorphism i n  which the  com- 

(1 t o  5 mm) t o  coarse grained (5  t o  30 mm). 

pos i t ion  of rock has been 
magmatic material  

POROSITY The r a t i o  of the aggregate volume of in- 
terstices i n  a rock or s o i l  t o  i t s  t o t a l  volume; 
usually s t a t e d  as a percent 
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PORPHYRITIC A t e x t u r a l  term f o r  those igneous roaks 
i n  which l a rge r  c r y s t a l s  (phenocrysts) are set i n  a 
f i n e r  ground mass which may be crystall ine,  glassy,  
o r  both,  

PRECAMBRIAN A l l  rocks formed before the  Cambrian era 

PRECAMBRIAN SHIELD A Continental block Of the  ea r th ' s  
c r u s t  composed of Precambrian rock t h a t  has been rela- 
t i v e l y  stable over a long period of t i m e  and has un- 
dergone only gentle warping. 

been explosively o r  a e r i a l l y  e jec ted  from a volcanic 
vent: a l s o  a general term fo r  the class of rock made 
up of these  materials 

An in4trUment f o r  measuring temperatures, 
espec ia l ly  those beyond the  range of mercurial 
thermometers, as by means of t h e  change of electric 
res i s tance ,  the production of thermo-electric cur- 
r en t ,  the expansion of gases, t he  s p e c i f i c  heat of 
s o l i d s ,  o r  the  in t ens i ty  of the  hea t  o r  l i g h t  
radiated 

PYROCLASTICS D e t r i t a l  volcanic mater ia l s  t h a t  have 

PYROMETER 

QUARTZ A mineral (Si021 composed exclusively of 
s i l i c o n  oxygen tetrahedra w i t h  a l l  oxygen6 joined 
together i n  a t h ree  dimensional network 

QUARTZITE Metamorphic rock commonly formed by meta- 
morphism of sandstone and composed of quartz 

QUATERNARY The younger of the  two g l a c i a l  periods 
o r  systems i n  the Cenozoic e ra .  Quaternary is 
subdivided i n t o  Pleistocene and Holocene (recent) 
epochs o r  series, 

RADIATION Any form of energy propagated as rays, 
waves, o r  streams of pa r t i c l e s :  espec ia l ly  l i g h t  
and o ther  electromagnetic waves, sound waves, and 
the  emissions from radioactive substances 

nuclei  of some of t he  isotopes of certain elements 
w i t h  the  emission of alpha o r  be ta  p a r t i c l e s ,  some- 
times accompanied by a gamma ray. 
emission change the  chemical nature of the  element 
involved; pure gamma emission is l imited t o  energy 
changes within a given isotope. 

RADIOACTIVITY The SpOntaneOUS dis in tegra t ion  Of the 

Alpha and be ta  
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RADIOGENIC Formed as a consequence of radioactive 
decay, as radiogeni e a t  or radiogenic helium ! 

RAPAKIVI  TEXTURE A t u r e  o r ig ina l ly  described 
I from Finnish grani tes .  In  typ ica l  specimens la rge  
1 flesh-colored potass ic  feldspars occur ?as rounded 

c r y s t a l s  a few centimeters i n  diameter and are 
mantled with white sodic plagioclase.  

during a decrease i n  

i n t o  a w e l l  o r  aqui fe r  

REGRESSIVE B O I L I N G  Boiling t h a t  occurs i n  a l i q u i d  i I: 
‘ i  REINJECTION The prOCeS 

ic” 
RESERVOIR A na tu ra l  undergr container of l i q u  i i  such as oil, water, o r  gases. In  general such 

&!4 
c t r i c a l  cur ren t  of g bounded medium, as opposed 

i ’  
i a l  about the sampling device, 
o the  w e l l ,  Res i s t iv i ty  may 
bes i n  contact with the  earth or 
r ry ing  and measuring AC currents.  

Ai 
a 1  

I *  5 
. 1  

i h  

193 

w 
il 

r -  

Y l  
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i 
REVERSIBLE PROCESS In thermodynamics, a process per- 

formed i n  such a way t h a t ,  a t  its conclusion, both 
the  system and the  loca l  surroundings may be restored 
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t o  their i n i t i a l  s t a t u s  without producing any change 
i n  the  rest of t h e  universe. The condition f o r  such 
a process is t h a t  it can be performed q u a s i s t a t i c a l l y  
(a succession of equilibrium states) and that no d i s s i -  
pation effects occur. An example of a r eve r s ib l e  cy- 
cle is the Carnot cycle and, as a consequence of t h e  
second l a w  of thermodynamics, no hea t  engine can have 
a g rea t e r  e f f i c i ency  than the  Carnot engine. 

The ex t rus ive  equivalent of ,g ran i te  RHYOLI JE 

RIFT ZONE 

S A L I N I T Y  1: A measure df the  quant i ty  of t o t a l  dis-  
solved salts i n  w a t e r  2: h measure of t he  t o t a l  
concentration of dissolved s a l t s  i n  s a l i n e  water 

t a l  sediment composed predominantly of quartz grains 

l i q u i d  and vapor phases, as the vapor-liquid mixture 
is compressed along an isotherm-at t h a t  po in t  where 
the vapor phase j u s t  disappears-the l i q u i d  is sa id  
t o  Be saturated.  The d i s t i n c t i o n  between l i q u i d  and 
vapor phases disappears at pressures higher than t h e  
c r i t i c a l  pressure and a t  temperatures higher than the 
critical temperature. On a T versus P p l o t ,  this is  
ca l l ed  the  c r i t i c a l  point. For water, the  critical 
poin t  is 218 atm and 3 7 5 V .  

A system of c r u s t a l  f r ac tu re s  and f a u l t s  
1 

SANDSTONE 

SATURATED LIQUID 

A cemented or otherwise compacted d e t r i -  

On a PV diagram f o r  a substance w i t h  

SATURATED VAPOR 

SCHIST 

A vapor that I s  i n  equilibrium with 
its l iqu id  a t  a '  given temperature and pressure 

Any of a class of c r y s t a l l i n e  rocks whose con- 
s t i t u e n t  minerals have a more-or-less p a r a l l e l  or 
f o l i a t e d  arrangement due mostly to metamorphic ac t ion  

determination of layering in terms of electrical re- 
s i s t i v i t y  of e a r t h  strata t o  a g rea t  depth 

statement, no process i s  possible whose s o l e  r e s u l t  
is the  abs t rac t ion  of heat from a s ing le  r e se rvo i r  
and t h e  performance of an equivalent amount of work, 
From t h i s  l a w  it follows t h a t  every ac tua l  process 
i n  an i so l a t ed  system is  accompanied by an increase 
i n  entropy. The important p r a c t i c a l  consequence i n  
the second l a w  is t h a t  no heat engine operating i n  
cycles between two reservoi rs  a t  given temperatures 
can have a s  grea t  e f f ic iency  a s  a revers ib le  (Carnot) 
engine operating between t h e  same two re se rvo i r s ,  

SCHL~MBERGER SOUNDING A technique used f o r  de t a i l ed  
. 

SECOND t A W  OF THERMODYNAMICS In  t h e  Kelvin-Planck 
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I 
I 
! . -  u SEDIMENTARY Descriptive term f o r  rock formed of sedi- 

ment, especial ly:  (a) clastic rocks such as con- 
glomerate, sandstone, and shales  formed of fragments 
of o ther  rock transported from t h e i r  sources and de- 
posi ted i n  water; (b) rocks formed by prec ip i ta t ion  
from solut ion,  such as rock s a l t  and gypsum, or from 
secret ions of organisms, such as m o s t  limestone, 

i i SEDIMENTARY BASIN A geologically depressed area w i t h  
t h i ck  sediments i n  t h e  i n t e r i o r  and thinner  sediments 
a t  t h e  edges 

1 S E I S M I C  Pertaining to  an earthquake or e a r t h  vibra- 

i t '  

l i  

bi i 
those t h a t  are a r t i f  

ON That portion of 
s t rength with dis tance not dependent 

on geometrical spreading. 
the physical cha rac t e r i s t i c s  of t h e  t ransmit t ing 
media, involving re ct ion,  s ca t t e r ing ,  and absorp- 
t i o n ,  

The decrease depends on i ,  jh' 

i ,  
i b  

u 

S E I S M I C  DISCON U I T Y  Physical discont inui ty  within 
t h e  earth separating mater ia ls  i n  which seismic 
waves t r a v e l  a t  s ign i f i can t ly  d i f f e r e n t  velocities 

SELF-POTENTIAL METHOD An e l e c t r i c a l  exploration 
method i n  which one determines the  spontaneous elec- 
t r ica l  po ten t i a l s  (spontaneous polar izat ion)  t h a t  are 
caused by electrochemical react ions associated with 

mineral deposits.  

t ime-stratigraphic u n i t  t h  i s  ranked j u s t  
system: a term loosely used i n  petrology 

with t h e  general formula 

s i s t i n g  of these min- 
cterized by long f ibrous 

SHALE A laminated sediment i n  which the  
i i  p a r t i c l e s  are predominantly of t h e  clay grade: shale  

includes indurated,  laminated, hi 
cks underlyin continents t h a t  

range from g r a n i t i c  a t  t he  top  t o  gabbroic a t  t h e  
base. The thickness i s  variously placed a t  30 t o  35 
km. Specific gravi ty  i s  considered t o  be about 2.7. 
The name der ives  from the pr incipal  ingredients ,  
s i l ica  and alumina, 
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SILIC c US1 The p a r t  of the t h ’ s  c r u s t  t h a t  is high 
i n  si p ica content 

SILICEOUS Of o r  per ta in ing  t o  s i l i c a ,  
silica, o r  partaking of i t s  n a t u p ;  c 
dant qua r t z  

SjLlCEOUS SINTER 
f o r i t e  are names given t o  the  nearly white, o 
s o f t  and f r i a b l e ,  hydrated v a r i e t i e s  formed on 
evaporation of t he  s i l i ceous  Waters of ho t  springs 
and geysers, o r  through the  eliminating ac t ion  of 
algous vegetation. 

$ILURIAN The t h i r d  o f  se periods (before Devonian 

S i L i C e O U S  s i n t e r ,  geyser i te ,  and 

‘and a f t e r  Ordovician) of e Paleozoic; a l s o  t h e  sys- 
ng t h a t  period 

S ~ M A  The bas i c  outer  s h e l l  of t h e  ear th :  under the 
continents it underlies the i i a l ,  but h d e r  the  
Pac i f i c  Ocean it d i r e c t l y  underlies the oceanic water. 
Originally,  t h e  sima yas considered b a s a l t i c  i n  com- 
pos i t ion  with a s p e c i f i c  grav i ty  of about 3.0. In  
kecent years it has been suggested t h a t  t he  sipia i s  
ultramafic i n  composition with a s p e c i f i c  gray i ty  of 
about 3.3. 

SLATE The metamorphic equivalent of shale;  a hard, 
fine-grained rock w i t h  s l a t y  cleavage t h a t  may be 
grey, red, green, or black 

‘ O y l  
SONIC LQG An acoustic log used f o r  recording continu- 

the t r a v e l  t i m e  of sound from surface t o  an in -  
str ux e n t  Lowered down the  borehol? 

SPACE HEATING Tpe pFocess of supplying the  required 
heat for the  physical comfort of h 
houses, o f f i ces ,  o r  enclosed indust p lan ts .  The 
heat required f o r  a t yp ica l  domest 
average win te r  day i n  the U.S. is about 270OQBtu/h 
or 7.8 kW. 

SPECIF c HEAT 

STEAM 
. yerted when heated to t h e  boi l ing  point;  a vapor aris- 

The quantity of heat necessary t o  
’ t h e  temperature of 1 g of a given substance l b C  

Tbe i n v i s i b l e  vapor i n t o  which water is con- 

ck t h a t  covers less than 
! and is  generglly 

dant 
t - 46 - 

1 



STRATA 1: A sec t ion  of a formation that cons i s t s  
throughout of approximately the same kind of rock 
material 2: A s ing le  gedimentary bed or layer ,  
regardless  of thickness 

A succession Of sedimentary 
beds of in t e r r eg iona l  extent ,  chronologically ar- 
ranged w i t h  the o lde r  s t ra ta  below and the younger 
above 

mainly sedimentary rocks grouped for descr ipt ion,  
mapping, and correlat ion 

formation, composition, sequence, and co r re l a t ion  of 
the s t r a t i f i e d  rocks as p a r t s  of t h e  earth's c r u s t  

The course or bearing of t h e  outcrop of an in- 
c l ined bed or s t ruc tu re  on a level surface; t h e  direc- 
t i o n  or  bearing of a horizontal  l i n e  i n  t h e  plane of 
an incl ined stratum, j o i n t ,  f a u l t ,  cleavage plane, 

STRATI GRAPH1 C SEQUENCE 

STRATIGRAPHIC UNIT A Unit that cons i s t s  Of s t r a t i f i e d ,  

STRATIGRAPHY A branch of geology that treats the  

STRIKE 

s t r u c t u r a l  plane 

FAULT (TRANSCURRENT FAULT) A f au le  i n  
movement is lateral 

Most commonly used f o r  descent of a s l a b  of 
SUBDUCTION 

another. 
l i thosphere,  but appropriate a t  any scal 
t h e  process, not  the  s i te  

c r u s t a l  block descends r e l a t i v e  t o  another c r u s t a l  
block. Deep oceanic hes occur along subduction 
zones. 

SUBHEDRAL A descr ipt ive t e r m  for  those c 1s with 

The descent of one t ec ton ic  u n i t  under 

SUBDUCTION ZONE An elongated re 

loped c r y s t a l  faces  

e t r a n s i t i o n  of a substance d i r e c t l y  
from the solid state t o  the  vapor state, or vice ~ 

versa, without passing th ro  
l i q u i d  s tage 

eart E 's c r u s t .  
free side and surface material i s  displaced ve r t i -  
c a l l y  downward with l i t t l e  or no horizontal  component 

To cool below t h e  freezing point  without , 

solfdf f i c a t i o n  or c r y s t a l l i z a t i o n  

SUBSID NCE 1: A sinking of a large p a r t  of t h e  
2: Movement i n  which the re  is no 

SUPER 0 L 
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SUPERHEATED 1: A process of adding more hea t  than is  
necessary t o  complete a given phase change 2: I n  
magmas, the  accumulation of more h e a t  than  is  neces-' 
s a r y  t o  cause e s s e n t i a l l y  complete melting; i n  such 
cases t h e  increase i n  temperature o f  t h e  l i q u i d  above 
t h e  l i qu idus  temperature f o r  any major mineral  compo- 
n e n t s  is c a l l e d  t h e  superheat.  

SUPERSATURATED A so lu t ion  t h a t  contains more of t he  
so lu t e  than is  normally present when equilibrium is 
es tab l i shed  between the  sa tura ted  so lu t ion  and undis- 
solved so lu t e  

S-WAVE That type of seismic bodywave t h a t  is propa- 

It does not  t r a v e l  through l iqu ids  o r  

gated by a shearing motion of material ,  so t h a t  there  
i s  o s c i l l a t i o n  perpendicular t o  the  d i r ec t ion  of 
propagation. 
through the  outer  core of the  earth. 

sium 

SYNCLINE 

. SYLVITE A mineral (KC1);  t he  pr inc ipa l  o re  of potas- 

A fo ld  i n  rocks i n  which the  s t r a t a  d i p  in- 
ward from both sides toward the  axis. 
a fo ld  t h a t  is concave upward 

superimposed minor f a u l t s  

In o ther  words, 

SYNCLINORIU~! A broad regional syncline on which are 

TECTOGENESIS The process by which rocks are deformed; 
more spec i f i ca l ly ,  t he  formation of fo lds ,  f a u l t s ,  
j o i n t s ,  and cleavage 

TECTONIC O f ,  per ta in ing  t o ,  o r  designating the  rock 
s t r u c t u r e  and ex terna l  forms r e su l t i ng  from the 
deformation of the  e a r t h ' s  c r u s t  

including the r i s ing ,  s t a b l e ,  and subsiding areas  

of major s t r u c t u r a l  features produced by u p l i f t ,  
downwarp, o r  f au l t i ng ,  together with the  major l inea- 
t i o n  within such fea tures  

TECTONIC FRAMEWORK 

TECTONIC MAP 

The s t r u c t u r a l  elements of a region 

A map on which' a re  shown areas or l i n e s  

TELESEISM 
km away 

An earthquake whose epicenter i s  over 1000 

TELESEISMIC P-DELAY The delay i n  t he  a r r i v a l  of P(com- 
pression) waves from d i s t a n t  ep icenters ,  usually over 
1000 km away 
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i depths of the  h 
TELLURIC 

TEMPERATURE an i f e s t a t ion  of t 

Pertaining t o  t h e  ear th ,  p a r t i c u l a r l y  the  

t i o n a l  k i n e t i c  energy of the  molecules of a substance 
I 

TERTIARY The o lder  of two geologic periods com- 
a l s o  the  system of rocks 

. 
THERMAL C O N D U C T I V I N  A quant i ty  f o r  measuring o r  

specifying t h e  a b i l i t y  of a material t o  conduct heat. 
For an area A, length x, and conductivity A ,  the  r a t e  
of hea t  t r a n s f e r  is given by 

dQ dT - = XA a;; d t  
u n i t s  i n  c a l / s - c m * ° C .  

A thermal property of matter, w i t h  t he  d 
area per un i t  t i m e  

work) achieved by system o r  device to the  heat in-  
pu t  to t he  sys tem r device. Efficiency so defined 
has a maximum value determined by t he  f i r s t  and sec- 
ond laws of thermodynamics; 

o r  t h e  dimensions of 

THERMAL D I F F U S I V I T Y  Coefficient of thermal d i f fus ion .  

THERMAL EFFICIENCY The r a t i o  Of t he  ener ! '  
i Q  

it  is defined f o r  a 

tance t h a t  is useful fo r  measuring temperature i 
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THERMOCOUPLE An electrical c i r c u i t  consis t ing of dis- 
similar metals ' joined or welded a t  two junctions. 
po ten t i a l  difference i s  developed between t h e  junc- 
t i o n s  i f  they are a t  d i f f e r e n t  temperatures, 

l i t t l e  o r  no o l i v i n e  (magnesium-iron silicate) and 
normative quartz,  Opposite to t h e  ol ivine-basal t  
magma type 

THRUST FAULT A reverse  f a u l t  t h a t  is character ized 
by a l o w  angle of i nc l ina t ion  with reference t o  a 
horizontal  plane 

TILTMETER 1: A device f o r  observing surface d i s tu r -  
bances on a bowl of mercury, employed i n  an attempt 
to  p red ic t  earthquakes 2: An instrument used to ' 
measure displacement of t h e  ground su r f  ace from t h e  
horizontal  

TRACHYTIC Rock characterized by s m a l l  prisms of feld- 
spa r  lying roughly p a r a l l e l  and arranged i n  lines 
presumed t o  have been p a r a l l e l  t o  t h e  flow l i n e s  o f  
t h e  lava from which the  rock was formed 

TRANSFORM FAULT A f a u l t  i n  which the  dominant move- 
ment i s  lateral ,  c h a r a c t e r i s t i c  of mid-ocean r idges 
and along which the  ridges are  o f f s e t  

A 

THOLEI ITIC MAGMA A type of b a s a l t i c  magma containing 

TRAVERTINE Calcium carbonate (CaCO31 of  l i g h t  co lo r  
and usually concretionary and compact, deposited 
from solut ion i n  ground and surface waters. Ex- 
tremely porous or c e l l u l a r  v a r i e t i e s  are known as 
calcareous t u f a ,  calcareous s i n t e r ,  or spr ing de- 
posi t .  Travertine forms the  s t a l a c t i t e s  and s ta lag-  
m i t e s  of limestone caves and t h e  f i l l i n g  of some 
veins and ho t  spr ing conduits. 

T R I A $ S j C  The e a r l i e s t  of the  th ree  periods of t h e  
yesozoic era: a l s o  the  system of s t r a t a  deposited 
during t h a t  t i m e  

A point  or small region where th ree  
p l a t e s  meet; also the  condition under which a spb- 
stance can e x i s t  i n  equilibrium i n  its th ree  phases, 
gas,  l i qu id ,  and s o l i d  

general ly  smaller than 4 mm i n  diameter 

TRIPLE POINT 

TUFF A rock formed of compacted volcanic fragments, 
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T U R B I D I T E  A Current flowing down a slope and spread- 
ing  o u t  on the  ocean floor: a sedimentary deposit  
cons is t ing  of material t h a t  has moved down the s t eep  
slope a t  the  end of a continental  shelf  

T U R B I D I T Y  CURRENT A curren t  Of Smal l  s o l i d  p a r t i c l e s  
carried i n  a moving body of water 

TWO-PHASE FLOW The flow Of B substance (e.g., water) 
under conditions of temperature and pressure a t  which 
both t h e  l i qu id  and vapor phase are present 

some igneous rocks and most 
v a r i e t i e s  of meteorites containing less than 45% 
silica: containing v i r t u a l l y  no quartz o r  feldspar,  
and composed e s sen t i a l ly  of ferromagnesium silicates, 
metallic oxides, and su l f ides  and na t ive  metals o r  of 
a l l  t h ree  

For a heat engine working i n t o  a 
cold reservoi r  a t  temperature To, f o r  any i r r eve r s i -  
ble process, the  thermal energy t h a t  is unavailable 
f o r  work is given by To AS, where AS is t h e  increase 
i n  entropy f o r  t he  i so l a t ed  system 

UNCONFORMIT~ A surface of erosion t h a t  separates 
younger s t r a t a  from older  rock 

ment of water i n  t h e  ground, t h e  f lux  of which across 
any surface is equal t o  t h e  mass of water t h a t  crosses 
the surface per  u n i t  t i m e  

t h a t  does not contain the  maximum amount of t he  sub- 
stance i n  the  gaseous phase 

ULTRAMAF! C (ULTRABASIC) 

U N A V A I M L E  ENERGY 

UNITARY FLOW VECTOR A Vector the  displace- 

UNSATURATED VAPOR A vapor a t  a ce r t a in  temperature 

VAPOR DOMINATED 
s u r e s  are controlled by vapor rather than by l i qu id  

VAPORIZATION 
verted i n t o  vapor 

VAPOR PRESSURE The pressure a t  which a l i q u i d  and its 
vapor are i n  equilibrium a t  a given temperature 

v ~ s c o s ~ f y  In t e rna l  f r i c t i o n  caused by molecular cohe- 
s ion  i n  f lu ids :  t h e  i n t e r n a l  proper t ies  of a f l u i d  
t h a t  o f f e r s  res i s tance  t o  flow 

A geothermal system i n  which pres- 

The process by which a l i qu id  is con- 
\ 
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VOLCANIC O f ,  per ta in ing  t o ,  l i k e ,  o r  c h a r a c t e r i s t i c  
of a volcano: characterized by o r  composed of vol- 
canoes; produced, influenced, or changed by a volcano 
o r  by volcanic agencies; made of mater ia l s  derived 
from volcanoes 

The mount  of heat required 
t o  raise the  temperature of a u n i t  volume (usually 
1 cm3) l°C. For rocks, t he  mass s p e c i f i c  hea t  usually 
varies inversely as t h e  density and t h e  volumetric 
s p e c i f i c  heat is a reasonably good constant, equal to  
about 0.6 cal/cm3 OC over t h e  range of normal exter- 
i o r  e a r t h  temperatures, 

VOLUMETRIC SPECIFIC HEAT 

WATER TABLE The surface between the  "zone of satura- 
t ion"  and the  "Tone of aeration;" t h a t  sur face  of a 
body of unconfined ground water a t  which the  pressure 
is equal t o  t h a t  of the atmosphere 

t h e  d is tance  through which the  point of application 
of force moves 

WORK The product of the  force ac t ing  upon a body and 

XENOLITHS A fragment of other rock or  of an earlier 
s o l i d i f i e d  portion of the  same mass enclosed i n  an 
igneous rock: an inclusion: an enclave 

, 
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2. DEFINITION OF GEOTHERMAL TEMPERATURE GRADIENT 

The geothermal temperature gradient is defined as dTfdr, 

In  the  ear th 's  crust, the  thermal 
where T is the  temperature and r is depth below the  ear th 's  
surface, measured ver t ica l ly .  
gradient is ( in  general) posi t ive,  and its average value is 

= 25"Cfkm = 2.5 x los2 "Cfm d r  
- - 1.37 'Ff100 f t  . (1) 

Where conduction is the dominant method of heat flow from the hot  
i n t e r i o r  of the  ear th ,  the thermal gradient, while posi t ive,  I s  
not wns tan t ,  but can be given at any point i n  the earth's c rus t  
by 

where q is the heat flow and K the  thermal conductivlty. The 
global average of the. heat flow, from the interior through the 
surface of the ear th  is 

I 

2 2 q - 1.5 x calfcm s - 1.5 x calfm s - 1.5 ucalfcm s * 1.5 HFU (3) 
2 

The conductivity of rock typical ly  var ies  from 0.4 t o  1.0 calfms 
'C. I f  q is  kept fixed at 1.5 x 10'2 cal/m2 s, then 

dT 15'Cfkm S S 37.5"Cfkm 

Thus, fo r  regions of near "normal" o r  average flow, deep 
holes i n  dry rock can show s igni f icant  var ia t ions i n  thermal gra- 
dient  from the difference In thermal conductivity alone. 
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In  the presence of a f l u i d  (water o r  steam), the  convec- ei 
t ive  flow of the  f lu id ,  not  rock conduct ivi ty ,  w i l l  determine the  
l o c a l  temperature. 
d ien t  can disappear o r  change sign as the aqui fe r  containing the  
water flow is penetrated. 

t ions  of geothermal energy are those where the  geothermal gra- 
dient  is in excess of normal. In  regions devoid of water, such a 
region can ex i s t  i f  there is an abnormally high beat flow caused 
by an intrusion of hot magma near the surface, a source of radio- 
genic heat capped by a layer  of rock of low thermal conductivity, 
o r  any favorable combination of high heat flow and low thermal 
conductivity. 

I; 
t' 
L 
1' 

Thus i f  a water t a b l e  e x i s t s ,  t he  thermal gra- 

: The regions tha t  are presently of i n t e re s t  f o r  applica- 

Until the  present t i n r e ,  p rac t ica l  applications of geo- 
thermal energy have been limited t o  those cases *here hot  water o r  
steam is avai lable  a t  depths accessible by conventional d r i l l i n g  
k thods .  Such thermal reservoirs  may be characterized by a high 
thermal gradient i n  the rock above the aquifer  containing the hot 
f luid.  But once the hot f lu id  region has been penetrated, the 
concept of the thermal gradient is not par t icu lar ly  useful  and is 
d i f f i c u l t  t o  measure i n  a meaningful way. 
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3. EXAMPLES OF MEASUREMENTS OF GEOTHERMAL TEMPERATURE GRADIENT 

HEAT CONDUCTION CONTROLLED SYSTEG 

Measuring the temperature of d r i l l  holes is usually a 
d i f f i c u l t  task,  and the  l i t e r a t u r e  does not of ten specify the 
conditions under which measurements were made. Since deep w e l l s  
penetrate the  aquifer  of t he  loca l  water table, temperature mea- 
surements are often made i n  water-filled holes unless precautions 
were taken t o  seal out the aquifer. Such measurements are accu- 
r a t e  i f  they were made i n  holes small enough so t ha t  convection 
does not destroy the gradient and i f  they are made a f t e r  thermal 
equilibrium has been reached. 

For example, the temperature gradient measured i n  the 
Clubhouse Crossroads Core Hole No. 1 of the U.S. Geological Sur- 
vey (near Charleston. SC) is 28OC/km, averaged w e t  the depth of 
752 m. The deepest hole d r i l l e d  i n  the  eastern United S ta tes ,  a t  
Mingo County, WV, showed a temperature gradient of 25'C/km, which 
is very close t o  the normal gradient. 
constant t o  a depth of 6.6 km (20 000 f t ) .  
gradients have been measured near Maryville, MT, and i n  the Im- 
p e r i a l  Valley of California, where gradients as high as 7S°C/km 
were measured ( three times normal). 
from 40 t o  7!i0C/km have been measured in the  Hungarian basin. 

The gradient i s  essent ia l ly  
Higher than normal 

In  Europe, gradients  of 

FLUID CONVECTION SYSTEMS 

The geothermal gradient over hot water o r  steam regions 

For example, a t  Klamath Fa l l s ,  OR, which overlays a re- 
is of ten  .much grea te r  than normal a t  d r i l l i n g  depths of less than 
100 Q. 

gion of hot water, typ ica l  gradients measured i n  dry holes are 
400°C/km a t  depths of 200 t o  300 m. 
voirs ,  such as those near the Salton Sea, i n  Cal i fornia ,  show t e m -  
peratures of 360.C a t  2000 m depths, and cause thermal gradients 
i n  excess of 300@C/km near the surface. 

Much deeper hot-water reser- 

Vapor-dominated geothermal sys  tems , such as the  geysers 
i n  Cal i fornia  and the  Larderello f i e lds  i n  I t a ly ,  have i n i t i a l  
steam temperatures of about 240.C at w e l l  depths of 300 m. These 
dry-steam systems are characterized by prominent vent areas, 
heated ground waters of well-defined chemistry, and high rates of 
heat flow a t  the  surface. 
rare. 
be a more s igni f icant  observable parameter than is the thermal 
gradient. 

Geothermal f i e l d s  of t h i s  type are 
The heat flow @t the  surface of the  f i e l d s  is believed t o  
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4. CLASSIFICATION OF ROCKS 

Rocks, which form essent ia l ly  a l l  of the  ear th’s  crust, 
may be c l a s s i f i ed  according t o  their origin, mineral composition, 
and geologic age. 

ORIGIN 

Rocks are divided i n t o  the three major groups on the 
bas i s  of or igin:  igneous, sedimentary,aad metamorphic. They. 
are fur ther  subdivided within each group according to  mineral 
compositioaand texture ,  which provide data  that allow us t o  in- 
te rpre t  de t a i l s  of t h e i r  origin. 

Igneous Rocks. These are rocks tha t  have so l id i f i ed  
The so l id i f ica t ion  may occur beneath the from a molten s t a t e .  

-surface of the ea r th  from magma (intrusive) o r  a t  the surface 
from lava (extrusive o r  volcanic). 
(phaneritic) ; extrusives are fine-grained (aphanitic). 

Intrusives  are coarse-grained 

Sedimentary Rocks. Sedimentary rocks are composed i n  the 
locat ion of formation by the depositions of debris from the chemi- 
cal and physical weathering of the parent rock material. The form- 
mation of sedimentary rocks occurs a t  normal temperatures and pres- 
sures. 
sist of rock fragments o r  of organic s t ructures  tha t  have been 
moved individually from the i r  places of or igin ( c l a s t i c s ) ,  and 
those t h a t  are  deposited from aqueous solut ions as a re su l t  of ex- 
tensive or t o t a l  evaporation of the solvent (evaporites). 

Sedimentary rocks are fur ther  divided in to  those tha t  con- 

Metamorphic Rocks. These rocks r e su l t  from the transfor- 
mation of igneous (metaigneous o r  metavolcanic) o r  sedimentary 
rocks (metasedimentary) under conditions of high temperature and 
pressure, and usually from the chemical actions of f lu ids  and 
gases (metasomatism). 

MINERAL COMPOSITIOX 

The crust of the ear th  contains only e ight  elements (oxy- 
gen, s i l i con ,  aluminum, iron, calcium, sodium, potassium, and mag- 
nesium) with concentrations greater  than 1% by weight. Minerals 
are compounds of these elements, each mineral having a specif ied 
c rys ta l l ine  s t ructure .  
f ive  types of chemical compounds: 
hal ides ,  and oxides. Of these minerals, the s i l i c a t e s  are more 
abundant than a l l  the rest combined, comprising 95% of ‘the 

The most abundant minerals represent only 
s i l i c a t e s ,  carbonates, su l f a t e s ,  
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accessible c rus t  of the earth. 
ident i f ied  i n  the ear th ' s  crust. 
d i s t i n c t  types of chemical compounds. 
sist of three o r  fewer silicates, 

Some 2000 minerals have been 
They are variations of some 50 

Rocks generally (80%) con- 

GEOLOGICN, AGE 

A l l  known rocks are the  result of a h i s t o r i c a l  petro- 
genic cycle, the  beginning of which is not revealed i n  the geo- 
log ic  record. The date of the  beginning and duration of each 
period of the geological timetable is ident ica l  with the time of 
formation of the rock s t ruc ture  of the  same name. Geological 
maps c lass i fy  (usually by d i f f e ren t  colors) the geological period 
during which the subsurface o r  surface rocks formed. The period 
so indicated is the  one during which the rock s t ruc tu re  of the 
same system was formed (e.g., by sedimentation). However, it is 
possible tha t  severe deformations have occurred s ince  the  forma- 
t ion  of t he  s t r a t i f i c a t i o n  because of orogenic or other tec tonic  
ac t iv i ty .  Because cer ta in  geological periods were favorable f o r  
t he  formation of minerals of economic in t e re s t  (ores and fos s i l e  
fue ls ) ,  the  c lass i f ica t ion  of surface s t r a t a  by age and the knowl- 
edge of what underlies them has become a highly developed f i e l d  
of geology. 

- 58 - 

P 



5. IGNEOUS ROCKS 

One major systematic grouping of igneous rocks is made 
on t h e  bas i s  of combined chemical and mineralogical c lass i f ica-  
t ion ,  t he  chemistry of the rocks being revealed la rge ly  by t h e i r  
dominant minerals and serving as a clue t o  the  compmitim of 
the  magmas from which they so l id i f ied .  
corne from one of the  f i r s t  criteria applied when the  igneous 
rocks were f i r s t  being studied i n  the  last century; t ha t  is, t he  
amount of silica, S i O p ,  i n  the  chemical analysis. 
premodern period of chemistry, s i l ica was thought t o  be derived 
from s i l ic ic  acid,  so the more si l ica i n  the  rock t h e  more 
"acidic" the  magma. Granite, r i ch  i n  s i l i c a ,  is the  most abun- 
dant "acidic" rock. The rocks low i n  si l ica were ca l led  "basic." 
Gabbro, o r  its volcanic equivalent basa l t ,  poor i n  silica, is 
t h e  bas ic  counterpart of granite. Though we now know tha t  si l ica 
content is not  a measure of ac id i ty  as the word is now used i n  
chemistry, the terms pe r s i s t  even though what we mean is "more o r  
less silicic." 
t o  the  amount of quartz, f o r  much of the s i l i c a  may be combined 
i n  o ther  s i l i c a t e  minerals. 
content, the coarse-grained igneous rocks range i n  sequence from 
grani te  on the more s i l i c i c  s ide ,  through grandoiorite and dio- 
r i te  t o  gabbro on the less s i l ic ic  side.  

of t h e  modern system of classifying the major groups, which turns 
out t o  be much the same as the c l a s s i f i ca t ion  by s i l i c a  content. 
The two terms vost commonly used come from a broad division i n t o  
l i g h t  and dark minerals, ca l led ,  respectively,  "felsic" and 
"mafic." These terms were used because the dominant minerals 
of the l i g h t  group are quartz and feldspars,  both r ich  i n  silica, 
and those of t he  dark group are pyroxenes, amphiboles, and o l i -  
vines, a l l  of which are r ich  i n  magnesium and iron, The varie- 
ties of feldspar are most important i n  the c l a s s i f i ca t ion  of igne- 
ous rocks, both because they are abundant and because the propor- 
t ions  of d i f fe ren t  kinds of feldspar vary systematically from 
f e l s i c  t o  mafic rocks. Granite is r ich  i n  potassium feldspar, 

.whereas the more mafic rocks are dominated by sodium and calcium 
feldspars,  the plagioclases. The dark rocks a re  dominated by 
b i o t i t e  mica and amphibole a t  the f e l s i c  end and pyroxene and 
o l iv ine  a t  the mafic end. Pyroxene and olivine a re  the major 
minerals of the  ultramafic rocks, which are even lower i n  si l ica 
than the basa l t s  and gabbros; per iodot i te  is dominated by ol iv ine  
and pyroxene and dunite by olivine,  

The names formerly used 

During tha t  

The amount of s i l i c a  is not necessarily re la ted  

In  the  c l a s s i f i ca t ion  by si l ica 

Chernls ry and mineralogical composition form the  bas i s  

The other major bas i s  f o r  c l a s s i f i ca t ion  of the igneous 

The 
rocks is a tex tura l  one, whereby we d i f f e ren t i a t e  between the  
coarse-grained phanerites, and the  fine-grained aphanites. 



texture  and the s i z e  and arrangements of individual Crystal6 
depends upon the rate at which the magma cools, 
canic) igneous rock has a f ine r  grain s i z e  than does the slower 
cooling in t rus ive  (plutonic) rock. 
congeal in  the last  s tages  of intrusion,  when magmas become less 
viscous and contain mre vola t i les .  These give rlse t o  pegma-- 
t f t e s  , very coarse-grained rocks t h a t  may include huge ,caystals 
several  meters across. 

Extrusive (vd -  

The slowest-cooling magmas 

Many igneous rocks are made up of a mixture of both la rge  
and small crystals .  
the  surrounding mass, or matrix, they are cal led phenocrysts. A 
rock with many phenocrysts is ca l led  a porphyry. 

f a l l  neat ly  i n t o  pigeonholes, f o r  composition and texture  vary 
continuously, and we draw arb i t ra ry  dividing lines between them 
t o  preserve as hearly as possible the t r ad i t i ona l  meanings of 
names that  have accumulated over two centuries of geologic usage. 

If  c rys ta l s  are d is t inc t ive ly  la rger  than 

As is true of most c lass i f ica t ions ,  the rocks do not  a l l  

I 
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6.  SEDIMENTARY ROCKS 

Sedimentary rocks may be subdivided according t o  t h e i r  
mineralogy and texture,  
t i o n  t o  set apart  two main groups: 
cal. The d e t r i t a l  sediments are those t h a t  have been mechani- 
ca l ly  transported and deposited as the debris  of erosion by cur- 
ren ts ,  The minerals are fragments of rocks o r  minerals broken 
and eroded from pre-existing rocks, and so are cal led c las t ic .  
The rocks of ancient mountains worn down by erosion can be re- 
constructed from the.minerals of d e t r i t a l  rocks. Quartz, feld- 
spar,  and the  clay minerals make up the bulk of tha t  conbribution. 
The fragments tend t o  wear and abrade during transport  and 
become Tounded. 
minerals by s i z e  and weight with variable efficiency. 
sor t ing  of c l a s t i c  sedimentary p a r t i c l e s  are charac te r i s t ic  of 
the nature of the currents t h a t  carr ied them.  
the bas i s  for  subdividing the d e t r i t a l  sediments i n t o  (a) coarse- 
grained - the  gravels and t h e i r  l i t h i f i e d  equivalents,  the con- 
glomerates; (b) medium-grained - the sands and sandstones; and 
(c) fine-grained - clays and muds and t h e i r  l i t h i f i e d  equivalents,  
the shales.  Coarse sedimentary rocks tha t  a re  composed of sharp, 
angular pieces of rocks and minerals are cal led "breccias," which 
contrast  with the rounded pebbles and cobbles of conglomerates. 

These two criteria are used in combina- 
the  d e t r i t a l  and the  chemi- 

During sedimentation, currents s o r t  the 
Size and 

They a l so  form 

The chemical sediments are precipi ta ted from solut ion,  

The most abundant chemical rocks 
mostly i n  the ocean, so t h e i r  minerals r e f l e c t  the composi- 
t ion  of the parent solution. 
are limestone and dolomite, made up largely of calcium and mag- 
nesium carbonates. 
careous f o s s i l s  - s h e l l s  formed by biochemical precipi ta t ion of 
calcium carbonate t h a t  organisms ex t rac t  from seawater. 
evaporites are  composed largely of gypsum and h a l i t e ,  some In- 
cluding a complex group of other s a l t s  c rys ta l l ized  from evapo- 
ra ted s e a  water. The chemical rocks show a texture  of c rys ta l  
intergrowths resembling that of in t rus ive  rocks. 

Limestones may be made up largely of cal- 

The 

Mineralogy is an important c r i te r ion  for  dist inguishing 
v a r i e t i e s  of d e t r i t a l  rocks, par t icu lar ly  the sandstones. 
ose sandstones of quartz a ren i tes  a re  mainly composed of quartz 
grains. This composition r e s u l t s  from the erosional  disappear- 
ance of feldspars and mafic minerals, leaving quartz, which is 
the  most s tab le  and r e s i s t a n t ,  as  the so le  res idual  mineral. 
Arkose is a sandstone tha t  contains much feldspar i n  addition t o  
quartz. Graywackes a re  poorly sorted dark sandstones tha t  con- 
ta in  much feldspar and sand-sized rock fragments of  metamorphic 
o r  volcanic rocks. 

Quartz- 
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shale, sandstone, and limestone, the three most abundant 
sedimentary yo& types, account for pore Shen 85X of the tots1 

crust: shale +ccounts #or 
, and 1imes;tone about ~ 
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7. METAMORPHIC ROCKS 

J u s t  as igneous' rocks are divided i n t o  in t rus ive  and ex- 
trusive, and sediments i n t o  d e t r i t a l  and chemical, so are the 
metamorphic rocks divided i n t o  two broad genetic classes. They 
r e su l t  either from regional o r  contact metamorphism. 
metamorphic rocks are produced by heat and pressure tha t  trans- 
form deeply buried rocks of a l l  kinds - igneous, sedimentary, 
and metamorphic. 
of rocks near an igneous intrusion,  largely from heat. 
acteristic textures produced are the clues t o  the  two modes of 
origin. Most regional metamorphics show fo l i a t ion  - a platey,  
wavy, o r  leafy s t ruc ture  imparted t o  the rock by pa ra l l e l  align- 
ment of minerals, par t icu lar ly  the sheety ones like mica. Some 
contact metamorphics are a lso  fo l ia ted ,  but mst tend t o  be 
granular, such as hornfelses, which are very fine-grained sili- 
cate rocks of varied composition. 

Regional 

Contact metamorphics are made by the  a l t e r a t ion  
The char- 

Fol ia t ion type and grain s i z e  are used, i n  combination, 
as the bas i s  fo r  subdividing the metamorphics in to  sch i s t ,  slate, 
gneiss, and granulite. 
ings along well-defined planes of medium-grained, platey, micace-. 
ous minerals. The slates have more perfect planar par t ings and 
are f ine r  grained, so tha t  individual minerals cannot be eas i ly  
seen. 
less d i s t inc t  fo l ia t ion ,  and they do not s p l i t  or cleave in the 
way sch i s t s  and slates do. 
equivalents the granular igneous rocks, i n  having a mosa 
interlocking, more-or-less equidimensional crystals .  

t h e  b a s i s  f o r  fu r the r  dividing the rocks i n t o  smaller groups, o r  
fac ies .  The metamorphic f ac i e s  have a genet ic  bas i s ,  f o r  the  
minerals  are determined by the  temperatures and pressures  re- 
quired t o  form them. 
s c h i s t s  are the  product of moderate temperature and pressure i n  
regional  metamorphism, whereas pyroxene hornfe ls  rock is  the re- 
s u l t  of high temperature and moderate pressure i n  contact  meta- 
morphism. 
f ixed by the name of an abundant o r  prominent mineral const i tu-  
ent .  
predominant, such as amphibolite. Marbles and metamorphosed 
limestones are la rge ly  made of calcite. 
metamorphosed quartz  a ren i t e s ,  are mainly quartz .  

The sch i s t s  are characterized by part- 

p e  gneisses are coarse grained and show much broader and 

Granulites are  l i k e  t h e i r  t ex tura l  

Within these t ex tu ra l  groups, mineral assemblages form 

For example, albite-epidote-amphibole 

In normal f i e l d  usage, metamorphic rocks are pre- 

Others are named f o r  a mineral cons t i tuent  t h a t  is g rea t ly  

Quar t z i t e s ,  which are 

Some metamorphic rocks have cha rac t e r i s t i c  tex tures  pro- 
duced by the crushing and mechanical deformation as the  rocks 
are folded and faul ted.  The broken, pulverized gra in  tex ture  
is ca l led  "c,itaclastic," and f ine-grained rocks produced by t h i s  
kind of f r i c t i o n  ac t ion  are ca l led  "mylonites." 

' 
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GEOLOGIC TIME SCALE 

350 

400 

440 

so0 

The 8 e r h  d the 8pIems In tho MOOZOIC and ht8eoIoIc a n  
U d l y  dalgnatd h e r .  Middle. 8nd Uppr. but 81. pion 
pr0rrnchl ma In many mu: thus the C h a w  serla (Upper 
Hlrrlulpplm) d tha Mlsslrrlppl V8lloy Is tho oqulnlent d the 
vtuan ( h e r  Carbonifelour) d Europe. The corropondln; 
rima tOrrnr thsc rr qplloble w Eady, Mlddta, and &a. 

Tho 8ccumq d d8tlng dacrmu lrom the younier to the older 
porlods. ~ p e c l d l y  In the P d m b r h n .  @nd the age of rho 
dderr known foul1 ( h u t  2.600 mtlllon pan) Ib had Iu 
orlgln. Tha d8ta precedlng thls went a n  only be conjrctunl. 
Time a t t m 8 t ~  d u r  Holmes. Arthur. 1960.8 nrlsed pl0;kd 
t h e  sale: Edlnburgh Gaol. hc. Tram.. v. 1 7. pc. 3, pp. 183- 2 16. 
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'9. TABLBS OF CbEIVERSfbN FACTORS AND ENERGY &QQUIVACENTS 

The following tab les  af convetgion factorb and energy 
equivalcntg d r i  chosen f o r  t h e i t  a p p i i c i h i l i t y  t o  the  u t i t i e a -  
t ion  of geothe-1 tnerm. Since geothertbal energy Inwlvek a 
combitlation of many discipiiaeis, a humber of Un€t bysteins are 
med, and an attempt is made here t o  i t d u d e  d i i  of those cow 
m n l p  encountered nnd t o  t e l a t e  them t o  tither Unit8 comtndnfp 
used i n  the t i e ld  of enetgy u t i i i za t ion .  

There i e  no fuk-thod of wri t ing ctbnvef'tridh tables tha t  
beetr  universai acceptance b r  tha t  avoids gome dejpee e t  con- 
fualan. 
end the equality Gigd i e  undefetubd LO e x i s t  bhen any i ihe bf 
the array is read horizontally.  kor M i t e  axpteesed icr the 
Engiieh spdteml the &)rmboi "tbm'' 4s & a d  fot the pocind as d 
unit  af mass and "lbf" foof the pound as a uni t  of force. 
h c h  of the l i t e r a t w e ,  t h e  sene6 of the tetin "gaurid" bust be 
gotten from the contsr t .  
% h ~ g "  i e  nbt4 80 t e t e  tha t  no purpose 48 eerved by itittoduclng 
them herb. 

Id what fd16ws, dn atray Byi3tQm is $sed where passibie  

' 

In 

Th& UM 6f the  "potfhdai" atid the  

Table 1 
Raqlr CnitA and Symbols 

Quant f t y aks or S t  CgS English 

k n g t h  hettrc m centinecer. rin foot ,  f t  
Mass k i l o $ t m ,  kj: grrm. e gotrnd, 1b 
tirhe Oecond, a srrond, 8 second, S 

t, femperoture dekrce8 kelvitc. *K drj!rees kelv la ,  I( degrees Rankin, *R, 
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‘ 
Force 

m k s ’ o r ~ ~  kgm/s2 
Name Hewton 

Symbol N 

CkP gcm/s 
Name dyne 

Symbol dyne 

English lbm f t / s 2  
Name pound 

2 

Symbol lbf 

1 

J 

Energy (work) Power 

kg m2/s3 
~ 

kg m2/s2 
jou le  w a t t  

J W 

2 2  2 3  gem /s 
erg ergrsecond 

erg  erg/s  

gcm /s 

lbm f t2 / s2  
foot pound f 

f t  lb f  f t  Ib f / s  

1 

m Cm f t  in.  
meter 1 3.281 39.37 
centimeter 3.281x10-* 0.3937 
foot ’ 0.3048 30.48 1 12 
inch 0.0254 2.540 0.08333 1 
mile (statute) 1609 1.609~10~ 5280 6.336~10~ 

d mi 

6.215~10-~ 
6.215~10-~ 
1.894~10-~ 
:.57Rr10-’ 

1 



T a b k  5 

Coaverslan Factors, M a s s  

I 
0, 
Q 
I 

kilogram 

gram 

pound 

ton (metric) 
English 

‘On 8hm 
Engllsh 
long ton 

1 

1 0 ‘ ~  

0.4536 

lo3  
907.2 

1016 

8 

,lo3 
1 

453.6 

lo6 
9-072x10’ 

1. @16X1O6 

lbm 

2.2Q5 

2 . 2 0 5 ~ 1 6 ~  

1 

2204.6 

2ooo 

2240 

mc 
_. 

lom3 

4 . 5 3 6 ~ 1 0 ~  

1 

0.9072 

1.0161 1* 1200 

9 . 8 4 2 ~ 1 0 ~ ~  

9 . 8 4 2 ~ 1 0 ~ ~  

4. 4 6 x l f 4  

0.9842 

0.0928 

1 



L 
. * l  

b 

I 

Table 6 
Conversion Table, Temperature 

degrees Kelvin Y+27 3 .2  

degrees Celsius 7-273.2  
degrees Rankine *F+459.7 

Table 7 
Conversion Factors, Area 

ft2 m i2 2 m 2 cm 

1 1 . 0 7 6 ~ 1 0 - ~  3 . 8 6 ~ 1 0 - ~ ~  2 
CUI 

meters lo4 1 10.76 3 . 8 6 ~ 1 0 - ~  
929 0.0929 I 3. 58x1d8 feet 

acre 4 . 0 4 5 ~ 1 0 ~  4 . 0 4 5 ~ 1 0 ~  43 560 1 . 5 6 ~ 1 0 - ~  
hectare lo8 lo4 1 , 0 7 6 ~ 1 0 ~  3 . 8 6 ~ 1 0 - ~  

2 

1 
Diles' 2 . S 8 ~ 1 0 ~ ~  2 . 5 8 ~ 1 0 ~  7 2 . 7 9 ~ 1 0  

I i 

0.4047 
2.471 



.. ~ . . , .  ---_ .. .. . , ll.". .... I.. .~ 

cm 3 

lo6 . 
1 

2.%3x104 

16.4 

1000 

3.79403 

1.59X105 

1.23a.0~ 

I 
* 
0 

I 

f t 3  

3.53 m-! 
35.32 

1 

5,79dO-' 

3.53xlO-' 

DS34 

5.61 

4 , 3 6 a 4  

3 
ln 

~- 

mete2 - 
centimeter 

3 feet 

Inch 3 

liter 

mllm 

o i l  barrel 

den foot 

1 

10"~ 

2.83 x10'2 

1.64X1OP5 

lom3 
3 . 7 8 ~ 1 6 ~  

0.159 

1 . 2 3 ~ 1 0 ~  

Table 8 
Conversfon Pactma, Volums 

6.10 WF2 

1728 

1 

61.02 

231 

9.70 103 

7.3 3 W1o7 

10-3 ~ . M ~ L O ' - ~  

28.31 7148 

1 . 6 4 ~ 1 0 - ~  4.33 

1 0,2642 

3.785 " 1 

159 $2 .o 

1.23xl0~ 3 . 2 6 ~ ~  

6.29 X2Ow6 

0.170 

1.03 d4 1 

' 

6 .29%r3 

2 .rraao* 

' 7 * 7 5 d  
'I 



ki 

1 

1.356 

4.184 
xi07 

x107 

ii 

7.376 

1 
. 

3.086 

1 

J 

1.054 

2.685 

3.600 

X l O l O  

x1013 

xi013 

joule  

e r g  

foot poun 

ca lo r i e  

Btu 

horsepove 

kilowatt  
hour 

hour 

777.6 

1.980 

2.655 
xi06 

xi06 

Table 9 
Conversion Factors,  Energy 

J 

1 
- 
loe7 

1.356 

4.185 

1.054 

2.685 

3.600 

xi03 

Xl06 

x106 - 

- 
tal 

0.2390 

2.390 

0.3240 

1 

252 .O 

- 

x10-8 

6.414 

8.601 
xi05 

xi05 - 

' Btu 

9.485-4 
x10 

9.845 
x10-11 

1.286 

3.968 
~ 1 0 - 3  

~ 1 0 - 3  

1 

2545 

3413 

he-h 
3.725 

3.725 

5.051 

1.559 

3.929 

x10-7 

x10-11 

~ 1 0 - 7  

x10-6 

x10-4 
1 

1,341 - 

kWh 
2.778 

2.778 

3.766 

1.163 

2.930 

- 
~ 1 0 - 7  

x10-14 

~ 1 0 - 7  

x10-6 

~ 1 0 - 4  

0.7457 

1 

Other enerfty u n i t s  j n  cur ren t  usage are: 

1 kg ca lo r i e  - 1 food ca lo r i e  - 1000 cal - 4184 J 
1 eV = 1.602 J 
1 therm - 105 Btu * 1.05 
1 quad - 1015 Btu - 1.054 1018 J 
1 ton of r e f r ige ra t ion  (U.S. Standard),- 288 000 

Btu * 3.035 108 J ,  defined a s  the heat of 
fusion of 1 ton (more prec ise ly  2009.1 lb)  of 
water 
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t 

U h) 

I 

C 

foot-pounds /crccond 



I 
-I 
W 

I 

2 newt on /m 

2 
(pascal)  

dyne f cm 
2 poundfin 

atmospheres 

-s 
(Torr) 

inch wa te r  

b a r  

kilogramfan 

100 f e e t  wate 

2 

Nlm2 

1 

0.1 

6 . 8 9 ~ 1 0  

1.01x10! 

133.3 

249.8 

lo5 
9.81x10' 

2.99xlO 

2 dynesfcm 

10 

1 

6 . 8 9 ~ 1  

1.01x106 

1 . 3 3 3 ~ 1 0 ~  

2 .498x103 

9 . 8 1 ~ 1 0 ~  
6 2 .99~10  

Table 11 

Conversion Factors ,  Press  

1 

14.69 

1 . 9 3 ~ 1 0 - ~  

3 . 6 2 ~ 1 0 - ~  

14.5 

14.22 

43.3 

a t m  

#. 87x10-6 

>. 8 7 ~ 1 0 ' ~  

5 . 8 0 ~ 1 0 - ~  

1 

1.316~10- 

2.466~10- 

0.9869 

0.968 

2,949 

7 . 5 0 ~ 1 0 - ~  

7.50x10-4 

51.7 

160 

1 

1.874 

750.0 

7 36 
3 2.24x10 

i n  H20 

4.01x10-~ 

4 . 0 1 x 1 0 ~ ~  

27.6 

405 

0.533 

1 

399.7 

393.7 

17OQ 

bar  

lo+ 
6.89X10-2 

1.013 

1 . 3 3 3 ~ 1 0 - ~  

2 . 5 0 2 ~ 1 0 - ~  

1 

0.981 

2.981 

2 
kglcm 

1 . 0 2 ~ 1 0 - ~  

1.02x10-6 

1 . 0 3 ~ 1 0 - ~  

1.033 

1 . 3 5 8 ~ 1 0 - ~  

2 .540~10-~  

1.020 

1 

3.05 

100 f t  W,O 

3. 34x1d6 

3.34~10-7 

2 . 3 1 ~ 1 0 - ~  

0.339 

4 . 4 6 4 ~ 1 0 - ~  

8.33~10-~ 

0.335 

0.328 

1 



Tabla 12 
Snargp Equfvalante of Common Fuels 

I I 
Fuel 

Hydrogen 
)rethane 
lpprne 
pipe l ine  gas 
Octane 
Gasoline 
Kerosene 
Fuel 011 
Crude o i l  
k r b o n  
Coal 

Piasion 
fbttumlnous) 

Btu/lb k e d / k g  
51 570 28 650 
21 500 11 940 
19 930 11 070 

23 SO0 13 050 
19 760 10 700 
19 500 10 uoo 
18 SO0 10  300 
18 200 10 100 
18 000 10 000 
14 540 8 018 

13  DO0 7 200 
3 . 5 3 ~ 1 0 ~ ~  1 . 9 6 ~ 1 0 ~ ~  

Btu / lndwt r i a l  un i t s  
975 Btu/ftJ 
911 Ltu/ft’ 

2320 Ltulft’  
1035 Btu/ft3 

t 

B t  u kwh oil (bbl) 
@tu  1 2.93~10-‘ I . ~ C X I O - ~  
kUh 3 . 4 1 ~ 1 0 ~  1 5.94 xlo-‘ 

gsslf? 1 . 0 3 ~ 1 0 ~  0.303 1 . 8 0 ~ 1 0 - ~  
c ~ a l  (ton) 2.6~10’ 7.62~10’ 4.52 

o i l  (bbl) 5 . 2 5 ~ 1 0 ~  1 . 6 8 ~ 1 0 ~  1 

$35 tkg) 7 . 7 9 ~ 1 0 ~ ~  2.28~10’ 1 .35~10 I 

124 Po0 #tu/gal 
127 000 Btulgal 
136 000 Btu/pal 
5.7SX106 Btu/bbl 

2 6 ~ 1 0 ~  Btulton 
( 8 . 2 i ~ l O ~ ~  J/kg) 

3.30 
5 . 5 6 ~ 1 0 ~  

1 

7 . 5 3 ~ 1 0 ~  
2 . ~ 1 ~ 1 0 ~  

Table 13 

Conversion Table, Energy Eqvlvalents of C o m n  Fuels , 

1.31xld‘ 
0.221 

3 . 9 8 ~ 1 0 - ~  
1 

3 . 0 ~ 1 0 ~  
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. 3  

Fuel 

oak . 
Pine 
Bituminous Coal 

Coal 

Fuel O i l  

Gasoline 
Ethyl Alcohol 

I 

w 

L: 

Approximate Energv C o n t e n t h i t  Mass Approximate 

, Specif ic  Gravity Btu/lb kcalfkg 

7 . 9 ~ 1 0 ~  4 . 4 ~ 1 0 ~  0.83 

0.48 4.8X10 8.7X10 3 3 

7.9 to 1 4 . 8 ~ 1 0 ~  4.4 t o  8.2x103 1.27 to 1.45 
9.0 t o  1 4 . 1 ~ 1 0 ~  5.0 t o  7 . 8 ~ 1 0 ~  '1 .4  to  1.7 

18.8 t o  1 9 . 5 ~ 1 0 ~  10.1 to 1 0 . 8 ~ 1 0 ~  0.81 t o  0.98 
18.0 t o  1 9 . 4 ~ 1 0 ~  10.0 t o  1 0 . 8 ~ 1 0 ~  0.94 
20.0 to 2 1 . 0 ~ 1 0 ~  11.1 t o  1 1 . 7 ~ 1 0 ~  0.72 to  0.74 
12.8 t o  1 3 . 2 ~ 1 0 ~  7.1 t o  7 . 3 ~ 1 0 ~  0.79 

Table 14 
Properties of Solid and Liquid Fuels 

Btullb kcallkg M r  - i 
Methane (CH4) 2 3 . 7 ~ 1 0 ~  1 3 . 2 ~ 1 0 ~  0.55 
Propane (C3H3) 2 1 . 7 ~ 1 0 ~  1 2 . 1 ~ 1 0 ~  1.55 

Hydrogen 52 x103 29 x10 0.07 

n Butane (C4Hlo) 2 1 . 3 ~ 1 0 ~  11.8~10 2.08 

Liquid 
Specif ic  

Gravity 
Water - 1 

0.466 

0.501 

0.579 

STP (Standard Pressure and Temperature) p - 1 atm, T = 0.C 

Density of air  = 1.29 kg/m3 - 8 . 0 ~ 1 0 - ~  lb / f t3  

Density of water - 1 g/cm3 = 62.4 lbm/ft 3 
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Table 17 
Properties of Water 

Density - 1 g/cm3 - 1 k g l l i t e r  - 1000 kg/m3 - 62.43 l b l f t 3  - 8.345 lb lga l  

k l t i n g  temperature a t  1 atm - 0.C - 273.2.K 
= 32.F = 491.67% 

Boiling temperature a t  1 atm - 100.C = 373.2% - 212.F - 671.67.R 

Specif ic  heat = 1 ca1lg.C - 1 kcal/kg*K - 1 Btullb'F - 4184 J/kg*K 

Holar spec i f i c  heat  - 18 callg-mo1e.C 47.4 Jlg-mo1e.K 

= 18 Btullb-mo1e.F 

Heat of fusion - 79.4 ca l lg  - 79.4 kcallkg 
5 - 143.5 Btu/lb - 3.336~10 J/kg 

Nalar heat of fusion - 1436 cal/g-mole 6010 Jlg-mole 
f 2585 Btullb-mole - 0.0623 eV/molecule 

Heat a f  vaporization = 539.4 ca l lg  - 439.4 kcallkg 
971 Btullb = 2.257X10 J lkg 6 

Molar heat of vaporization - 9717 calls-mole = 40 660 J/g-mole - 17 490 Btullb-mole - 0.421 eV/molecule 

nt ipoise  - 4.33 l b l f t  h a t  O'C 

= 0.6820 centipoise I: 1.65 l b l f t  h a t  38.C - 0.3059 centipoise - 0.74 l b / f t  h a t  93% - 0.186 centipoise - 0.45 1 

Thermal conductivity - 1 . 3 5 0 ~ 1 0 - ~  c a l l  
1 . 5 0 3 ~ 1 0 - ~  c a l l s  cmY - 0.364 Btulh f t*F a t  38.C 
1 . 6 1 9 ~ 1 0 - ~  c a l l s  cm*C - 0.392 Btulh f t*F a t  93.C 
1 . 6 3 1 ~ 1 0 - ~  c a l l s  cm*C - 0.395 Btulh f t*F a t  1499 
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IJ 
i 
1 

I 1  ' 

i &  I 

Table 18 
Properties of Water and Saturated Steam 

'emperatur 

32 
80 

100 
140 
180 
200 

212 
250 
300 
350 
400 
500 
600 
700 
705.4 

(*F) 

Specif ic  Volume Enthalp 
Btu/lb - ( f t3/lbm) - - 

Pressure 
( lbf / in2)  

0.088 

0.507 
0.949 
2.88 
7.50 

11.52 
14.69 
29.82 
67.01 

- 

134.6 
247.3 
680.8 

1542. 
3093. 
3206. 

Saturated 
Liquid 
0.0160 
0.01610 
0.01613 
0.01629 
0.01651 
0.01663 
0.01672 
0.0170 
0.0174 
0.0179 
0.01864 
0.0204 
0.0236 
0.0369 
0.0503 

Saturate 
Vapor 

3306. 
633.1 
350.4 
122.9 
50.23 
33.64 
26.80 
13.02 
6.466 
3.342 
1.863 
0.674 
0.266 
0.076 
0.050 

Saturate( 
Liquid 

0.0000 

48.02 
67.97 

107.89 
147.92 
167.9 
180.07 
218.48 
269.59 
321.63 
374.9 
487.8 
617.0 
823.3 
902.7 

~ 

Phase 
Change 
1075.8 
1048.6 
1037.2 
1014.1 
990.2 
977.9 
970.3 
945.5 
910.1 
870.7 
826.0 
713.9 
548.5 
172.1 

0 

- 

- 

aturated 
Steam 
1075.8 
1096.6 
1105.2 
1122 .o 
1138.1 
1145.9 
1150.4 
1164.0 
1179.7 
1192.3 
1201.0 
1201.7 
1165.5 
995.4 
902.7 

r specifrc  volume in c I g .  mulciply f t3/ lb3 by 62.34 
alpy in cal /g .  multiply B t  

Table 19 

opert ies  of Sea Water 

J 

Principal  s a l t s  i n  1 kg of sea water 
NaCl  - 28.01 g 

MgCl2 = 3.812 g 
&So4 - 1.752 g 
Cas04 - 1.283 g 
KSOi - 0,816 g 

3 *Density = 1.0248 g/cm at 2OoC and atmospheric pressures 
Freezhg p o i t t  = -1.85.C 
Specif ic  heat * 3.993 J/g 0,9558 cal /g  a t  20.C 
Conductivity - 4.8 x i2-1 cm-l a t  20bC 
viscosi ty  
Velocity of sound 

- 0.01075 poise a t  20.C 
= 1518.5 m / s  a t  20.C 

*Density of pure water at 20.C is  0.9982 g/cm3 

- 79 - 



Table 20 
Coaoeraiar Table, Concentration of Solute 

911 ~ 0 3  p p  I grain/gal 

grmndl i te r  1 1 1000 58.02 

k i l o g r u ~ l ~ t e r  ' 1  1 1000 58.02 

pa r t s / a i i i im  1.00~10-3 1.00x10-~ 1 5.1344~10~~ 

grains/gallon 1.722~10-~ 1.722~10-~ J7.11 1 

Table 2 1  

Conversion Factors. Viscosity 

lbo  L A  !% -. 

poise centipoise ( c = n t i ~ t e r - s e c ~ d ) ~ ~ ~ ~  ram 
m-s 10-1 6.72~10-' 6 .72~10-~  I . L s x ~ O - ~  1.45~10-' 

kilogram 1 6.72~10-1 1.45~10-' 
l e te raeconds  

pounds m e s s  1 . 5 9 ~ 1 0 ~  1 . 4 9 ~ 1 0 ~  1.59 1 2.16~10-' 
foot seconds 

(*) 6.89X1O4 6 . 8 9 ~ 1 0 ~  6 . 8 9 ~ 1 0 ~  b.63~10' 1 

h t e r  the dimensions of viacosity are force x cimelarea' - l m : ~ ~ ~ t , w  

- 80 - 



gallons/second 

ga l lons lminute  

ga l lons /hour  

f e e t  /second 3 

1.667 xlO-' 

4.488~10' 

1.586 x104 3 meter /second 

1 
4 

5 

2.693~10 

9.515 x10 

poundslhour 
(water at 4.C) 

l i t e r a / second  

kilograms /second 
(water at  80.c) 

1 . 9 9 7 ~ 1 0 - ~  

15.85 

g a l l s  ' 

1 

1.667 X10-2 

2 . 7 7 8 ~ 1 0 - ~  

7.480 

2 . 6 4 3 ~ 1 0 ~  

3.329 x ~ O - ~  0.1198 

9.515~10 2 0.2642 

0.2718 2 16.31 I 9 .711~10  

3 f t  Is 

0.1337 

2 . 2 2 8 ~ 2 0 - ~  

3.71 x1~-5 

1 

35.32 

4- 44 9 x ~ O - ~  

3 . 5 3 2 ~ 1 0 - ~  

3.634x10-' 

6 . 3 0 8 ~ l O - ~  

1.051 x ~ O - ~  

2.831 xlO-' 

3 1.029~10 

later a t  4.C 
l b  /h 

4 

2 

3.004~10 

5 .007~10 

8.346 

5 

3 
2.247~10 

2.205 x10 

1 

7.938~10 3 

3 7.938~10 

l/s 

3.785 

6 . 3 0 8 ~ 1 0 - ~  

1 . 0 5 1 ~ 1 0 - ~  

103 
28.31 

1.259 d4 
1 

1.029 .. 

ater at  80.C 
k d s  

3.678 

6.130 

1 . 0 2 1 ~ 1 0 - ~  

27.51 

0 .9718x103 

1 . 2 5 9 ~ 1 0 - ~  

0.9718 

A t  4.C. t he  flow r a t e  f o r  water ,  i n  u n i t s  of kg/s ,  is i d e n t f c a l  wi th  t h a t  given f o r  liters/s. 
For h ighe r  temperatures,  the  flow r a t e  in mass un i t s  musf be  cor rec ted  f o r  t h e  decrease in 
dens i ty ,  as i l l u s t r a t e d  in the  lower row and l a s t  column. 



Table 23 
@,e Ideal Gas Constant 

. .  1 

For the ideal gas wxitten as: 

pV - gRT vhere n $8 the  number of wles of gas o r  

pv RT +ere v $8 the  mopar apec$fdc wluw v - V/n. 

p e  universal gas constant R i s  given as -below: - 
U n i t  
,of 

Pressure 
2 rewton k 

atmosphere 
dyneslcm 
dynps f cm 

atmosphere 
pcmosphere 
Ibf/in2 
lbf / f t2  
lbf I f  t2  

2 

a 

Vnit 
of 

Valume 
3 m 

l i t e r  
c m  
cm 
cm 

3 
3 

3 

€2 
f t 3  
f t 3  
f t 3  - 

Unit 
of 

Temperature 

Kelvin 
'K 
*K 
*K 
*K 

8ankin 
*R 
'R 
O R  

R 

3 8.314 19 3/kg-mole°K 

8.206 20'' l i t e r  atm/g ~l.cle*K 
? 8 . 3 ~ 4  $0 erg/g-mole'l( 

1.987 cal/g-mole'l( 
3 82.06 cm atalg-mle'K 

0.7301 f r 3  atm/lbm-mole'R 
19.73 ft 3 psiflbm-molenP 

1545 f t  lbf/lbm-nole°K 
1.987 Btu/lbm-mlr'R 
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1 

Lj 

' h i  

G 

Electric Power Per Well as a Function of Mass Flow, 
Various Temperatures of Hot Water and Vapor- 
Dominated Systems (from U.S. Geological Survey 
Circular 726) 



becf 

ceht i  

m i l l i  
micro 
nano 
plco 
fernto 
a t t o  

7 

Symbol 

d 
- 

C 

h 

P 

n 
P 
5 

a - 
&Also us&& bp the National Buteau of Standards 
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1 

- 2  
E 

5 
d 

Y 
Y 

Q 

3 

4 

E 

Temperature ("Ff 
50 86 122 158 194 230 266 302 338 

Temperature ("C) 

Temperature versus Depth for Various Gradients, Ground 
Temperature Assumed to be 17OC 



c 
P 

Time (millions of years) 
Era Period Epoch Duration Before present 
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