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ETUDE GEOTHERMIQUE PRELIMINAIRE DU NE ESPAGNOL I 

Far Dr. J.F. Albert-Beltran. Zi-
h 

COMPANIA GENERAL DE SONDEOS (Madrid-Espagne) I 

-) 1-Le NE de la Peninsule Iberique presente |. 
une serie de caracteristiques geologiques par- ^ 
ticulieres qui o n t conduit A effectuer une etii 
de a I'echelle regionale de ses possibilites -
geothermiques. Ce travail a eu pour but d'eta-
blir une premiere evaluation des possibilites 
existantes dans la region,,et de fixer une eche^ 
H e de priorites entre les diverses zones etu-
diees auxquelles on pourra appliquer par la --
suite des methodes de prospection plus positi
ves. 

L'etude a embrasse toute la Catalbgne -
et represente une etendue approximative de 
40.000 km2. Les criteres qui ont motive la se
lection de cette zone ont ete les suivants/: 

- L'existence de 19 localites avec des 
sources thermales dont la temperature oscille; 
entre 20o et 71QC. 

- L'apparition d'eau chaude (40s-55°) -
dans 4 sondages, 1' un desquels a peu de proforî  
deur (50QC a 160 m,. etc). 

La partie la plus orientale de la Cata-
logne fait partie du systeme distensif de la -
Mediterranee occidentale qui a'git depuis le --
Miocene jusqu'au moment actuel, avec d'impor-
tantes manifestations yolcaniques de 1'age plio^ 
-quaternaire.; - • .; •-:, , -;- • - , • - - - - « . • • -•--!--•-,: ,;• 

- L'importante activite sismique locali 
see dans ces'zones distensives. 

On a_pris- comme point.de depart 1'inven 
taire des manifestations- thermales;superficie-
lles, en considerant comme telies celles dont 
la-temperature depasse de. 5.90 la moyeririe annue^ 
H e ' de la'regiori (l59C) et i par consequent , cie-
llea' des- aiitres'points d'eau sou-terraine envi-
ronriahtsi'.'Eli consequence ̂'ori. a' considere'que -
les- eaux-'sorit'thermales:'^ ."partir Ide ' 20QCv-:4.', 

1.- GEOLOGIE.'-v y ."" -i . "r";-'v'''vV''••-v.'"•"-'•r •'-'•'' •' 

Les manifestations thermales superficie 

http://point.de
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• lies apparaissent dans deux unites morphostruc^ 
turales bien differenciees: Pyrenees et Cata-
lanides, et toujours sous la forme de sources 
d'eau chaude dont la temperature atteint 71QC. 
La depression de I'Ebre, dans sa zone catala-
ne, ne presente pas ces manifestationia. 

La repartition des sources thermales -
dans'les Pyrenees est irreguliere, car elles 
se trduvent avec une plus grande profusion --
sur la versant frangaise que sur I'espagnole, 
et c'est sur celui-ci qu'elles sont' situees -
presque en totalite sur la partie orientale -
de la cordillere, depuis Panticosa (Huesca) -
jusqu'A la Mediterranee. 

Les manifestations thermales sont dis-
posees, dans Ics Pyrenees, en 3 grands centres: 
un occidental associe au massif granodioriti-
que de la Maladeta et aux zones adjacentes -
(Les, Arties, Tredos, Bohi, Espot), un autre 
central se rattachant au massif intrusif d'Ari 
dorre (Les Escaldes, S. Vicente, Senillers) -
et un dernier oriental associe au massif ega-
lement granodioritique de la Junquera' (Notrc-
Dame des Mercedes, S. Clemente). 

Les sources thermales sont localisees, 
dans tous les cas, dans des fractures periphe^ 
riques de ces massifs, soit interieures au --
corps intrusif ou incorporees aux materiaux -
paleozoiques qui constituent leur bord, bien 
que toujours d proximite de ce contact.-., • , 

La seconde grande unite morphostructu-
rale avec des manifestationsfherraales est'con^ 
tituee par les Catalanides, systeme integre 
par 2 chaines.montagneuses de,direction NE-SO 
paralleles a la cote, separees,,par,;une fosse^ 
tectonique intermediaire de 10-a 20 km de lat̂  , 
geur et environ 250 km de longeur avec rempl^ 
ssage•mip-pliocenique. 

Les source;^ chaudes apparaissent . situees 
sur les lignes de faille .qui constituent les 
limites de cette fosse distensive. A. sa ,term^ 
naison septentrionale, apparaissent.les;premi^ 
res. manifestations volcaniques de l.^age.plio- -
cene qui se ̂ eplacent", dans' I'espace et dans 
le temps,;, vers le: Nord jusqu'ii atteindre leur 

o . 
y r i -
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point culminant.dans la region de volcanisme 
quaternaire (0,11 M.A.) d'Olot. 

L'inventaire effectue quarit aux mouve-
ments sismiques, un historique de 1100 a 1906, 
1'autre instrumentaJL<»de I9O7 & 1974, ' revele'-
une coincidence notable spatiale entre- l a ' si£̂  
micite et le thermalisme, de fa<;on" que les' '•— 
centres qui•montrent des manifestations ther
males sont aussi des zones de-{jrefei'ence a l£ 
calisation d'epicentreSi Tandis que dans les 
Pyrenees, les deux phenomenes se gtoupent dans 
les zones peripheriques des massifs granodio-
ritiques intrusifs et dans les.depressions --
tertiaires intramontagneuses, dans les Catala^ 
nides, ils se disposent dans les failles di--
rectrices de distension alpine qui determinent 
la morphostructure regionale. 

2.- REGIME THERMIQUE ET HYDRAULIQUE.-

Dans le but d'essayer de connaitre le 
comportement hydrogeologique des eaux therma
les,' on a etab.li un controle periodique des. -
regimes thermiques et de decharge des sources 
sous un double aspect: a niveau bibliographi-
que en comparant les donnees d'autres'epoques 
avec les. temps actuels et, ensuite, au moyen 
de mesures periodiques de debits et de tempe
ratures dont il a ete possible d'etablir, ce?: 
determinations (controle mensuel^ pendant ,.3:..-T: 
ans: 1972-1975) •' . . • , , ,,- . , .̂  .' :•; tî  ?:̂. 

• • Les temperatures vde sortie oscilient'--
,entre la limite du.thermalisme'^pref ixe-'(20QC) ., 
jusqu'a 712c, bien que la 1imite -de'variation 
la plus couirante soit; entre 30 et 6OQC. 

Ili'faut. preciser que'la ;;temperature'-'"re£̂  
t e c o n s t a n t e e t . i n v a r i a b l e f a c e ' a i i x ' - v a r i a t i o n s 
c l i roa t iques et- sa i sonnie res .* E l l e s - r i ' d h t ' - p a s ' -
non p l u s mont re 'de v a r i a t i o n : importari te depuis 
les^ p remie res donnees ' que;' 1 Voh • {Jossciie f-("f iri ''du 
XIXe S. ,:comraencenient 'du-'XXe) -jusqii''a-:'ce'''jour''.' , 

. , L e s r d e b i t s des sources o|it '^egalement -
jpresente-une i s t a b i l i t e marquee;%endan-t-'les'*>'"' 
annees -.avi :ell-es iont e t e ••jauge^s'-peribdiquemeht 
piii'Squ:'i'l< n ' a p a s .'ete' observer de:'changem'ents -
s a i s o n n i e r s - n i d ' - ' a l t e r a t i o n s 'dans ' le i i r 'regime 
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de decharge devant les pluies intenses ou les 
secheresses prolongees. 

Si pour faire des calculs, nous suppo-
sons ces sources faisant partie d'un regime -
hydraulique non influence, il est facile de -
deduire que leur comportement hydrologique --
obeit k un modele ou la recharge et/ou le 
sto'ckage sont tres superieurs A la decharge, 
la transmissibilite etant, au moins celle du 
circuit de depart, egalement reduite, puisque 
son regime ne repond A aucune loi exponentie-
lle de tarissement. 

Afin de quantifier le temps de perma--
nence des eaux thermales en profondeur, on a 

_procede a 1' analyse de leur contenu en tri
tium. Les resultats obtenus oscillent entre -
0 , 0 *_ 1,3 u.T. et 16,5 ^ 1,6 U.T., bien que -
les valeurs les plus normales soient compri
ses entre 0,3 et 6,5 U.T. Les concentrations 
sont done suffisamment basses pour faire pen-
ser qu'elles ne correspondent pas aux apports 
des dernieres 20-25 annees, ni mettre en evi
dence des melanges avec des eaux meteoriques 
recentes. 

3.- HYDUOCHIMIE.- . 

On a effectue deux campagnes d'echant^ 
llonnage chimique qui, en meme temps que d'ai£ 
tres analyses dejA fai-tes, ont demontre la -
stabilite chimique totale que' presentent les 
eaux thermales. A titre d'exemple, on donne -
plusieurs analyses. de.Caldes^Montbui (71-PC) -
(Tableau I). .. ;• j 

Sauf dans qiielques cas, tout le therma^ 
lisme du NEespagnol est-associe. A'des biate-
riaux graniti.ques. .Dans . les occasions ou'la -
circulation,de 1'eau est- realisee par des ma
teriaux sedimen-tair-es, les eaux presentent la 
composition<chimique qui correspond aux roches 
par lesquelles le parcours a ete etabli. 

.. Les autrefi-eaux thermales,,qui-consti
tuent le groupe.raajoritaire,.se .trouvent.en -
rapport - avê c des -granpdidrites-e-t..presentent 
une facies bicarbonate-sodique tres constante 
qui est caracterise-.par-^des .'teneurs elevees -
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en Si02 (jusqu'a 215 Ppm), des pourcentages -
de Na''" superieurs A 90?o et un contenu reduit 
en sels (IOO-3OO p.p.m de T.D.S). Ce fait, -
joint a la predominance totale du Na''' sur les 
autres c a t i o n s , conditione des valeurs tres -
petites de durete, (0,4 - 2QF). 

En comparant les analyses chimiques de 
ces eaux thermales avec celles des eaux superf 
ficielles pour une meme zone, on constate dans 
tous les cas le meme fait: tandis,que les eaux 
d'ecoulement ou de circulation souterraine peu 
profonde sont bicarbonatees-calciques, avec -
une teneur en silice qui depasse rarement 15 
ppm, et des concentrations de Na"*̂  en general 
inferieures a 25%, les thermales subissent un 
ncroissement notable de ces elements, ce qui 
donne lieu a la composition chimique precedein 
ment indiquee. Le phenomene est general pour 
toute la Catalogne. 

La justification chimique du phenomene 
decrit est attribuee a un equilibre entre le 
systeme albite-anorthite et 1'eau thermale --
,qui libere du Na et de la silice. 

2 Si O AlNa -f Ca•̂ *•̂  8H 0 ::, —_ 

• Albite 

TT*" Si„0„Al„Ca +. 2Na'̂  -H 4SiO, H, 
2 o 2 4 4 • , : , 

Anorthite 

La reaction en question a ete etudiee 
experimentalement par ORVILLE (1972) et a ete 
appliquee aux basaltes de la zone geothermique 
"de la Somalie-r'frangaise par LOPOUKHINE , (1973) • 

' Dans le. cas qui nous interesse,'^elle est'japplj^ 
quee pour la premiereifois a des processus --
thermiques. associes, a. des roches grani'tiques. 

*% 4.- THERMOMETRIE HYDROCHIMIQUE.-
( \ , • - - - , . = : ; - . - - ; 

' ̂  -; :-Unv.chapitre important de la prospection 
^ ifc • - ••'•:•, ;•,',, , - . ^ . . • . . 

^X geothermj_(|ue,',,.c'est, 1'application des, diverses 
^ ' technique^iiexistantes. pour estimer la tempera-r 
f ^ " ture en'-ii'Sp'fdndeuf "̂  qui a ete cell e...du dernier 
^ equilibre-'entre i.'eau et la roche, independani 

ment d'une,temperature quelconque de sortie. 

fk' 

¥. 
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Pour chaque eau thermale, on a calcule 
les geothermometres suivants: 

- ̂ °̂2 
a) graphiques de FOURNIER et TRUESDELL (l970) 
b) equation de SIEVER (I962) 

- Na/K: courbe moyenne d'ELLIS (1970) 

- Na-K-Ca: nethode empiriqtie publiee par FOUjt̂  
NIER et TRUESDELL (1973). 

Cependant, et d'apres le raisonnement 
chimique effectue au paragraphe precedent pour 
justifier le caractere bicarbonate sodique des 
eaux thermales provenant de granites, si on -
constate en realite la reaction d'equilibre -
proposee, son traitement thermodynamique doit 
etre- un.autre. gepthermometre -specifique, dont,. 
les resultats doivent coincider avec ceux men̂  
tiones plus haut. 

La methode consiste a calculer la va--
leur de la constante d'equilibre de la reac
tion mentionnee pour une ample gamme de temp^ 
ratures comprises entre 25 et 3OOQC, a partir 
des chaleurs de reaction des elements reactifs. 
L'expression de la constante d'equilibre 

K = - J'Q."i 

peut s'ecrire 

= log.l- J log K. 
- 2 log M 

J'4^i°4]\ 
ce qui ffi't qye I'on peut construire "" diagrarî  

me log 'I Ca J • en -fonction de 2 'log IA„ •̂ | 

-p-slo^ :: :: • 
ou la valeurde chaque constante d'equilibre 
pour chaque temperature sera expriraee. par une •• • 
droite.de valeur .Ipg K. , ,, ,, , 

Afin de'he-pas ' trop allonge'r'ce "resume " '' 
on peut .trouver son „developpement dans les --
travauxde LOPOUKHINE (1973) et d'ALBERT (1975). 

http://droite.de
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Sur le tableau II, on indique quelques-
uns des resultats obtenus, a titre d'exemple, 
avec les differentes methodes. Comme les re--
sultats derives de 1'application de l'etude -
thermodynamique de 1'equilibre albite-anorth_i_ 
te coindicent avec les geothermometres class^ 
ques, on peut considerer comme valable la ju^ 
tification chimique du caractere bicarbonate 
sodique expose ci-dessus. 

Etant donne les ordres de grandeur ren̂  
contres (80Q - 1200), on peut conclure qu'il 
ne faut pas s'attendre a trouver en Catalogne 
des gisements geothermiques d'une enthalpie -
elevee, pour le moins deductibles a partir de 
manifestations superficielles. 

>.- GRADIENTS GEOTHERMIQUES CALCULES PAR DES 
SONDAGES PETROL!FERES-.- -

Dans cette phase de prospection initio^ 
le, on a calcule les gradients geothermiques 
de 18 sondages petroliferes a partir des va
leurs de BUT (bottom-hole temperature) recuej_ 
Hies dans les logs electriques a des profon-
deurs diverses. 

Cependant, les temperatures mesurees -
dans les sondages au moyen d'un enregistrement 
electrique ne correspondent pas a la temperatu^ 
re reelle de la formation a cette profondeur, 
sinon qu'elles adoptent generalement des va
leurs plus basses par I'effet de la circula
tion de la boue, puisque la mesure est effec-
tuee apres avoir sorti la tige sans attendre 
la stabilisation thermique. En general, le — 
temps qui doit s'ecouler entre la'fin de la -

; circulation de la boue et son equilibre ther-

I mique avec la formation est de 40 a 50 heures, 

f, En consequence, les mesures de tempera^ 
fi ture recueillies dans les logs, electriques -
I ont ete corrigees jusqu'a leur stabilisation 
"l thermique en suivant la methode de' FABIAN ( -
I 1955), ce qui a permis d' obtenir un ordre de 
? grandeur beaucoup plus proche des valeurs ree^ 
ii lies des gradients geothermiques en' utilisant 
V uniquement des puits dejA perfores..::, ,. 

''. Les valeurs obtenues acres la correc--
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tion sont toujours superieures a celles mesu
rees directement, excepte dans le cas des en-
registrementsA moins de 600 m, alors que les 
gradients s'intervertissent parce que la pen-
te de la droite log temperature - log temps 
est negative. Les limites extremes trouvees 
sont 0,24 et 0,72QC/lO m, ce qui correspond 
a des valeurs de flux comprises entre 1,5 et 
4,4 HFU, bien que lea ordres de grandeur les 
plus frequents oscillent entre 0,30 et 0,50QC 
/lO m (1,8 et 3,0 HFU). 

Les valeurs minimales correspondent a 
la partie centrale de la province de Lerida, 
dans la zone delimitee par les rivieres Segre 
et Noguera Pallaresa avant leur confluent, et 
elles augmentent peu a peu vers les Pyrenees 
et les Catalanides, toujours en direction des 
grandes fractures NE-SO qui determinent le pro^ 
cessus de distension actuel. 

Les gradients trouves de cette maniere 
bien qu'ils ne soi-nt pas exacts, procurent -
un ordre de grandeur acceptable qui permet de 
quantifier le phenomene, en meme temps qu'ils 
nous indiquent que la profondeur a laquelle -
s'etablit1'equilibre calcule par des geother
mometres chimiques ne depasse pas 1000 m. au-
dessous du niveau de la mer. 

Cette etude a permis de selectionrier -
les zones qui, du point de vue thermique et -
de la qualite des eaux, presentent le plus 
grand interet. Actuellement, I'lnstitut Geolo^ 
gique et Minier d'Espagne, ..par • 1.'int3rmediai-
re de la Compania General de.Sondeos, a abor-
de l'etude concrete, au moyen de la geophysi-
que et de mailles de sondages -thermometriques 
d'une des zones qui ;apparaissent- comme etant 
les plus favorables. ': -

Cette zone, situee A environ. 30 km au 
NO de la ville de Barcelone,,'est situee sur -
la ligne de faille occidentale'qui-limite la 
grande fosse tectonique distensive des, Catala. 
nides paralleie A l a cote, et.dont le saut se 
chiffre approximativ'ement par 4000 m. 

Telle que manifeste la sismique petro-
li^re qui se realise sur la plate-'forme cont_i_ 



27 

ncntale meditorraneenne, en face des cotes du 
Levant espagnol, la fosse des Catalanides su^ 
mentionnee oii a commence la prospection geo
thermique en Espagne, n'''est que 1 ' af f leurement 
continental d'un vaste systeme distensif de -
horsts et de-grabens de direction paralleie a 
la cote mediterraneenne espagnole qui se pro-
loiifje au moins jusqu'aux ilex Qaleares. Ce sys
teme est affecte par une activite volcanique 
nbondante de 1'age piio-quaternaire qui atteint 
une. importance notable dans la province de Ge-
rone, aihsi qu'un developpement appreciable -
sur la plate-forme continentale elle-meme. 

Actuollement, on est en train de corr^_ 
()er, a I'aide de la methode mentionnee ci-d^ 
,ssus, les logs electriques de plus de 50 son-
(Inges petroliferes, la plunart d'entre eux .m<-T_ 
rins, repartis tout au long de la coto medite^ 
rranccnne espagnole, afin de quantifier la vâ  
leur des gradients e.Kistants dans cette inte-
re.ssnnto zone de tectonique recente. 
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THE USE OF M.T.-3-E.X. MAGNETO TELLURIC 

IN GEOTHERMAL EXPLORATIOK 

: by , 
Louis M. MUSE** and A. TEN DAM • • , 

I - INTRODUCTION 

M.T.-5-E.X. i s a m a g n e t o - t e l l u r i c e x p l o r a t i o n t o o l which has 
been developed by Dr. Louis MUSE, Magnetic P rospec t ing Inc . 

I n v e s t i g a t i o n s l e ad ing to the des ign of new m a g n e t o - t e l l u r i c mes-
su r ing devices s t a r t e d in the e a r l y s i x t i e s for the S.N. REPAL ir. 
A lge r i a , in connect ion with petroleum e x p l o r a t i o n pro'olens, and 
was cont inued l a t e r i n Prance in the fraunework of the BEICIP 
(Bureau d 'Etudes I n d u s t r i e l l e s e t de Cooperation de- I ' I n s t i t u t 
F ran j a i s du P e t r o l e ) . Since t h r ee y e a r s t h i s method has been 
employed by s e r v i c e companies in Prance (SPEM) for ope ra t i ons 
in the Eas tern Hemispheie and in t h e USA (GEMPS) for the Western 
Hemisphere.The newest p rocess , M.T.-5-E.X. i s now in ope ra t i on 
s ince 1972 with a few mod i f i ca t i ons . This p rocess involves s p e c i a l l y 
designed measuring instrumentia and new record ing and p roces s ing 
methods. ' . - . •- •: , . 

The M.T.-5-E.X. m a g n e t o - t e l l u r i c method uses s u i t a b l e f i e l d devices 
to provide for" d i g i t a l r eco rd ing of v a r i a t i o n s of the n a t u r a l e l e c t r i c 
f i e l d i n two d i r e c t i o n s (Ex and Ey) 'and of v a r i a t i o n s of the magnetic 
f i e l d in both these d i r e c t i o n s (HX and Hy) p l u s the v e r t i c a l Hz. 

The s i g n a l s from'thei recor i ng channels are ' d i g i t a l i z e d a imul taneous-
ly -By two 'independent" r ecord ing mini-^caaset te , systems in order"':t.o"' 
insure r e l i a b i l i t y . '/t'-m6ni''t6r>"accbrapariies the two ' d i g i t a l r e c o r d e r s 
and g ives aii analog r eco rd . -/ 

The e l e c t r o - n i a g n e t i V ' v a r i a t i o n s ' recorded ar«*represent 'ed *by a " ; ' 
spec t rum'cb t iven t rbha l ly 'de f ined by f < '1 'he rtz'V the lowest 'usable "-
frequency •being' r e l a t ed ' . t o . ' t h e ' du ra t i on of ttie "recording.' ••- '• '" '•" ' 

In t h e f i e l d the f ive componen-ts a r e r e c o r d e d - g r a p h i c a l l y ( fo r v i s u a l 
con t ro l ) and numer ica l ly on magnetic taipe with s p e c i f i c a l l y designed 

* P res iden t Genral. Elect ro-Magnet ic P rospec t ing I n c . Santa Rosa 
(Ca l i fo rn i a ) . • • • , . . . - . • 

»» Vice-Pres ident Tectonic Resources Inc . - Los Angeles ( C a l i f o r n i a ) 



• 4 4 0 

and patented recording instruments. The magnetic tapes are pro
cessed by means of a computer program, using exponential solutions, 
in GEMP's Santa Rosa (California) processing center. 

The processing of the field records involves 3 new concept in analysis 

The signals are initially processed so as to be regarded as sums of , 

real exponentials and the processing uses exponential solutions to 

the equation of MAXWELL rather than the conventional harmonic solution. 

The processing is highly sophisticated and the computer program 
requires the use of a CDC 7600 computer. The subsetjuent interpre
tation involves the comparison and the adjustment of the processing 
results with theoretical caluculationa based on geological data and 
eventually on electric logs of available boreholes. 

"The results are furnished in function of various periods otfT, time-
constant, and not of various periods of T as in harmonic analysis. 
In M.T.-5-E.X. the low frequencies are used because this method is 
aimed at knowing with precision the characteristics of reservoirs 
at depth, without preoccupation for hhe superficial formations and 
without trying to obtain structural details which in a general way 
c nnot be obtained with accuracy by means of electric resistivity 
measurements. ' . . . - . . , 

As a function of the various values of "j;" the processing, of the 
magnetic tapes in a CDC 76OO computer gives the main trend, the 
apparent resistivities according to the x and y directions as well 
as other values which allow to determinate, whether .the structure 
is tabular, cylindrical or even more, pomplex..' , . ., ; 

From the resistivity values, the resistivity curves as a function 
,of , are traced automatically.,,,.The .final interpretation .uses all 

these, data and.leads to-the .drafting,of. longitudinal ,iso-conductcUice 

;raaps,,.of; apparent .vertical resistivity, oiapis,and of. a ma iii .trend map. 

Before deciding if a,M.T.-5rE.Xi program can.be succjessfully 
carried put it is, necessary,,to. make ̂ a preliminary, study of, the „ 
geological information of thevarea and pf̂ j-the know,Sresuits ,of, ^ 
e/entual deep, boreholes, -i.e. to.̂ ,furnish a precise..geplpgical, .j, 
definition of. the problems to be resolved with M.T.-5-EiX. 

"^Wi 

m 

http://can.be
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M.T.-5-E.X. r e s o l v e s r a t h e r s a t i s f a c t o r i l y the problem of c y l i n 
d r i c a l and t a b u l a r geo log ica l s t r u c t u r e s , s t a r t i n g with the main 
t r end of c y l i n d r i c a l s t r u c t u r e s , on cond i t ion t h a t the va r ious 
geo log ica l formations r ep resen ted do not have a l l the sajae r e s i s 
t i v i t y . 

F ie ld ope ra t i ons depend on l o c a l c o n d i t i o n s . The r ecord ing equipment 
powered by two o rd ina ry car b a t t e r i e s i s mounted in two four-wheel 
d r ive v e h i c l e s , whereas in area's of d i f f icv t acces p o r t a b l e e q u i p 
ment i s used. A f i e l d crew i s u s u a l l y composed of 4 . Under normal 
cond i t ions a f i e l d crew can make 2 to 4 s t a t i o n s per day. 

M.T.-5-E.X. has been used in petroleum exp lo ra t i on and' s ince 1972 
a l s o in geothermal e x p l o r a t i o n . I t has shown to be ab le to help 
determine wi th-accuracy the subsurface p re sence 'o f "porous and 
permeable formations f i l l e d with hot or cold s a l i n e water , or steam 
and to d e f f e r e n t i a t e between o i l and watei^-f i l led r e s e r v o i r s . 

I I - M.T.-3-E.X. IN PETROLEUM EXPLORATION 

Whenever pos s ib l e a M,T.-5-E.X. survey should be preceded by 
a review of the a v a i l a b l e w e l l - r e c o r d s , . in order to c a l i b r a t e the, 
method for the a r ea of i n v e s t i g a t i o n . Magne to - t e l l u r i c measurements 
ou t s ide de d r i l l e d a rea then provide g e o l o g i s t s and r e s e r v o i r e n g i 
neers with e s s e n t i a l d a t a , f o r the, a p p r a i s a l and .develpp-nent pf t h e ^ 
a rea . - - - - - - • - ••.<:.•• ,.•;,,,;;; . t.-.. , . • , . " ' - ,' 

This method provides fo r accu ra t e mappings o f , conduc tor formations.t ,.; 
I t i s fo r ins t ance p o s s i b l e with M.T.-5-E.X. to d e f f e r e n t i a t e 
between lihe porous and non-porous p a r t s of known p e t r o l i f e r o u s , .< 
re ' , .f-formationsi. on. cond i t ion t h a t , the reef, has a - s u f f i c i e n t t h i ck - , 
ness . and t h a t the , pores , a re f i l l e d with s a l t water ^ a n d / o r o i l and ,•. 
gas . The same d i f f e r e n t i a t i o n , i s - p o s s i b l e . fpr - . th ickisandstonej for- , ,,, 
mat ions . 

Successful surveys, have been -ca r r i ed out .in A lge r i a , 'Tunesia , ,Prance , 

C a n a d a . \ a n d - t h e U S A . ;-, ;'^-i .••,._ •••, ,, : • • • , , , ; y .< y .̂-'-̂  --",> yiili-" :%-• ' :•! ' - iM Zr.--.. 

I I I - :M.T.-3-E.X. IN -GEOTHERMAL EXPLORATION. ...--;..;;;• .!,*jH'f'S!?;-'vh^ ay 

Highl j r ' successful in";pet'roleum e x p l o r a t i o n M.T.-5-E'.X. appears '"-
everi mdre s p e c i f i c a l l y adapted to geothermal •prpblemsV'-'''" ' ' ' - ' • ' ' 

H i the r to the more convent ional e l e c t r i c " souniiing and , induc t ion 
methods have been used to de t ec t r e s i s t i v i t y - a n o m a l i e s , based on 
the p r i n c i p l e t h a t high temperature permeable formations show low 
r e s i s t i v i t t e s . 



442 

In seeking such low resistivity zone.s M.T.-5-E.X. measures 

the apparent resistivity of the underlying formations at each 

recording station as a function of the natural electro-magnetic 

spectrum. Various parameters used for interpretation, n dably 

conductance, can be calculated from these measurements. Conduc- . 

tance is higher when the beds are thick and of low resistivity. 

Results in various areas in the world have shown that in the low .. 

frequencies, the apparent resistivity variations are highly distinc

tive between cold or tight zones and those productive of geothermal 

fluids. 

'̂ » 
f-*.. 

'^, 

Conventional magneto-telluric methods, presently currently used 

in geothermal exploration have so far been considered adapted to 

broad aind medium scale reconnaissance. The results obtained by , ,,_. 

M.T.-5-E.X. indicate that this method is particularly suited to ,, 

detailed problems in geothermal exploration, although equally well.. ... 

adapted to general reconnaissance. 

M.T.-5-E.X. was first used as a geothermal prospecting , .̂  

tool in Tuscany (Italy) in the Travale area,east of the Larderellb"'*'''-

geothermal field, in 1973, after the successful completion of th'e-'-' ~ 

Travale n" 22 well which produced approximately 800.000 pounds ''•'*''«: 

od dry steam smd non-condensable gas per hour from Triassic carbo--"'̂ '-̂  

nates at 2200 feet depth. This investigation-was first carried''out*"''' 

on behalf of the National Research Council of Italy in the framework", 

of the International Institute for Geothermal Research in Pisa and 

subsequently for the QJEL (Italian National electricity"'authority)i'i5;:; 

-V* 

•.V(VJ•«<5S»S^ 

..vyhm^: 
•.̂ ftSSaii: 
1lmS90-

.. - ••iS'-4i=*-"5('S-' 

S t a t i o n s were i n i t i a l l y l a i d out":at an ' average s p a c i n g o f 800 me' tersi 

over a n ' a r e a of about 30 ' sq .km. , 'which inc luded the o ld Travale-,"-'-'^^f 

f i e ld . - In 197^ a s e r i e s of - ' c lose ly spaced s ta- t iohs was'laid•,outiL5|tM•,-

raostly in the sou thwes te rn-par t of the- 'areaof ' invest igat ion.^<, ' , '« ; •'Ŝ Mi'i 
.-i'-iT'-Bi^S'-ss!-': 

S t a t i o n s in the southern p a r t of the a r ea , where surface c a r b o n a t e ' s ' r 

a re a s s o c i a t e d ' w i t h a cold zone, i nd i ca t ed 'ma in t r ends -w i lh the -̂  -**" 

usua l NW-SE s t r i k e , of the a l loch tonous nappe formation,-whereas'^^"' '• '^ 

measurements made f u r t h e r nor th revea led a swing of the main t rends 

to NE-SW. Thus, whereas the;.-Travale;':area...ha6 .usua l ly 'been ; considered 

a s a NW-SE . s t r i k i n g graben,-M.T.-,5-E.X.^has,.6hp.wn. t h a t ,th« narrow,^ j , 

zones with permeable , , reservoir , jOondi t ior is . indicated by ye iy h i ^ f.̂ ,̂̂  

conductances, were pe rpend icu la r to t h i s d i r e c t i o n i . e , NE-SW. 

•-. . • ,•'-.,; ,,;:•-,;-'"..-„^"|J,:« ,>;-? ,;»i,: •! -.J,••'•-,:; .--v ,-:ov "\i : :x- 'kfifjSAt 

:--•,!• , - , • •: • - v ! ' \ .. ...•• ,:-:',: r '.•.•-.•• ; ; ' . ;>c f - i j i s J ^ * 

• • • , - . - : • : • • , - • • - - I ' v - - - . , - • : • . . : . : • . ; - • ; : • • - ' C ' i 

if 

t i . 
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The M.T.-5-E.X. survey clearly .indicated that Travale n" 22 
was sited on a strong longitudinal conductance anomaly and it 
also indicated that the projected Radicondoli n* 1 and n" 2 
boreholes were located in zones of high resistivity and therefore 
unlikely to produce geothermal fluids. As a matter of fact neither 
Radicondoli n" 1 nor n" 2 did encounter any geothermal fluid due 
to lack of permeability, but found dry hot rock only. 

Following the M.T—5-E.X. survey the Radicondoli n" 3 and n" 4 
were drilled, both located in highly conductive anomalies. Radicondoli 
n" 3 encountered the Triassic resarvoir at 720 meters depth with 
unexpectedly h i ^ temperatures (280''C) and with a h i ^ productivity.' 
Unfortunately the well could not be put in production due to techni
cal incidents. The Radicondoli n* 4 well was located on a similar 
anomaly and encountered the Triassic reservoir at a depth of I365 meters. 
Ibis well made 150 000 pounds of dry steam and carbon-dioxide. 

In the latter part of 1975 and in 1976 detailed surveys were run 
over the Travale and Torre Alfina geothermal fields, in order to 
help siting further development wells. 

f'i-

On the French Caribeanisland of Guadelupe a M.T.-5-E.X. survey 
was carried ou-t at the end of 1973, in the area surrounding the 
Bouillante geothermal field discovery. At Bou'llante this survey 
indicated a very strong conductive anomaly in the neighbourhood 
of the discovery well. This anomaly is small in size. Similar N-S 
striking anomalies were found in the same area, all rather narrow. 
The most interesting a;noroaly at Bouillante has not been drilled yet 
due to logistical difficulties. 

•EWl 

After these first M.T.-5-E.X. surveys, other geothermal exploration 
surveys have been-carried out with it in Italy, Southeast Asia and 
the western USA.' A't present one party is involved in a survey in' 
K e n y a . '"' """•"-'• " • ^' '" •', - -' '• " -' -- ' 

Electric sounding with direbt current input and various devices 
(dipole or quLi<irtp61e) aire commonly used in'geothermal exploration 
and they arê 'iiseful for general reconnaissance.' These methods require 
increased electrode 'spacings in order to 'dbtain increased penetration 
and the spread may reach several kilometers. In magneto-telluric 
methods on the other hand,the depth of penetration can be increased 
by recording and analysing the slowest variations (skin effect). 
The equipment spread does not have,to be increased. As a matter 
of fact M.T.-5-E.X. electrodes are only 100 meters apart.Electric 
soundigs required hauling around long and heavy lengths of cable 

and bulky generators, whereas M.T. 
car batteries. 

-5-E.X. operates on ordinary 
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Compared with '.he standard magn >to-telluric investigation methods *'* 
M.T.-5-E.X. of,''erB several adva:itages. It is a tri-dimensional * ''' 
method capabl̂ ? if determining t le main trends and subsurface dis- '̂ fj' 
continuities, ao well as the tr tal conductance in the geological , "i-̂  
direction. I t gives a practical solution to the problem, of the ~lr 

' • - •• ^ ^ % 

terrestrial electro-magnetism in the case of cylindrical structures, '̂  i 
due to the analytical msthod used, whereas the quality of the curves 
is greatly improved. 

Also for a saude depth of investigation i'i is possible to take -, 
measurements over a much shorter period of time with M.T.-5-E.X. t̂ --
than with the more conventional magneto-tellurics. Ĵ  

t 

Electro-magnetic or induction methods are also widely used in 
geothermal prospecting. They require usually the input of alter
native current. As in magneto-tellurics the electro-magnetics uses v 
the subsurface propagatior, of electro-magnetic waves and the skin- . ,,-• "̂  
effect phenomenon. However their usable spectrum is not sufficient 
in the low frequencies and their technological capacity is limited. , -T' 
The depth of investigation for electro-magnetics is therefore much -̂ i.*̂  
more limited. The generated waves are not planar, which hinders „, .,.-. i jj-
quantitative interpretation in the case of a complex structure.,.,,, .,£„ ' J!JS?|S^; 

i:.G« 

. , - - - - - - . ; • - - . '•--, . •-"•••:-•!-it:o«" % S ^ ^ " 

It therefore appears that the.-5-E.X. magneto-telluric as an explo-;,, ,.>,'i'l̂ K̂Sr 
ration tool is particularly well adapted to 'geothermal prolsleBS ,̂,;., .̂  \ • 
and can be profitably used in general reconnaissance in stead ° ^ ] . ..^, ...*fi' 
the usual resistivity surveys and is the ideal tool for detailed, 
exploration. 

is: *a'f,' 
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1 . - AN'rECEDENTES """ 

La prospeccion geotermica por resistividades, mediante 

SEV, llevada a cabo por ej. IGME durante 1976 definio .la exis-

tencia de las anomalias conductoras de Caldes y La Garriga. 

Esta fase puso de tnanifiesto ademas algunos rasgos intaresan-

tes de cara a la planificacion de nuevas investigaciones, Uno 

de ellos es la existencia de formaciones resistivas en la zo-

na proxima a la falla o,ccidental._̂ Estos materiales, conglome-
.^"-e-oe^' ASK, /tAA^^ffXft^fe £<^*U.t^*iX4o-.v '^ d f i f ^ (̂ a>ĉ î !t,<Jw 

rados. presentan una distribucion irregular oscxlando sus pro 

fundidades alrededor de los 300-500 m. 

; El conocimiento de la evolucion de la anomalia en profun 

didad es del mayor interes en el estado^actual de investigacion 

de las posibilidades geotermicas del Valles.-\ (̂ ĈOMAS 

• \ 

Aparte de' esto se trata de obtener^informacion sobre la 

geometria del basamento de la depresi6n de forma que se puedan 

apoyar o confirmar los datos resultantes de la campana gravim£ 

trica llevada a cabo por el IGME. 

7 •" . " 

-/̂ j Como metodos adetuados a estos fines se han propuesto el 

Magnetotelurico (MT) y Audiomagnetotelurico (AMT) , dado que -

permiten hacer un reconocimiento/a diferentes profundidades -

en funcion de la frecuencia analizada. 

El conjunto del trabajo ha sido realizado por la'^Compa-

nia General de Sondeos habiendo contado para su ejecucion con 

la colaboracion de*D. Ramon Ortiz Raraiz y D. Jose Luis Diez -
, I ke . a/i^^ftyy/^ &i " ^ J ^ \f^xr\A. 

Gil, Doctores en Ciencias Fisicas. La planificacion de los trâ  

bajos asi como la interpretacion de los resultados. ha corrido 

a cargo de D. Angel Granda Sanz, Ingeniero de Minas de la Com 

pania General de Sondeos, como responsable del Proyecto. 
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4 . - TRABAJOS REALIZADOS 
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Con el equipo de MT se midieron cuarenta estaciones.dis 

tribuidas reglularmente por tpda la zona de trabajo. Con ooje-

to de poder apoyar los resultados pbtenidos mediante*audio-MT. 

El tiempo de ejecucion de las lecturas es muy variable depen- ̂  

diendo de las caracteristicas de cada estacion, Cada 'dia se 

llevo un control de los datos mediante su demodulacion y re-

gistro grafico con objetq de valorar su calidad y en su caso 

repetfir las lecturas hasta que su validez fuera satisfactoria. 
/ ' \ s u /fc\2,tf?;̂ v-Â -̂  /atj-ts-fevup-u r ( ) 7 ^ / ^ ' ^ ^ J Z A M ^ jhy'i-M yly /^ i ^ y l ^ X J ^ ^ M J ^ -/o^XtJi/^/ 
El tratamiento posterior de las bandas magneticas no resulto 

factible,rpe^e^a estas previsiones, en diez estaciones por lo 

que solo incluimos JO sondeos MT. ---

Las medidas de audio-MT se distribijyeron sobre perfiles 
p^\.&(yisbo rti. ;tkjh ^^.^y'^ A 7 ^ t̂ ^̂ o-̂ Â  zU . JU <fi %LL C I A I ^ , ^ 
perpendiculares a la traza de la falla occidental del Valles, 

con los siguientes sendee's por perfil. 

t^/K^fyifX 
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Antes de rinalizar este apartado vamos a comentar un 
0'^^y^^itavJ' -̂ ŵyf. U t . /ML.i>-<-y&^ "Xo .̂ >4e/H(̂ ciw 1^ '^ '^ o J J i . 
hecho significativo. Representamos de forma esquematica to-

iJLL fjv.t/yH Ĵ̂ iĴ  <4 oi/\oy^ f d - M - ^ ^ . k i "̂"̂  c«>̂ ,*ĉ .̂ -̂£J? /*«! 

das las familias del grupo 1 (Eig. 3). Si construimos las -

irectas de enlace dê  los valores extremes, oi, oo ''9 

podemos constatar que las cerrespondientes a todas las cur-

vas situadas fuera de la fosa del Valles tienen pendiente p£ 
sitiva mientras que es de signo contrarie la correspondien-
te a las curvas de dentro de la depresion. 

5.2.2.- Seudosecciones.-

Siguiendo la definicion de Cagniard se ha calculado la 

resistividad aparente a partir de,las componentes^ ectogonales 

del campo electrico y magnetico segUn la formula 

/Ex-Eo.2 1 
'"a =K(f)(j^;3^) . -pz 

siendo K una constante de calibrado de la bobina, f la frecuen 

cia en Hz y Eo, Ho constantes caracteristicas de puesta a ce-

ro del equipo,' y 1 la distancia entre electrodos. El programa 

de calcule se reproduce a continuacion. Dadas las caracteris-

ticas del equipo'se obtî ene un rango de variacien de las resis_ 

tividades aparentes muy amplio, entre 10 V 10~°. Con objeto 
n \ (Y-€<A(^ jKvvy -lyJavJ' 4) (L,<jr>v~r***'i>-«'̂ 'Ŵ  . Crh vU^ibc£. / \^t^y{JxJo7^^7MJ^ 

de hacer tm. intento de comparabilidad de estas resistividades 

con las obtenidas por otros metodos hemes restringido el cam-

po de variacion por aplicacion de la tabla siguiente: 



1 conjunto de las seudosecciones obtenidas se repre-
|(/vv 

sentan en las figuras 4 a 12. Para su construccion se han ele 

gido intervald's arbitrarios a 50, 100, 150, ,200 etc, ohm.m. 

Recordemos que todas cerresponden a la direccion' principal -

que es la N-S del campo electrico. 

5.2.3.- Modelos de Strangway 

^ >l» ^ {/tT^Tysr^ ^ ' /the. pto4yyiifQ^yLyiyruyiiJ %/4J ryi^^/nyd •,©^c2*-̂ ,Wl/CrK/̂ -

Es una va r i an te de l a s seudosecciones que p'ermite obse£ 
"IM I M J p^yyvjiy -/̂ ZZM/y^ Z7(A^J' '£<tiZ-v^A- 07fy.yuXi&v.a m r-Q.^yiJi/yirsX^t ' 

va r ; a l mismo tiempo que var iac iones l a t e r a l e s de r e s i s t i v i d a d , 
7 ^ cjTy^JJtA^i>>^ a i _ ""• ^ zTZo ̂  jf̂jLAA* ^ d e n y p ' ^ y ^ ^ ^ -
las condiciones de ani"setrojDi3 â  lo large de cada perfil. 

Pa.ra cada, frecuencia de lectura se Ireva en ordenadas,^. 

correspendiendo con la vertical de cada estacion, el valor del 

In CQ .̂ Uniendo estos valores a lo larg'o de la linea correspen-^ 

diente a cada frecuencia se obtiene' el tipe de representacien 

que incluimos en las figuras 13 a 30. Las zonas sombreadas re-
Z^^^nui-s Cy^^-'J.KeZAiti ' \ A X I A 7 * ^ jz-.ja-dX' p^\yrl^'^7Lci 

presentan zonas conductoras dentro de cada perfil. 

E-t(;^^ 7 \ x J ^ M^ 6 4 ^ i/f Jzu (b^^^^w^oe^^fe^ • --̂^ yyL\ y<AJy>. 
Igual que en el case de las seudosecciones sole inclu£-

^*zyi. p>^y8^-7^ Ca\AZa^f-^>,.MAA.^ <ts '̂ (̂a /2-'V-'-K,<X.;;̂ «̂-t eL<yii^ZZ{Mn.- '• 
mes los perfiles cerrespondientes a la direccion principal: 
A -̂i i-̂ -. y u $ajy^^ 4 ^ ^ 
N-S para el campo electrico. 

T 
Q_M^>^sJoMjr^ 

v y - c_jyy!yy^jy^ t i .5i.-ŝ .<5̂ vvf̂ ^ -̂ ^ cjiUAyfzhi. L ^ i j s 
Los coeficientes de cani'sigtropî ^ se calculan per la ex-

presion A = 1^ 'ri_3 - In (̂ _TJ Y se llevan al diagrama de for-

ma analoga a lo antes senalade. Su representacien ne aperta / 
< y r y y 4 ^ J j i (tua- 1 ^ T U ^ ' I ^ ^ - T % XiA-c^^tM^^ /(i,e. .6(rV̂ -&̂ .*3t5>T«ŝ -<'̂ <̂i-& 

nada especial- por lo que solo" rncluimds la correspondiente 

a los perfiles 0, 1, 3 y 4 

5.2.4.- Mapas de isorresisitividad 

CA % 7 3 J / Y ^ ^ ^ -jykt, (k^jU.. ()^iL<ytlA- I r^ '^ ~khi> t V ^ ^ " '^'^ ,.<i*'̂ -ŵ .., 
Utilizando los datos deducidos de les sondeos audio-MT 
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se nan seleccionado los cerrespondientes a las cuatro frecuen 

cias fundamentales: 3800, 490, 39,5 y 8,3 Hz. L 

H a ^ A ^ u ! > i A . ^ — ~ ~ ~ \ ieJ^AW ĵ .i,><>«>yy'̂ y^^yiMM' ^.^^ ,?-2^^ 

Si el medie^^^areciera^ de discontinuidades laterales po-

dria hacerse una buena estimacion de la profundidad correspon 

diente a cada una de las frecuencias. En nuestro caso esto no 

es posible por la heterogeneidad que caracteri'za la zona de -

estudio. 

En estas condiciones ne podemos asignar a las profundi-

dades sine un valor medio deducide per tratamiento estadisti-

CO de les dates cerrespondientes a cada punto. Estas profun-

didades medias sen: 

- Para 3800 Hz.- 107 metres con desviacion standard de 17,4 m 

- Para 490 Hz.- 236 metres con desviacion standard de 71 m. 

- Para 39,5 Hz.- 890 metres y desviacion standard de 301 m. 

Es aqui donde existen las mayores desviaciones 

- Para 8,3 Hz.- 2376 metres y desviacion standard de 495 m. 

De.igjoal manera los intervalos^'eTegidos para el trazado 

de las isolineas de resistividad se han deducide mediante tra 

tamiento analego y cerresponden a les siguientes valores: 

Para 3800 Hz ,y _ 157 S- 48 

Isolineas 250, 205, 160, 110, 60 

Para 490 Hz e^ =120 S= 65 

Isolineas 330, 185, 120, 55 

Para 39,5 Hz 130 S= 65 

Isolineas 425, 260, 195, 130, 65 



i 

i 
I 
I 

Para 3,3 Hz e^ =195 S= 60 

Isolineas . 315, 255, 195, 135, 15 

Los resultados obtenidos trazande las isolineas asi d£ 

finidas se reflejan en los planes 3, 4, 5 y 6 que cerrespon

den re^pectivamente a las frfecuencias de 3800, 490, 39,5 y -

8,3 Hz. 

I' 

I 
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-i 
6.- INTERPRETACION DE LOS RESULTADOS 

6.1.- MAGNETOTELURICOS 

A traves del proceso de calcule descrito en el apartado 

correspondiente se obtuvieron las curvas que incluimos en les 

anexos. 

Para cada una de ellas representamos los valores deduci

dos para dos direccienes ortogonales y el valor medio de ambas. 

Mediante este sistema puede observarse, come cabia preveer, la 

forma en que las curvas discrepan de la situacion ideal por -

la existencia de una marcada anisotropia. 

El tratamiento de tales curvas es cempiejo per no ajus-

tarse a modelos sencillos, de los tipos usuales en las cele-

cciones patron utilizadas. 

d o •oZtZa,ii/4.̂ Ji (Zyfy-yij<y ay\j.^ g^wv)*-^"-^ - J y ^ pv>#Ov>na<t y ^ - ^ i u J A / p ^ 

Comb curvas patron hemes empleade la celeccion publica- I 

da per Yungul. ' 

Al contrarie^de le que sucede con les Sendees Electricos 

Verticales, en que puede interpretairse una curva por descomp£ 

sicion en modelos de dos capas, los sondeos MT. han de super- ^ 

ponerse sobre curvas teoricas de su mismo numero de capas. En 

nuestro caso esto resulta dificil perque les.dates obtenidos 

cerresponden a modelos de mas de tres capas.?'-

, . Para salvar'este inconveniente hemos procurado el mejor 

ajuste sobre los modelos de dos y tres capas de que disponia^ 

mes. Queremos sefialar a este respecte que apenas existen publi_ I 

caciones sobre curvas teoricas y metodos de interpretacion. 
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i De esta forma los resultados que prdsentamos en el piano 7 -

han de contemplarse con muchas limitaciones y solo de manera 

dndicativa per todos los conaicionantes negatives enunciados 

6.2.- AUDIO-MT 

6.2.1.- Familias de curvas 

Siguiendo una fase previa analoga a la que se efectua -

en la interpretacion de SEV tratamos de establecer si las cur 

vas de audio-MT se agrupan en familias de manera coherente -

con la situacion geologica. 

Una vez establecidas las distintas caracteristicas de -

las familias que pueden establecerse situames cada una d e — 

ellas sobre el plane a fin de conocer si existe algun agrupa 

miente que defina anomalias de interes. 

Al hacerlo de esta manera pretendemos identificar, en 

base al conocimiento existente del ^rea, aquellos grupos de 

cuTvas dignbs de un estudio con mayor deteniruiento 

Los resultados obtenidos se reflejan en el plane n2 2 

y como puede verse no muestra;n ningun rasgo que haga atracti-

va la continuacion de la interpretacion por este camino. 

6.2.2.- Seudosecciones 

El aspecto general de las mismas ha de entenderse exag£ j 
, / C ^ . . ^ . J 4 ^ J ^ . J ^ ^ J ^ \j~ey[/MAjl I::>I^MXJ'- ^ ci<?v\fe3,^'-Ai-c/, jC^^XStn 

radamente ampliade en su escala vertical. Existe una correspon 

denci.a con la profundidad que, para la frecuencia de 8,3 Hz, 

oscila entre 1700 y 2400 metres come valores mas frecuentes. 
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En consecuencia las seudosecciones efrecen una.informa 
, TyA^tr^^^f'̂ odyi^-'sj (^.^.'f^U^f^y^y^,^ i\SLQy^'uyZ ^ 7 j ^ dy<.MZ7jJ/vyA/\^ ^ 

cion cualitativa complementaria respecte a la distribucion -

de resistividades segunfun corte vertical. 

Para su construccion hemos considerade intervalos de 50 

ohm.m que censideramos suficientes para sefialar las caracteris^ 

ticas resefiables dentro de cada perfil. Comentaremos brevemen-

te los diverses gr^ficos que censtituyen las figuras 4 a 12. 

/ ^ ĉ fMiŷ i£ y ^ k ^ ^ ^ (rl "ihu ŷ ^AfTv̂ Ĵ  Cn) izkc -J^-VT^-^ • e ^ ^ ^ ^ 
Come rasgo general de la mayoria die les perfiles se se-

«̂  r y A M / j U M ( S y > y j ^ Of^r>ji. '̂  i _y^ , ' - .ys iyMr^ )i:iJZ7-j'iM^ iZM-0 . i i 

nala una zona, c en t r a l relat ivamente conductora en t re dos de -

mayor r e s i s t i v i d a d que censti tuyen l a p a r t e mas supe r f i c i a l y 
OLAV*- /OLU try»-yJ^ &{ ,vv4'W.,-M.vCO (5Q "IJ'Jiy IsMS'vv*^' (Mt^^^U'Syy Cyii>-vwYî .-̂ rî  / e ? U M * /Co "M^ 
la zona de influencia del-basamento. Otro detalle cemun a-mu-

/ ,5̂  i j ^ t̂ Ui-fAoo io l-fdr^ •ĵAt̂jg/K.̂-e. - oft cc . -(><?>>./w,j<̂i A}-*>̂ey . 
chos de les perfiles es la presencia de una zona conductora -
7^ Msjb '^y\jryyy oi kU-: \yi^iey^ ĵ̂ Â ^ 
en las cercanias de la falla occidental. 

No existen rasgos de especial relieve dentro de los per^ 
0 ffv^X tir(\AXlL j J t s j J s V-rWMAO • / i j r<u^ ff^jpjpJl^^yx^ (Urx. C^yrxf^A^^ 0Loy\yt 

f i l e s 0 y 1 mientras que dentro del 2 aparece una amplia ano-
, (j^h-in-wXli cJyy)ZZaAZ<iA . 0>\3ruyy " i i ^ |2.-<sW JL, 1. a - ^ jT^W' a^ 'Al^^ 

malia conductora centrada alrededor del punto 2.2 y que se ex-
iy.> (Xlyf^^ iĵ yzKiZX, \ AAS-.2.'. 1 ' 1 0 ~'A-'f\>-<2, '• • cy&TSykyAZjp./ î Y r̂Yo.- )'\y^-C>^'Jff'-mr 

tiende en profundidad hasta el 2.7. A esta zona conductora la || 
^ AIVJ Q-jrryr^tyZ/Msy-' lyfcX^ToAe^ (*z.ert' '^'^*~<^ fiy)rU^rp>Ay^ OXT^UCJM )Vvy)wv^ A 

suponemos en conexion con la anomalia geotermica ya conocida -j 

en las cercanias de Caldas de Mentbui. 

En el perfil 3, en su zona central^, aparece la continua i'' 

cion de la anomalia: ante-rior con sus meneres valores de resis_ i\ 

tividad entre los puntos 3-5 y 3-6. Al minimo de las estacio-
,aA^ w€ C ? j i r , y j £ ^ - • • • . ! i y y t ^ Z : ^ * y ^ / ^ Aj2,ô fĉ *̂Av»i!ti p4-^a.-yyj».j0-^^ 

nes 3-0, 3-1 y 3-2 le censideramos"ligado a fenomenos geoter-

micos proximos a superficie. 

El modelo que repr,esenta el perfil 4 es muy simple y res_ 

,1 

ponde a los rasgos generales de toda la zona mostrando una zo

na conductora, que se amplia para el rango de 38,5 - 130 Kz. 

La justificac'ion de esta anomalia ha de estar en la proximi-
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dad de la falla m^s que en cualquier otro fenomeno. 

Cabria decir algo similar del perfil 5, con la salvedad 

de un pequeno minimo,, casi superficial, en la estacion 5-3 -

que no merece mayor comentario puesto que su justificacioh"'7 

puede ser litologica o de error de lectUĵ ra en el canal ce- ^ 

.rrespondiente. 

'/ * i y> 
. L l 

Un tanto m^s complicado es el perfil 6 que aparece di-

vidido en dos bloques cenducteres por efecto de un umbral re

sistivo entre los puntos 6-4 y 6-5. Al minimo del inicie del 

perfil le censideramos efecto de la falla pudiendo observarse 

como se manifiesta preferentemente en el rango de 39,5 - 130 

Hz. Por el contrarie, suponemos un origen litologico para la 

anomalia existente entre los puntos 6-5 a 6-8. Su valor abso

lute no baja de 100 ohm.m (recordemos la arbitrariedad de la 

escala empleada) y puede deberse a la presencia de una zona 

preferentemente arcillosa\ en un rango de profundidades entre 

400 y 700 metres. 

Al̂  alejames de la zona de falla desaparece su jefecto - \ 

caracteristico y los perfiles muestran.un aspecto casi unifor-

me; dentro del modelo de tres capas que cerrespend.er,an al mo-
<^ydii t l ^ Cy<^y\y\/̂  ffi S-̂ 17, 1 T̂ î  ^ A ^ t ^ ^ 7' ^ is, ^t?t?-.^ y^^Zy^fJc . 
dele H en curvas de SEV. El perfil 7 es un buen ejemplo 

Completamente diferente es el modelo que aparece en el 

perfil 8 donde se manifiestan dos minimos de diferente expli-

cacion. Mientras el de los puntos 8.4 y 8.5 hace pensar en un 

origen en relacion cen la' talla, no cabe decir lo mismo de la 

zona centrada en el punto,8.9, que cpnsider.amos erroneo. Si -

realmente existiera 'una anomalia cvesta pensar que se mani-

leste en en un sole punto de forma intensa y no ,en les adyaeentes, 



De cualquier forma existe una cierta continuacion de 

esta posible zona conductora en el siguiente perfil, entre -

las estaciones 7-8 y 9-10. Su justificacion habr^ que busca£ 

la en la presencia de materiales arcillosos perque esta posi_ 

bilidad es m^s coherente que pensar en una surgencia de flui

dos calientes que produzcan una saturacion en los materiales 

dentro del rango de profundidades en que se manifiesta la an£ 

malia. El efecto de la falla aparece aqui entre las estaciones 

9-3 y 9-4. Puede observarse, en el punto 9-1, una cierta alt£ 

racion en el granite. Efectivamente, a partir de superficie -

existe una bajada de resistividad hasta un rango del orden -

de 150 metres con un incremento miiy acusado al aumentar la pê  

netracion del sistema. 

El perfil 11 comprende algunos puntos del lO del 12 y del 

13, su direccion es mS.s o; menos paralela a la falla y sus ras

gos caracteristicos responden al modelo de tras capas de tipe 

H. 

Entre los puntos 13-5 y 11-8 existe una anomalia condu£ 
y y'yr'—-—-̂  / ^ I J J ^ , y ^ -i-ko Ssdyy^ ĥ  iî sî zT^A ĉ̂ )̂ '̂̂ .̂̂  

t e r a en ^ejg^techajrelacien con l a d e f i n i d a per metodos e l e c t r i -
cos (SEV) y t e rmomet r icos per l o que cabe c o n s i d e r a r l a come -
•Of aur̂ AfiA/v^ IHU.^'-' 
de o r i g e n g e o t e r m i c o . 

w u y y k u py^^yh - /̂ , O J ^ ^ - ip r̂̂  iJ^ • 4 ^ *̂ ^ !h^~> y 
Dentro del perfil 12, aparte del efecto de la falla, en 

7 ^ p^ervv^^ l"^-^ Q,a^pti^y\a Q^ • ^^.^peyxJ^yzM^^ •&f\yif6-y^^ c<y>.-.ySiAZ^^ j ^ ^ 
el punto 12.2 aparece una superposicion de"zona-j conductora 

que se extiende hasta el 12-6. La "̂ suponemos dentro de la an£ 

malia geotermica proxima a La Gaririga. 

t7V(...iJyCvojJM a ^ p t ^ y T j jy \ M (ŷ ^̂ Af̂ /hjA- /̂  X/^ pŷ ^̂ ^̂ ir̂  
Practicamente anomalo en toda su amplitud es el perfil 

13 que se situa dentro de la anomalia de La Garriga. 



A la vista de esta seudoseccion parece que la citada an£ 

malia tiene una conexion en profundidad tanto a traves del — 

4rea de fractura como a lb large de les puntos 13.5, 13.6, -

13.7. Cabe sefialar que, mientras la termometria y la prospec

cion mediante SEV, sefialaban una anomalia hemogenea y amplia, 

aqui aparece m^s compartimentada por efecto del car^cter pun-

tual de las medidas. 

Vuelve a aparecer; en el perfil 14 estaca 14.4; la posi^ 

ble zona de conexion en profundidad de la anomalia conductora 

que aqui se manifiesta en practicamente todo el perf^-l a pre- V , 

fundidades de 300-450 m. A partir del punto 14.6 parefce Insi- \ i 
<5̂  U L A A J Z A/-iKi^ 'D "it^ loÂ aJŜ -vvjî Cl' i^ju:>^.<J^Ayrd^ • 

nuarse una subida brusca del basemento resistive. 

En las cercanias de Samalus existe una prelongacion de 
Jjv^ Jlj<nn- y^£yrZZZ[yjLl f-^>Y.nJlM c^ : L^i. (XP^XAX^^ i y / J - j j . ̂ ,̂_̂ ,X,/ê ' ^ k U . ^>^ ŝî rh> 
la citada anomalia de La Garriga, que se manifiesta en el 

( 5 B - i M / U ^ / ^ jâ rtvJo-̂ *- :l • \,ylljr^ - t i y Q̂ Î JZi siT̂ ŷ  

fil 15 entre los puntos 15.2 y. 15.3 sin que existan otros ras_ 

ges de interes salvo la c:onfirmacion del modele cl^sico de -

tres capas. 

La continuacion hacia el NE de la exploracion puede ob

servarse en el perfil 16 que presenta una anomalia en el pjin-

to 16.6 de dificil justificacion. 

Per ultimo existe el perfil 17 que no presenta ninguna 

caracteristica digna de mencion. 

6.2.3.- Modelos de Strangway . . 

B^sicamente aportan la misma infermacion que las seudos£ 
<!MMP^ oJriM4^ (>j>v5.-©w1'. ' 
cciones ya comentadas. 
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La diferencia fundamental estriba en que este tipo de 

representacien es c^geraraente mas exahustiva que las seudose£ 

clones puesto que mientras aquellas se elaboran para un nume-

re restringido de frecuencias, en les modelos de Strangway -

tienen en cuenta todos los canales. se 

T A « ^ ^0Kj/t^AA3 I i Tta 3<> (j j i /vyyr^y/\tMj M e r^xo^JU^' -Upy^n^Qpisn^^^ X i 

dientes a la direccion N-S del dipolo electrico. La discrepan 

cia con la direccion perpendicular es irhportante en muchos -
f y ^ j ^ r ' J ^ Uf^M/^ /i.\.~Jy'caXtJ M.edZ /^'(c- (jt-»TH l̂/i?aao^z-ojv 'AJO fZyyrx.f>cyZX&> .̂ 

perfiles lo cual indica que la anisotropia es impertante. 

Cenviene resefiar otra caracteristica de interes como es 

el hecho. de que estos modelos no tienen un sistema de referen 

cia cemun per lo que la comparacion entre elles ha de hacerse 

con muchas reservas, al contrarie de lo que puede hacerse pa

ra las seudosecciones.. 

Para no hacer exahustiva la descripcion de les diversos 

perfiles vamos a emitir otros comentarios perque censideramos 

que es mas interesante pasar a la variacion lateral de resis

tividades para diversos ranges de profundidad que comentamos 

en el apartado siguiente. 

6.2.4.- Mapas de isorresistividades 

En condiciones homogeneas a una determinaaa frecuencia 

corresponderia un i-ango de profundidades definido por la for-

mula del sl-dn en funcion de la resistividad superficial. '̂  

Realmente estafnos alejados de esta situacion teorica -

por lo que solo podemos tomar come criterie una profundidad 
(TO f''*'V(iAi2<?-a''Vi-~;J /iy.^yj^^ylXe^fJ^'i^f^ ay(.,.cSr\^^yy^\ jZ/> ^\J\S>^ V\SU()/iAv^KyJy> ^ 

de investigacion creciente segun las frecuencias 3800, 490, 

39,5 y 8,3 Hz. 



El piano n9 3 correspondiente a 3800 Hz presenta una s£ 
£rî  C,&yy(^y^ Oyy^- '̂yy^ y L y J . O y > - X A . y ^ "^T^^-^-iS^vvfilU^^/S*; / c ^ " M ^ 

rie de anomalias. conductoras asociadas fundamentalmente a la 

traza de la falla salvo una mas amplia en el area de Llerona, 

De cualquier forma este piano corresponde a una pequena profun 

didad que no sobrepasara el centenar de metres per le que es

ta segunda anomalia ne debe tenerse en cuenta desde el punto 

de vista geotermico. 

Para la frecuencia de 490 Hz vuelve a senalarse la zona 

conductora, a lo largo de la falla entre Santa Eulalia de Ron 

sana y Samalus asi como en el 4rea de Sentmenat. 

De manera aniloga se manifiesta la anomalia conductora 

de Llerona. La profundidad a que cabe atribuir este mapa es 

del- orden de 160-200 m. 

Cuando la penetracion aiimenta hasta un orden de 600-700 

metres, que es la prof'undidad que viene a coriresponder a 39,5 

Hz, las zonas anomalas aparecen mal lecalizadas. Se aprecia -

cl̂ r̂̂ -mente la anomalia de La Garriga y la continuacion hacia 

Sta. Eulalia de la posible traza de la falla a esa profundidad. 

Hacia Caldas de Montbui se observa un ensanchamiento del ^rea 

anomala tendiendo a corresponder con la antigua anomalia co

nocida en la zona per los estudios previos. La ampliacion del 

area conductora hacia el SE de Sta. Eulalia cabe justificar-

la como debida a la existencia de agua caliente que asociada 

a la falla, sature los materiales a esa profundidad. 

Al considerar la frecuencia de 8,3 Hz el orden de pro

fundidad investigada alcanza los 1600-1800 m. Se manifiesta 

una zona anomala con claridad en la zona de La Garriga con 

posible continuacion hacia Samal'us. Persiste, por otra parte. 



5b. 

un minimo de resistividad al NE de Santa Eulalia de Rcnsana. 

De una manera analoga se aprecia un minimo impertante 

en Caldes de Montbui con continuacion, a le largo de la falla, 

hacia el NE. Su relacion con el geotermismo del &vea parece 

indudable, Una ultima zona conductora es la existente entre 

les puntos 6-8 y 8-9 respecte a la cual no avehturames ningu

na hipotesis que justifique su existencia. 

Como sintesis al comentario de todos estos pianos cabe 

sefialar que los umbrales de anomalia, tal vez habrian de ha

berse definido para cada litologia, dentro de cada frecuencia. 

Estojteoricamente mas cerrecto, puede no ser realizable en la 

pr^ctica por lo cual es preferible el tratamiento como litel£ 

gia uniforme aunque este lleve asociada una perdida de preci

sion que se traduce en el senalamiento de amplias zonas con 

resistividad inferior a la media. Por este motive sole censi

deramos come anomalias aquellas areas con resistividad infe

rior a la media menos una desviacion standard. 
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1 . - CONCLUSIONES 

Al juzgar' les resultados obtenidos han de tenerse en -

cuenta dos factores que los condicionan en gran manera. 

%^\ ( ^ yaiy\A' tZp i C ^ ^ V H M - " ^ crxyOC^jCy^ y 4 ^ \ J z b i^TSt- t / - tf<-

Por una parte es la primera ocasion en que se aborda un 

estudio de este tipo en Espana. El equipo empleado asi come 

el tratamiento de los dates ha suf ride modificacibnes a lo -
%tyKMi si fjse, to^x.r>- UnZiL "U^ O ^ W r ^ < 7 f t i y y > ^ ^ T U , AA-il.p<Ps~ctfi, M -

largo del trabajo con el objeto de optimizar la respuesta en 
cada situacion aunque' sin centroles definidos en los que con-
C&d7\M^ kklb (^•^iJAa - h r ^ \f̂ ŷMi.. o v ^ ^ i y ^ I 
trastar los resultados que se iban obteniendo. 

En segundo lugar han influide, y uaicho, las caracteris-

ticas geologicas del area de trabajo. Hemos trabajado sobre 

un modele con acusados contrastes laterales de resistividad, 

especialmente la falla occidental del Valles, que condicionan 
0 - W V < A X ! - - {y^/ry. VJP^&d 'Xkn. ' AyyAay.^xy-.^MZ^iXo-r\^ • , 

las lecturas y perturban la interpretacion. 

Todo este ha^venido agravado per" un tercer factor: la 
P^^^A ĴZA^ ĴL- (A &̂ f̂  iyTî MiXm. y^A-^A/gyy i fy^en^ojî , V0> /tTyy^iJUisJsj, y\jiynd^yu^ 
presencia de un elevado ruido industrial. Su traduccioh in-

mediata censistio en la repeticion de diverses puntos. 

En sintesis y teniendo en cuenta los anteriores factores 

los resultados obtenidos son coherentes con el conocimiento -

preyio del area y se pueden resumir en los ̂ siguieiites puntos. 1 

- Los datos de los sondeos magnetoteluricos permiten elaborar, , 

el mapa nQ 7 que es una primera estimacion de los espesbres 

de sedimentos en el borde occidental de la depresion. 

>hzMyM^ • -AA^ Aue-voe, itXî Â twt-t a y ^ ' ^ rA ( A J ^ " - )^T 

- Mediante los diversos tratamientcsdados a los sondeos Audie-

MT ,se ha estudiade la distribucion de resistividades, en tres 

dimensiones, dentro de toda la zona de estudio.J 
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fftM/lA^ ti]ayz^s.y}<M f ^ .e^nr^'W-^^^^ ; ^ JUy0Mj of itkl̂  

- Se ha'̂ ôbservado una evolucion en profundidad de las di'fe-

rentes anomalias, especialmente las ya conocidas, en el -

sentido de que su presencia es tanto mas visible cuante, ma_ 

yor es la profundidad; lo cual confirma un posible origen 

geotermico. 

- Como date nueve aparece en casi todos les cases una zona -
Cfffiiyi'MM .hsyJ: t& ~t/y^ (CĴ JCT", ' ,̂ ' ĉ ^̂ f>fa:ijî  M^,i : ^ c & d ^ / ^ ^ 
conductora, cercana a la falla, a la que cabe suponer un -
doble origen: De una parte la posible presencia de agua ca-

(XC-'i-<!xXy^- ^ 'M^ flfmr^ ly^.AytZiu^i_J) (^iyy^ h ^ ^^w\y/^=^ 2̂<aA/ 

liente asociada a la zona fracturada y per otra parte la -
iZZĵ a- i o M ^ (5̂ ^̂ -.!0'M4•*] " b i y 4 ^ ) y ^ yi^<AAMy Ty^sitA&r^ OjOi^A^'^'^ <j<̂ i-=i>«>-T>(̂ 4Xz-̂  

falsa anomalia que en los metodos electrices aparece asociâ  

da al contacto con medips? muy resistives. 

- El presente trabajo ha puesto de manifiesto una nueva zona 

anomala que', a pesar de su pequena amplitud, es p^rsistente 

en casi, todos los tratamientos.Esta zona se halla en las cer_ 
.o^iA^^^^^-^z^^^'y'^'^ ^ ' " v . ' ' ' , -̂ o-^ oiMny^• •''̂ .̂ ( y ^ , z t 7 i i y 
canias ae^Santa Eulalia de Ronsana y siempre muy proxima a 

la falla. ; 

Con esta fase censideramos que se ha cubierto el obje-
-7h)^ & y ^ , ^ ' ^ ^ ye-Y-fy^ "^^ /WnX p ^ ^xUX • kvj> 

tivo que se planteo al programar el trabajo puesto quê  se ha 

cubierto un rango de profundidades mayor que el delos traba-

jos previos, senalandose las anomalias ya conocidas aparte de 
^tAfA. ( A ^ y ^ CyTr--f̂ î̂ 'r̂ <^yirt4Ay^ ^ y W \ M / ^ i " i k t L ' "[J^o-i^ l ^ A y b y ^ 

algunos datos compldmeptarios de interes. Todo ello dentro de 
las especiales caracteristicas de un metodo de campo natural 

£j/) TZJir̂ ^ QytA^^en^e^ . 
como el empleado. 

Madi-id, Neviembre de 1979. 
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TZrtoPHYilCAi, GflADY OF l!\)T£flCeplN(;- OlPoLBS of- ^ ^ ^ (rfOTHBUmfiL 
ESTUDIO GEOFISICO MEDIANTE DIPOLOS DE LAS ANOMALIAS GEOTER-

MICAS DE CALDES DE MONTBUI Y LA GARRIGA. 

iivm.oooicriof\i 
1 . - INTRODUCCION 

UotLiAO '^^ ^ i M l s / ^ ^ ^.aMM^ ir^ ytL {/eJMi> /v^ Stsy*-̂  
, ' . Dentro de la reserva geotermica del Valles se 

han venide realizando per el I(24E una serie de estudios pre-

liminares. Siguiendo una metodofegia mas o menos conyencio-
.ejt̂ '̂ '̂̂  IK..' • f ' ^ ^ ' h y . y ^ y f c h y t i ' ^ ^ (>^Xjd^ ^ fiy\yji /(̂ t̂frtt̂ ẑ î  

nal se efectu6 un primer estiidio hidroquimico e isotopico 

y simul taneamente una prospecci6n -geofisica por resistivida^ 

des, en su variante de Sendees Electricos Verticales (SEV) 

Como resultado de estos trabajos se definieron 

dos areas anomalas en estrecha relacion con las manifestacio-

nes termales de Caldes d& Mentbui y La Garriga. ' 

Posteriormente se efectuo una malia de sondeos 

j] para medida de temperaturas de forma que en base a les re-

I -r^^ sultados obtenidos se pudp construir el mapa de gradiente -

geotermico y el de flu jo gglori~fico> Esta segunda fase vol-

|

p - ^ y / ( ^ Syyj,ly...AJu ' l i jyy^^p(y)^J ' /W..(g.y^ % ^ O^r^y C^y^̂ fiW-flM^ (fJ(y\^^J/<^ 
vie a poner en evidencia la existencia de las mismas anoma-

lias ya definidas en la fase previa. 

Se planteo entences, la conveniencia del em-

pleo 'de alguh- otro metodo que fuera capaz de apertar nueva 
My^>y7^ or̂  [ .M^ U ^ r^.y^yv\ nz , ui^cdy j ^^ , - wei/ />«./>-, 
infermacion o cuando menos ratificar lo, hasta entences, -

I- u;»ci4jL Tu .hy^ 4p i . fcLjfy&.'-ii-^^^y-')''' ^̂  ^^ ^ y L m^..jky^..y^ 
j conecido. El metodo del dipole-mapping" asi come el magne-

tetelurico en alguna de sus v'ariantes son las que efrecen , 

! mayores posibilidades por lo que se propuso su empleo para 

un reconocimiento exahustivo de esta Reserva geotermica del Estado, 



2 . -

felw "tjU P y ^ fc^^ IftMxM- Ur^ c y r ^ Ot9uy cri ' i ^ y^y^y^y''''^^^^^'^^ 

En las paginas que siguen dames cuenta de las ca-

racteristicas y fundamentos del metodo del dipole-mapping . 

A continuacion comentaremos su aplicacion al reconocimiento 
-k/k (XÂ '̂&n'VHjU. o4? ^>f'\Mr\Jf ^ }î ^->yiv<A/ ^Am^i^yy VtS- ^iju/JU "̂  

de la anomalia' de Caldes de Montbui valeranaq los resulta-.-
&^ • o H i u i . c ^ ^Pt^ n y ^ y ^ .; ^ QjU4̂ .Azk> (yO'<Myyy=r^ .4 . y ^ y y 
dos obtenidos y senalandp las conclusiones adecuadas al te-

ner en cuenta todos los dates conocidos. 
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3.- EQUIPO UTILIZADO 

La ejecuci6n de una prospeccion por el sistem_ 
ir\) Ciypctcyy, • fV-OvĴ j*-Wx.j /S4^*v^lA3 -'tAc e/yr^atirv^f^^yZ ii4 (^y&y^y/MXoY^y J (J .^yM\l^ 

de mapeo dipolar requFere el empleo de un equipo electri-
( U y / ^ V ^ ^ > " ^ ^ 'JJ-'̂ U-v^C-toy^pX • ; ^ Mt Q.y3-oy y \ f y t ^ t ^ lpy\sZZ7zZ$yirĴ , 

CO convencional, en principio. Ahora (-bien cuando se'preten-

de, come en nuestro case, alcanzar cierta profundidad de -̂  

investigaci6n es conveiniente el empleo de un equipo pesado 

lo cual presenta dos caracteristicas fundamentales: 

i '̂i'tLnaayy^ &i c^ Q>s(y\jyr̂  0̂  p̂ {̂zii/ĵ  ^^.^y^ ijc\̂  u^yu.cyj 
a) Necesidad de una fuente de alimentacion petente para -' 

preducir uh campo electrico chequeable en una amplia -' 

zona. Esto exige contactos excelentes entre electrodos 

de corriente y terrenoi. 

\̂ f> y^&yaTyn^ j ^ ^ -Lh. y < y ^ M J ' J \ A ^ ^ , iziUyi e jyy , y 
b; Precision en las,lecturas que, cuando se efectuan en 

puntos alejados del bipdlo emisor, pueden ser muy de-
^ . • 

biles. 

El equipo empleade por nosotros en esta prospec-

cion ha side el siguiente; 

3.1.- GENERADOR 

HONDA modelo ES-3500 con las siguientes caracteri£ 

ticas: 

- Motor HONDA de cuatro tiempos. 

- Potencia nominal 2,8 KVA (C.A.) 

- Potencia maxi.ma 3,5 KVA (C.A.) 

- Tensi6n de salida variable entre 115-230 V 

- Corriente altema de 60Hz. 

-Rectifleader de corriente. 
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^ 

J - Estabilizador a una tensi6n previamente selecciona-

^ da. 

- ' - Monitores de control de tension de salida de bomes 

HH y tension del estabilizador. 

^_ - Cables con dohle aislamiento y resistencia electri-

"̂P ca muy pequena. 

- Electrodes de cobre formades per placas enterradas 

y regadas con diseluci6n de SO^ Cu. 

CyahJ THIOL UN'i'f 
3.2.- UNIDAD DE CONTROL. 

Marca GEOTRON modelo GE0-400 con las caracteris

ticas siguientes. 

- Menitorizaci6n del voltaje del generador. 

- Menitorizaci6n del voltaje entre electrodes A y B 

- Regulaci6n continua del voltaje en cc. entre O, 
y 800 V. Esto permite la posibilidad de trabajar 
a intensidad constante para cualquier separaci6n 
de electrodes A, B. 

- Monitorizaci6n de la cerriente de trabajo en cin 
CO margenes 30 mA, 100 mA, 300 niA 1 Amp. y 3 -

Amp. a fondo de escala. 

- Medida independiente de resistencia de contacto 
de los electrodos A y B. 

- Doble circuito de protecci6n que desconecta la 
tension entre electrodos en caso de sobrecarga. 

- Posibilidad de empleo de las lineas de emisi6n 
come llneas de comunicacion. 

- Permite la utilizaci6n de potencias de pice de 
hasta 5 KVA. 

I 
i 

.. I 

I 
.1 

I 



3.3. REGISTRADOR 

De HOUSTON INSTRUMENT, modelo OmniScribe serie -

5000. Sus caracteristicas son las siguientes: 

- Entrada flotante ente + 200 V (cc). 

- Resistencia de entrada entre 1 y 8 Mohm. 

- Cere variable en toda la escala. 

- Tiempo de respuesta % segundo. 

- Sebretensi6n de 27o sobre cada raargen a fondo de 

escala. 

- Linealidad + 0,276 a fondo de escala. 

- Repetibilidad + 0,l7o del fondo de escala. 

- Exactitud total + 0,37. del fondo de escala. 

- Alimentaci6n per CA 115/230 V + 107o y frecuencia 

entre 50-60 Hz. 

- Potenciometro epcional para eliminaci6n de ten-

siones parasitas. 

3.4. MILIVOLTIMETRO. =, 

Es un equipo de circuitos integrados marca INTERSIL 

con lectura digital. La amplitud de su escala veria entre -

0-999 mV con sensibilidad de O'l mV. Dispone de circuito 

petenci6metro para puesta a cere. 

Come elementes accesorios se han empleade conmutado-

res de cuchillas para la inversi6n del sentido de la corrien 

te asi come milivoltimetros digitales para conocimiento de 

la magnitud de les autopetenciales en diversas zonas. 
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(LBALUEO ly70'/iK 
A. - TRABAJO REALIZADO. 

La s i t u a c i o n i d e a l p a r a l a e j e c u c i 6 n de u n a _ 

p r o s p e c c i o n ' e n p r o f u n d i d a d p o r fel s i s t e m a ' d e l ' d i p o L e - m a p p i n g " . 
w^ "kMiŷ  "uyi frjiy^y^yzu t y i^t^jMLi'*^. ^̂  ^X^MI^ y i y ^ 

seria aquella que permitiera el establecimiente de bipolos de 

grandes dimensiones y el empleo de intensidades de corriente 

elevadas. De esta forma se podrian mapear- grandes extensiones 

de terrene sin necesidad de relacionar entre si los resulta-

dos obtenidos. Esta labor puede generar errores notables. ^f 

A le largo de las fases previas de investiga-
h'/^^rttikTjyydcnr-' Q^ ,-(yl̂  \ / / \ j J ^ ^ "IW-^ Kren-î -JlAlj a^ d̂ AxK/̂ ôê  l U ^ y ^ ^ M^A^A®^ 

ci6n geotermica del Valles se pusieron-de manifiesto diver- - -

sas dificultades inherentes a la alta densidad de peblaci6n 

y obras civiles existentes en la zona. En nuestro case el -
^/v^ycnayA.^ Ofi •O'dL.f̂ ' ^ y i h ^ y i ^ kywe,.^^ yzA^ !i<y>̂ KnJyk. î ĉrv, .d̂ layi'ŷ 'T^TfĴ  

empleo de intensidades grandes ne ha sido factible per ele-

mentales razones de seguridad y esto ha condicionado de ma-

nera clara todo el trabajo. 

vyŷ ^̂ -̂ <H>. yU z U i ^ ^ ^ -ju ^ x ^ ^ ^ -iu 
V I Efectivamente, al estar limitada la intensidad 

del emisor, y a pesar de la alta sensibilidad del receptor, 

nos hemos visto reducidos a medir dentro de un area de menor 

extensi6n de la que nosotros hubieramos deseado. \ 

rXk̂  oyi^yfi-iyy^ lyi '̂ tu 'hy-<Ay> -kru/̂ vKo^yy^^ j^ysMyL/-
La amplitud de los bipolos emisores se estable-

CIO teniendo en cuenta las. caracteri_s:ticas litplogicas de -

cada zona asi como los poslbles factores perturbaderes, espe-

cialmente les de tipe industrial. Su direcci6n tambien ha -

venide condicionada p o r estos factores y per la abundancia j 

de construcciones de todo tipo. J 

En el establecimiente del emisor se puso espe-
. •• ^i-";'^ /v-̂ M-A/ê f- &^ o y i ^ i y y ^ ,cpw£ eJ^exjfc^-^ c^yX/)y)7:, 

cial cuidado tratando de conseguir buanos contactos electri-

COS y evitar fugas en la linea. Respecto al primer punto se 



emplearqn como electrodes placas de cobre enterradas y re-
(^}\fiy\iiA^ I-TCM^ c7y^^.JLJyiyn^ ffy %0<^i-1^ 
gadas con disoluci6n de SO^ Cu. 

En cada punto de medida se establecieren dos 
U/-C îl t&XZMiyAtJ lU^ dy>AyrJy'^0'^ yOJly^'^y^ MA.̂ p.̂ A~d,t-CyujUy\.̂  (yiZlivCeyw^ Xyk.Zy^^ 

dipoles receptores en direccienes sensiblemente perpendi- j 

culares entre si. En estos dipoles se emplearen electrodoi 
t M < / y W J UA -̂JU ly.,.J>JLff^ - . ' .^-

impelarizables 'conv( 
imp 

^-^^ .̂.,̂_ „̂ .̂  / ^ S'd nM^Ay>̂  
;onvencionales s'eparados a 50 metres. 

La distribucion de las estaciones de lectura 

se hizo de forma regular tratando de cubrir adecuadamente 

el entomo de cada bipolo. 

Para cada posicion del emisor se procure tra

bajar a intensidad constante, siempre que se pudo. 

El elemento mas delicado de toda la eperaci6n 

es el milivoltimetro que ha de poseer una sensibilidad alta, 

orden de O'l mV, junto con buenas condiciones de repetibili

dad. Dependiendo de la magnitud y condiciones de la lectura 

hemos empleade bien el registrador o el milivoltimetro digî  

tal. 

Una vez obtenidos todos los dates de campo se 

procedi6 a su tratamiento matematico para obtener las resis

tividades aparentes. Para elle empleamos la expresion: 

P, = 2Tr R. 1 + / Ri 

Rr 

-2 

R2 

i 
2 

COS D V Av^+A\r 

>T-%rir* 1 r \ c T T Q I t ^ - ^ c ^ c r\ r\f~^5*-%'i/Hi-»c» T /-**?• .1̂ 1 •• *-v f- *-» Vfc* • 1 
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PILe6Bî i7\\\0h) of r^e ne^uLn 
5.- PRESENTACION DE LOS RESULTADOS. 

j y U A 4 ^ < X . ^-in-^y^ /y, / v v M y y O i J v ^ n^Ayfs^ O ^ ^^cy\X^'^'U>7yArlA^ 

La forma usual es mediante mapas de isorresis-

tividad que se obtienen para cada posicion del dipole enii-' '̂*- ' 

ser. 

El enlace de valores entre dipoles aayacentes 

es un preblema de dificil solucion' puesto que el parametro 

que manejamos es la resistividad aparente y no la resisti-

vidad real. En consecuencia su valor viene muy influencia-
T^/fi ce<f>s.<i^p^ry^d^ c&>,o7(y^ eUiy(n-7̂ 7A}\jM. ^ j ^ ^ ^ 4 ^ ^ \Ay\̂ yJĵ  

do por l a constante geometrica_^correspondiente. Si a es to 

unimos l a ex i s t enc i a de inhomegeneidades, en e l medio a es 
K U C - ( r < » ^ y ^ < y ^ ^ ^ ' ^ ^ fy.^'(r<siv,- ' . i ^ ^ ^ . ^ 7y)r.<y\U>M^ C y ^ ^ v T i y v C f 

tudtar la complejidad del preblema puede aumentar hasta lî  

mites irreselubles. ' 

Los modelos generales que se incluyen en el -

apartado de modelos teoricos aportan su info'rmacion mas -
OceAv^ î<r\~- ,. î ŷ T̂fJ- yyirysAo aZ/p̂ ŷ̂ ZTS.' ^''unri'-U^ "iyZjiM^^.yjX^^ PM~7UJI, 

clara para zonas bastante alejadas ,,del emisor. Portias li-

mitaciones operativas comentadas no hemes obtenido, en 

nuestro caso, info'rmacion en areas situadas tan lejos de -
(^XA/^V'MM.VIO 6 ^ Z&yZ*7\JCTd£.-& 

les electrodos de corriente. 

. . Como ya memos senalade, los 'valores de resisti^ 
A O < - * U A / ^ ay^^ aJl/it^ /b> p^^soiey^' ^.Jy-^. «M <̂XA<ov>-g C(pZd7uij3r:a $jy>ZjilXi*^ 

vidad aparente pueden presentar contrastes muy acusados en 

tre dipolos adyaeentes. Per esta razon los ihte-rvalos elegî  

dos para la confeccion de las curvasi de isorresis-tividad, 

son variables de unos a otros dipolos. 
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Puesto que nas moveremos cen nuestres datos dentro 

de un entomo similar lo que haremos^ sera cemparar. nuestres 
rJU>\JXy uriJJ^ yt/Sy). t>~<nUC a ^ Tie "Zfy^ A t^-^-^t^^^- iŷ .djû ^̂ /i/fMy 

r e su l t ados con e s t e modele y t r a t a r de ofrecer ' j u s t i f i c a c i £ 
nes adecuadas a l a s discrepancias con l e s dates r e a l e s , siem 

\ J A M ^ y \ j i y y ^ ireyyUtm) . o-^ ŷ iiayJ7uyr̂ ZM^ .fl-i^v^ t^^aizrcy.-

pre dentro de var iac iones r e l a t i v a s de r e s i s t i v i d a d y no de 
valores absolutes. -

-ẑ yẑ hĴ  01=̂  ^p711(06^ 
6 . 1 . - ZONA DE CALDES. 

- I 

"J 

TiT-^'- .^HMTXt^ a £ ^ ^ e - & > . T A ' ' A/J^^Aiy '^(/l,<iwvav>-C;tfe^ u , ^ .oei~o<!M<, oyX7^,.y^kJ p j y ^ / p j t y y Z c ' J k y J . 

AAti. ca^y^-" Dispositive 1.- El dipolo emisor se situo sensiblemente per- ' 
' ' ^ ' ' " t o y U I '^^^^y^ i t u J i t n f k ^ \ / o l U i ^ i M y pyv.l,70ly,yi<j o f i ^ ^ f e l t t t ^ 

pendicular a la falla occidental del Valles en las cercanias \ 

de Sentmenat, y con una longitud xotal d'e 2 Km. La zona me-

dida es la represenuada en la fig.- 9, con 20 estaciones. 

\mE-

Las^curvas de resistividad se acercan claramente al modelo - I 

de la figura 7, especialmente en su 'borde N. 

Por la zona sur se aprecia una perturbacion conductora hacia 

Sentmenat mqtivada probablemente por el predominie de mdte— 
ryh jyJ j i J j ) i\y^ ^^-xj^ cA Ẑ ĥ̂ y 'V-̂ 'ŷ TZnŷ  aXjryŷ ^̂ Ŝ ySiyfwtJĈ  Q^ tyy-ylJji-y^^Jlys^XAo V 

riales arcillosos frente a la mayor abundancia de cenglomera. j 

dos en el resto del area. 

/VKV , O y ^ .-erMZ- QZ^^lyv^y^ o ^ •y^^'^' '^ '-\ ,-.jy'J^y^)y^ *^ rssy>Z7̂ 7̂,̂ yĴ  

Tambien se aprec ia un fuerte .gradlen.t..e^ de r e s i s t i v i d a d en -

l a s ce rcan ias de la f a l l a comb corresponde al acusado con-- 'f 

t r a s t e en t re g r a n i t e y a rc i 11 as-a^'o's'a's^^ 

AX...— ' 
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Dispositive 2;.- Su objetivo era el estudio de la anomalia 

del Sur =de :pal̂ des • de Montbui y para ello se establecieren 

35 estaciones de lectura en toimo al dipolo emisor de la 

figura 10. 

• ^ o , 

,i»e-
Respecto al modelo teorico, se aprecia una perturbacion -

Tclara centrada sobre la anomalia geotermica ya conocida -

de anteriores trabajos. Esta zona se manifiesta tanto en 

sus meneres valores absolutes como en la mayor amplitud -

de la zona de resistividad menor de 1000 ohm.m. 

A la vista de este grafico cabe afirmar la buena respuesta 

del metodo frente a anomalias ya conocidas,cuando el disp£ 

si tivo emisor se situa en las cercanias de la zona anomala. 

•i^f 

Dispositivo 3.- Sus resultados, que se indican en la figu

ra 11, son sustancialmente diferentes de los anteriores -

en su forma general. 

-fey.. 
El efecto mas acusado es el debido a la falla puesto que 

en sus cercanias existe un gradiente de resistividad muy 

fuerte. La disminucion en la resistividad aparente en las 

proximidades del electrode A es en efecto debido al cita-

do electrode, que como muestra el modelo (fig. 8), hace -

aparecer una zona conductora asociada a cada electrode de 

corriente. 

Otro rasgo de interes digno de mencion es lo que parece -

ser una prolongacion de la zona conductora, asociada al -

electrode B, hacia la anomalia del dispositive 2 y ya co-

mentada. 

I\ 
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Aparte de esto puede observarse una cierta curvatura 

de las lineas de isorresistividad en la zona de las -

estaciones 57, 74 y 88 en buena correspondencia con -

el cone torrencial existente en el area. 

Dispositive 4.-

La zona de mayor interes dentro de todo el area "a "cu

brir es la situada al sur del electrode B. Debido a la 

abundancia de construcciones en esa zona, y al caracter 

privado de muchas de ellas (fig. 12) 

Se puede apreciar tambien aqui, de forma clara, el efec

to de la falla por el fuerte gradiente de resistividad 

asociado a ella. 

Hacia el sur se inicia.una zona de minimo de resistivi

dad respecto a cuya influencia carecemos de dates per lo 

anteriormente apuntado. Cabe considerar, ne obstante, que 

su causa sea litol6gica - mayor predominie de arcillas -

antes que de otro tipe. 

6.2. .ZONA DE LA GARRIGA 

Dispositive 1. De todos los anteriormente comentados se 

diferencia en la orientacion del dipolo emisor respecto 

a la falla (fig. 13) 

^) 

El aspecto general de todas las curvas, no muestra ningun 

rasgo de interes, desde el punto de vista de sefialar -



.y.! -J 

anomalias geotermicas. Todas las isolineas son sensible

mente paralelas a la previsible traza de la falla y se 

observa un crecimiente general de la resistividad apa— 

rente hacia dentro del macizo granitico. 

- / 

Dispositive 2.-

La disposicion del dipolo emisor es-practicamente parale

la a la del caso anterior y mas hacia. dentro de la depre

sion como puede verse en el plane nS 14. 

En la zona que queda al NW. del emisor se continua el -

aspecto general de las curvas del dispositive anterior: 

sensible paralelismo con la direcci6n del emisor. 

Come digna menci6n destaca una amplia zona conductora 

inmediatamente al SE. de La Ametlla . La preximidad 

a la anomalia de La Garriga sugiere que su justifica-

ci6n sea producida per el mismo efecto, es decir fenome

nos geotermices. Ne obstante esta hip6tesis se ve limita-l 

da por un crecimiente rapide de las resistividades apa

rentes entre las estaciones 52-57 y 58-59. 

Dispositivo 3.- Centrado practicamente sobre la anomalia 

geotermica de La Garriga, presenta caracteristicas comunes 

a los diversos modelos comentados. 

Por una parte las lineas isorresistivas se distribuyen 

paralelamente a la falla y con un gradiente impertante 

come corresponde al pase de detritice a granite. 
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Hacia dentro de la depresion el modelo es claramente condu£ 

tor con apertura impertante de la linea de 1000 ohm.m 

en la zona de la anomalia geotermica conocida. 

Sus resultados vuelven a confirmar la utilidad del metodo 

dentro de un entomo reducide. Le representado en la figu 

ra Ji5 "es uh^e'jempTo claret de' Ta' respuestaT̂ que cabe" esperar 

frente a contrastes acusados de resistividad y frente a 

anomalias conductoras, en funci6n de la posicion relativa 

del dispositive emisor. \ 

Dispositive 4.-

Puede verse en la figura 16 como sus resultados son cohe

rentes cen el conocimiento actual de la zona ocupada por 

las lecturas. 

Efectivamente, dentro de un buen encaje cen el modelo -

te6rico, se observa un fuerte gradiente hacia los materia 

les resistives y una amplitud relativa considerable de los 

minimos de resistividad aseciados cen los electrodos de -

emisibn. 

El minimo del e lec t rode A comprende una zona extensa en 

c la ra conexion con la anomalia de La Garriga a pesar de 

que sus valores absolutes de r e s i s t i v i d a d aparente no son 

muy bajos. 

Respecte a l minimo de Samalus hay que sefialar que, pese 

a su preximidad a la f a l l a con su influencia r e s i s t i v a . 



J 

So.-

aparece bien definido y en consecuencia hemos de pensar -

en la existencia de una zona anomala de baja resistividad 

asociada a el. 

J 



^ i 

y 
7.-^CONCLUSIONES. 

, Y^tr^y 

- El metodo del mapeo por dipolos ha demostrado su utilidad 

en la prospecci6n geotermica,„.de'* diferentes areas en diver 

sas parte'5 munde. 

- Su aplicacion a las anomalias de Caldes de Montbui y La 

ipŷ _ 4_.? _f<^m^^ jifzr^.yyyy±^yi_ ^ n . t ^ ^ ^ y . ' ^ j ^ T T ^ s ^ -^^^^^.^^i^ 
tipo qu 

- Por^ razenes de seguridad nes hemes' visto limitados en el, .. 

empleo de la energia del'dipolo emisor y en consecuencia, 

en la extension de la zona estudiada para cada uno de 
y^y^ 
ellos. — 

VA /VA^,X£. & i y y ^ ay .̂ ^ .i.^.^^-^^^7^ Ur^f^zfC / ^ ^ / ^ 
Los resultados obtenidos son concerdantes cen el ceneci-

-ajiy^ .'A> y y A i h %y>>iyvâ •̂ ^y^yyi a^^y/^A y y ' ' ' h ^ 
miento que se tenia de la Reserva Esta tal y con la situa-

ci6n geol6gica en cada area medida. 

Se confirma, fundamentalmente-, la existencia de, las ano-

malias geotermicas. de Caldes y La Garriga, asi.come la -

^^^/''^yiy, , y . ^y>' ^ . ^ y ^ , XH^-JI ,<̂ ?̂̂ 'WL̂ i 
prolongacion de esta liltima hacia Samal'us'. 

Podemos afirmar que este Proye^cto ha cubierto los objeti-

3S^ propuestos y, en consecuencia, aperta un conocimiento 

o de interes a la investieacion geotermica de 

vo 

complementar! 

El Valles. 

y 

Madrid, Neviembre 1979 

O. G. b. 
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DESCRIPTION OF THERMAL SPRINGS 133 
PORTUGAX. 

Portugal occupies an area about 300 miles long, north-
outh, and 100 miles wide, east-west, on the west side of 
lie Iberian Peninsula. The country is traversed by 
lountaiu ranges that trend east-west and are continua-
ions of ranges in Spain. Most streams flow westward 
0 the Atlantic. The Minho River forms part of the 
ortheni boundary; the Guadiana River fonns part of 
lie soutlieiistern boundary. The greater par t of Portu-
al is underlain by rocks of Archean and Paleozoic ages, 
ut by eruptive rocks of later dates, like the syenite lac-
olith of Serra de Monchique in the south. I n the south 
Iso are extensive areas of Lower Carboniferous sand-
tone and conglomerate, with coal beds. Mesozoic de

posits, chiefly of Jurassic age and less extensive areas of 
Cretaceous rocks, are present in lower areas. The plain 
of the Tagus River and other large areas near the coast 
are covered by Tertiaiy deposits. Great eruptions of 
basalt and tuff in early Tertiary time are covered in part 
by marine deposits of Oligocene and Miocene age. The 
mountains of northern Portugal are mainly of plutonic 
rocks flanked by Paleozoic sedimentary strata. Ther
mal springs are not common, though 34 localities are 
recorded, as shown on figure 40. Most of them have 
been developed as bathing resorts. 

Information on the various springs in Portugal is 
presented in the table below. 

200 MILES 

200 KILOMETERS 

FIGURE 40.—Portugal and Spain sho-n-Iag location of thermal springs. Portugal from refs. 2268 and 2272: Spain chiefly from ref. 2346. 
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Thermal springs and wells in Rumania—Continued 

N o . o n 
fig. 41 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 

18 
19 

20 

N u m b e r or location 

Tusnad (Ilona). . . 
Caciulata 
Vizakna 
Herculesbad (Mehadia): 

Elizabeth . - - . 
Hygea 
Hercules 

Ileana 
Regina Maria -
Others 

Bahna (Basna). 
Govora 
Calimanesti (Calimanescii). 
Curtea de Argesh-
Sinaia. _ 
Slanic-

Lake Sarat (near Braila) _ 
Tekir Ghiol, near Con

stantsa. 
Mangalia 

T e m p e r a t u r e ot 
•water ("C) 

21; 22. 5 

28. 7-45 

46 

F l o w (hecto
liters per day) 

38, 400 

Tota l dis-
solved solids 

( p p m ) 

5,254 

3, 440 

Principal chemical 
cons t i tuen t s 

Na, Ca, Cl; gas, 40 
percent N2. 

Remarlfs and references 

Ref. 2330 
Mineralized Ref 2308 
Saline, iodine 

Radioactive. 'Water tempera
ture. 25°-62 5°C Ancient 
"Thermae Herculis ad aquas." 
Refs 2309. 2323 2325 2327 

.2329 

Baths. Ref. 2318 
Resort. Ref. 2308 

Do. 
Used by Romans Ref 2308 
Resort. Ref. 2308. 
Saline mine water Baths. Refs. 

2308, 2314. 
Ref. 2308 

Do. 

Radioactive. Refs. 2315, 2319. 

S P A I N / ' ' 

Spain occupies about~fTve" îxths of the Iberian Penin
sula, which consists mostly of a great plateau, limited 
on the north by the Pyrenees Mountains and the Canta-
brian Mountains and on the south by the Sierra Morena. 
The plateau is traversed by four minor mountain ranges 

^which separate the drainage basin of the Ebro Eiver 
from that of the Duero River. The Ebro drains the 
northeastern part of the country and empties into the 
Mediterranean Sea; all the other main streams flow 
southwestward or westward to the Atlantic. 

The plateau region and bordering mountains are un
derlain by a massif of ancient rocks, complexly folded 

and faulted, and form a part of the Hercynian tectonic 
region of southern Europe. Archean granite, gneiss, 
and schist form much of the Pyrenees Mountains. 
Paleozoic sedimentary rocks constitute other main 
mountain masses. Sedimentary strata of Mesozoic age 
border most areas of older rocks and also cover large 
areas in south-central Spain. In the north, northeast, 
and southeast, large areas of older rocks are overlain by 
marine Tertiary strata. Volcanic rocks are present in 
only minor areas. The locations of thermal springs are 
shown on figure 40, and the available information on 
them is given in the table below. 

N o . 
on 

% 

1 

2 
3 
4 

5 

6 

7 

8 

9 

ID 
11 
12 
13 

N a m e or location 

Ca rba l l o : 
Banos Viejos (Old 

B a t h s ) . 
B a n o s N u e v o s ( N e w 

B a t h s ) . . 
Ortejo—- -- - . . -
Aguas de Bejo 
Caldelas de Reyes 

L a Toja, on is land ol same 
n a m e , 

Ca ldas de Cun t i s _. 

P u e n t e Caldas , 15 k m east-
sou theas t 0/ Pontevedra . 

Ca ldas d e T u y : 

Carbal l ino 
Polgras . . 
P a r a d a de Achas . . . 
L u g o _ 
Caldas de Oviedo 
Buyeres de Nav'a . . 
L a H e r m i d a . _. 

T e m p e r 
a t u r e of 
wa te r 
( ° C ) 

33-40 

26 

.28-42 
25 
39.4 

(max) 
60 

(max) 
60 

(max) 
30 

47-60 

28 
24 
32 
43 
43 

21-25 
50-60 

Thermal springs in Spain 
[ D a t a chiefly t rom rel. 2346. Loca t ion of u n n u m b e r e d spr ing no t Identifledl 

F l o w 
(liters 
pe r 

m i n u t e ) 

400 

100 
Smal l 
Smal l 

120 
La rge 

62.5 
La rge 

T o t a l 
dissolved 

solids 
( p p m ) 

404-i l8 

342; 375 

651-2,009 
261 

L ow 

L ow 

L o w 

L ow 

L ow 

(') 

C) 
(') 

Pr inc ipa l chemical cons t i tuen t s 

N a , SOi . - • : . . . 

N a SOi 

N a , Cl, SO) 

N a S 0 ( 

N a SO* 
H C O s 
Ca, SOi -
N a 01 

Associated rocks 

do - -

Silurian s t r a t a 
Carboniferous l imestone 

Con tac t of Tr iass ic s t r a t a 
wi th Carboniferous l ime
s tone . • 

R e m a r k s a n d add i t iona l references 

3 spr ings . B a t h i n g . 

2 spr ings . B a t h i n g . Refs. 2342, 2343. 

4 spr ings . Resor t . Ref. 2343. 
Ref. 2343. 
4 spr ings . Resor t . Ref. 2344. 

• Several spr ings . Resor t . Ref. 2344. 

Several spr igns . Resor t . 

Inc ludes n e a r b y w a r m spr ing of San 
Jus to de Sacos. Resor t . Ref. 2344 

Resor t . Ref. 2344. 

[Resor t . Ref. 2344. 

Resor t 
Con t a in s n i t rogenous m a t t e r . Resor t 
3 springs- Resor t . 
Several spr ings . Resor t . 

See footnote at end of table. 
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liur/ioDucncA/ 
I - INTRODUCCION 

(&yyc/i^ mirtiyf i^(y^t^^y / s t 

ha tenido.que ser revisado. 

Para conseguir mas informaciones sobre la gefologia profunda de la isla, 

se decidio proceder a un estudio magneto-telurico. 

-itsL y j f cfA ' • fi'^^^^t'^^ 
La meta de aquel estudio era : 

1) Comparar los resultados en la zona de la Montana del Fuego donde se 
T ôuyy) ., y ^ - . , '*'<•*̂ v̂ ê a^^4 ^eyr-A,̂  "î  
conocen einomalias termicas en la supexficie y en la zona del sondeo 
profundo. 

cyy^''*^^ ^ s-ea^-m 
2) Estudiar varias regiones alrededor de la zona tirmica para buscar 

anomalias magneto-teluricas que podrian ser relacionadas con un 
i^po^s'-^^ . , 'T 

yac imien to geo te rmico . 
,rl 

f-

El metodo M.T,-5-E.X. ha sido utilizado con exito en muchas zonas geoter- .|IJ'| 

micas desde 1973. Mas recien'temente, otros metodos M.T. se utilizan 

en varios paises. Debido a la dificultad del M.T. para dar-'con precision 

informaciones relativas a la profundidad de las andmalxas, el estudio 

M.T.-5-E.X. ha sido completado por un metodo electro-magnetico ' 

especializado en la determinacion de las resistividades superficiales.. 

La S.P.E.G. orrece el .servicio del SOFREM (sondeo frecuencial electro- fp 

magnetico) empleado desde hace muchos 'anos (como sistema mas o inenos ̂  .•,' 

desarollado) y que da resultados, semejantes a los que pueden ser ,, \. 
(AM7N<^ i y c / y ^ y ajbjzyuy >̂ <y<yjyt.̂ . r i M ^ ^ . ^ u y . ^ /ci> ^o^e^w^fisiAj .̂̂ \^y 
obtenidos ^por sondeos e l e c t r i c o s c l a s i c o s . No o b s t a n t e , ''̂ el/SOFREM permi te '.**• 
r\yiUir̂  i\jjf>Mi >><M>vy\Mi><<r̂ I ^/tyy£y MTTfl̂ yi ŷ pfft̂ AZtÛ  Mys&fgyT.̂ ^̂ x̂ t. .r̂ :,.~J- .̂ Myta 7̂  
mayor r a p i d e z de •medida , o f r e c i e n ^ o mejo r p r e c i s i o n e s p a c i i i l ^ y dando.-i.- Zi 
\/a..̂ 7e>«C ch^>^ o-f m^ff^i^AJ^ ' ̂ '•i''0<â y7 ẑ4777tj''' 'u 

v a r i a s . - c l a s e s . de r e s i s t i v i d a d e s a ' p a r e n t e s . fe 

' '^'3/sy^ii^ I 

in-f̂ riî t7fy'trr7 ^ 



^ 

El contrato entre ENADIMSA y S.P.E.G. se firmo el 13 de Noviembre de 1980. 

El programa de trabajo ha sido organizado por ENADIMSA, El programa 
c4CtZliiA py-iv-l'iCstcf "̂  yiL^^-ruS^f o-^ ff. 0 ' ' ^ l ^ 

inicial estaba previsto sobre una superficie de unos 90 kilometres 

cimdrados. 

Un primer estudio al fin de localizar 'un yacimiento necesita generalmente 

una estacion por km2, mientras que la determinacion de \in sitio favorable 
acZry/Y'' y ' l .^ • ^ 

para la perferacion necesitaria 3 o 4 estaciones por km2. 

Generalmen'te las estaciones dipolos estan dispuestas en perfiles y pueden 

ser entre el doble y cuatro veces el numero de estaciones M.T. 

En Lanzarote hemos encontrado una region muy dificil para los estudios 

M.T. y Dipolo. Las dificultades son las s'iguientes : , 

Q f : ^ y z t ^ l i A i f i y y ^ • .of) p.e/'liMM/l^'^ ^ Ayy '• "JZ^ Ayo-T.aa ' o l . M e P ' ' ' ' ^ y .Jy\''>. ' ^ <>Co '^Ui'Ki^ 

- 'Gran dificultad de penetracion en las zonas del 'malpais^ Hacer muchas 

estaciones M-T. en la zona del malpais habria sido muy lento, hasta 

2 dias por estacion (por la necesidad de caminar llevando el equipo ' 

en la mano en condiciones muy dificiles). 

jrii'^o'Tyyd.- ^ /\&eiy s^n^y 
- Imposibilidad de registrar senal M.T. significante en las zonas,' 

^/Ti't,^/ froH^i^ A<^^ <f<r e< -̂filthy w t ' - ' ^O 'C 
cuando la temperatura del suelo es- alta (superior a 1 

termicas : cuando la temperatura del suelo es- alta (superior a los 40°C), 

la roca volcanica se encuentra completamente seca, la resistancia 
•ieyrrcu^ 0° < ^ y ' l ^ //crWL ^ \ftr^/ '$fri/h^ cr̂ -̂̂ Û c 

electrica del terreno es infinita v el ruido telurico muy fuerte, causado 

por cualquier fenomeno superficial (viento) , queda si'n relacion con 

el Magneto-Teluirico. 

y ^ .(V/ft'̂ ' M y ^ ^ »/*^ uAJii. vUe f p A i y U^iS g 4 lyU O w p i > ^ ^ e y i ^ oS 

• El viento que era muy debil los primeros dias de la campana (fines^de 

Noviembre), fue luego fuerte y alcanzo un nivel de tempestad durante 
q̂i.0̂ r,ju ( i ^ o ^ l^<ii/nuA/\^ 7 ^ iyr7'^a'7 "Utp^jO^fjfi/Ttk^l'UrCaJL.- t^yiU.Jyrt^a^g/ ays ,«t^ 

unos d i a s de Enerol El viento_^.umenta e l ru ido genera l y como 

consecuencia reduce l a c&lidad .general de l o s r e g i s t r o s . 

La sena l n a t u r a l queda como c r i t e r i o fundamental de c a l i d a d . Es c i e r t o 
T t W y ^ '^^lA^' . ffUMf^ ' 4 y » y i U 'Tŷ ^̂ ĵû ^Mo oJ^trJr ^ ijiyiM. &i T t y &yn 
que l a a c t i v i d a d so la r - / i n f luye d i r ec t amen te sobre e l n i v e l de l a sena l 

M.T. r e g i s t r a d a . Generalmente e l n i v e l de l a s e n a l quedo b a j o . 



El estudio ha sido dividido en tres partes y, a causa del viento, del ,|S 

nivel de la senal y del sitio geografico, las calidades han cambieindo : C'«•̂ 5̂̂*-̂ijf 

- A finales de noviembre, las estaciones son de calidad muy buena 

(promedio de calidad 2)• 

- Diciembre, las estaciones son de calidad 2 al principio y luego bajan 

a 4 (16 y 18 de Diciembre). 

- Enero, la calidad es generalmente baja con dos maximos a 3 (el 16) y 

a 2,5 (el 22).(Vease la figura 1). 

A causa de las dificultades encontradas (dificultad de acceso, gran numero 

de estaciones no procesables) el numero de estaciones utilizables en el 
.^/^^i9^ >f<Mf<-̂ Â /^<4?4%/•^6 y y ' ^ ' O K r ^ Z ^ / i^Ayt^ AA-u 

estudio ha sido bajo. (40 para 90 km2), con el inconveniente que muchas 

zonas quedan desconodicas y que las relaciones entre las diferentes 

anomalias son a veces dificiles de comprender. Sin embargo la mayoria 

die" las preguntas pedidas han podido ser contestadas. 

El Dipolo SOFREM ha sido praticado en tres perfiles espaciado de 300 metres 
£^ey!rZy-e£.i_ 

entre estaciones. -

Las 88 estaciones Dipolo son tambien demasiado poco numerosas en comparacion 

con la superficie total del.estudio. Para el Dipolo,. .tambien nos ha faltado 

tiempo. Un perfil Este-Oeste hubiera sido facil de realizar, lo que - //7I J 

hubiera permitido tener unas 110 estaciones sobre unos 45 km2 de superficie 

Las zonas norte y N.E. del estudio-'no han sido. cubiertas por'el Dipolo Lias zonas norte y N.E. del estudio-'no han sido. cub iertas por^el Dipolo 
<*t« ^ "̂ OGuz-̂ - /yyht-u K><̂  iyiyy\y^'ktM^ c>i . .^ f iy<y^t^ cL^-^^-^' 7^^^ ot-v^.^iTf '̂tJyj.Z) ^ '| 

y en estas zonas no tenemos datos superficiales sobre las anomalias \ 
•7̂ ^̂ ^̂  l y ^ A v - 4 OyU^ . ? 
que parecen existir. 



II - REPARTICION DE LOS TIEMPOS Y PERSONAL 

Los operadores llegaron a Lanzarote el 21 de Noviembre y regresaron en 

fin/ae mision el 29 de Enero. El trabajo fue interrumpido entre el 24 de 

Diciembre y el 10 de Enero'por Navidades, sin facturacion segun un 

acuerdo comiin entre ENADIMSA y S.P.E.G. 

El tiempo de presencia -de los operadores y del equipo en Lanzarote fue de 

52 dias (33 mas 19 dias). 

^ ,4Vtc<̂  V 7\in/7cC ^ ^<i-y 
El tiempo de facturacion fue de 45 dias. 

La diferencia se explica por ayerias y por ensayos del equipo. Entre el 

3 y el 7 de Diciembre, una averia del modulo de adquisicion hizo perder 

cuatro diTas. 

Las 55 estaciones M.T. se han registrado durante 26 dias y las 88 estaciones 
yi&v^i^ lylcuys • - • 

Dipolo durante siete diets. 

La camparia de topografia fue iniciada por el personal S.P.E.G. para ganar 

tiempo, luego el trabajo fue realizado por vm topografo professional 

de ENADIMSA. 

El personal de ayuda para la preparacion y la instalacion de las estaciones 

estaba^ compuesto de cinco obreros locales. La organizacion general adminis

trative corria a cargo del representante local de ENADIMSA,' que permitio 

abastecer los materiales : bentonita, estacas, coches, asi como los obreros 

y que resolvio los problemas de alojamiento, almacenamiento, aiitorizaciones 

etc... 



I l l - ORGANIZACION DEL M.T. Y RENDIMIENTO 

El progreuna de ENADIMSA ha s i d o r e spe t ado pa ra l a implantacidh de l a s 
€k.<yi , ^ y ^ pctZnyf -TT̂ rO .̂ TZkẐ  i ^ 

e s t a c i o n e s . .Cada e s t a c i o n t iene- un punto c e n t r a l O, dos l i n e a s 'de 100 

metros OX y OY. El angulo OX, OY es de 100 grades c e n t e s i m a l e s . 
— , :: ^ - p 

El primer equipo hace los agujeros;, prepara la mezcla de ledo (bentonita 

y agua) y pone los 5 electrodos en X, Y y en O. 

El segundo equipo acempana el laboratorio en el coche Land Rover. 

Casi todas las estaciones fueron registradas cen el equipo en el labo

ratorio. El equipo salio solo dos veces el 25 de Enero (estaciones 

11 A y 41 A). 

El laboratorio estaba compuesto de : , 

y^<<.ei I, p'/cr,i./u77>-u. -

^ 3 captores •'magneticos para registrar las 3 componentes Hx, Hy, Hz. 

- 5 electrodes. t / I 

2 para Ex, 2 para Ey y une para la tierra. 

- 1 modulo de amplificacien (con diez amplificadores) . 

- 1 modulo de adquisicion v{doble) numerico de cassettes. 

- 1 modulo registrador grafico de control. 

Los electrodos estaban unidos al laboratorio por medio del cable telurico, 
7 ^ tUnru^eAtri JiTl C<dZ-i2^ ^oirc <̂  y '^t&y'^e.yinit^f ^ n a C-<W>^^/^ '? ' " '^ i'cyi^. tn .^u .7ey^ « ^ " ^ 

los captores por cable especial armado. Los captores se instalaron con 

precaucion por medio de brujula y visor optico. 

Tenicimos dos clases de captores. Los captores del CiN.R.S., aunque mas 
Xffjvi. p o ^ y l A ^ ^ ^^rtt, l /eA/^ A.&yi£ilt (-^^1*^ ^ " ^ " i ^ - 7 6 C ^ < ^ c ^ /fi7ZZ^y\JltyiZ^ y l U ^ (v«-v«, 

s e n s i b l e s , e r a n dema'siado ' l a rgos (2 m) pa ra e l t i p o de t e r r e n e , no'' 
' '^o^ iyAM//uy(J 

fueron u t i l r z a d e s . 
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El tiempo de instalacion fue generalmente largo, debido a la dificultad I 
S t U iby^A.ay^ cyJu t„ t h u g,^^^ • 1JA^ o^ jM(Myyt7^L^o- . -yM fJSA,ur> .̂.'2-i(y îMU^^>y^).. 
del terreno y al escase tiempo de campana (personal poco experimentado). 

El tiempo de registro fue de hora y media minimo para cada estacion. 

[jJifSyv^ -Ofe Ofy(yr.id ,^ji^ /{yr~yAw^AA^ ~Kyksu Oii iyv^ , A £ . ^ A » « ' ^ U r ^ y^ey^i-e-iitL^ a ^ X < ^ /(A»»e^ 

Cuando la senal era insuficiente, el mismo registro se repetia o el tiempo 

era aumentado. 

La distancia entre Arrecife, donde se alejaba el personal, y el terreno, 

la dificultad de acceso, el tiempo largo de instalacion y la calidad baja 

de la senal.ejqjlican el rendimiente brute M.T. de 55 estaciones en 23 dias 

de registro (2,39 per dia). 

El rendimiente brute Dipole ha side de 12,6 estaciones per dia (88 esta

ciones en 7 dias). La diferencia entre dias de registro (23 + 7) y dias 

de facturacion (45) se explica por les dias de preparacion, de mobilizacion 

y les domihgos. 
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r v - METODO DIPOLOi 

(SOFREM) 
1 a 

,sc= / i " ^ / ^ 
1 

e^-_ 1 ^ ; 3S6 
' 6 0 > * i , 

IV-1 PRINCIPIO 

4 - ' ^ (ŷ /7.fy~& ^ i ' ^ / ^ y ^t-3x-y 
El metodo Dipolo utilizado (SOFREM) pr 

y/&^ 
c ia l dfe la r e s i s t i v i d a d e l e c t r i c a del 

y, , r ^ ^ ^ ̂ ^̂ "̂  

Un emisor electro-magnetico de muy baja frecuencia y constituide 

per un Dipolo magnStico con eje vertical esta. dispueste en la 

superficie del suelo. 

Un receptor situado a cierta distancia del emisor, tambien en el 
^ruiM^d , )nji^yi^y<.e', , •̂'«*' '^tXCs/, , . 
'suelO/ permite medir las componentes del campo electro-magnetico 

emitido.' 

'l)±. *wMv>̂e/v̂  pi &ow,.-̂ 4yy-(i tU' ,a,J.>tA6 lo ^7>j.,,/y ^ U ^ i^f^eu^Mwuc^ 
La manera de sondear el subsuelo es parecida al metodo magneto-
h^eJ:^(rrP • 7 f^ ;a,a'i-£.;f\-isu5̂ v̂  h-<f̂ Z Q-X Â ê »' W ^ "O ' M ^ /^~g)ijyjZki^'^ M^ lU-O' 
telurico. La penetracion mas e menos grande de la radiacion en el , 

subsuele conductor es funcion de la frecuenciai/: las frecuencias mas J)^ 

bajas y los terrenes mas resistlantes cerresponden a la penetracion 

•''mayor'. . 

IV-2 OPERACION 

Zn la estacion emisora un anillo monocable esta desenrollado. Li En 
X\n7o rV<V1 •^ ' c^M-^^a^ui ^-este an i l lo es ta alimenta 

Luego, 

jcuen-tado sucesivamente por-'corrientes de free 

-_ -___ ^ a'e realizar alrededor del anillo varies^. 

sendees utilizando estaciones de medida escogidas por el utilizador. 

cias diferentes. Se pue 

sonde 

n ./U>y7yQ>'' Wi'^y/^utyr~' . ' i^^y^y^' i^ ^ ' T ^ y i LOCCXKI X-y /Zh.' 
Un enlace radio permite cemunicar entre los operadores sites en la 

estacion emisora y receptora. 



En cada estacion, las amplitudes de las tres componentes, rectcingulares 
.̂  iWi W'P.̂ vyy.̂  c^/l^ywe '̂l yyff'f'^f'ty^ y7in- gaol.. 

del campo electro-magnetico se miden una dfespû s de otra para cada 

frecuencia emitida (cubriendo 6 a 8 ectavas). 

Las tres componentes son : 
) ' - ' 

- magnetica vertical Hz . 

- magnetica radial Hx : 

- electrica transversal Ey 

(A-(/ (JL̂.A'v>\&Cev <rv xA.a/ (sj'y^ fyrJ-, /Wa- g*-i"̂ tA»ur̂  — y\Ly.ii.fvr^ QAcyZZfy.'Ĉ  O.̂ ^JL.. C.*x<Bai>-̂  
El diametro del anillo y -la distancia. emisor-recepter son escogidos 
Ct^'CO*^'? 7^ ZOhcj r\a.^A,yXM7'^ 'fiy-^ "Ut dsiyptlb^i ( '̂TK.&'WyM^^- , 
secfun las resistividades iy las profundidas encontradas. 

En la presente campana. despues de les ensayos iniciales, las 

estaciones recepteras se jsituaron a le largo de perfiles y los . 
I ri i '^B' </>a.':^:^'d /yisyZyee-^ 
1 aniilos de emision centrades sobre estos, siendo el espacio_ e n t r e _ 
I •5/iyfK^^S 1^ ^'"^ *^ ^ ' ^ /yA^^i^Tiik^-y^ce^t^ei •^ «———— 

estacibnes_ide_3-00 metres y la distajici^^__emigor.s.rece,p.to.r^^ 600 metres. 

W " ' •""'"" -iix Jy^fyy<^ o{ -m. ^/^> ; /^?'&2*^ r^d t^c^y - ^ &C'~^;,J,^7^ -^ cJ^M- zk^ 
S ^1 diametro de los anillds ha side reducido_a.^6p metros a causa de la 

V gran dificultad .para desenrollar los cables en elkmalpais"',. oblrgando 

a reducir la potencia de emision, y come consecuencia,' disminuyendo 

la relacion senal/ruido de la medida. 

Tambien, a causa de la dificultad que hay en caminar per el^malpais, ) 

- iel rendimiente del equipo sole ha podido- ser de 12,6 estaciones per « 

dia. 

(j?y\r.-.(y^^<>yM^ -TCkib 0fyey\MkX^-y~ r\yr\yt.>-^tMy^ V^JULJI 'AZLh.JuO c-p^-v<j fe \ .^ . ' '' ^ 

Generalmente l a s eperac iones normales n e c e s i t a n t r e s operadores : 
&>ĵ  ot- / ^ T ^ ^ ^ / W / T ^ / ^ ^ ""^ yU^ r-̂ yycy v^-', r'̂ -<r'XC -b{ŷ ^ t̂ cyiyyiJZiiy.*-fX. a^ 

uno en e l emisor, dos en .lei r e c e p t o r , mas l a a s i s t e n c i a de persona l 
C U y y ^ )32A.<!i>vej2£ frir*-- ^-<»-^ AAI. ^ ^ M ^ ) ) * . ^ ^ / a ^ i^^i,^ffW^~^/ AyZZtiapiyiyyTZiZeAy y\yX^ >. ;..̂  , 

a u x i l i a r pa ra l l e v a r e l equipo y d e s e n r o l l a r e l a n i l l o de emision. 

En LANZAROTE, los primeros p e r f i l e s fueron r e a l i z a d o s per cua t ro 
0f\(7tfs^y> i î MTZh' yiZAjy Tdl^ i^Myiy^J^., OyyU/x^yy^ ̂ ^ ivyu> ysuydyiTnoel ~ Lir iZjv 
ope radores , mientras que e l u l t imo p e r f i l fue r e a l i z a d o per. dos 
OT^-^JSry)/^.yC^ * ^ , ' ^ s ; CA^JM Vj%k/ k y L , A , ?t7yt^ ifi.,^Uywi p-^.^^'^-^^ 
ope rado re s , en los dos ca:sos con ayuda de p e r s o n a l a u x i l i a r . 

~/l7uL. ^ / ^ / ^ ^ v ^ ? a^e. ^C-<W^i>f o'^ I'hj.-. ^ y , s ^ <t^^~'^'^' /O/un ' ~ 

Las e s t a c i o n e s se l o c a l i z a r o n en 16s mapas o en l a s f e t e s ae reas 

y se. e r i e n t a r o n con b r u j u l a . Las d i s t a n c i a s fueron medidas con 

- t o p o f i l CHAIX (Mapa N° 1)' . 



IV-3 CARACTERISTICAS DEL APARATO SOFREM 

El equipo SOFREM es portatil y comprende : 

- Un emisor de corriente sinusoidal con once frecuencias fijas 

(de 17,5 hz a 17920 hz, de ectava en octava) pilotadas con 
17.^ — 77^2.i> hn, 

cuarzo. ' 

/ 5 6 \A>oyr7% 
La p o t e n c i a maxima de emision es de 150 wat . 

El emisor e s t a a l imentado por un grupo e l e c t r e g e n o de 400 wat . 

E l ctnil 'lo de emision t i e n e un dicimetro de 60 metros (con una s o l a ' 
Ortt. 

e s p i r a ) . 

- Un a p a r a t o de medida cen once f recuenc ias f i j a s p r e s e l e c c i e r 

ap: 
^ h ^ lyy^v>^ . , a l imen tado p e r p i l a s 

f i j a s p r e s e l e c c i e n a d a s , 

- Un c a p t o r magnetico a i n d u c c i o n dob le . . 

<HS 
tn/D ^ j y y y ^ ^M-t -^-^K^ViUv-e^ ^ i z U CaWi^ySM o J u M y T v ^^'"^"^'^"'^f-(ly^^ /^^JZljl^ 

- Des electrodos, de medida del campo electrico distantes de cinco 

metres. 

- La lectura se hace per un voltimetro con cristales liquidos. 

T/^ '̂ ZZrAU (^yiyyfUi ( A nMj/y e-<J*,/̂ p̂ v̂̂ t̂/ (UiJMy c ^ ayryay)<^A7^<yCt^/!UJ,^ yZo & { y S T o t<7Xa^, 
El peso total del equipo, cable de emision incluide, es de cincuenta 

kilos aproximadamente. 

IV-4 EXPLOTACION DE LAS MEDIDAS 

x>A S-fey/ff. f y .ea.oi-' s-^'^'H^ 
1) Para cada estacion - sondeo, se usa una hoja de explotacion. 

Las amplitudes de las componentes de campo Hx, Hz y Ey son 

medidas y anotadas, lo que permite calcular una resistividad 

aparente para las frecuencias tj/2TT utilizadas : 

Pa = 

La permeabilidad magnetica del subsuelo se asimila a la del 

vacio sea y^. 
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•^.e^i'^e/i 7ci^C.'(C-y'-
K es un "factor de preximidad" de la fuente que en el case 

teorico de vin subsuelo homogeneo, permitiria traer la resisti

vidad aparente al valor obtenido en el case del sondeo de 

impedcincia de superficie. en endas planas bajo incidencia normal 

(sondeo magneto-telurico ideal). 

El factor K se define en funcion de la relacion de las amplitudes 

Hz 

La medida se efectua en posicion "estacion de recepcion". La expe-

•riencia muestra que les resultados de un sendee utilizado de esta 

manera son funcion esencialmente de las resistividades del subsuelo 

en les alrededores de esta estacion. 

2) Tambien se calcula una resistividad aparente per inclinacion 

del .campo magnetico. 

K'R2 He 
Hx 2 

g (—) 
Hz e 

05 

R es la distancia entre emisor y receptor. 1 

„, <=̂ io//4'' ̂ ir/̂ V.<:-<' -7T»-X.ŷ /yy"_ _ . ̂  -, 
K' e s o t r o f a c t o r de p r e x i m i d a d f u n c i o n del 

7^ '^Aer fi^e.fy PH, AK 

Esta manera de explotacion permite una investigacion que abarca 

un volumen impertante de terreno entre emisor y receptor. 
' I ^ (^y& ô t ; tly. Al-J Ciu'̂ t- r}Co.y*y .̂*. „ ^^^^y^Tie./lMieO''-^^ 
La- medida esta, en este caso, aplicada en posicion intermedia , 

es decir a igual'distancia del receptor y del emisor. • 

nee 
— ^ 

L^guales v a l o r e s p a r a p^ y p ^ . 

•V\ Ttlx^ Cyxy2.e^ ^ (Z>̂  -4iSi>-,-.̂ -̂ >T-_e-<riJ»<:? ^ c ^ J r ) ' ^ ' T - - ; ^ a ^ A y : y y / i . ' ' 

En el caso de un subsuelo homogeneo o de estratif icacion .horizontal, 

la medida da itguc •" 

En el caso de que el subsuelo presente variaciones laterales de 

resistividad (buzamiente fuerte, contacto anormal, falla, filon, 

dike etc) la experiencia muestra, al contrarie, que Pa y P^ toman 

valeres diferentes-para el mismo dispositive emisor-recepter. 
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f l ^ ĉ Mf̂ iAJL '̂ f ^ t y ^ y l ^ fit rr£yk>y^y^ i-;!̂ ^ ...-• (Uŷ ĵoSu U (L ' yty^T^ 
Las r e s i s t i v i d a d e s apa ren t e s Pa medidas a Ip l a r g d d e un p e r f i l 

marcan pues , de manera muy f i n a , l a s v a r i a c i o n e s l a t e r a l e s de |' 
'\JiQ7Zy/yrXA , ^^ /J^VZXAWJL iUA.eyZXXyi \^^, r^My "(̂ /,̂ -.gn'r.{dXju> (ri Cyy^±^^ ; ', }J 
resistividad, acentiiadas eventualmente per las "anomalias de (-' 

"YUi. '"••iysA.akKArCKfy. ^'iLi * ^ ^W* C^TVCIA^^ , ca )U<iy> ai^ ' ryiTCtS^ i 
c o n t a c t o " . La r e s i s t i v i d a d Pa, a l c o n t r a r i e , es peco s e n s i b l e i 
a l a p r e s e n c i a de una anomalia de r e s i s t i v i d a d aunque e s t a sea 
y^Kb^ « i v w ' h ^ /Ẑ  ' ^ y>i,yi t< sc4^ aM̂ feS?fe<w, ; 
f u e r t e s iempre que sea de peca ex tenc ion l a t e r a l . 

El r e s u l t a d o pra^ctico . imper tan te es que l a r e s i s t i v i d a d . p^ , ^ ". 
Ck-^ .iA\c^^i/h.nXtZr^ (f7) - / T ^ /i-v/uJ^v^w-O C < ! W K / * ^ ^ yy^jpbC^LMa %l\li ' i'>^l.̂ lyCayy ,̂,''~i '̂'̂ ^>7,̂ Ay-ZZlu 

(pot i n c l i n a c i o n d e l campo magnetico) i nd i ca l a r e s i s t i v i d a d « 

media de l a formacion e n t r e emisor y r e c e p t o r , mien t ras que l a , 

/\M4>ttA^ pô  c ,b^ z^&'^-^yriy^' ^Ay-^Xio\xi^ -̂w<a ^ ^^c^ ^JIZOT^ ... 
resistivrdad pa (P°5 impedancia de superficie) da una delineacion 

fina de las anomalias verticales come les contactos anormales o 

las fallas. 
Zip- Ctd^cyJ i iO^ "^^ '̂̂  <X/^y^-ey\Iy.Jr.. P(>VJCU'^(A1^YV! WAJ & O A J ^ IhM/'.'^^^y^ ^ IKytyOff\jQAyM 1^ 

3) Se calcula luego una "penetracion aparente" per cada frecuencia. F ^ 
^ p s s y r^SiJUykidr,.^, '• 

segun l a r e l a c i o n : • 

Pa ^ 3'̂ 6 / £ £ 

Esta profundidad es la del liinite horizontal de un subsuelo 

con des terrenes, F y pa siendo pues las coordenadas de la "cruz." 
of) k l ^ ...MnvCA-is o-̂  (Km>*y^Jiy^ (Kiyy^ioA/yAj^, 
de les abaces de resistividad aparente.. 

Esta profundidad de penetracion es interesante perque da'en el >, 

case de dos terrenes una interpretacion immediata.V 

^ / ^ y c w ^ ^ ^ y , ^ ' A^-I^UAXO ' <^cyilf^yyjiy^ ^ ' ^ , A O ^ O^ 

Solo cambia' per mn coeficiente numerico de la profundidad de 

penetracion teorica definida en un .subsuelo de resistividad p 

per 

p = / P̂ :i'503 '' P. 
PQCO F 
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IV-5 ESTADISTICAS 

y 

Numero total de estaciones de sendee 

Numero total de anillos. desenrollados 

Distancia media entre estaciones 

Longitud de les perfiles 

Longitud del perfil repetido (ensayos) 

Numero de dias de medida 

Numero medio de estacienes/dia 

IV-6 RESULTADOS 

88 

44 

300 m e t r e s 

21 km 

1,75 km 

7 

12 ,6 

A 7 / 

/ ^ 6 

a ^ 

^ 

Una gran mayoria de les sondeos da una curva de,,, resis tivid^ad-^ .^^ 

aparente en. funcion de la frecuencia del tipo "Dos terrenes" con 

capa profunda conductora. 

La figura 2 muestra los valores de resistividad aparente p' para 
roc ;to 4rit . 

les sondeos 505 a 512. 

(A>V /wJZiy\/fi\£7(AMO'^ h ^ ^XH:uy^.a (yf ^ ^ v̂eĴ o-̂ ŵ />tvvt/̂  Z.QTŜ .'oT̂ xy ^̂ {yM 
Una interpretacion per abaco de la curva media conseguida da y 

resistividades de 800 A.m. respectivamente para les dos terrenes, 

el limite estando a 190 metros de prefmraidad. 

•%. r̂ x&ŷ  .-• y y y 7 ^ ^ ! f ^ % s ^ ' ' ^ ^ ^ y y ^ KP '2.C>\ rvyfZjysji (X^^.^ w-0<s«'^ 
La altitud media de estas estaciones es de 201 metros, y se-puede oy^ te co^yy<^ •ti--d' ^ cyô ŷ ĵ̂ b̂  in^yc ' th j ' .c^wcv^tw^ i ^ cjy-o^ 
concluir que el nivel conductor que constituye el segundo terreno . 
^fZiy^i^jKy '̂̂  Zĵ  \jAy\y>^ hsiyh^ T-it' htyKii (ĵ  /C^ iia-o_,- £ ^ j y t i y > , Oje.- /Co O S A J L . . 
esta-muy cer.ca del nivel del mar. Esto se puede interpretar come 

una invasion de agua, de^ mar o mas probablemente por xin nivel ' 

humedo en equilibrio hidros.tatico con el mar. Asi se puede aceptar 

^^^^que esta maycyria de sondeos da una investigacion hasta el nivel 

del mar. 

^O^j<y^<khh^ ^ ^ s ^ j A s . -U K ^ 'kri^ V f T ^ A ^ii^/^^y^^^^^ ^ ' ^ ^ 
Sin embargo se pueden notar dos tipos de excepciones para esta 

familia de sendees : . 

"SLv csbzyor^ S'l6 ^ ^ y a ^ i M ^ A ' ' U ^ .wî x̂  A«4vup4.^>'W^ '̂  fy i^uSiycM^ 
1) La estacion 536 al sur del perfil medio muestra un terreno practi-

camente homegSneo, el sx±)strate conductor ne siendo perceptible 
X/" ii[\Aj bUlfyfXy, 
en e s t e l u g a r . 
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Se)yr^ ,̂ -^M t̂Y /̂ « . ^ t u ^ < j ^ t ^ - U ^ y y ^ ^ i i ^ d c l f ' y ^ - j 
2) Algunos sendees , p a r t i c u l a r m e n t e en l a Montana del„ Fuego, ^ 

il^yji^j^ U.y^^^ oi ŷsLaŷoTcOKjZẐ  C A J i p ^ & W ^ ^ dy^^O-'-^ ffUP^ 
p r e s e n t a n curvas de r e s i s t i v i d a d y se s a l e n completamente de 
un modelo c l a s i c e t a b u l a r . 

T U Jh/sAU^ dy^^zyx^y^^^ I'^-M^ UnA^ M^^utyny^ ^ 7 ^ - i < 4 ^ f ^ i y j y d X e o \ <p^i>^*-l-P'»> 

Los t r e s M r f i l e s han s ide dibujados^cen^^as r e s i s t i v i d a d e s p^ y p^ 
^Tj-v TZ{^ (mLCi/myf-CiMi; OL o L e U A n y ,? '̂̂ <r>«<^t*) A y ^ fjOl/y^ cf̂  W (ly-<L. o Mc , t t . a/2£--_ _. _ _ , -_ j - , - - . _ ._ ^ j _ .. __ puede ver 

Dos mapas de iso resistividades han sido dibujados para la frecuencia . [ 

560 hertz. Para esta frecuencia media, las medidas sen excelentes en ! 
CL£7 l^ftO'.a .^/ity/c, , 

t o d o ' e l " e s t u d i o , e s t a - f r ecuenc i a^co r r e sponde en todas p a r t e s a una 

p e n e t r a c i o n h a s t a e l n i v e l de l mar. 

y y ^ ji^ii/tyuyL-yTyyii^^ , ciy^Ay'° 5) ^. ̂  ^ytyzM- hydj ztie, 
. El mapa de iso-resistividad p^ (Mapa N" 3) esta relacionado con la 

• ^rJlAyy\ /U^-^-Uv-JCt j J ^ T t j ^ VO^yy -̂̂ sZo ydkj .y> TKŷ :.̂  ..,c>ff,-Wf^ fKAy)̂  iA^.&^ - ^ 

r e s i s t i v i d a d media de l a s r eca s v e l c a n i c a s . Es te mapa muestra una 
b a j a a a muy r e g u l a r de r e s i s t i v i d a d de Es t e a Oeste , desde l a Montana / 
i e i PMJ^O IAATW^ t U . 01^^.711^ y-^iyy^ Un, d î%iy ŝw,-ot oi M z i Z ^ <»-*/ /p^yjpi/.^,^ 
d e l Fuego h a c i a e l mar..^Eso t raduce l a d i f e r e n c i a de a l t i t u d y ademas 
Jy^Ox^ Xr^Jdiyi dt ' ^ ^ ^ ,^&dyy*i7(iM ^ -Jyf̂  YKcnrJzi^/^ djJhLr K.<2#t) >. 
muest ra v a l e r e s "de r e s i s t i v i d a d maximos en l a Montana de l Fuego. 

Tir^ o^^.^^jy-^^ydc^^_ f^^^^^i^ Ciiyû yfi 1 7 ' t y ,^ j ^ ^ ^ cJiy^^so^ ^ ^ ^ ^ §^7J: 
El mapa de i s o - r e s i s t i y i d a d Pa (Mapa N" 2) e s muy d i f e r e n t e d e l . p r i m e r o . 
1'h.. tiy\fjjf /^ '̂V^>&Wfe y y " ^ lotT^M-)^ ^^c^ryM^cybyt^ ' MUli ' - l £ j t t-v€^ ^''^ M / ^ " S A^fevjsJAi^f 
El mapa p r e s e n t a e j e s conductores muy f u e r t e s que pueden i n t e r p r e t a r s e 

Iho ^-^yiy^y^yjyi cn. P '̂̂ tT^C^ZCc^JljlyA.̂  ^ t>v fe t<^ (ycryTzbfuJZZa • 

como f r a c t u r a s e con tac tos p rac t i camen te v e r t i c a l e s . 
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j V - PROCESAMIENTO DE DATOS DE LAS ESTACIONES M.T. 

I - • 

I Los 55 registros M.T. han sido cuidadosamente estudiados y varias 

verificaciones fueron hechas con la cemputadora. 

Durante esta verificacion. se constato que 11 registros realizados 

entre el 3 y el 6 de Diciembre ne podiTan ser utilizados (estos no estan 

dentro de les 55). . 

Entre las 55 estaciones disponibles, se ha censtatado que la calidad de 

15 registros era demasiado baja (calidad 5). Cucuido la senal M.T. ne 

alcanza un nivel limite, las correlaciones entre campo magnetico y campo 

telurico ne se pueden asegurar. Las estadiTsticas hechas sobre las relaciones 

Ex/Hy y Ey/Hx no dan valores constantes. Es decir que la precision es mala 

y que los valores encontrades serian distintos si los registros se hubieran 

realizado en otro momento. 

Las 15 estaciones malas (11, 19, 20, 21, 26 A, 42 A, 46, 54, 56 A, 57, 

59, 60, 62, 70, 77). ne estan utilizadas en el presente informe y no soi 

facturadas. Algunas han podido "ser registradas otras veces. 

Las 40 estaciones que quedan han sido todas procesadas con el sistema 

M.T.-5-E.X. qiEpermite mayor calidad, indicande la direccion principal 

y que generalmente da los mejores resultados en geetermia. 

Cen la intencion de estudiar lo que hubiera sido pesible con el sistema 

de procesamiento clasico (armonice) un ensayo de procesamiento se realize 

para algunas estaciones. Los resultados no son muy buenos y son dados solo 

para indicacion. 
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VI - RESULTADOS 

VI-1 ADQUISICION DE LOS RESULTADOS 

La manera de utilizar lbs datos obtenidos viene explicada en el 

fascicule en franees titulado : "Mode d'Interpretation de la 

M.T.-5-E.X," que acempa'na este informe (Anexo 1). 

Los registros numericos han sido precesades medicinte el programa 

habitual M.T.-5-E-X. que utilize un analisis de frecuencia cen 

soluciones de tipo expenencial. 

Cada registro se ha analizado mediante los siguientes documentos : 

- registro grafico de control ; 

- dibuje de ciertas partes del registro numerico para verificacion ; 

- lista de les resultados incluyendo les diferentes valeres y los 

dates estadjTsticos que permiten el control de calidad ; 

- lista de los resultados (Anexo 2) ; 

- curvas de resistividades aparentes en funcion de las diferentes 

• constantes de tiempo T utilizadais (Anexo 3) . 

Los 2 ultimes resultados de cada una de las 40 estaciones retenidas 

en. el estudio se entregan en fascicules independientes. y se adjuntan 

al presente informe. 

Por otra parte, las listas de los resultados del informe (Anexo 2) 

indican : 

- la conductancia total tal y como se deduce a partir de una curva 

teorica, en mhos. 

- la calidad de las estaciones. 



VI-2 CALIDAD-DE LAS ESTACIONES 

El primer criterio de calidad aceptade viene dado por los observers 

de terreno quienes perciben : 

- El ruido debido a causas exterieres, viento, lluvia, perturbaciones etc. 

De esta manera se ha deducide la imposibilidad de registrar en las 

zonas termicas de la Men tana del Fuego ; 

- La falta de cerrelacion. entre diferentes trazas (la fuente de pertur

bacion electro-magnetica pudiendo estar accidentalmente demasiado 

cerca no puede considerarse como aceptable) ; 

- El bajo nivel de la senal. 

En el terreno, durante el despojo de dates, se decidio por simple 

analisis del grafico volver a empezar e interrumpir una estacion M.T. 

ne pediende considerarla por valida. 

Los. demas criterios de calidad yienen dados por elementes estadiTstices 

variados : numero de muestras utilizadas, numero de familias de muestras 

utilizadas, porcentaje de resultados identices guardande un margen de 

5 % sobre les valeres utilizados, filtrage aplicado en el tratamiento, 

variaciones de_los resultados cuando se analizan diferentes estudios 

del registro, y per ultimo la forma de las curvas de resistividades 

aparentes (Anexo 3). 

La experiencia muestra que un rigoreso control de la calidad de los 

registros era la clave de que el Magneto-Telurice fuera fiable, 

teniende en. cuenta de que la se'nal natural varia de manera aleater^a 

y que las perturbaciones proximales son a veces dificiles de discernir 

en el terreno. 

Ha si^e posible clasificar las estaciones en cuatro calidades que 

cerresponden a cuatro tipos de estadfstica : 

1 Excelente M , 

2 Muy. bueno l/^i/ . Q ^ ^ ' 

3 Bueno •c- C t m > ^ 

4 R e g u l a r •=- /̂ (̂ ô -•«i-SJL 



La calidad 1 es.la calidad superior y corresponde a les mejores resul-

.tados. 

La calidad 4 es la calidad inferior aceptada ; la precision de los 

valeres conseguida para estas estaciones es baja (20 %) y los valores 
•.y . '•' • ^ ' y 

estan dados solo como indicacion general..No es pesible decidir un 

sendee sobre estas estaciones. 

/9 

yy estaciones son de calidad 1 : 
2, 4, 23, 36, 37, 38, 40, 43, 72. 

./" 
(̂  5yestaciones sen de calidad 2 

1, 35, 39, 48, 55 A, 65. ^ 

(3 15/estaciones sen de calidad 3 : i ^ o t ' ^ 

3, 6, 7, 16, 17,. 20 A, 22, .45, 58, 64, 73, 75, 24 A, 28 E,, 74, 

0/estaciones sen de calidad 4 : / l l ^^<^c t f^ 

5, 9, 52, 63, ,30 B, 31 A,1126 B, 11 A, 41 A, 29 A. 

La figura 1 muestra los periodos mas favorables de la senal M.T. ;. 

es de notar que la calidad de las estaciones ha bajado mucho despues 

del 12 de diciembre. Esta baja corresponde a la disminucion de la 
' . J . 

senal' natural pero tambien al viento puesto que aumenta mucho el 

ruido. Es probable que a partir del 12 de Diciembre hubiera side prefe

rible utilizar captores mas sensibles (del C.N.R.S.), pero no 

se podiTa perque estos capteres eran demasiado largos (2 metros en 

vez de 50 centimetres) . 

• En el future, utilizaremos captores intermedios de 1 metro que ahora 

estan a disposicion. 

VI-3 -CONDUCTANCIAS TOTALES 

Se trata de conductancias aparentes longitudinales. El metodo rapide 

de calculo de estas componentes supone que las curvas de resistividad 

aparente sean rectas crecientes de pendiente 2. ' 
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De. hecho, hemes examinado cada curva del Anexo 3 y las hemes super-

puesto a curvas teoricas de conductancias totales conocidas,- le que 

permite : examinar cada curva y tomar conciencia de las anomalias 

eventuales y cempensar las pequenas variaciones debidas a constantes 

de tiempo menos precisas. Las conductancias totales asT obtenidas son 

las que se utilizan en el mapa de iso-conductancias (Mapa 5). 

VI-4 CRITERIOS DE CILINDRICIDAD 

Se han examinado en cada estacion les criterios de tabularidad y cilin-

dricidad. 

De hecho, las estaciones tabulares o casi tabulares son excepcienales. 

• La mayor parte de las estaciones. estan polarizadas, pudiendo indicar 

la direccion principal y los criterios de cilindricidad. 

Sabemos por otra parte que los resultados de las estaciones ne cilin-

dricas y ne tabulares han de ser utilizados cen precaucion. 

Estos criterios se ven facilmente en las listas de los resultados 

(Anexo '2). 

Como ya hemes expuesto anteriormente el M.T.-5-E.X. puede procesar 

sin dificultad el problema de lbs terrenes tabulares. Tambien permite 
' ' • y 

por extension calcular cuantitativamente valeres de resistividad aparente, 
y 

y per lo tanto de conductancia aparente, para la direccion principal 

(conductancia longitudinal) en el caso de que la distribucion de 

resistividades-profundidades admita un eje de simetria (caso cilindrico). 

Hay que tener en conocimiento que en las regiones velcanicas e tecto-

nicamente complejas, que se analizan habitualmente en exploracion geo

termica, existen estaciones M.T, que ne son ni tabulares ni cilihdricas. 

Para estas estaciones, la teoria no garantiza resiiLtados perfectamente 

repetitivos. Todos les valeres de conductancia longitudinal •marcades 
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en el Anexo II y en el mapa N° 5 son pues valores indicatives para 

estas estaciones no cilindricas. 

Si se divide la region estudiada en cinco zonas, encentraremes las 

estaciones cilindricas siguientes : 

1 - Zona Noreste (al Este de la Caldera Blanca). Las estaciones 63, 64 

y 48 sen frcincamente cilindricas. Per el contrarie la estacion 45 

es francamente menos cilindrica y eis segure que la geologia de esta 

zona es compleja. 

La anomalia conductora encontrada en este punto seria dudosa si no 

pareciera confirmarse per la estacion 64. Veremos no obstante que 

un accidente pasa probablemente a preximidad de la estacion 45. 

Come es costumbre encentrar, la estacion 45 ne presenta ninguna 

direccion principal bien marcada y por le tanto sole es de 

calidad 3. 

\ Esta zona solo esta cubierta por 4 estaciones, le que supone un 

numero muy bajo para los 14 km2 que mide. 

2 - Zona Norte (al Norte de la Montana del Fuego). Las estaciones 65, 

20 y 22 son cilindricas. 

3 - Zona central o de la Montana del Fuego. No se conece evidentemente 

nada en las zonas termales ya que ne ha side posible registrar. 

Las estaciones 72, 73 y 52 en el flanco Norte de esta zona son 

cilindricas. Las estaciones 43, 9 y 75 al Sur del fiance son tambien 

cilindricas. La estacion 16 al Este de la zona es poco cilindrica, 

no da ninguna direccion principal. Las estaciones 74 (al Sur) y 

11 (en el centre) no sen cilindricas. 

y 
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Es de se'italarnoobstante que la direccion principal de la estacion 

11. esta bien marcada. . 

Aunque esta zona esta cubierta por 9 estaciones en 10 km2, es 

lamentable que, a causa de la complejidad de la zona o de la 

calidad de la senal, no haya sido posible situar mas estaciones 

que nos hvibieran permitido comprender las relaciones entre los 

diferentes sectores, -

4 - Zona Intermedia (y del sondeo profundo). En esta zona, las esta

ciones 1, 2, 3, 4, 7, 39 y 40 son cilindricas, las estaciones 

38, 6, 36 y 17 no lo sen y las 5 y 37 lo son pero muy poco. 

Ne obstante, es de notar que la direccion principal no resulta 

claramente para las estaciones 1 y 39 que son cilindricas y parece 

quedar muy marcada en las estaciones 5, 6, 37, 38 y 17 que no son 

cilindricas o muy peco. 

y 

Mientras que la zona esta estudiada alrededor del sondeo, es mucho 

menos conocida en el centro y al Sureste. 

5 - Zona Occidental. Es la zona donde los resultados son los peores. 

Las estaciones 29, 30, 31, 41, 23 y 55 sen por tanto cilindricas, 

mientras que las estaciones 28, 24 y 35 lo sen muy peco. 

. y ^ 

La e s t a c i o n 58 , a i s l a d a , e s per fec tamente c i l i n d r i c a , es de 
y 

cal-idad 3 y la direccion principal Norte-Sur resulta muy claramente. 

VI-5 TRATAMIENTO/POR SOLUCIONES AFtMONICAS 

Con el fin de monstrar los resultados que es posible obtener sin hacer 

intervenir lbs pregramas propios al M.T.-5-E.X., las estaciones N° 37 

y N" 38 han sido precesades admi.tiende que las curvas experimentales 

eran sinusoidales, y teniendo en cuenta que estaban situadas en una 
y • y • 

zona hemogenea sin gran pelarizacion y cen una resistividad vertical 

fuerte (estaciones casi tabulares). 
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Las curvas de resistividad aparente en funcion de T periodo expri-

mide en segundos (para ROX y ROY) se anadieren al final del 

fascicule Anexo 3. 

Al igual qua para el tratamiento expenencial, la curva obtenida 
y 

es una r e c t a c r e c i e n t e que muestra l a i n f l u e n c i a de l zocale.-

Nos encentrciroes pues en l a p a r t e de l a curva bajo i n f l u e n c i a de l 
y • • \ 

zoca le que se observa desde l a s pr imeras f recuencias c a l c u l a d a s 

(0, 1 Hz). 

Aunque las estaciones retenidas para hacer este ensayo son 
y 

de excelente calidad, se observa una cierta dispersion de les 

valores sobre todo para las curvas ROX-38 y ROY-37. Se ven 

inclusd las diferencias que existen entre el valor medio 

(puntos negros redendos) y las distribucienes estadisticas 

(rectangvilos) . 

La abcisa de las curvas se exprime en T y ne por 7^ come en el 

ejemplo del Anexo 1 (figura 1 de la iiltima pagina) , la pendiente 

de la. recta es pues de 1 en vez de 2. 

y 

Para las estaciones de menor calidad cen pelarizacion fuerte, 

los resultados obtenidos serian muy dificiles de interpretar. 

VI-6 MODELOS DE BASE PARA LA INTERPRETACION 

Hemes establecido algunos modelos teoricos y, supeniendo terrenes 

tabulares, se ha calculado la curva de resistividad aparente y per 

lo tanto conductancias totales (o conductancias totales longi

tudinales) que la M.T.-5-E.X. podria obtener. 

Tambien se ha hecho el mismo calculo en soluciones armenicas 

para poder comparar con las estaciones 37 y 38 calculadas de 

esta manera y con las curvas SOFREM. 



Varies cases se han simulado con las mismas profundidades y 

haciende variar en cada case las resistividades segun las hipo

tesis retenidas. 

•^-z. . 

Profundidades 
en metros 

Caso 1 
compacte 

Resistividades en fi.m. 

Caso 2 
permeable 

y 

humedo 

Case 4 
permeable 
humedo 

Case 3 
caliente 

S M r / f ^ ' \yolc,-

njici^i4.a )(4ry__ 
190 

340 

700 

850 

950 

1500 

1700 . 

1820 

2100 

2300 

2550 

2600 

5000 

-800-

-16-

-- '5-

10 

10 

10 

20 

10 

20 

20 

20 

5 

50 

•800-

—16-

—^-5-

0,7. 

10 

10 

1,4 

10 

20 

0,8 

20"̂  

'5 

50 • 

-800 — 

-16 — 

-^ 5--~ 

10 

10 

10 

1'4 

10 

20 

0,8 

20 

5 

50 

-800 

—16 

—^5 

10 

10 

10 

20 

10" 

20 

20 

20 

5 

10 

10 000 o muy elevado 

En el caso N° 1 : se ha supuesto que el corte geologico cemprendria 

les mismos terrenes que les encontrades en el sendee (hasta 2 600 m 

de profundidad). Per debaje hemes admi tide, segun los perfiles 

sismicos efectuados en el mar, que el zo^calo metamerfico e cristaline 

file:///yolc
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extremadamente resistente (superior a 10 000 n.m.)se alcanzaba 

aproximadamente a 5 000 m de profundidad. Entre 2 600 y 5 000 metros 
y 

se ha considerade que la serie sedimentaria o debilmente metamorfica 

podia tener una resistividad media de 50 fl.m. 

La conductancia de esta serie teorica seria del orden de 280 mhos 

(Vease Figura N° 6). 

En el caso N° 2, hemes considerade que aparecen depesitos en diferentes 

lugares de la serie geologica, preferentemente alli donde se notaron 

perdidas durante el sendee,.: es decir, entre 700 y 800 m, 1 500 y 1 700 m 

y entre 2 100 y 2 300 m. 

T y ^ ^ 9xyJ<Aj> nyt.yS^ei^'yTZMy.JlJ.- iZTnyvKf'iyyJyiyASLy) c0\Ay£(j d 3 ̂  ^ ---^.J//W? ? ^̂  
Estos n i v e l e s se encuent ran a tempera turas conocidas de 38, 42 y 77°C 
/vUyfJi'cXyjy^y'o^ . V ' 7 ^ o^yM^P^ 'TM^ - ^ yyjiô TaHiyTZZt̂  (4 ' ^ (̂ yfjjy^ '<7i TIZTUT' C ^ -2^«<U 

r e spec t ivamen te . . Se supone que l a r e s i s t i v i d a d de l agua es l a de l ^agua 

de l mar a l a s t empera tu ras encont radas de^0.14 y 0.08 n.m. r e s p e c t i 

vamente. 

Aplicande l a formula dada en e l Anexo 1 pa ra cada capa-almacen se 

l l e g a : 

h Swn Am 
c = 1— 

a Rw 

•donde : - Swn es igiial a 1, no hay hidrocarbures y se supone que 

no hay gas. 

y 

- Rw es pues de- 0.14 O.0.08 segun el nivel. 

- a y m se toman igual a 1 suponiendo que la formula de 
^ y 

ARCHIE se aplica para un caso limite (fracturacion imper

tante con grandes fracturas y permeabilidad impertante). 

Esto viene a dar resistividades : 

p=R 
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La .po re s idad de l a capa s u p e r i o r se ha supuesto i gua l a 20 %, l a 

de l a s . c a p a s i n f e r i e r e s i g u a l a 10 %. . 

H i p o t e s i s d i f e r e n t e s hi±i ieran, ev identemente , podido r e t e n e r s e pero 

de e s t a manera se hab r i an medif icado l o s va lo re s obtenidos en 

p r o p e r c i o n e s e x p l i c a b l e s . 

Con e s t e esquema, encpntramos una conductancia de 850 mhos aproxima

damente (Figura 7 ) . 

y ^ 

El case N° 4 es un case intermedie con un unico deposito permeable, 

poreso, fracturado e invalido de agua de mar. La conductancia es de 

aproximadamente 650 mhos (Figura 8). . 

El caso N° 3 es un modelo donde el conjunto de la serie se considera 

sin poresidade sin agua salada pero con una formacion de base 

caliente (entre 2 600 y 5 000 m). 

Sa sabe que la temperatura. actua sobre la resistividad de una- roca 

caiiehte y seca segun, una formula del tipe : 

P = Pco e 6 

donde : -r poo es el valor de resistividad para una temperatura igual 

a infinite y 

- T es la temperatura en grades Kelvin. 

Un aumento de temperatura de 100°C puede provocar -onai caxda de la 
• -

resistividad a 0,2 p. 

Para nuestro modelo se ha tornado una resistividad de 10 fi.m. entre 

2 600 y 5 000 m-, V 

En este caso, la conductancia total de la serie viene a ser de 

470 mhos aproximadamente (Figura 9). 
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Estos cases teoricos. y tabulares estan destinades a darnos una idea 

sobre los, valores queies posible encentrar en la region. 

Las curvas se han repreducido en la figura N* 6 ; son cemparables 

a las curvas teoricasIque nos permitieron determinar las conductancias 

de las estaciones experimentales- utilizadas en el mapa 5 y dadas 

en el anexo 2 per medio de curvas del anexo 3. 

VI-7 DIRECCIONES PRINCIPALES 

y 7 , \ 
La direccion principal se ha presentado en el fascicule sobre la i 
interpretacion del M.T. (Anexo 1). Define la direccion de circulacien I 

• - i 

preferential de cerrientes teluricas ; es perpendicular a la direccion 

de las .variaciones mas fuertes del campo magnetico. 
I 

E s t a s d i r e c c i o n e s cerresponden a menudo con l a s conductancias l e n g i -
' ' . y • ' . • , ^ 

t u d i n a l e s mayores y e s t a n r e l a c i o n a d a s cen l a d i recc ion de los . a c c i -
. y 

d e n t e s , con l a d i r e c c i o n de mayor p e n d i e n t e de un moneclinal e cen 

l a d i r e c c i o n de f r a c t u r a c i o n . 

Las d i r e c c i e n e s siempre se pud ie ren c a l c u l a r ya que ninguna e s t a c i o n 

e ra pe r fec tamen te t a b u l a r . Tambien se p u d i e r e n c a l c u l a r inc luso cuando 

l a c i l i n d r i c i d a d de l a s e s t a c i o n e s e r a d e b i l o n u l a . 

' > . ^ • ' .y . 

Per-el contrarie, el calciilb demostro una indecision respecto al 

signo (en relacion a 0X)_. En este case y para mayor prudencia, la 

direccion ne fue llevada al mapa. 

Tres direcciones aparecen globalmente sobre el. mapa.: 

a) Una direccion Norte-Sur o casi Norte-Sur, 

Esta direccion se encuentra principalmente en las zonas Noreste 

y Norte (estaciones 64, 63, 65, 22, 20 y 17). 
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i 
I 

I 
I 
I 
I 
i 
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En esta zona, ne se puede comparar con las direccienes deducidas 

de los mapas SOFREM. Es evidente que las direcciones nes ayudan 

mucho a dibujar el mapa de iso-conductancia y de resistividad 

vertical (5 y 6) que utilizan muy pbcas estaciones. 

Se'encuentra esta direccion Norte-Sur en algunas estaciones de 

la Zona Intermedia al Oeste del pozo La-1 y. al Sur de la Montana 

del Fuego (estaciones 37 y 38). Esta direccion ne esta indicada 

en los mapas SOFREM. 

Esta (Jireccion tambien se encuentra al Sureste, en la estacion 

aislada N° 58. Es probcible que se trate de una direccion antigua 

y profunda. 

b) Una direccion Noreeste/Sureste que aparece alrededor de la 

Montana del Fuego (estaciones 73, 11, 49 y 40)en la Zona 

Intermedia del sendee.(estaciones 2 y 4). 

y 

Esta direccion ne se encuentra en los resultados de les sendees 

SOFREM dando variaciones brutales superficiales, salve quizas 

el Norte de la Montana del Fuego. 

La misma direccion aparece todavia al Sur de la zona occidental 

(del Golfe) en las estaciones 55, 24 y 35. 

Esta direccion tambien se puede considerar'. come relativamente 

antigua y profunda. 

c) La direccion Este-Oeste se encuentra al Sur de la Zona Intermedia 

del sondeo (al sur de la Montana del Fuego) al Norte de la Zona 

del Gelfo (estaciones 26, 28, 31 y 29) .y en una estacion al sur de 

la Montana del Fuego (75). 

Esta direccion es la que puso en evidencia el SOFREM. 
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Parece corresponder a discontinuidades muy fuertes (fallas, 

fracturas, contactos verticales) entre sectores conductores y 

sectores mas resistentes. 

Este fenomeno, que se ha visto mediante el SOFREM, se sigue en 

las bajas frecuencias, por lo menos al Oeste (zona del Golfe) 
. y 

y en el borde sur de la Zona Intermedia (estacion 6) . No obstante 

ne ha podido ser localizade en profundidad alli donde el SOFREM 
y r ^ 

. encontraba anomalias, al sur del.sondeo y de la Montana del Fuego 

(estaciones 3, 4, 5, 37 y 38). 

d) La estacion 52, que ne es de buena calidad, indica una direccion 

que parece aberrante en este estudio (NE-SO), pero la densidad 

de las estaciones es demasiado baja para garantizar que ne 
y 

corresponde a un rasgo geologico. 

VI-8 RESISTIVIDAD APARENTE VERTICAL 

Las zonas de falla o de discontinuidad brutal pueden averiguarse per *| 

la relacion r = paL/paV e per la resistividad aparente vertical '̂ 

paV para una constante de tiempo dada (en este case T = 64 S) . 

Midiende los r en cada estacion, encentramos que 28 estaciones son 

normales (sin campo Hz fuerte) y sin centraste elevado. Al contrarie, 

12 estaciones estan muy contrastadas y podrian situarse cerca de 

un accidente impertante. Sen las estaciones 7, 9, 17, 26, 41, 45, 

65, 73 y sobre todo las estaciones 20, 24, 30 y 31. 

No se ha realizado mapa de.x'ya que los accidentes observados son 

dificilmente prolongables teniende en cuenta el gran espacio entre 

estaciones. 

Se ha trazado el mapa de iso-resistividades aparentes verticales 

para T = 64 S (mapa N° 6) . En este mapa, aparecen varias zonas cen 

fuertes discontinuidades (que sen igualmente las mas conductoras) . 
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Estas zonas son : 

- en la estacion 45 (se sabe que no es cilindrica) ail Este del 

estudio y la estacion 65 al Norte. 

- en la zona occidental del Gelfo donde se conoce una direccion 

Este-Oeste. Esta zona recuerda las fuertes discontintiidades de 

superficie de pa <̂ e los sendees SOFREM pero desgraciadamente 

las estaciones de esta zona son de mediocre calidad. 

!-¥*• 
Ne obstante es interesante notar que esta zona de debil resisti

vidad vertical se prelonga hacia el Este al Norte de la Zona 

Intermedia (sector de sendee) y al Sur de la Montana del Fuego 

donde se ha encontrado una direccion Este-Oeste bien marcada 

(estacion 75). 

Este trazado, que indica una fuerte discontinuidad Este-Oeste, 
y 

pasa per las estaciones : 30, 26, 9 y se dirige hacia la estacion 75, 

Esta zona tambien se podia haber interpretado mejor cen un mayor 

numero de estaciones ya que el borde Norte de esta anomalia se 

desconeze por complete. 

VI-9 CONDUCTANCIAS LONGITUDINALES APARENTES '••, • 

VI-9-1 NOTAS GENERALES - . 

Les valores de las conductancias longitudinales aparentes se dan 

"en las listas de resultados (Anexo 2). Se han determinado a 

partir de curvas de resistividad aparente en funcion de /r y han 

permitido dibujar el mapa N° 5. 

Los modelos retenides, cases 1, 2, 3 y 4, han mostrado los 

valores de conductancia a los que se podia llegar, entre 280 
y 

y 850 mhos en cases tabulares suponiendo que les depesitos de 

agua de mar sen muy poroses y permeables. Es evidentie que los 

valeres iin peco mas fuertes -podrian obtenerse aumentado aun mas 
y - • . * ' 

l a s h ipo tes i s de temperatura profunda .y de deposito super f i c i a l , 

pero no es probcible para e l case de l as coberteras conductoras 
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ya que nunca se hem observado en superficie (ya sea per el 

metodo Dipolo SOFREM e por los estudios geelogicos de terreno). . 

Una incognita persiste en la capa geologica profunda, entre 
y . ' 

2 600 m y el zocale. No se conoce ni su estructura, ni las 

variaciones de espesor, ni su resistividad exacta. 

Se puede notar simplemente que la hipotesis es proxima a la 

realidad ya que sehan encontrado valores muy resistentes : 
y 

185 mhos en la estacion 58, 225 mhos en.la 17 y 210 mhos en la 

22, que por otra parte son todas de calidad 3. 

En estas cendiciones, las estaciones representaroTan zonas sin 

ningun desarolle de almacen de agua. 

Para estas 3 estaciones es impertante saber si estos valeres 

unices se confirman per valeres cinalegos alrededor, o si sen 
• • y • 

anomalias muy lecalizadas y entences quizas se deban a efectos 

tectonices. 

La estacion 17 por ejemplo no es cilindrica, puede estar cerca 

de un accidente y per ello no ser significativa. 

Per el contrarie las estaciones 22 y 58 son cilindricas y de 

calidad aceptable, incluso si r (0,15) es lo bastante elevado 

en las dos estaciones (accidente cercano ?). 

En lo que respecta a .las estaciones muy conductoras, se puede 

supener una invasion impertante de agua de mar o una zona 

geotermal. Aqui el problema es el de la calidad. Ya hemes 

visto que cuando las estaciones son de calidad 4, no cilindricas, 
y 

preximas a inn accidente y distantes entre ellas era imposible 

concluir definitivamente y por lo tanto tambien lo era implantar 

un sondeo de reconocimiento. 
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• V I . 9 . 2 Zona .Noreste (a l Es te de l a ,Caldera .Blanca) 
• ' - • ' - ! • 

y ' y --

Ya se hablo de esta zona mencionandp la anomalia (quizas acci

dente) de la estacion 45. Hay pocas medidas para confirmar la 

forma, dimension y significado de esta anomalia. Si esta cerrec-

tamente representada en el mapa interpretative, podria tratarse 

ya sea de una zona fracturada en profundidad (aparentemente no 

es superficial, pero no. se sabe ya que nohabia SOFREM), o de \ina 

anoma;lia de almacen.. El valor obtenido se, aproxima del valor 

encontrado en el pozo La.l ; a priori no es iina medida suficiente 

para que sea considerada comp; objetivo geetetmico. ; 

VI.9.3 Zona Norte (al Oeste de la Caldera Blanca) 

Esta zona esta marcada por una direccion N-S que seria antigua 

y profunda pero de la cual se descenece el significado. 

En Vina zona globalmente resistente (ausencia de fracturacion 

y de invasion) con la excepcieh de la anomalia Norte (estacion 65) 

que podria marcar \ma invasibn por agua de mar (920 mhos). 

Senalemos que la estacion 65 es de muy buena calidad y 

cilindrica, la presencia de anomalia parece indicutible. No • 
y 

obstante nos encentramos proximos a un accidente (r = 0,19), 

y para mayor precision habria que tener 3 e 4 estaciones mas. 

VI.9.4 Zona Occidental del Golfe 

Esta zona tambien esta muy influenciada por el mar. 

La tendencia general de la zona, marcada per direccienes 

Este-Oeste con zonas muy conductoras (estaciones 26, 29 y 31) 

y zonas estrechas muy resistentes, recuerda los mapas Pa *̂ 1̂ 

SOFREM. La zona parece estar'rodeada per un accidente Este-
• • y - ^ y 

Oeste a l Norte como ya se h a b i a s ena l ade a n t e r i o r m e n t e . 
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Los v a l e r e s ob ten idos ( s u p e r i o r a l e s 2 000.mhos) t ienden a 

d e m e s t r a r : l a p r e s e n c i a de xm yac imien to geotSrmico ( c a l i e n t e , • 

s a l a d o , permeable y poreso a b a s t a n t e profimdidad) . 

Ne o b s t a n t e , t en iendo en cuenta l a forma (que recuerda l a de 

•las anomalias SOFREM), s e pueden ve r f rac tura( : ienes r e l a t i v a -
. y 

mente estrechas, amplificando los valeres de conductancia mas 
y 

alia.del valor real. 

Hay que senalar tambien que la calidad de las estaciones no es 

buena (sobre todo en las estaciones 31, 29, 26) y que algunas 

muestran la presencia de accidentes muy proximos (31, 30, 26, 

41 e incluso la 28). Per lo tanto hay que ser prudentes. 

Si el agua de mar invadiende las series puede dificilmente 

explicar una grcin anomalia conductora de 1 500 a 2 500 mhos, 

podria indicar altemancias de compartimentes de 300 a 900 mhos 

que, eonsiderades sin precaucion, darian precisamente anomalias 

fuertes, orientadas, cilindi 

de un yacimiento geotSrmico. 

fuertes, orientadas, cilindricas y no indicarian la presencia 

La imica posibilidad de estudiar esta zona, si interesase al 

explorador, seria aumentando el niimere de estaciones para ver 

si realmente una zona cenductpra de 10 km2 y de conductancia 

superior a 1 000 mhos puede dibujarse con seguridad ; en otros 

tSrmines, saber si el mapa actual puede confirmarse. ; -

VI.9.5 Zona Intermedia del sondeo 

~/- y-

Cerca del sondeo La 1, se ha encontrado una pequena anomalia 

conductora de aproximadamente 800 mhos, por una estacion de muy 

buena calidad y confirmada por 3 o 4 estaciones cemparables de 

excelente calidad. 

Nuestra explicacien seria la presencia de un conjunto de almacenes 

(verificados por las pSrdidas encontradas durante la perferacion 

del sendee) invadidas de agua salada y caliente del tipe de 

modelo (cases 2 - 4). 
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Los sendees SOFREM .muestran que l e s almacenes s u p e r f i c i a l e s . 

son i r i r e g u l a r e s , a l i neados en e l s en t i do Es t -Oes te y culminande 

h a c i a l a p ro fund idad de 200 m.' 

Las e s t a c i o n e s M.T.jmuestran que los almacenes mas profundos 

pueden t e n e r una d i r e c c i o n NO/SE, son muchos mas r e s i s t e n t e s , 

l o c a l i z a d o s y c a l i d p s . 

La anomalia e s demasiado pequena para que cerrespenda a y a c i -

mientes g e o t e r m i c e s . 

Hacia e l . S E se d e s a r e l l a un s e c t o r mucho mas r e s i s t e n t e (desapa-

r i c i o n de l a f r a c t u r a c i o n profunda)con i g u a l d i r ecc ion e de d i r e c -
- . • . , ' • - ' • - ^ 

cion E s t e - O e s t e , pe ro con l a s mismas anomalias s u p e r f i c i a l e s ya 

observadas p e r e l SOFREM. . 

VI .9 .6 Zona de l a Montana d e l Fuego 

Como ya mencionamos; e s t a zona e s t a mal e s tud iada : 

- No hay s u f i c i e n t e s e s t a c i o n e s de buena c a l i d a d . 

.1 

- La distancia entre estaciones es demasiado grande. 

- Las zonas termales no pudieren estudiarse a causa de un 

fenomeno fisico. \ -

Sin enibarge parece que la conductancia es demasiado debil, del 

orden de 400 mhos, con una direccion Noreeste/Sureste. 

Independientemente de las complicaciones debidas a la estructura 

(la estacion 11 ne es cilindrica) y a la mediocre calidad de 

las estaciones (la estacion 11 es de calidad 4 y las estaciones 

75 y 73 de calidad 3) semejante conductancia podria interpretarse 

de 2 maneras : 

-una debil invasion de agua de mar, superior a la encontrada en 
- • . - 1 • • • ' 

las estaciones 58; 22 y 17, ligeramente inferior a la de las 

estaciones 37, 38jy 39, y muy inferior a la de la zona del sendee. 
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- una zona seca sin agua de mar pero con rocas suficientemente 

calientes para que la conductancia aumente de manera sighifi-

cativa de 280 mhos (roca compacta fria) a 400 mhos (come en 

el modele del case 4). 
' ' : 

• " ' '' y y 

Evidentemente esta ultima hipotesis es la que retenemos ya que 
' j . ,* • • . -

tiene en cuenta les resultados geelogicos y geoquimicos conocidos. 

Senaiemos al Este.una estacion conductora pero aislada, poco 

cilindrica y de calidad 3 (estacion 16). Si se hubieran realizado 

etras estaciones alrededor y que hubiesen confirmado una anomalia 

conductora en esta- zona, hubiera sido muy interesante, perque de 
- ' . y y y 

esta manera, tendriamos un sector proximo a la anomalia tSrmica, 
r . ' • • y 

invadido por e l agiua y que pudiera presentar un in terns economico 

siempre que e l . s e c t o r fuese grande, de buena calidad y con 

conductancias fuer tes . 

^ En este case, sole un estudio complementario afirmaria la 

hipotesis. •.] 
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VII - CONCLUSIONES 

^34 

::7/u. ^ y y .•fi-)4t^ ẑ " C^tfV^" ( i i A ^ ^ ^<yi^.'' GO K ^ ^ / y ^ A^ofh ^ O 

El estudio M.T. qu cubre una vasta zona (90 km2) con solamente 40 -
,^^,<y:^'!yfiiAJ^'^ aZt^Ayhry-' ' '7-'-.\ ;'-•»-'- - j j i/f»^hj7iZf^/%t^^^st:,.^Z^<y<J''ri^7^e(^--^ • 

estaciones de calidad aceptable, no 'tiene una densidad suficiente 
O ' ^ 

come pSra permitir soluciones perfectas. 

I \ j y y ^ - T { / A U M ^ Ui^^"*^ ' U ^ OV'*f1?^^./tVv<» ô k̂A•̂ ŝM if<4-J <5<W.A.yK.6vkil £ ^ W ^ ^ 

Sin embargo hemos senala-do las correspon den cias y divergencias entre 

la geologia structural superficial (rocas resistentes recortadas 

per zonas estrechas de fracturacion (E-O) e invadidas de agua en ,, > 

la base) y la estructura! profunda (direccion N-S e NO/SE p incluso -' 

E-O) en este caso, tairbien con zonas invadidas per aguas conductoras 

t 

^y^ztLy y y e \ d7.jyy<yey-yy*̂  LAJA, cZeyZZUyZA/Xt tzL ,̂ fi-\&oyinyw. c / 'Hi a^iurj/i^-io'euii/ 
s i n que se n a y a y d i s c e m i d e con c e r t i t u d •'la p r e s e n c i a de ningun y a c i -
miento geo tSrmico . " % 

Sobre e s t e tema, dos zerias flierecerian vo lve r a s e r examinadaa.antes . 
<:̂ .er>~<Mjy.c7̂  Ayf iyy tTv tL , V \ ' -7(A rhfir'. 4 ^ ' ' ^^"^ ^^•U'U^oi ff^ '/^ o v ^ y ^ , 

de c o n c l u i r de f in i t ivamente , : l a zona d e l Golfe a l Oeste y l a pequena ; 
yy^^ Tto • ^ £ ^ >6 nth /K?«j^f^ SiZ ftvt/0 ; 
zona a l E s t e de l a Monta:na de l Fuego. 

l h - ^0 \eyy f ^ ftyPI^ g^ ~7j^%<?yyUyyAy K ^ F-M^J^ . epaeyiy\J) (jya O- 'YU'rh^ O^ ^ t - f /Kx t sW ' 
La zona t e r m a l ..de l a Montana d e l . Fuego aparece como una zona b a s t a n t e 
r̂ iî '-CytZ î/rLcI,. L M4%>/. <i£4^,w*V^/> M^/J'^MAJ e i i0Z!&y^} trifX lyf t AZZert̂  *»~-wc//̂  WJa rsAtJZ^n \ 
r e s i s t e n t e ( s i n almacen j invadide de agua) p e r o no demasiado, e s t a 
<i«-v.-<£«</>XrCCv, A ^ ': ^ ^roi^77y ^e(^yy6'{ •£ ev. , . : 6 ie>^ - «-/^''^^t»^;'?fl£^ * 

cohduc t iv idad r e l a t i v a e s t a probablemente l i g a d a a uin fenomeno termico ; 
7'̂ JiĴ JZ'({Z(yv^ A "^ I^O^e^ayyy c x y ^ j ^ | 

( r e c a l e n t a m i e n t o de l a s e r i e g e o l o g i c a ) , { 
• • . •• • • • • • y ' j 

TU. lyy,^ cH -xu, MTJUkj,} itiAy»(Sĵ -yy cî ^ -̂j-uyuî ^ ^ y ^ yo <zy>p^y^ ^ iu± \ 
La zona d e l sendee , mpdeiradamenfee conductora , puede e x p l i c a r s e pe r 'una 

i nvas ion de agua b a s t a n t e s a l ada pero en un s e c t o r a i s l a d o y s 

desde e l punto de v i s t a fde l a exp lorac ion geo te rmica . 

/ ys / / f ( ^ ^ ^ ^ i 

s in i n t e r e s j 
f 

WM&. 
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(L<. /'AA^C- p< '̂i<>f< ĉ7,w<, (7(^y l̂ î̂ ^ ^tiyid-y a^fi^^i^'^'^' 

Como fa se , p r o s p e c t i v a f i n a l a l e s t u d i o geotermico 

de'^la fosa de l ValTes^CBarcelona) an te s de pasa'r a sondeos 

de r econoc imien to , e l INSTITUTO GEOLOGICO Y MINERO DE ESPA-

NA encargd) a l a COMPANIA GENERAL DE SONDEOS l a e j ecuc ion de, . 

una u l t i m a campana con metodos mas s o f i s t i c a d o s : magne to te -

l u r i c a , a u d i o m a g n e t o t e l u r i c a , d i p o l o s , mic roc l smica y anali_ 
• ^ , 12. St S 

sis de gases. 

^ Los metodos geofisicos se han puesto a punto ex -

' profeso para este proyecto en colaboraci6n.con D. RAMON OR-
o-̂  - I 'Y ci.^d i'-̂  

TIZ RAMIS, del Institut^o de^ Geoffsica del C.S.I.C., y son -

motiyo de un informe aparte, al igual que los analisis de -

gases efectuados por el Prof. FRANCO TONANI. 

, r-Kci I e i % t Cii./K- ' C i M o 

f ̂  ^ 
Los estudios sismol6gicos se han dividido en dos 

fA-i"̂  kt^^c J,!V)7<yd 

tK 
ih^Au o^^Kc K ^ ) 5, t ie-y%M'̂ i<:, of- ii.ll /A,>, p,'-/- m<7̂  -t' 

apartados: un estudio del ruido sismico de toda 'i.a_£Q.s.a__dei 

Val 1 ej!!̂  como una tecnica mas a superponer a todas las efec-

tuadas para intentar detectar las anomalias geotermicas; y 

en segundo lugar un estudio de terremotos cuya primera idea 
<• ̂  Iyi^v^dc-v As s-h^A.y '''/'e tv-cc,A«*i-''5K< 'ie-/vfy^( • - ^ y ^ ^ ' 1 7 0 . 7 K i l ~ i-v/-^^ 

era intentar estudii^r los mecanismos focales pero que no_ ha 

sido posible por falta de instrumentacion y se ha suplido -
{j.jZ]K ^>ve- l̂ <;ô ,~,»/c•J*v 0/^ n.*''^e-' *e''sm.-'i> ^o/^z-c r c f ^ t r ^ n o t . 

con la campana de ruido sismico antes referida. 

"^^ r/K^i-e- Cisusej /v<, /fl.j CoAu/^ck^ ly >'fL j ke. Ulf 0 7 j-7<. 
En estos casos se ha contado con la ayuda del Ins 

<yKyh^ J fl.l/><. i5(_ " " s. ; ,'rA^,,-c 

tituto Geografico Nacional, quien cedio un microsismografo 

de los de su red de observacion nacional durante dos meses 

para este fin y con la cooperaci6n de la Catedra de Geofi-

sica de la Facultad de Fisicas de la Complutense, a quien -

pertenecen los geofonos empleados en el estudio, que se ha 

ocupado de la interpretacion de los sismogramas obtenidos -

http://ii.ll
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bajo la supervision de 0. AGUSTIN UDIAS, Jefe del Departa-
1̂ Ho i.o/yu)7iwt̂ -'f'̂ ' ̂  f -Pi i^c y ^ o '^'7' h\-oy\-^ Sê AiM-i it 

mento. La demodulaci6n de las cintas de ruido sismico ha -
l^e^^ V̂''"'̂ ' Ci^r'-'^'^ 7' i.'f \0i^ .-w tL.^ r^7o.r^y^o^ 

sido tamoien llevada a cabo en la referida 

RAMON ORTIZ.. 

sAl/i b'^^ '^o i , ,nh\ i , . ^ . i r , ^ 

Catedra por D. 

L'os trabajos de campo'̂ e interpretacion de los re-

sultados del ruido sismico han sido llevados a cabo por D. 

JOSE F. ALBERT BELTRAN, Dr. en Ciencias Geologicas y D. JOSE 

COROMINAS BLANCH, Ldo. en Ciencias Geologicas de la COMPANIA 

GENERAL DE SONDEOS, S.A. 
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2.1. OBJETIVOS DEL ESTUDIO. 

Uno de l o s 
frehli-V^S s-tZ/vVj "•/' K,v 

principales problemas planteados en -
-/-b-f 

i;a_fosa del_ValleCP directamente relacionado coru las anoma 

lias geotermicas en ella existentes, definidas bien. por las 

)S estudios pros-

lerminar la geometria 

y posible funcionamiento de las fracturas que la limitan. 

manifestaciones superficiales, bien por lo 
i^t^f7' l^fhj V^lylfii/ ;.'5 ^ r / o i^e 

pectivos hasta ahora realizados, es determ 

'y-o 

El conocimiento de la geometria de los pianos de 

falla es imprescindible a la hora de emplazar sondeos de -

reconocimiepto de las anomalias estudiadas, en funcion de 
-'j-Ĥ  l 'yD-fow>:^JX^ f<^ -)h<y.l i e^ ' - ^ t /= ĉ -̂ tfî / fA,, ,1.0 ^ c "̂  

la profundidad a que se desee cortar la zona milonitizada y Il'-ii' A..i4.,(̂ s ijt̂  i^oY-r^oi^. f ' o K v J T u H 
L I i<-i^,(;tl' î C 

de las fallas como horizontes potencialmente productivos. 

jso Determinar si las fallas son activas en la actu£ 
V/viA$ <,•$ / K ^ • lyt^<L,ok.jKlf^% ^ ^ I h pci^Zllc. t̂ ^yty^<yl̂ ' ^ 

lidad, asi como los mecanismos de su posible movimiento, -
J l A ^ /K^e, -/o ^ U . . /u.-N^ " ̂  ^5,-4./,-/.'5'i '''•̂| (-rt-,J> t̂ f.ti'̂  c i e -n .1 -hTc 

puede i n t e r e s a r a l a hora de establecer un modelo genetico 
5 (' i k , < i?i,y^ f^-<7-'^} S-h/L'6/C6 f k .a ; t Ui'a.ym.74- Cih: >'l^icyTpirr^i'-^-l^ot^ 

de las anomalias estudiadas que permita una interpretacion 

correcta de las mismas. 

TA.6. <;/ni^ c? f" /"Ac j^ :cro- i^<i7i r ^ log V o^ 7L <- S.O t^.e. I J 

El estudio de la microsismicidad de la zona es -

en principio una forma de abordar^^l problema, ya que, en 

el supuesto de que las fallas sean activas, y por tanto g£ 

neradoras de sismos de la zona, el registro de los mismos 

durante un periodo de tiempo suficiente, mediante un nume-
a,Xe-C(^a^"^' * r i-^rcro se/iVw-i,'O^-'HP^ ^4^K-/>i,54-

ro adecuado de microsism6grafos permitiria:" 

a) Constatar la actividad de, las fallas. 

b) Calcular epicentres y profundidades hipocen-

trales. 
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T- UKy^l-KC ; Vs y?^t.e..-kc^yi'lS'^ 

c) Determinar su mecanismo. 

d) Definir con una cierta precision la geometria 
4Uy lAy^i^ ^ f h ^ M ^ 

del piano de falla. 

f O i ' ^ W i D f i B ^ aF- ^yBC(A.ry>K/<^OfY^i,rtti'D I A T I > - I Z A T \ C > N 

2.2. POSIBILIDADES DE EJECUCION Y METODO UTILIZADO. 

La realizaci6n .del estudio planteaba de entrada -

dos problemas de indole diferente, un primer problema mat£ 

rial que lo constituia el minimo de cuatro estaciones regiŝ  

tradoras en funcionamiento simultaneo, imprescindibles para 

el calculo de hipocentros,y un segundo problema de indole -

tecnica referente al desconocimiento de la microsismicidad 
c-^ 7'At B_o,..£̂  . -/Aj./- , y l i ' ' ^ ^ ^ y>_ Ik.e. d(Myyif^'-^M'i'^^ i> ^ 
de la zona, que incidia en la determinacion de: 

- emplazamientos mas adecuados para las estaciones 
0 A -̂ .̂. f^L ,. ̂  \ i.^i!i^ ̂  
de reg'istro. 

- amplificacion minima necesaria para obtener unos 

registros aceptables. 

- nivel de ruido de la zona y su posible afeccion 
r^ r^kira.'ficry... 67 .j y ^ 1^1 Cro ^o. /^ '^ ly ' - l -k -^ i l o O A - l . 

al registro de los microterremotos locales. 

Respecto al primer problema cabe decir que en es 
\/^ow^<y^ d<i(r hi)' \/̂ f̂ ^ • f h * . tolAK+i-^ f^o Ĵ 'C"-" SJL i i ' ^J t . ' i y^ f i 

te momento no existian en el pais cuatro microsismografos 

isponiDles, puesto que solo hay los que integran la men-

guada red del Institute Geografico y Catastral y normal-

mente estan utilizados a pleno rendimiento, por lo que de 
.S(Ar<f̂ c'-«-of y ^ ^ y o e c y ^ . i ' l a ^ ^ H ^ 11^-*- • 5 H^^V' Ol-\ leP/- -(/^ re so^trf f-
cara a la ejecucion del estudio solo quedaba el recurso de 

comprar o fabri'car los aparatos necesarios, con las impli-
^co> î«r.>y i h ^ }t'^j ^^r^rs^/fe- U^j-U^ 

caciones economicas que ello conllevaba. y 
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' ^ ' • • i i f i O l' 

Respecto al segundo problema es evidente que sô  

lo podia solventarse practicamente, es decir, instalando -

estaciones de registro y analizando los resultados. 

f-i'c^" / i'fh^ti.ht' • 

Estos problemas, junto con el hecho de que en -

estos mementos el Institute Geografico Nacional tenia disp£ 

nible durante uno o dos meses un aparato pendiente de ubica_ 

cion, aconsejaron la instalacion de una unica estacion de -

registro que permitiria-un reconocimiento de la zona y en -
d.^ r -^a^^^yvf^ «/̂ '''A//'«A ^ f h i . 0^-1 !'> I- of- ^. s t .c-n^d- f l ^ y < . 4 i ^ , -/-̂-it. 

consecuencia v a l i d a r i a la opcion de una segunda fase en l a 

que ya podrian i n s t a l a r s e todas l a s es taciones necesa r i a s . 

Cl'(-l\fl7iCT£iisncs 0 t̂  TH^ •i>rATlO)^ t U t y r i t A T i o - y ^ 

2 . 3 . CARACTERISTICAS DE LA ESTACION REGISTRADORA. 

^h 
La estacion instalada estaba constituida por un 

(^•MCiy'/, oivrsi'«<- o ' 

microsism6grafo cedido, como ya se ha referido, per el Ins-

tituto Geografico Nacional, y un sensor de 1 Hz (Geotec; cê  

dido per la Catedra de Geofisica de la Universidad Complu-

tense de Madrid. La instalacion se llevo a cabe en la cas£ "̂  

ta de una estacion transformadora situada en las afueras de 
pn f^-h^ o f /At-

Rubi, propiedad de la Empresa Nacional Hidroel.ectrica Riba_ 
Tî  \<>U.i\a ° ^ IrjKo'^'' )><yy*''r,i(J ,-0^-^ i^<^ h^ah.ky'y^f^/^o^ 

gorzana, a cargo de cuyo personal corrio el mantenimiento -

de la estaci6n durante los dos meses y medio que estuvo en 

funcionamiento. La instalacion y puesta a punto de la mis-

ma corrio a cargo de D. RAMON ORTIZ RAMIS, Dr. en Ciencias 

Fisicas (Institute de Geofisica del CSIC). 

^ ̂  c-.-vuj>Aft-< J-jJ 6 /- +^^<- ' ^kh '^^ ^ Y^^d-fcy^^ -V- "̂  ''•̂  

El emplazamiento de la estacion se indica en el 

apa 1, y a escala regional en la fig. 1. Queda ubicada en 

el borde SW de la depresi6n. 

map 
1 ^ CK 

L, en una zona prOxima a la in-
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] lyi.ht'ir^'^oho^ y rk-c {^ îulP $au^ki^7fi.i .f.^^ yt iKi ly-̂ -ŷ  A o f fA-̂  L-LdW*^''^ 
tersecci6n de la falla sur con la transversal del LLbbregat. 
"̂ K-e- '-ê A/v-f o;4-. f^l^gj. ^Z7t^A.fc.l Q.kcy\t i -k<. P < K I I (,»*?=«. ^^ 
El hecho de que se situara sobre el relleno arc6sico vino S-"'^^ 

impuesto per la disponibilidad del lugar cedide po: impue 

k 
por ENHER, „ lug 

.unque ,el emplazamiento no fuera optimo, siempre cabria la 

posibilidad de mejerar los registros al mejerar el emplaza^ 

miento de la estaci6n. 

2.4. RESULTADOS OBTENIDOS. 

La estaci6n estuvo en funcionamiento desde el 18 

de enero hasta el 1 de abril de 1980, obteniendose un total 
-e,',iA'lT> .' . C«-' se*Mn,.et,r/Ti'&^ •^•^ AMyy~ 1 K «x-^eulv<>'4 

de 73 registros recepiladps en el Anexo 1. El analisis de -

los mismos ha sido efectuado en la Catedra de Geofisica de 

la Universidad Complutense de Madrid por D. MARIANO GARCIA 

FERNANDEZ, Ldô .̂  en Ciencias Fisicas, bajo la supervision -

de D. AGUSTIN UDIAS, Catedratico de Geofisica. 

IN H^ Tcli)'t I , juf ^«,\^t<5 l ^ i sj-e. C {y<Ay^ ,+5 0 (j ̂ ^'""''^ 

En la Tabla I se recogen los eventos observados, 

indicando. los siguienters datos sobre ellos; 
iK<t''"tft,r-t^ 

FECHA: 

HORA: 

S - P: 

ano. mes y 

; Diferencia de 

das 

Dia, 

Hora, minute, segundo y decimas de segundo del primer 

impulse del evento. (En tiempo local). 

en segundos, entre las llega-

de las endas P y S. (Solo en los eventos clara-

mente identificados come terremotos). 

Distancia epicentral en km. 

Amplitud maxima medida sobre.el sismograma, en mm. 

t i e m p o . 

0 ^ 5 ^ / L ( ^ A H'A'WS r/.i.-^'^O'^^ ^ t -< . + y r 
x f et /avv ' ' A'w^ •̂  'l̂ ŵ "=̂  

OBSERVACIONES: Se i n d i c a el t i p o de even to y en su ca so , -
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TABLA - I 

FECHA 

18-1-80 

22-1-80 

25-1-80 

29-1-80 

02-11-80 

02-11-80 

02-11-80 . 

06-11-80 

09-11-80 

11-11-80 

11-11-80 

22-11-80 

28-11-80 

28-11-80 

29-11-80 

29-11-80 

01-III-80 

01-III-80 

02-III-80 

02-III-80 

03-III-80 

04-III-80 

05-III-80 

10-II1-80 

1.1-III-80 

li-III-80 

13-III-80 

HORA 

20 56 

19 40 55 

17 48 

19 02 46 

09. 30 

09 53 

10 17 

16 14 

10 30 

13 45 

16 42 

13 54 

15 15 

18 11 

21 41 57. 

23 59 14 

16 04 51. 

23 07 06. 

03 23 41. 

23 50 25-

01 37 21. 

05 40 38 

09 08 53 

18 46 

15 16 43. 

14 28 21. 

13 56 

.5 

7 

2 

9 

5 

5 

9 

2 

S-P 

7 

' 

31 

30 

31 

32 •' 

30 

33 ' 

32 

33 

21 

0,75 

60 

245 

240 

245 

250 

240 

255 

250 

255 

170 

10 

A 

9 

50 

2 

6 

7 

17 

1,5 

33 

5 

8 

17 

6,5 

OBSERVACIONES 

? 

• 

7 

Terremoto 

7 

7 
• 
7 

7 
• 
7 

7 

7 
- • 
7 

7 

7 

Terremoto principal 
a,^^e^7 K.OC L 

Replica del 29-11-80 

Replica del 29-11-80 

Replica del 29-11-80 

Replica del 29-11-80 

Replica del 29-11-80 

Replica del 29-11-80 

Replica del 29-11-80 

Replica del 29-11-80 

7 

Terremoto 

Explosi6n 

Posible terremoto ta_ 
pado por el ruido. 

• ••/••• 
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FEGHA HORA S-P OBSERVACIONES 

14-III-80 

14-III-80 

18-III-80 

19-III-80 

19-III-80 

24-III-80 , 

24-III-80 

26-III-80 

29-III-80 

14 20 

14 39 

02 20 40.5 

14 10. 

21 15 

05 13 

09 10 

21 57 

23 38 18.2 

30 240 Replica del 29-11-80 

7 

7 

7 

7 

13 115 11 Terremoto 

rd 
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algun otro dato de interes. (Si se escribe el simbolo ? si^ 

nifica que no se conoce la naturaleza del evento, pero lo -

mas probable es que no se trate de' un' terremoto). 

^y^ 

(̂p y ^ Uo[wr^ 0̂  i ^ t y ^ ^ ahi^ -ih cUc t̂ 
De la l ec tu ra de l a Tabla 1 se puede comprobar -

'•^ ^ r i ^ o ^ ' ^ (^bSt-»-^<- „-^ evt.w45 . '-'-'-'^ •'̂ '̂  ' u i \ k ^ 1 ^ Set's/p^,lc,'k/ 
l a p r a c t i c a a u s e n c i a de e v e n t o s r e l a c i o n a d e s con l a s i smic i^ 

dad l o c a l ; e l l o no s i g n i f i c a que no e x i s t a t a l t i p o de s i s - / 
e/'ĉ i.î f \ k y ^W. •̂•̂<7\>̂  sê cslVlirKy - -Q-f- flie ./̂ ^^ ^y^oo^y<y^y 

micidad, sino que l a baja sens ib i l idad a la que se encentra 
y-x̂ -Mifl-riy -kkiir ry^i.oL'l^ ^ p r iy6 r [ j f -to r/k*̂  -|c>||) jeve,/ o f -jĵ e Api'5« < ^ Y I ^ ^ 

ba regulado el aparato, debido al alto nivel de ruido exis-

tente en la zona, hace que sean imperceptibles las senales 

debidas a los microsismos locales o, en el mejor de los ca-

SOS,' que a-un registrando dichas seriales, estas queden ocul-\>-A \hC- J-c^cl oY lAoiyy c^yTroivir' &v4(X/\, 

tas per el nivel de ruido ambiental. 

En consecuencia solo se han registrado con cla-

ridad el terremoto principal del 29-11-80, de la region 

del sur de Francia, y sus replicas de mayor magnitud. 

j'V-a-O"-- i^'-^cvt' -f 

En la fig. 1 se han representado graficamente, 

sobre un mapa de la zona, las isolineas de diferencias S-P, 

para visualizar las distancias epicentrales a las que co— 
Lisirrty^p Bi^i-
rresponden. 

.^A ) ^ ^ t <̂  - . ^ . ^ y j - ^ t e C O T ^ I ^ C ^ 1>f̂  f>Ol̂ ^ 

^ f t v v ^ ^ o A . t i r ' n ^ 
2.5. RECOMENDACIONES, 

Vistos los resultados obtenidos en esta campa-

e registros y de cara a ulteriores estudios de 

microsismicidad aplicada a geetermia, deberian tenerse en 

cuenta los siguientes detalles: 

na previa 



/ 

I 

'Ayyiyy, y y ' i . \ • A-A. .. p, \ . --v-

yyyAr-i-yy-yyy'' 'y::' Â i^ y .y<y / 
A y - • 7 i - ^ ' -yzry. . . :-•' ' - - \ \ r^. . .- . .- . :•; O 

PCr-^piGNAN •,: -

• o l 

-y7. -y" 'y ^ ' : : ^ y y - _ [ 

\ 
\ycjy 0.^4a V 

. . .̂... -̂ .'. }yy::yy,y^^0z^y^ ô • • • ' -v : . . •̂̂ -̂ ^V • ^ ^ r T ^ 
-̂ B<̂ ^̂ \):.-. •^r-yf^yAyy y'y>^:- { m y y ' ^y . f D f S ^ ^ ^ # . 

'-'^y^y^^^A^ ^'^^Slf 1 ^ 

/ 

; / ' ' • . ' . ' • ; . 

iyxAy 
ky. ^fi 

AA^Cty-- ^ 

I: 

V. > 

:;' 

A-

E s c a l a 1 : 1 . 0 0 0 . 0 0 0 

file:///ycjy
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f ^ ' 
.^^^"^ 

. / ^ 

\.^ - La amplific-acion minima necesaria p>ara obtener 

unos registros aceptables seria en el Valles 

del orden de 10 , siendo un valor idoneo para 

sacar un rendimiento optimo de los sismogramas, 

la amplificacion de 10 . y ^ 

^ ] y ^ 

F c r (5lciC;ei/i/vi ^k.^i£ n,^fiJ7Pfc'^l''''"^S ;;/-/s ^t^-^SSt^'/ 

- Para conseguir estas amplificaciones es necesa. 
rio tener cuidado en la eleccion del lugar de 
f.o'.]^roy- ^ pfyiA. ŝ îsjy<..rA.̂ 7<-y , ^ ^r^^oycH^.^^^ 
celocacion del sismometro; ha de ser, ambien-

p^V*- •i :. h . . yjuiyA' if i'̂  yy^oih 7k.vi>'k,7ĥ  

^ • / ^ M t » 1 « * ' A ' ^ 

v>-v̂ > . ], 1 ^ talmente, un sitio tranquilo, lo mas alejad^ 

1^ ̂ ^rr-ST^V"' 

r̂ • y 

fJZe^fi^ r^w-fe^.tf , , ., , . - , . ... -. ^ ,.- .. . — 

posible de yias de comunicacion y de zonas de 

trabajos de maquinaria, asi come de lineas de 

conduccion de electricidad de alta tension. Es 
Vifr-y 1 ^ f o r \'d,> l̂: i lUo _ A l/'c ̂ .''fuyJe.d f-lk-c sHt-f/V^x. 
muy importahte tambien, ubicar el registrador 
A-^mM . (TUTTA^^P^ ^ ry\.̂ î̂ in i^ii n-\.t.h-n^a-fy A,i'<--̂  

I sobre afler^mientes de materiales metamorfices 
^J 'P '^y^:^^' ' <'yt̂ '̂y:'̂  , ^ u ? . ^ '̂̂ -̂  ^̂ "̂ r* 

Jju^c <»'**-̂  o cristalines (zona de horst;, que permiten -

una excelente propagacion de la serial con una 

absorcion minima. 

' T" «Cf'̂  IA-. 

4?k 

(j*a 

- Antes de la; instalacion se debe hacer_un rec£ / 
lriCt"Syy I I ' -^Ai . ' \'<̂ % \-r v.Y.^^r.i l) f f jvC )• <> ^-3'"^ ""*' ^iTt s ^-./- p U c i T y a V 

nocimiento inst-rumental de los posibles empla^ A/ 

zamientos, con el fin de elegir aquel en que 

el nivel de,ruiao sea minimo utilizando las 

amplif icaciones cons idei-adas como idoneas . 

5; jvuA-Cr'^'^ Tk*- •S.ku.di,/ of- ivvt'Ciro set) tKjWijY '• iy ' i ' -Avi i _ Â ĉj 

-|(j- El e s t u d i o de m i c r o s i s m i c i d a d d e f i n i - t i v o ha -
^ j s t ^ t r ' ' ' 

y > / ' ^ . y ^ ^ " ' " ' ° "° '" ' ' 

de l l e v a r s e ^ ^ a cabo con un minirno de c u a t r e es 

c a c i o n e s o.'perando s im-u l t aneamen te d u i ' a n t e un 

or a c u a t r o m e s e s . 

,û  

yu- L o ^ ' / i^^^^fi-^^ 
^ \ĵ  ', Ne obstante, a pesar de todo lo expuesto, cree-

ĵ Nf" I mos que la relacion coste/posibles resultados de un estudio 

de estas caracteristicas se-cia extremadamente alta. Los re-
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rt'^A-^'' 
en ba.se a est" ^ ' """ 

-,.tvH. &^^-of> j n - t y y ^ - ^ f A ^ -f^^ ^"^y ,̂  ccr̂ .ĥ Afy 
sultados esperables, en ba.se a esta primera toma de contac-

- esta zo 

(fV\A •̂ -fW-̂ ^ | - ^ î  < :d . \ t i io^ i .d . . 
cion y el tiempo que se dedicaria al control diario 
^^(sSy\'*K'> ! 

estaciones. . 

t r u m e n t a - -
loZ>i A «>f f ^ 
'-•'"-• ' d e l a s 

http://ba.se
http://ba.se
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3.1. FUNDAMENTOS DEL METODO. 

A traves de lios trabajos de diversos autores -• 

(Clacy, 1968 y Douze and Sorrells, 1972, principalmente), -

se ha establecido la existencia de un ruido sismico asocia

do a la actividad geotermica que puede contribuir a la for

macion del fondo regional o incluso llegar a ser predominan 

te. Es en este caso, cuando la cuantlficacion del mismo me-

diante cualquier metodo prospectivo adecuado, permite dete£ 

tar las anomalias geotermicas que lo produceii. 

"TK-^ c r y & ' ^ As 'ik^.'ry: aê t-'a.*"-̂  A-I?-*'=* '"toJo-Tn-a.w'/̂  MTyAAAny! 
El origen dell ruido sismico asociado a activida-

des geotermicas es un fenomeno poco conecido, aunque se su-

pone pueden concurrir diversas causas en su genesis, tales 

como; 
^ U l/v̂ t) (/̂"n,- (?ih.. f- y o ^ 

- el mo-vimiento de grandes velumenes de agua ca_ 

liente a traves de acuiferes confinados. 

- el movimiento del agua durante la circulaci,6n A 

convectiva originada en los medios semiconfi-

nados por el continue enfriarfiiento y recalen-

•tamiento de la misma. 

\Vjiy h-i>\\.t pro^i^ 'cA foy i ' < . f'^pfCt^U.eJ ck.A.i^^i 

- el ruido producido por los repetidos cambios 

de estado entre las distintas fases que inte-
+ k» -Ji/Sitivv j ' y k . ' ' ' ^ •^^K.Oov^ < i r^ yi^\fO'^ 

gran el sistema: liquido —• vapor — vapor se_ 

CO -- vapor — liquido. 

I ^ De hecho, los mecanismos geneticos que originan 
^M I^CAMJ Af̂ î r̂d^y / y u ) y y i • QMIU S ^ ^ ŷiZT̂yu ^ /â v*̂  A) 
el ruido importan relativamente poco ŷ  desde un punto de 
(AAf.> )(y\j!̂ yf£Aj7kf̂  I' L ^ l^^'-f^rAjy -u> 'Axy n-^^yit- A - i i i ^ c 

vista prospectivo, lo impertante es el hecho de que un cam t y 

file:///Vjiy
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'̂"'po geotermico pueda generar un ruido sismico susceptible de 

ser captado, en cuanto puede ser utilizado para la defini-

ci6n del campo origen. Eh este case el linico problema que -

s 
%a£^ Iii -iZAA i ^ lyAZfJl <^- &-yiy7y f^.t^Ckay^yy^ n-e p lan teara es que e l ruido de origen geotermico supere o 

.̂  Ai^'O'^di*^ ^ ~}dryty-jLcry<ymi (Uyf^:y^^^ ex/oivf- 4o -f LA_ re-^Js^ '^- '^* 

sea absorbido por el fonacv regional debido a las r e s t an tes 
(^(^„^cj3 \>6S'^'>\>\Vt\iV> ^,OfO ^'^vyYi^^cA.t.', QyuoA\j\A(a'> A^yXi^ '^ «\ ^^•'~t^-'vU/e>'^' 

causas posibles (microterremotos, actividad antropica, ani-

males, etc); en el primer caso, el use del ruido sismico cô  
.y<̂ <yyY <̂7- Q^ f ' l r O ' . f ' ^ t t i y . •̂<̂ .z.ii>JKe.frŷ { ^^ ^ M ' ^ i M t>Ktf(. \ ' ^ t i ^ - ^ < ^ . ^ ^ ^ u / 

mo metodo de prospecci6n~geotermica sera valido y en el se-

gundo caso no. 

(Mf 
I 

El estudio o l a d i scus i6n de los mecanismos que 
."^t*- « 

prospectivo, -

la finalidad de este estu ' 

^ ' 

0iuc^ <?r."<|riv +o')ii K6-is-«, ;x yf^ î  rhfer^t^^vA '"'A ,JM r̂A/n'/-:> •̂ -*- ''^5/5(^ 
dan o r i g e n a l r u i d o en s i e s i n t e r e s a n t e s i se q u i e r e i n s i £ 

t i r en l a c a p a c i d a d de " r e s o l u c i o n d e l metodo p r o s p e c t i 

l o c u a l en n i n g u n c a s o c o n s t i t u y e 

d i e . 

3.2. FINALIDAD DEL ESTUCIO. 

_..r̂ ,...- -;r Dade el avanzade estado de las investigaciones -

geotermicas en la depresion del Valles, con la existencia -

' ^ de una serie de anomalias perfectamente definidas a traves 
/V €-

^ , ?" /, ' de las mahrfes'tiaciones superficiales y 3e los metodos p'ro_s 

* 0 ̂^ -a.. 3{ pectivos hasta ahora utilizados (hidroquimica, geofisica y 

termometrias), se decidi6 realizar un estudio del ruido si_s 
y Aki , 'zoT^c. -Ci, £s„': c y i > y ^J^^^ ^^y^-^^t % C A ^ I ^ ~ \> nssp-co-fiŜ  

mice de la zona ̂ como una etapa mas en la escala prospecti-

va, al mismo tiempo que con ello se ponia. a punto un nueve 

metodo y se contrastaba su validez. 

2^>^ <2.L'-e/K/̂  ii-)y(ff̂ rbt»v'>- ^'^ e . i r \ p y i < ^ t - < ^ )V { k J ^ ^"^'^^'- 5 ^ ^ y 

Un hecho importante a destacar es que del estu-

-r ic-r-., „- ji_j; 1̂  ,,-̂  metoc" die bibliografico se desp.rende que e )do ha sido exclu 
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y 
aoiicaao a camoos eeocermicos ae aica encaipic, 

sin embargo, al no' estar la metodologia perfectame'nte defi_ 

nida y aplicarse en el Valles (c"ampo de baja entalpia) de -

forma comparativa y de contraste, creemos que su utilizacion 

sivamente aplicado a campos geotermices de alta entalpia, -

f{jSt^ tf^^lt^'h Tc^Oylk _ /K,-ie.rc$/ a 5 ^ -VcCk-^^-icU ^n<)-rt./^ i * t / ^ n W / * i . < 
puede resultar interesante como una tecnica mas a superponer 

a los resultados ya conocidos. ^ 

l^&-rtloiZ> O F • P i Z . O ' > P - £ - O T } O t O ' ' . - . . . . . . • 
3.3. METODO DE PROSPECCION. 

Los estudios;de ruido•sismico puSdeh realizarse 
.7ZZf>7<7dij /Ai i iyZy,eM7^,J^/y^^Wy&d>\ iA) ^T^^J^-^l^i.^^^'y 

mediante t r e s metodos de operacion: 

'0&AaytrfA4j /yju.cr\.ayt»^ '^TiAM- <!««̂ .̂ <X«4<Pa y^y^ yCd\a> Z f t . - ^wo/ t9v^ 

- Registro sismico y analisTs en laboratorio.^ 

- Analizador de espectros en tiempo real. ^ , 

- Registro sismico simultaneo y analisis median 

te convolucion cruzada. 

A , • • El primer metodo permite obtener los maximos ren -T" 
dHĵ ytAĵ y^ ^ p J ^ X ^ ^ A U y\AcL a<..yy>y^ AXiycŷ d̂  yy^^Ja^ I 
dimientes, puesto que se precisan escasamente veinte minu- I 

0^ yJy^yCi\ydyi/ir^ j ^ >̂<p-ivwf 
tos de registro por punto. 

^ t̂Ai. <sê .̂-..A /y^yAe^ oA o-iAiiyiyyA^'il^ C ' i r y & ^ 
En el segundo metodo se obtiene'el contenidc 

apf-y^u^^ AAy\sUAAlŷ  --'̂'̂  zAxa. Pf-kiA ATKAJ' /'viAtJ' , 'lU cLu,~,.yy>--̂  . J ,.-_xi__̂ . .-̂  _A i_ hace disminuir cc pectral directamente en campo lo que 

derablemente el numero de puntos per dia aunque permite en 

todo memento tener control sobre el registro. 

^ ^ 4 ^ OM '̂/̂ ^̂ dO^ !i\hy^^tnMJ^ "p'^lddjHt^y 'ha\ Mxtra^A^A îyTy^ yy -7l̂  ŷ̂ ẑ fMyi-i 
tratamiento numerico mas cempiejo. Para ello se debe disp£ 

ner de un minimo de tres o cinco estaciones sincronizadas 
-kMpzz j?t4(K 0 > ^ \ s . 'yu^'UfniM idUs4i€Mye^ i^o^-^yyiy^y ^ AAk^ 
mejQx que 0.05 s., dispuestas regularmente alrededor de la ^ ( M ^ 9%< A-*̂  

^ 
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I^fty^ H otcy» y yKJi^y^yyezd' o-iy -̂yy/yTyt̂ ^^n^yyif (£uyuyi^ iray\yCi}Ty0 
zona de estudio, registirando simul taneamente durante varias 
f w v . Â̂ .' TsZayvJAd .AAt- ^Mf̂ \kycy .̂yyy<i , xr̂ AZZAny.̂  ., AZj-̂ etyw.., yy^y77(ij-'. 7^ 
horas. Los resultados son aprecia'blemente mejores aunque L\̂  

mitados a una superficie;! muy pequena, Ip que hace que la a-

plicacipn a grandes extensiones sea prohibitiva,. en cuanto 
ff^ ypŷ -̂ -̂ C ŷ-U.̂ ) f\jy&^ . i 

a economia s e r e f i e r e . 
'-! • 

En l a zona e s t u d i a d a s^. ha u t i l i z a d o ' e l p r i m e r - ' 
Qytyry^Ay AA~<^ y - ^ - n ^ y r y - ' Uf-O -(yr^yytylyi , /^ fiij - J > K 4 - ' V t £ - A e - < ! f ^ > » ? > ^ ^ 

metodo ya que la campana se concioijD come de reconocimiento 
: ̂  Lvi, ^̂7y> ( y y z A y y y y y^^Mjiy ^ n ? ^ P'Z .̂'kyr '̂̂ -mJldl. . 

general y per elle optimizar el rendimiento fue primordial. 

Pa,ra ello 'sje planifico una malia de 150 puntos de registro 
(jAATy Ck'n/'̂ C^ ^Tut. -eyAZyy^ ^^ly^jS^f^yy r^' 'AT^I 
"^ue" ci j^r ' ia l a t o t a l i d a d de l a z o n a , de l o s c u a l e s 128 h a n -
UA£.ycAAy Afi-iHv^ , ' V f Z ^ pî iMoXifiyyy M (HAA*^ / ^ />^if> iy • 
r e s u l t a d o u t i l i z a b l e s . Su s i t u a c i o n s e da en e l Mapa 2 . 

• • - i - • - . 

lhl5T)tiy,>h^7\J'rAL Aliu.D^mkrPfO'D OF MAIyYSK 
3 . 4 . INSTRUMENTAL Y METODO DE ANALISIS . 

/̂ ^ ^ MAyiy J Mŷ . y / u i / 7^ ,(O-CIZA>. 
Para la obtencion de datos en campo se dispuso -

o i MAD yy^zUt^ ^ y m A y h - ^ n / r ^ ^ /'M,C9-\,dCyU> ^f>x. >r̂ tlL̂ yl̂ ZtZZco .I^AaSJ 
d e d o s e s t a c i o n e s d e r e g i s t r o s i s m i c o e n c i n t a m a g n e t i c a - '^ 
^ - ^ AZZA/̂  lyjUiA^ody lAiMylyŷ . ~7(Â  '' A-./?̂ ^Wj:i;6<̂ VYS»̂  <̂ <̂-ô #̂ ^̂ ^̂ .-̂ «.>r-1:̂  
d e l , t i p o u t i l i z a d o d e n t r o d e l P r o y e c t o G e o d i n a m i c o I n t e m a _ 
I9yiir}&cd I Jl4\/,rAkfpu( y i M ^ \rey\iiA.^ c<r'>^^?'.̂ M ,̂iJt-,ua-^^ ^( j ^..tts- U7ki!\yJi^'-4'^ 

c l o n a l , e q u i p a d a s con se r i so res de componen te v e r t i c a l de 2 

Hz (Mark 2 - 4 ) y 1 Hz ( G e o t e c ) . 

lyc 

1U.- k i y y c - l y ^ J A - ^ i ayt.-J(y\yiiilylo u , t ^ ( y ^ .y iy^-^AsyCcAUr^ i>ly^AJlyfilyt^ 

L analisis en laboratorio se realiz6 mê diante,. 

s con m o n i - - ^ 

s t r a d o r s r a -

a n a l i z a d o r de e s p e d t r o s a n a l o g i c o de 32 c a n a l e s con m o n i - -

f i c o . 

., En l a f i g . 2 s-e p r e s e n t a n l e s d i a g r a m a s b l o q u e 

de l o s e q u i p o s y en l a t a b l a 2 l a s f r e c u e n c i a s de c a l i b r a -
<5t3 A/̂ e. cy<cia ^ AAn Alyŷ ynMiyuSŷ , 

c i o n de l o s c a n a l e s d e l a n a l i z a d o r . 
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Se registro un campo durante veinte ̂.minutes por 
p e ^ (^Lf^i^A^ '^TZLeo^ fî viyZd^ 0 \ . y M\(y ...-Orpyeyx̂ ZAcry ;tL,c-,^ikd4y^-

puntd, repitiendese aquellos puntos en los cjue el operador 
,j^/,y\SLy\yyMAct (XSUfyAMy^yU-̂  tv^ ATsttnA 

consideraba haber detectado perturbaciones, registrandose 

un total de 150 fjuntos.? 

En el proceso de demodulaci6n en laboratorio se 

rechazaron una veintenaide puntos aproximadamente,.por pr£ 

blemas de arrastre en el magnetofono, posible saturacion o 
Z.l.^y<%y4^vt'4y>J ^eyi/^ /uw • d t ^ \ ^A^yt-y^ (Af syrẐ IẐ -̂̂ îŷ iy. O^ JJ^e..^^&^ k&yj^ 
nivel insuficiente en la serial de entrada. Del resto se han 

AA^^^^Ti^J Ayl& £ycr^yi&^!i4^«yi.'Cptui c4^A7(77\A/yy^ r!\4yruL^„yteA. y<J\tyAi JcL(A 

obtenido l o s correspondieVites a s p e c t r p s r e p i t i e n d e s e aque-

l l o s que no presentaban ' -una buena c o h e r e n c i a a l o l a r g o de 
• y y ^ ^ ^ A l ^ , y^^y^^yAksMA'Tr^ ^ ;(), .CASJ y 'A'kJb d M i ^ i U j ^ k^yf^ y\jeyy<T)&As>J 

todo e i p e r i o d o de_^regis t ro . En e l Anexo 2 se han recopila_ 
oAl rbko o^peAXxco y/AdzAv^. 

do todos l o s e s p e c t r o s o b t e n i d o s . 

Pa ra '. • i t e rp re tac ion se ^han agrupado l a s f r e -
^.-., - , o^yOAA QroyyAo y]/̂ ŷ  

c u e n c i a s en c i n c o b a n d a s c e n t r a d a s en 1 - 2 j u e n c i a b en u i n c u uairuas c e n u r a u a b en x — z - 4 - 8 y 16. Hz 
yn^-.(yOlf .̂-\y\yiyna T̂ ZÂ  '̂ŷ -̂ ŷ̂ LAŷ '̂ yŷ ^ /1XW-̂ ĵ̂ U/tv-•<Cfe> ryyv^ y SbA ĉAy jS.&Xy7\Ẑ  , 

nid iendose l a s arriplitudes de -sus-maxlmos en cada pun to . mi 

3.5. RESULTADOS OBTENIDOS. V 

A'fC /*̂ J->/'>vviv'̂ >T, 'i^yn^ il fud^-i ,-*v e ^ C l i fK hA •f-oK -^ '^^^ 

Las maximas amplitudes en cada punto .para las -

cinco bandas de frecuencias en que se ha dividido el espe£ 

tiro se res-umen en la Tabla 3. 

fo ^•Ftccfz' f ke. WiHi^l^k''^'^^''^'^ fhi-Sc -̂tS it//-*' La.'H.. k\.<.i^ 

. A efectos de visualizar estos resultados se ha 

elaborado un mapa de iseamplitudes para cada banda de fre-

cuencias (Mapas 3 al 7) y al mismo tiempo se ha realizado 
( ^ ^ At.&.'i^Sti ^AjT 'Ai^ t :^ o/^ /'>!£, jrAfh^ 9-'lAl̂ r&-'> ?> t^ !'2- yjZihy 
un analisis estadtstico de las mismas (figuras 3 a 12) con 
•fk^ e . y o f d A y k t \ . f ^Aj_ ^ ^ A ' C , aykoyr^\iti IAJ\ h \ iy^ ^ 0 . 0 L hu.K^ 
el fin de definir los valores anomalos dentro de cada ban-

(y-oo i,'l,-i,^-f^e CA., J..''?.kir7lt.^^^ra^^ io t - K-̂ rvv*-t-/ ' f ^ . l ' ^ y ^ i A y iVi 

da, segun una distribucion log-normal que se patentiza eh 
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los cerrespondientes histogramas. En ellos queda bien paten 

te que dentro .de cada banda coexisten por lo menos dos fami^ 

lias distintas de valores, hecho que queda corroborado en -

las" cerrespondientes graficas acumulativas. Una de ellas en 
>6/M4<> /-/̂^ \jAu<e-i c-lf- l̂ .̂ihciy 7n '̂̂ >^^k-hf { 4kJ ' A.ro •»r«.n./-t̂ \ r"'''t7 
globa los valores de menor intensidad (que son mayoria), dan 

do una C9rrelaci6n log-normal generalmente buena, mientras , 
r l t , - iC(Jihl coi^prHe. ^(y l̂t̂ ei 10 y , u ^i^y^he^ t^i^c'k ^^^n. rV^vliAC-y 
ia segunda engloba valores punta en numero mucho mas reduci^ 

do y con unla cerrelacion mas irregular. Para la banda de 1 

Hz, este segundo grupo dei valores practicamente ne se dibu- ĵ t̂̂ / 

Se desconoce tbtalmente el significado de los -
l̂Ato qroVufS y i / & ^ -l-^e i^rccik •hit-ah'̂ 'l̂  A^ k '^ol ^kad' ^k^u^on^ (LI>>^ 
dos grupos,.y:dada la gran variedad de factores que pueden con 
-It) "̂ Ar-̂ dx iX A y 9^'^A^''^ yf^-n^ClY ° ^ h f ^ ? ^/^-.et 

currir en su gefiesis, especialmente de tipo antr6pice, pue_s 

to que la zona en cuestior^ se halla situada junto una grari 
u A y L . fx t -U . loh^ ) A.>/ C^ ( y ^ A h >,/4̂ 6cX- 0-1^ ' f ^ f , y ka.K'>r h > < . l F 

urbe (Barcelona) y en ella se asienta un impertante cintu-

ron industrial y urbane (Rubi-Terrasa-Sabadell-Granollers), 

ademas de presentar un notable desarrolle agricola, y estar 

cruzada por un gran mjmero de vias de comunicacion de eleva_ 

do transito. 
t -

A los mapas de iseamplitudes se les ha supuesto 

en color la representacien de las zonas anomalas calculadas 

para la familia mas numerosa, que por su menor intensidad -
<,i.ff,0-ic- Ki>yi Al io -Ajj ,%Au-M.. Yhje:. p06 ijyl'h'-e-s Ktf.'«.-«^ i -^ O'-^'-J.VL ^«.orA..^r-<,^.^/. 

se supone podria englobar les posibles. ruidos de origen ge£ 

termico. 

g^ kh-, d.r<. 7rr}^ullo>., of kkc- a.h6h^^0'-i VF ^^^p-^sl 
Por la distribucion de las anomalias se supone 

' ' O-d 0yXjfK 
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Rubi-Terrassa-Sabadell-Granollers (zona centre-meridional 

de la depresion)/ especialmente en las bandas de 4, 8 y 16 

Hz. 

.4(1 ^ 
En todos los 1 mapas se manifiesta una zona an6ma_ 

fry Ak^ -^ciMrr- A A i y dk^ (ie^froisk^^^ 
la en el sector este de la depresion (Sn. Celoni - Breda) 

que no puede justificarse por una actividad urbano-indu£ 
iWijDo-r-h-'^k. \ Oi.l-rt&'^y^^^A^ zone- l'l k-AiS^ki^^''^ fyk^i^n,!/, 

trial importante, ya que la zona es relativamente tranqut-

la, especialmente en las faldas del Montseny (borde norte i f ri^.K.-pdd V/henrijyl^y k^n.y'C r v t ^ T n ^ y - t ^ 
de la ̂ fosa) donde se han registrado valores generalmente -

superiores a la rnedia. 

T ^ ^"i^fi r^f&i , ^e.othe/tyn'xAy' y f ry^ad Th. AkjL. Zysiy ĉ yy^-^ff,'72, 

Las anomalias geotermicas definidas en la zona a 

traves de otros medios prospectivos. no se reflejan claramen_ 

te en ninguno de les mapas trazades. Asi, de las tres prin-
cipales anomalias geotermicas cohocidias,-ila de Papiel (sec-

rs-̂Ktj.y'Tv c & T i Z ^ n s t J ' : />, c « ^ oA* izsK,Z&d&nce ' w-Hj-'fv''>̂ ^ ^'^^y 
tor SW) queda englobada^ en caso de existir, dentro de la -

fuerte anomalia'de ruido centrada en Rubi, mientras las an£ 

malias de Caldes de Montbui y La Garriga-Samal-us no presen-^-^ 
Ko i ^ i k ^ e^^sy^&l-/ or ^ f e d ^̂ w-e. vîltte'v Oh\y ATka'TAkJUA 

tan.ningun ruido an6malo o bien dan valores solo ligerOTien-
5^piyrior- kd ^ ^ ^ . 7^'iH U s.%i>e^UAAh .'-- 1"!^'h^>-^ /?<='̂  At-, 

te superiores a la media, especialmente en la banda de 4 Hz. 
7̂ <- relmiiiy^e^ro'k-7k:A,tu>'^'I''^' C ^ - ' ^ C ^ ' ^ K . . ^V'^c^^/tl-y -h sky .̂̂  P t rifi^cJ'ly 
Las restantes anomalias-conocidas podrian quedar perfecta-^ 

'^P <-e ^ ' ^ w / kki^ kk<-̂  l^ , k').rif '̂̂ '7y s>^ pi$ ̂ e a^ho^i^l^CS 
mente difuminadas dentro del fondo de ruido an6malo. 

„^ 

y y y i A c ' ^ ^ ^ ^ A ^ ^ ^ i t ^ y ^ . ^ ! Z X y ^ ^ 
3 . 6 . VALORACION DE LOS RESULTADOS. 

M^^ 

Vistos, en lineas generales. los resultados ob-

-̂  i7A'^\^er\-L6.os puede concluirse que de existir en la depresion 
iV. , , ,̂  i-oik-<L. pf oTla^kv^ ^^^fktyri^M-). j-kk A r ^ 7 ^ •^j'MV 

del Valles un ruido de origen geotermico, este queda total^ 

mente absorbido por el fondo local,' de manera que la pros-

pecci6n geotermica per ruido sismico no resulta viable.' 
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Q u i z a s , de habe'r p l a n i f i c a d o u n a camparta de r e -

g i s t r o s a p r o v e c h a n d e l a s h o r a s mas t r a n q u l l a s de l a n o c h e , 
^ U r f — k f i A ^ y {•Afri'viJL' yl 'H- rv<>-Ul$ ' hlcyt^Ahylos^ j / / v ^ drffii-c'-tij 

se n u b i e r a n m e j o r a d o l o s r e s u l t a d o s . S i n embargo , l a d i f i -
,V- n ^ . p r ^ ^ 'î ŷ -d ^f'iH^Ayi f^ 'Sj^/rv-/v5 u , A ) y u i H 7 ^ 

c u l t a d en m o v i l i z a r y s i t u a r l a s e s t a c i o n e s j u n t o con e l -

poco t i e m p o d i s p o n i b l e ( 4 -5 h o r a s / d i a r e a l m e n t e t r a n q u i l a s ) , 
dhoijk' h o y v T y p-yiy'^^'^e.d. ^y STVCJA;..; o^ t / ^^v^ ' K O ^ - K - />V ' thAy .Ai-r^-l»-'2-

que hubieran provecado un fuerte detrimento en el rendimien 
m y ' \ \ ^ y f \ y <̂ i5-Kfe-&c/vv'HVt- '=<-' s-iyJ>-^d&.^-hJ 'I'^iype^s-^ 

to diario y en consecuencia un sustancial encarecimiento -&'̂ _^k7v yrd-Qy^ J ' i '^ 9}i P<^'Lyyvy,Y(, V<r«̂ -5--- ̂  -̂ X^ cL^^.'^J-t'^A'^'^^ 
del proyecto, lo desaconsejaron. • Ademas, vistas las carac-

S'k fk.^ t.a^_ y ^ ^ r ^ <? i y ^ A- h .qk ĵv'l'l 
teristicas de la zona, el fondo antr6pico debe ser alto aun 
r p 
en horas tranquilas de madrugada y se desconoce hasta que -

I'^^-i'^ 7 w ôs A^Lk cie.̂ /A.î '" V)Ay Ai'o> O >v- <5 0 /yivC /j^rs^es 

p u n t o p o d r i a d e f i c u l t a r l a a u d i c i o n de l o s r u i d o s p r o p i a m e n 

t e g e o l 6 g i c o s . 

A'l^ %.^7Ahi'i^k f-ku <lo>vj^/fiWc ^ -9jp//yK.m^ o F ^r*-f'7i ^^y ' )y 
E s t a b l e c e r l a s c o n d i c i o n e s o p t i m a s de r e g i s t r o -

y\o.eJ:<tJ. : \ ' - /'V, r ^ r \ ^o-^t.- -̂ c-Ky^ kr<A.k i>ri.^fi>n \^kc».c C6>%k jUy."^<>'' 
r e ' q u e r i r i a en e s t a zona .iinos e n s a y o s p r e v i o s cuyo c o s t e no 

i y O i ^ f ^ ^ ' ^ y A U ) , 6 s A y § A rcsr.^f^ d k y ^kt i i^yi^c^^^^^^^" ^^'^''^y 

compensaria les posibles- resultados que podrian obtenerse, 
lo cual desautoriza este metodo prospectivo para la zona en 

(^i^^hzb/-
cuestion. 

Se d^s'acpnsejan, en consecuencia, . los metodos de 
^,i}X4e. 

les£ 

' p r o s p e c c i o r r geotermifca pT>r s i s m i c i c -pr 

CO sismico) en zonas como 
'^H^'B Ceyiiii/ywi 

a n t r o p i c a . 
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LOCATING DOCUMENTS 
FROM THE PRINTOUT The information is retrieved from na

tional/international databases via 
computer systems located in other states. The library 
collection may not contain the document for every citation 
listed on your printout. If the needed documents cannot 
be located in the U. of U. Libraries system (consult the 
Public Serials List or the Card Catalog), ask for 
assistance at the General Rieference Desk. Consult the 
Interlibrary Loans (ILL) office, Room 310, Marriott 
Library for assistance in locating items not contained in 
the U. of U. Libraries system. (See Library Guide 3-3:ILL) 

THE 
COST The Library charges a fee for computer-aided bib

liographic searches. The cost is based on the per-
hour rate of the database (each database supplier charges a 
different rate). You are charged only for the actual length 
of computer connect-time (much like long distance telephone 
call charges) and the number of offline citations printed. 
Search cost vary widely, depending upon the complexity of 
the search, number of databases searched, and the amount 
of information/number of references retrieved. An average 
search costs between $10 and $20. The cost is considered 
by many to be small considering the hours, days, 
sometimes weeks saved over manual literature searching. 

PAYMENT FOR 
A SEARCH Payment for the computer search is on a 

cash/check basis at the conclusion of the 
search appointment. On-campus departments may use signed 
Campus Orders. Off-campus businesses/organizations may be 
billed ($5 service charge) with Purchase Order. 

HOW TO SCHEDULE 
A SEARCH Visit the C.A.R.S. office in Room 314 

of the Marriott Library or call 
581-7702. General information is available at the General 
Reference Desk. Stop in Room 314 for an interview or 
search appointment. Search request forms are available in 
Room 314 or at the General Reference Desk (3rd level). 

HOURS 
8:30 a.m. to 5:00 p.m. Monday-Friday. Other times 

may be arranged in advance. 

University 
of Utah 

Libraries 
Ij Mar i loK L ibrary ; ; iU-^-"-^ '~" ' - ' ' ' 

COraPUTER-AIDED REFERENCE 
SERVICES 

LEVEL THREE LIBRARY GUIDE 3-12 
WHEN A FAST COMPUTER SEARCH CAN HELP: 

581-7702 

Is your research paper deadline approaching and you 
don't have a list of references? 

Are you writing a thesis or dissertation proposal and 
you need to know if someone else has researched 
your topic? 

Would you like an easy way to stay current with the 
literature in your field? 

Do you need a reading list for your class or seminar? 
Do you need information on foundations and agencies 

which provide grant money or government fimded 
research? 

THE 
SERVICE If the answer to these or similar questions is 

"yes", the f̂arriott Library COMPUTER-AIDED 
REFERENCE SERVICES (CA.R.S.) may be what you want. 
Anyone needing a bibliographic search for a current 
research topic has immediate access through the library 
computer terminal to almost 200 databases covering most 
subject areas. Many of the databases available correspond 
directly to tlie printed index/abstracting services (e.g., 
Psychological Abstracts, E.R.I.C., Engineering Index, 
Chemical Abstracts, etcT). 

Some of tHe databases are unique and are not 
available in print form (e.g.. Economics Abstracts, 
International Conference Papers Index, Patent databases. 
Abstracted Business Information/INFORM, etc.) 

Also available on many databases are current 
awareness searches, which are automatic monthly updates on 
your specific topic and which eliminate the need for you 
to search the literature manually. 

Form //262/3M/9-82 
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The service is available to all University 
personnel--students, faculty, and staff--as well as to the 
general public, business, and government. 

ADVANTAGES 
OF COMPUTER Although it does cost money, a computer 
SEARCHING search can be an efficient and effective use 

of your valuable time as compared to spending 
many hours using manual methods. 

A computer search can scan, in a matter of seconds, 
many years of an index or abstract. 

The computer-produced bibliography can be tailor 
made to your special needs and interests (e.g., specific 
details, age groups, dates, geographic places, authors, 
etc.). 

With a computer search, you can review a long list 
of citations rapidly and avoid writing doim detailed 
bibliographic information. 

It can supplement a manual search already completed 
and can also find references that can't be found in any 
other way. 

The computer makes possible a more thorough search 
of your topic, with many more interrelated concepts, than 
could ever be accomplished by manual methods. 

AVAILABLE DATABASE 
SUBJECT AREAS Most major subject areas are covered 

by computer-searchable databases. 
These include the areas of business, economics, finance, 
and government; education, medicine, and psychology; 
physical and life sciences, social sciences, patents, 
technology, and sports. Some of the arts and humanities 
areas are also available. 

A complete list of available databases, prices, and 
coverage years can be picked up at the C.A.R.S. office. 
Room 314, Marriott Library or at the General Reference 
Desk (3rd level). Most of the major abstracts and 
indexes in the Library and many not found in the Library, 
are searchable by computer. 

HOW IT 
WORKS The Marriott Library C. A. R. S. office is located 

in Room 314, near the General Reference Desk (3rd 
level). An information specialist will interview you to 
determine the best approach to your literature search and 
which databases best meet your needs. An appointment, 
usually for 1 hour, will be scheduled for the actual 
search at the computer terminal. 

A brief manual search of the topic, by the patron, 
is encouraged prior to the actual search appointment. 
This enables the patron to be better prepared with 
relevant information about the topic and saves time and 
money during the computer search. 

During the search interview, the patron will be 
asked to provide a description of the search topic with 
the terms or key words that might be used. The 
information specialist and patron will discuss the search 
and formulate a strategy. The search is performed with 
the patron present so that decisions relevant to the 
search topic can be made. Search time varies but connect 
time (for which the patron is charged) averages from 10 to 
20 minutes. Total time involved for preparation, the 
search, and explanation of the results takes about an hour. 

The online search process (directly connecting to 
and interacting with the computer) enables you to determine 
immediately the relevance of your search strategy and to 
make necessary changes to improve the results. 

The references (author, title, source, etc.) can be 
obtained immediately at the terminal or ordered "offline" 
to be sent to the library within a week. ^ 

RESULTS FROM A 
CCMPUTER SEARCH The computer search generates a printed 

list of bibliographic citations to the 
literature written about a particular subject. Although 
the major type of material indexed is periodical 
literature, some books, dissertations, unpublished papers, 
reports, government documents, AV materials, pamphlets, 
etc. may also be included. Each item on the computer 
printout contains a full citation reference (author, 
title, source, etc.) and is used to locate the full text 
of the printed material. Many databases include an 
abstract (a brief summary sentence or paragraph) for each 
cited item. 
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The following is a list of science and engineering databases available for online searching in 
the Marriott Library. The databases are arranged alphabetically by t i t le under broad subject categories . 

Five vendors supply these databases to the Marriott Library: Bibliographic Retrieval 
Services (BRS), DIALOG Information Services (DIS), Institute for Scientific Information (ISI), Pergamon 
Info Line (PIL), and System Development Corporation (SDC). For further information about any of these 
databases or about online searching, call the Marriott Library's Computer-Aided Reference Services 
(CARS) office: 581-3886. 

* Asterisk denotes databases which include patents . 

MULTIDISCIPLINARY 

ACADEMIC AMERICAN ENCYCLOPEDIA, current edition, biennial updates. 
BRS, DIS (180) 

This database offers full text coverage of some 29,000 art icles appearing in the Academic 
American Encyclopedia, including the t i t les and texts of entr ies, tables, factboxes, bibliographies, cross 
references, pronunciation guides, and "see also" references. The AAE is a general encyclopedia covering 
all disciplines. 

AMERICAN MEN AND WOMEN OF SCIENCE, 1979-present, updates every 3 years. 
BRS, DIS (236) 

The online equivalent of the printed reference work of the same t i t le , this database 
provides names, addresses, and detailed biographical information on more than 130,500 preeminent U.S. 
and Canadian scientists. Included are personal s tat is t ics , education, experience, honors and awards, 
memberships, research interests , discipline, classification, and mailing address. 

ASI, 1972-present, monthly updates. 
SDC 

Based on the printed American Statistics Index, this file covers stat is t ical publications of 
the U.S. Government. Publications with scientific and technical data are covered and include stat is t ics 
on population, economics, agricultural production, yield, prices, e t c . Printed index is located in 
Documents Division. 

ASSOCIATIONS' PUBLICATIONS IN PRINT, 1981-present, semiannual updates. 
BRS 

Available through this database is information on pamphlets, journals, newsletters, 
bulletins, books, and other fugitive print materials that are published by over 15,000 national, s ta te , 
regional, local, and t rade associations throughout the U.S. and Canada. 

BIOGRAPHY MASTER INDEX, 3,000 B.C.-present, periodic updates. 
DIS (287,288) 

BMI is a master key to biographical information on nearly 2,000,000 persons who have 
distinguished themselves in hundreds of fields. It indexes approximately 700 separate editions and 
volumes of some 375 biographical source books, and corresponds to Gale Research Company's Biography 
and Genealogy Master Index and the microfiche Bio-Base. Each BMI record provides a person's name, 
birth and death dates, and t i t les of source books that provide complete biographical information on the 
person. 



BOOK REVIEW INDEX, 1969-present, three updates per year. 
DIS (137) 

References to more than one million reviews of approximately 500,000 distinct book and 
periodical t i t les are accessible via this file produced by the Gale Research Company. BRI covers every 
review published in 300-400 periodicals and newspapers, from general interest and children's magazines 
to scholarly journals and newspapers. Records include the author and t i t le of the publication reviewed 
and the name and bibliographic data of the journal in which it is reviewed. The database corresponds to 
the printed publication of the same name. 

BOOKS IN PRINT, 1979-present, monthly updates. 
BRS, DIS(470) 

The online equivalent of the well-known Bowker indexes, this database offers timely access 
to the book t rade, providing information on books in print or about-to-be-published t i t les as far as six 
months in advance. Included are books published by U.S. publishers or exclusively distributed in the U.S. 
and available to the trade or general public. 

BOOKS INFORMATION, all books in print, monthly updates. 
BRS 

This database provides bibliographic, subject and price details for current books in print. 

BOWKER'S BOOK ACQUISITION SYSTEM, current file, monthly updates. 
BRS 

This database permits direct ordering of any book from any U.S. publisher, distributor, or 
wholesaler. BAS retrieves full bibliographic information from Books in Print, and uses Bowker's 
Publishers, Distributors, and Wholesalers of the United States to obtain ordering information for more 
than 15,000 publishers in the nation. 

CALIFORNIA UNION LIST OF PERIODICALS (GULP), current , monthly updates. 
BRS 

Produced by the California Library Authority for Systems and Services, GULP is a finding 
list for periodicals and serials held by over 600 special, public, community college, private, academic, 
s ta te and federal agency libraries in California. Specifically intended for verification and interlibrary 
loan, the database includes cataloging information such as main entry, cross references, and preceeding 
and succee'ding entries, as well as library locations and specific holdings. 

I 
CAREER PLACEMENT REGISTRY, current academic year, weekly updates. 
DIS (163) 

The CPR database contains the resumes of over 10,000 college and university seniors and 
recent graduates. The data are supplied by each job candidate on the basis of a questionnaire which 
provides name, address, phone numbers, citizenship status, schools, degrees, grades, occupation 
preferences, experience, function preferences, geographic preferences, date available, language skills, 
and other skills and achievements. 

CAREER PLACEMENT REGISTRY/EXPERIENCED PERSONNEL, current six months, weekly updates. 
DIS (162) 

This database contains short resumes of men and women who have already been out in the 
work force and are now looking for a new job. Data in this file provide recruiters and potential 
employers access to job candidates on the basis of their personal background, career objectives, work 
experience, education, special skills, and unique qualifications. Data are supplied by each job candidate 
on the basis of a questionnaire which provides the above information as well as citizenship status, 
occupational and geographic preferences, salary requirements, language skills, and other qualifications. 
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CASSI, current edition, quarterly updates. 
SDC 

The online version of the printed Chemical Abstracts Service Source Index, this database 
provides full bibliographic information on more than 50,000 serial and non-serial publications. 
Availability information is derived from the holdings of over 400 participating libraries in 28 countries. 
This file is useful for bibliographic verification, location for interlibrary loans, acquisitions from 
publishers, tracing ser^ial name changes, or identifying ti t les in a monographic series. 

CIS INDEX, 1970-present, monthly updates. 
DIS (101), SDC 

This database is the machine-readable form of the Congressional Information Service's 
Index to Publications of the United States Congress and covers publications of the commit tees and 
subcommittees of the U.S Congress: Hearings, Commit tee prints, reports and other documents. 

COFFEELINE, 1973-present, bimonthly updates. 
DIS (164) 

This database, produced by the International Coffee Organization (ICO), provides 
comprehensive bibliographic access to research and factual information about and relevant to coffee, 
including the economics of supply and demand, international t rade, prices, agronomic and cultural 
aspects , processing technology, and physiological effects . 

CONFERENCE PAPERS INDEX, i973-present, monthly updates. 
BRS, DIS {77) 

Over 1,000 major scientific and technical meetings held woHdwide and over 100,000 papers 
presented a t or derived from these meetings are accessible through this database, which covers mainly 
the life sciences, chemistry, physical sciences, geosciences, and engineering. 

CONGRESSIONAL RECORD ABSTRACTS, 1976-present (SDC), 1981-present (DIS), weekly updates. 
DIS (135), SDC 

Corresponding to the printed publication Congressional Record Abstracts , this databse 
provides concise summaries and references to bills and resolutions; commit tee and subcommittee 
reports; public laws; schedules of commit tee and floor actions; executive communications; and speeches, 
participation in debates, and materials inserted by members of the U.S. Congress. 

DISSERTATION ABSTRACTS, 1861-present, monthly updates. 
BRS, DIS (35) 

Comprehensive Dissertation Abstracts provides coverage of doctoral dissertations from 
accredited American universities, most Canadian and an increasing number of foreign institutions. 
Professional and honorary degrees are not included but all subject areas are covered. Corresponds to the 
printed Comprehensive Dissertation Index, Dissertation Abstracts International (monthly updates), and 
American Doctoral Dissertations (annual updates). 
ELECTRONIC YELLOW PAGES - PROFESSIONALS DIRECTORY, current data, semiannual updates. 
DIS (502) 

This file provides online yellow-page information for professionals in insurance, real es ta te , 
medicine, law, engineering, and accounting. Also included are hospitals and various medical laboratories 
and clinics. The database contains a full directory listing for each corporation, company, firm, or 
individual within those fields, and includes SIC codes and, where available, an indication of office size 
and city population. 
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FEDERAL RESEARCH IN PROGRESS, current research, semiannual updates. 
DIS (265) 

The FEDRIP database provides access to information about ongoing federally funded 
research projects in the fields of physical sciences, engineering, and life sciences. Produced by NTIS, 
FEDRIP continues, in par t , the database functions of the now defunct Smithsonian Scientific Information 
Exchange (SSIE). 

FOUNDATION DIRECTORY, current file, semiannual revisions. 
DIS (26) 

This file provides descriptions of non-profit, non-governmental foundations which make 
grants of $100,000 or more annually or which have assets of $1 million or more. Grants are given 
primarily in education, health, welfare, sciences, international activities and religion, in that order. 
Corresponds to the printed Foundation Directory published by the Foundation Center . 

FOUNDATION GRANTS, 1972-present, bimonthly updates. 
DIS (27) 

Also published by the Foundation Center , this file contains information on grants awarded 
by major American philanthropic foundations. Grants of less than $5,000 and grants to individuals are 
not included; grants in the field of education are more prevalent. 
GPO MONTHLY CATALOG,. 1973-present,'monthly updates. 
BRS, DIS (66) 

This file corresponds to the printed Monthly Catalog of United States Government 
Publications and is an index of public documents generated by the U.S. Federal Government printed by 
the Government Printing Office. It covers Congressional documents. Senate and House hearings on 
private and public bills and laws, as well as documents from other government agencies and depar tments 
on every major issue. 

GPO PUBLICATIONS REFERENCE FILE, 1971-present, biweekly updates. 
DIS (166) 

The Government Printing Office PRF indexes the public documents currently for sale by 
the Superintendent of Documents, as well as forthcoming and recently out-of-print publications. These 
publications are generated by the legislative and executive branches of the U.S. Federal Government. 
The GPO PRF database corresponds to the microfiche GPO Sales Publications Reference File. 

GRANTS, 1977-present, monthly updates and revisions. 
DIS (85), SDC 

In addition to grants awarded by private foundations, this file includes information on 
grants offered by federal, s ta te and local governments, commercial organizations, and associations in 
over 88 academic disciplines. Its print counterparts are Grant Information System (CIS) and Faculty 
Alert Bulletin. 

LC/LINE, 1968-present (MARC), 1969-present (MET), weekly updates. 
SDC 

' This file covers the monographic l i terature, serials, maps, manuscripts, and other 
materials cataloged by the U.S. Library of Congress. It includes MARC records distributed by LC and 
MET (main entry/ t i t le) records created by 3-M Corporation, and covers English, French, German, 
Portuguese and Spanish l i te ra ture . MET records cover English-language records from 1968-date plus 
Roman-alphabet and transl i terated items since January 1978. 



LC MARC, 1968-present, monthly updates. 
DIS (426) 

This is the file of book records distributed by the Cataloging Distribution Service of the 
U.S. Library of Congress. It is an international listing of books published in' many countries and in many 
languages. LC MARC begins where REMARC leaves off. 

MARQUIS WHO'S WHO, 1982-present, quarterly updates. 
DIS(234) 

Corresponding to the printed Who's Who in America and other titles in the Who's Who' 
series (more included in future updates), this database contains detailed biographital information on 
outstanding professionals in all fields. 

MATHFILE, 1973-present, monthly updates. 
BRS, DIS(239) 

The American Mathematical Society's database is the online version of Mathematical 
Reviews. It provides access to complete coverage of the research literature in pure and applied 
mathematics, physics, engineering, computer science, biology, operations research, and other disciplines 
that contain mathematics. 

MILITARY AND FEDERAL SPECIFICATIONS AND STANDARDS, bimonthly updates. 
BRS 

Citations to all active and historical documents for Federal Specifications, Federal 
Standards, Joint Army-Navy Specifications, Military Specifications, and Military Standards can be 
retrieved through this database. Print counterparts are Military Specifications and Standards (numerical 
index). Military Standard Drawings, and Hot Specs. 

NTIS, 1964-present (DIS), 1970-present (BRS, SDC), biweekly updates. 
BRS, DIS (6), SDC 

Though primarily a science and engineering database, this file, prepared by the National 
Technical Information Service, also contains some citations to U.S. government-sponsored research 
technical reports in the behavioral and social sciences, business and economics, health planning, and 
library and information sciences. Its printed counterparts are Weekly Government Abstracts and 
Government Reports Announcements. 

NATIONAL FOUNDATIONS, 1975-present, annual updates and revisions. 
DIS (78) 

Records of all 20,000 U.S. foundations which award grants are provided in this file. 
Approximately 17,000 small foundations which are excluded from coverage in the FOUNDATION 
DIRECTORY because their assets total less than $1 million are listed in NATIONAL FOUNDATIONS, 
including those foundations which restrict their donations to local or regional recipients. This file 
overlaps and supplements the FOUNDATION DIRECTORY file where more complete data on the larger 
foundations are available. 

NATIONAL NEWSPAPER INDEX, 1979-present, monthly updates. 
DIS (111) 

This file provides front page to back page indexing of The Washington Post, the Los 
Angeles Times, The Christian Science Monitor, The New York Tinies, and The Wall Street JournaL The 
only items not included are weather charts, stock market tables, crossword puzzles, and horoscopes. 
Provides a valuable adjunct in such areas as market research, public relations, government relations, 
journalism, food and nutrition and the social sciences. 
NEWSEARCH, current month only, daily updates. 
DIS (211) 

The database is the daily update file for MAGAZINE INDEX AND NATIONAL NEWSPAPER 
INDEX. Information is transferred to those files at the end of every month. 



NEWSPAPER INDEX, 1976-present,, monthly updates. 
SDC 

The Chicago Tribune, Detroit News, Houston Post, Los Angeles Times, New Orleans 
Times-Picayune, San Francisco Chronicle and Washington Post are indexed for general news of 
international, national, s ta te and local nature. Coverage is the same as the printed newspaper indexes. 

NUC/CODES, current , monthly updates. 
SDC 

National Union Catalog Codes is a companion to the CASSI file for identification of holding 
library codes and library locations. This database consists of approximately 400 records giving the 
complete name and address of each holding library with its NUC code as it appears in the CASSI 
Availability field. 

ONLINE CHRONICLE, October 1981-present, weekly updates. 
DIS (170) 

This database, an expanded version of the "NEWS" sections of both Online and Database 
magazines, is an electronic newsletter covering major online industry events, new databases, computer 
equipment, search aids, and people in the online world. 

REMARC, 1897-1980, monthly updates 
DIS(421-425) 

The online version of the Library of Congress shelflist, this database contains bibliographic 
records representing the works cataloged by LC which are not included in the LC-generated MARC 
database. 

SCISEARCH, 1974-present, biweekly updates. 
DIS (34,87,94,186) 

This file, a multidisciplinary index to the l i terature of science, technology and medicine, 
contains all the records published in the Science Citation Index. Over 2,600 major journals are indexed, 
which results in the inclusion of 90 percent of the world's significant scientific and technical l i te ra ture . 

SSIE, 1974-date, monthly updates. 
DIS (65), 1978-1982, closed file. 

This database contains reports of both .government-and.privately funded scientific research 
projects either currently in progress or initiated and completed during the most recent two years. 
Approximately 90% of the work in progress is by agencies of the federal government, in such areas as 
behavioral and social sciences and economics. Continued in part by FEDERAL RESEARCH IN 
PROGRESS. 

STANDARDS & SPECIFICATIONS, 1950 or earlier to present, monthly updates. 
DIS (113) 

This file provides t i t les and descriptive information for government and industry standards, 
specifications, and related documents which specify terminology, performance testing, safety, materials , 
products or other requirements and characteris t ics of interest to a particular technology. 
SUPERINDEX, current editions, regular updates. 
BRS 

Encompassing all scientific and technical disciplines, this database contains several million 
searchable back-of-the-book index entries and page references to nearly 2,000 professional-level 
reference books published by over 20 prominent scientific, medical, and engineering publishers. 
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TERM, current vocabulary, quarterly updates. 
BRS 

This database consists of controlled vocabulary, category codes, subject codes, free-text 
synonyms and near synonyms for concepts in the social and behavioral sciences. The controlled 
vocabulary and codes are derived from the search aids and thesauri for five databases: ERIC, Family 
Resources, Medline, NIMH, and PsycINFO. 

ULRICH'S INTERNATIONAL PERIODICALS DIRECTORY, current edition. 
BRS, DIS (480) 

This online version of the Ulrich's printed index provides information on 65,000 periodicals 
and 38,500 serials, annuals, continuations, conference proceedings, and other publications from all over 
the world. It is particularly useful for verifications and acquisitions. 

UPI NEWS-, 1983-present, daily (File 261) and monthly (File 260) updates. 
DIS (260, 261) 

The full text of news stories carried on the United Press International wire is included in 
this database. The records appear online 48 hours after the data are t ransmit ted. Included is all news 
currently transmitted by UPI in the following categories: domestic general news, columns and standing 
features, financial news, international news, commentaries , and Washington, D.C., news. 

U.S. GOVERNMENT CONTRACT AWARDS, FY 78-date, monthly updates. 
SDC 

Like the printed U.S. Contract Awards and sections of the Commerce Business Daily, this 
file contains all contract awards by the U.S. Government in fields of conservation, energy, education and 
human development, urban systems, e t c . 

USPA/USP77/USP70, 1970-present, weekly updates. 
SDC 

These three files provide bibliographic information and the full text of all the claims which 
completely define the scope of protection for inventions patented in the U.S. since 1970. 

VENDOR INFORMATION DATABASE, current catalog information, monthly updates. 
BRS 

This file contains information from catalogs of over 30,000 vendors of industrial products. 
Included are archi tectural engineering, distributors, plant engineering, transportation and materials 
handling, medical equipment and supplies, construction and building products, electr ical and electronic 
engineering, and marine and metric design. Extensive descriptive information is provided. 

VOLUNTARY STANDARDS INFORMATION NETWORK, current file, semimonthly updates. 
BRS 

VSIN contains information about standards under development by the voluntary standards 
organizations which are listed for public review by ANSI, as well as those voluntary standards that are 
under development by the signatories to the GATT Agreement on Technical Barriers to Trade (Standards 
code). The print counterpart is ANSI Standards Action. 

WASHINGTON POST INDEX, 1979-present, monthly updates. 
DIS(184) 

Corresponding to the microfilm edition of the Washington Post, this database is an index to 
all significant material appearing in the daily Post as well as all three regional weeklies (Va., Md., and 
DC). 
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WILEY CATALOG/ONLINE, 1940-present, bimonthly updates.. 
DIS (471) 

The online version of 3ohn Wiley 6c Sons General Catalog, this databas contains records for 
virtually all products published, sold, or distributed by wiley, including books, software, databases, 
journals, and other publications currently available and forthcoming. 

BIOLOGICAL AND LIFE SCIENCES 

AGRICOLA, 1970-present, monthly updates. 
BRS, DIS (10, 110), 

Produced by the National Agricultural Library of the U.S. Department of Agriculture, this 
database provides comprehensive worldwide coverage in the field of agriculture and such related fields 
as rural sociology, agricultural economics, veterinary medicine, plant science, agricultural chemistry, 
soils, water management, food and nutrition. Corresponds to the printed Bibliography of Agriculture. 

AQUACULTURE, 1970-present, irregular updates. 
DIS (112) 

Produced by the National Oceanic and Atmospheric Administration (NOAA), this file 
provides information on the growing of marine, brackish, and freshwater organisms, covering such 
subjects as growth requirements, economics, and nutrition of water organisms. Hydroponics are 
excluded. There is no printed equivalent. 

AQUATIC SCIENCES AND FISHERIES"^ABSTRACTS, 1978-present, monthly updates. 
DIS (44) 

The publications Aquatic Sciences and Fisheries Abstracts; Part 1; Biological Sciences and 
Living Resources and Part 2; Ocean Technology, Policy, and Non-Living Resources are the print versions 
of this file, which covers the science, technology and management of marine and freshwater 
environments. 

BIOSIS PREVIEWS, 1969-present, monthly updates. 
BRS, DIS (5,55,255) 

This file, which corresponds to the printed Biological Abstracts and Bioresearch Index, 
covers all areas of the life sciences, including bioengineering, biophysics, genetics, behavioral sciences, 
pharmacology, public health, veterinary science and virology. 

CAB ABSTRACTS, 1972-present, monthly updates. 
DIS {50) 

This comprehensive file of agricultural information contains all records in the abstracting 
journals published by the Commonwealth Agricultural Bureaux. Significant papers are abstracted and 
less important works are reported with bibliographic details only in every branch of agricultural sciences, 
including education, genetics, pest control and taxonomy. 

*CHEMICAL ABSTRACTS, 1967-present, biweekly updates. 
BRS, DIS (308,309,310,311,320), SDC 

Corresponding to the printed Chemical Abstracts minus the abst racts , this file provides 
comprehensive coverage of the l i terature of chemistry and its applications. Patents , books, conference 
proceedings and government research reports are included; subject divisions include applied chemistry 
and chemical engineering, biochemistry, macromolecular chemistry, organic chemistry, physical and 
analytical chemistry. 



CHEMICAL EXPOSURE, 1974-present, annual updates. 
DIS(138) 

This is a comprehensive database of chemicals that have been identified in both human 
tissues and body fluids and in feral and food animals. The data identify body burdens which reflect 
exposures to contaminants and pharmaceuticals . The database corresponds to the printed works. 
Chemicals Identified in Human Biological Media, A Data Base and Chemicals Identified in Feral and Food 
Animals, A Data Base. 

CRIS/USDA, active and recently completed projects, monthly updates. 
DIS (60) 

Current Research Information System/USDA provides access to agricultural and related 
research information. The projects described cover current research sponsored or conducted by the U.S. 
Department of Agriculture research agencies, s ta te agricultural experiment stations, s ta te forestry 
schools, and other cooperating s ta te institutions. A wide range of topics is covered, including biological, 
physical, social and behavioral sciences; family life and housing; environmental protection and resource 
management; outdoor recreation and community development; marketing and economics; food and 
nutrition; texti les and clothing; consumer health and safety; and others. 

CURRENT BIOTECHNOLOGY ABSTRACTS, 1983-present, monthly updates. 
PIL 

CBA provides extensive coverage of the scientific, technical, and technocommercial 
l i te ra ture of the multidisciplinary subject of biotechnology, including business and safety news, legal 
issues, genetic manipulation, monoclonal antibodies, enzymology, single cell proteins, fermentation 
technology, pharmaceuticals, energy production, agriculture, chemical industry, and food. 

EXCERPTA MEDICA, June 1974-present, monthly updates. 
DIS (72,73,172) 

This file covers the biomedical l i terature throughout the world and includes all fields of 
medicine and health related sciences, such as anthropology, psychiatry, and public health. Same as 
printed Excerpta Medica abs t rac t journals. 

*FOOD SCIENCE AND TECHNOLOGY ABSTRACTS (FSTA), 1969-present, monthly updates. 
DIS (51), SDC 

This file, which corresponds to the printed Food Science and Technology Abstracts, covers 
l i te ra ture related to all human food commodities and aspects of food processing except the production of 
raw foods. Allied disciplines such as agriculture, chemistry, biochemistry, physics, home economics and 
engineering are also covered. 

LABORATORY HAZARDS BULLETIN, 1981-present, monthly updates. 
PIL 

This database contains information from the l i terature on hazards likely to be encountered 
by the chemical and biochemical laboratory research worker. Included are hazardous chemicals and 
reactions, new safety precautions, new legislation, and biological hazards. 

LIFE SCIENCES COLLECTION, 1978-present, monthly updates. 
DIS (76) 

This file contains bibliographic citations and abstracts from recent worldwide l i terature in 
major areas of biology, medicine, biochemistry, ecology, and microbiology, and in some aspects of 
agriculture and veterinary science. Produced by Information Retrieval Ltd., this database corresponds to 
the printed series of 15 IRL abstract ing journals. 
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MEDLINE (MEDLARS), 1966-present, monthly updates. 
BRS, DIS (152, 153,154) 

Corresponds to the print Index Medicus, Index to Dental Literature and the International 
Nursing Index and covers all types of medical sciences l i tera ture . 

MEDOC, 1976-present, quarterly updates. 
BRS 

This file provides access to government documents in the health sciences. 

NAL SERIALS, 1978-present, monthly updates. 
BRS 

This file provides a listing of all serial records of the National Agricultural Library. 

TELEGEN, 1973-present, monthly updates. 
DIS(238) 

This file provides access to inforrnation related to biotechnology and genetic engineering. 
It corresponds to the print publication Telegen Reporter . 

TROPAG, 1975-present, monthly updates. 
SDC 

Corresponding to the printed Abstracts on Tropical Agriculture, this file contains citations 
to the l i tera ture on tropical and subtropical agriculture. Topics covered include crop production, 
protection, processing, and storage; soils and ferti l izers; plant nutrition; agricultural techniques; and 
sociological, economic, commercial , and stat is t ical information. Also covered are such areas as animal 
husbandry, inland fisheries, forestry, human nutrition, and public health. Special at tention is paid to 
applied, local information of use to agricultural development workers. 

WATERLIT, 1976-present, monthly updates. 
SDC 

This database provides coverage of international l i terature relating to water and water 
resources. Topics include atmospheric water, hydrology, ground water, dams, pipelines, canals, pumps, 
valves, reservoirs, water t r ea tmen t , wastewater, solid waste, pollution, and other water-related subjects. 

ZOOLOGICAL RECORD, 1978-present, bimonthly .updates. 
DIS (185) 

Provides extensive coverage of the world's zoological l i terature with particular emphasis 
on systematic/ taxonomic information. 

CHEMICAL SCIENCES 

AMERICAN CHEMICAL SOCIETY PRIMARY JOURNAL DATABASE, 1980 (1976)-present, biweekly 
updates. 
BRS 

Available in this database is full text coverage of art icles appearing in 18 primary 
chemistry journals published by the American Chemical Society. 

CEH INDEX 
SDC 

This online index to CHEMICAL ECONOMICS HANDBOOK is used to identify index entries 
and cross references to table data contained in that database. 
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CHEMDEX, 1972-present, quarterly updates. 
SDC 

This dictionary file covers all compounds cited in the l i tera ture . It can be searched by 
chemical name, molecular formula, or by group or row within the periodic chart . The print publications 
are CA Substance Index, CA Registry Handbook, CA Index Guide, and CA Formula Index. 

^CHEMICAL ABSTRACTS, 1967-present, biweekly updates. 
BRS, DIS (308, 309, 320, 310, 311), PIL, SDC 

This file corresponds to the printed Chemical Abstracts and provides comprehensive 
coverage of the l i tera ture of chemistry. Patents , books, conference proceedings and government 
research reports are included. Subject divisions a re : applied chemistry and chemical engineering, 
biochemistry, macromolecular chemistry, organic chemistry, physical and analytical chemistry. From 
1972 onward, the CASIA files are integrated into the DIS and SDC files, providing additional index 
entries and CAS Registry Numbers. 

CHEMICAL ECONOMICS HANDBOOK, current edition, monthly updates. 
SDC 

This file provides, in tabular form, comprehensive data and studies of the history and status 
of more than 1300 major commodity and specialty chemicals, petrochemicals, intermediates , polymers, 
agricultural chemicals, as well as data on chemical-related industries and general U.S. economic 
indicators. 

CHEMICAL ENGINEERING ABSTRACTS, 1970-present, monthly updates. 
PIL 

Available here are abst racts of scientific and technical l i terature on all aspects of 
chemical engineering. Mechanical, civil, e lectr ical , and instrumentational areas of chemical engineering 
are included. The database corresponds to the printed publication of the same t i t le and includes material 
selected from over 100 of the world's major primary chemical and process engineering journals. 

CHEMICAL EXPOSURE, 1974-present, annual updates. 
DIS (138) 

This is a comprehensive database of chemicals that have been identified in both human 
tissues and body fluids and in feral and food animals. The data identify body burdens which reflect 
exposures to contaminants and pharmaceuticals . The database corresponds to the printed works. 
Chemicals Identified in Human Biological Media, A Data Base and Chemicals Identified in Feral and Food 
Animals, A Data Base. 

CHEMICAL INDUSTRY NOTES (CIN), 1974-present, weekly (SDC) and monthly (DIS) updates. 
DIS (19), SDC 

Corresponding to the printed Chemical Industry Notes, this database contains art icles 
which cover the following chemical industry a reas : production, pricing sales facilities, products and 
processes, corporate act ivi t ies, government act ivi t ies, and people in the chemical industry. 

CHEMICAL REGULATIONS AND GUIDELINES SYSTEM (ORGS), current file, monthly updates. 
DIS (174) 

CRGS is an authori tat ive index to U.S. federal regulatory material relating to the control 
of chemical substances, covering federal s ta tu tes , promulgated regulations, and available federal 
guidelines, standards, and support documents. Each chemical cited in a regulatory document is indexed 
by name, CAS Registry Number, and a chemical role tag. All aspects of regulatory control of chemicals 
are covered, in fields • such as aeronautics, agriculture, consumer products, cosmetics, energy, 
environmental protection, food, mining, nuclear technology, petrochemicals, pharmaceuticals, and 
transportat ion. 
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CHEMLAW, current and final regulations, irregular updates. 
DIS (197) 

This database contains the full text of U.S. federal chemical regulations as published in the 
Code of Federal Regulations and as updated by the Federal Register. Included are regulations relating to 
the manufacture, processing, use, storage, transportation, disposal, or occupational effects of chemical 
substances. 

CHEMNAME, 1967-present, quarterly updates. 
DIS (301) 

This file contains a listing of chemical substances in a dictionary-type non-bibliographic 
file. For ead i substance listed, the CAS Registry Number, molecular formula, CA Substance Index 
Names, available synonyms, ring data and other chemical substance data are listed for those substances 
which have been referenced two or more t imes from 1967 through the most recent update. 

CHEMSEARCH, latest six weeks, updated biweekly. 
DIS (30) 

This file is a dictionary listing of the most recently cited chemical substances in the 
CHEMICAL ABSTRACTS file, to provide access to chemical substance nomenclature using CAS Registry 
Numbers for new compounds. 

CHEMSIS, 1972-present, irregular updates. 
DIS (328,329, 330) 

This is the chemical substance dictionary for singly indexed substances cited since 1972. 
Information provided for each substance listed includes CAS Registry Number, molecular formula, CA 
Substance Index Names, available synonyms, and ring data . This is a companion file to CHEMNAME (file 
301), which contains substances cited more than once since 1967. 

CHEMZERO, 1965-present, irregular updates. 
DIS (300) 

This is the chemical substance dictionary for which there are no citations in the online 
CHEMICAL ABSTRACTS databases since 1967. Information provided for each substance includes CAS 
Registry Number, molecular formula, ,CA Substance Index Names, and available synonyms. This file 
provides access to all substances registered by CAS whether cited or not in the l i te ra ture . 

CLAIMS COMPOUND REGISTRY, 1950-present, annual updates. 
DIS (242) 

This is a dictionary-type, non-bibliographic file containing records for specific chemical 
compounds. It is designed for locating compounds of interest for further searching in the CLAIMS 
UNITERM patent files (DIS-223, 224, 225). Each record contains the IFI compound number and name, 
synonyms, molecular formula, element count, fragment codes, and corresponding fragment te rms . 

COMPENDEX, 1970-present, monthly updates. 
DIS (8), SDC 

This machine-readable version of the Engineering Index provides information from the 
world's significant l i tera ture in engineering and related subject areas, including chemical engineering, 
materials ' properties and testing. It covers about 3,500 journals, publications of engineering societies 
and organizations, papers from the proceedings of conferences and selected government reports and 
books. 
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FINE CHEMICALS DIRECTORY, current file, irregular updates. 
PIL 

This database is a comprehensive automated catalog of commercially available research 
chemicals. It covers sources for organics, biochemicals, dyes, stains, and some inorganics. Included are 
catalog entries from over 30 international chemical suppliers. 

HAZARDLINE, current file, monthly updates. 
BRS • , 

Available in this database is regulatory, handling, identification, and emergency care 
information for over 3,000 substances. Included are descriptions of substances; permissible exposure 
levels; incompatibilities; requirements for protective clothing, respirator use, and medical surveillance; 
symptoms and first aid t rea tment ; regulatory status (including court decisions); and procedures for 
handling spills and waste. 

KIRK-OTHMER, current edition 
BRS 

This online version of the Kirk-Othmer Encyclopedia of Chemical Technology offers 
full-text access to textual information and numeric data in wide range of chemistry-related subject 
disciplines. Included are the numerous tables which summarize chemical and physical properties, 
production figures and capacity, processes, uses and applications, and health and safety guidelines. 
Lengthy tables are segmented so that relevant table portions can be displayed. 

LABORATORY HAZARDS BULLETIN, 1981-present, monthly updates. 
PIL 

This database contains information from the l i terature on hazards likely to be encountered 
by the chemical and biochemical laboratory research worker. Included are hazardous chemicals and 
reactions, niew safety precautions, new legislation, and biological hazards. 

MASS SPECTROMETRY BULLETIN, 1966-present, monthly updates. 
PIL 

Available through this file are bibliographic citations to documents in the field of mass 
spectrometry and allied subjects such as instrument design and techniques, isotopic analysis, chemical 
analysis, organic chemistry, a tomic and molecular processes, surface phenomena and solid s ta te studies, 
thermodynamics and reaction kinetics. 

*PAPERCHEM, 1968-present, monthly updates. 
DIS (240),SDC 

This database, which corresponds to the printed publication Abstract Bulletin of the 
Institute of .Paper Chemistry, provides comprehensive worldwide coverage of the scientific and technical 
l i te ra ture that deals with the theoretical principles, technologies, raw materials , products, and practices 
of the pulp-, paper-, and board-manufacturing and -utilizing industries. 

TSCA INITIAL INVENTORY, 1975-present, irregular updates. 
DIS (52), SDC 

This file lists approximately 57,000 chemical substances in commerce in the United States. 
CAS Registry Number, preferred name, synonyms and molecular formula are included for each 
substance. The hardcopy version is called Initial Inventory of the Toxic Substances Control Act (TSCA) 
Chemical Substance Inventory. 
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ZINC, LEAD, AND CADMIUM ABSTRACTS, 1975-present, monthly updates. 
PIL , 

ZLC covers all aspects of the production, properties, and uses of these metals, their alloys 
and compounds. The database corresponds to the printed publications Lead Abstracts , Zinc Abstracts , 
and Cadmium Abstracts , plus additional records that do not appear in the abstract publications. 

COMPUTERS AND DATA PROCESSING 

COMPUTER DATABASE, 1983-present, semimonthly updates. 
DIS (275) 

Provides wide-ranging information on computers, telecommunications, and electronics. 
Coverage ranges from detailed consumer information on products, companies, and people to highly 
technical information on programming and circuit design. Offers cover-to-cover indexing and 
abstracting of over 500 computer-related publications in addition to significant coverage in the 
telecommunications and electronics fields, from periodicals, books, courses, tabloids, newsletters, and 
research reports. 

*COMPUTERPAT, 1942-present, weekly updates. 
PIL 

This database contains abstracts and bibliographic data for all U.S. digital data processing 
patent documents as classified by the U.S. Patent and Trademark Office in subclasses 364/200 and 
364/900. 

DISC, 1982-present, biweekly updates. 
BRS 

Data Processing and Information Science Contents provides access to microcomputing 
l i tera ture in leading journals, as well as to peripheral and related data on mini systems, information 
science, and EDP. 

ELECTRONIC PUBLISHING ABSTRACTS, 1975-present, semimonthly updates. 
PIL ' 

This file gives summaries of the l i terature in electronic publishing and information 
technology. In particular it covers the machine readable input, transmission, storage, and retr ieval of 
text and images as an al ternative to the publication of printed documents. 

•*INSPEC, 1969-present, monthly updates. 
BRS, DIS (12,13), SDC 

The online INSPEC file corresponds to the printed Physics Abstracts , Electrical and 
Electronics Abstracts , Computer and Control Abstracts , and IT Focus and provides coverage of the 
applied energy l i terature in physics, electr ical and electronics engineering, journal articles, government 
reports, patents , technical reports, books, conference proceedings, and theses are included. 

INTERNATIONAL SOFTWARE DATABASE, 1973-present, monthly updates. 
DIS(232) 

ISD provides a comprehensive collection of information about more than 10,000 computer 
programs (software) specifically designed for use with microcomputers and minicomputers. . Software 
vendors throughout the world contribute information to ISD about their available programs and 
packages. International Microcomputer Software Directory and International Minicomputer Software 
Directory are the printed works corresponding to this database. 
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MICROCCMPUTER INDEX, 1981-present, monthly updates. 
DIS(233) 

This is a subject and abstract guide to microcomputer art icles from more than 25 
English-language microcomputer periodicals. Broad coverage of the subject of microcomputers is 
provided by this database, which corresponds to the printed publication of the same name. 

ONLINE MICROCOMPUTER SOFTWARE GUIDE AND DIRECTORY, current edition, monthly updates. 
BRS 

This database supplies current microcomputer software product descriptions plus related 
information on costs, applications, purchase, hardware requirements, documentation availability, 
operating environment specifications, and other software used, with the package. Producer comments 
and cri t ical review information are also included. Corresponds to the print Online Micro-Software Guide 
and Directory 

ENERGY 

^CHEMICAL ABSTRACTS, 1967-present, biweekly updates. 
BRS, DIS (308,309,310,311,320), PIL, SDC 

This file corresponds to the printed Chemical Abstracts and provides comprehensive 
coverage of the l i terature of chemistry, including energy chemistry l i tera ture and patents . 

COMPENDEX, 1970-present, monthly updates. 
BRS, DIS (8), PIL, SDC 

This machine-readable version of the Engineering Index provides information from the 
world's significant l i tera ture in engineering and related subject areas , including transportation, mining 
engineering, petroleum engineering, nuclear technology, heat and thermodynamics. 

DEPARTMENT OF ENERGY DATABASE, 1974-present, monthly updates. 
BRS, DIS(103), SDC 

Produced by the DOE Technical Information Center , this database offers wide coverage of 
all topics of interest to the Department of Energy, including solar, tidal, wind, geothermal, and nuclear 
fusion energy; fossil and synthetic fuels; energy conservation, consumption, management, storage, and 
conversion; advanced automotive systems, e lect r ic power engineering; environmental and biomedical 
sciences with reference to energy technology; particle accelerators ; explosions; isotope and radiation 
source technology; and research, engineering, and instrumentation directly relevant to DOE programs. 
All unclassified information processed at the Technical Information Center is included in the database. 

EBIB, 1966-present, periodic updates. 
SDC 

An excellent source for retrospective energy information, this database corresponds to the 
Energy Bibliography and Index of all energy-related materials in the Texas A &; M Library. Some 
mater ia l dates back to the 19th century, but the majority of materials are of recent publication (1970's 
and 1980's). A special feature of the file is its coverage of German World War II documents on synthetic 
fuel technology. Subjects covered include production, utilization, and conservation of fuels; energy 
storage and conversion; energy policy; a l ternat ive energy sources, power plants and transmission 
systems; .and economic, political, environmental, and stat is t ical aspects of energy-related issues and 
act ivi t ies . 
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ELECTRIC POWER DATABASE, 1972-present, monthly updates. 
DIS (241) 

Produced by the Electric Power Research Institute (EPRI), this database consists of project 
summaries of research and development projects of interest to the electr ic power industry. Included are 
approximately 8,500 research projects conducted by EPRI member utilities, EPRI contractors , and other 
utilities. Major subject a;reas include hydroelectric power, fossil fuels, nuclear power, customer 
utilization, general R <5c D support, transmission, distribution, economics, personnel, advanced power 
systems, stations and substations, area development, and environmental assessment. This file is the 
online equivalent of the Digest of Research in the Electric Utility Industry. 

ELECTRIC POWER INDUSTRY ABSTRACTS, 1975-present, five updates per year. 
SDC 

Formerly called INFORUM, EPIA is produced by the Atomic Industrial Forum's technical 
information service. It provides access to the l i terature on environmental aspects of new power plants 
and related facilities. Li terature covered includes technical reports and studies by electr ical utilities 
and consultants; reports prepared by Federal and s ta te agencies, siting commissions, and control boards; 
and selected journal ar t icles , conference proceedings, and congressional hearings. 

ENERGYLINE, 1971-present, bimonthly updates. 
BRS, DIS (69), SDC 

Energy Information Abstracts is the print version of this file, which also includes 
energy-related records from Environmental Abstracts . It provides information on scientific, technical, 
socioeconomic, governmental policy and planning and current affairs aspects of energy. 

ENERGYNET, current quar ter ' s data , quarterly updates. 
DIS (169) 

The ENERGYNET database contains up-to-date, directory-type information on over 3,000 
organizations and 8,000 people in energy-related fields, including profit and non-profit organizations and 
government agencies. Each record contains organization information; names, addresses, and phone 
numbers of key energy contac ts , and a narrative description of the organization's goals and act ivi t ies . 

FEDERAL ENERGY DATA INDEX (FEDEX), 1977-present, quarterly updates. 
BRS 

This file contains bibliographic references to all publications produced by the Energy 
Information Administration of the U.S. Department of Energy. The EIA is responsible for collecting and 
publishing stat is t ical data on actual and projected energy resource reserves, energy production and 
consumption, supply and demand, prices, and related economic information. 

*INSPEC, 1969-present, monthly updates. 
BRS, DIS (12,13), SDC 

The online INSPEC file corresponds to the printed Physics Abstracts , Electrical and 
Electronics Abstracts , and Computer and Control Abstracts and provides coverage of the applied energy 
l i terature in physics, electr ical and electronics engineering. Journal art icles, government reports, 
patents , technical reports, books, conference proceedings, and theses are included. 

ISM EC, 1973-present, monthly updates. 
DIS (14) 

ISM EC (Information Service in Mechanical Engineering) covers leading international 
journals and conferences on mechanical engineering subjects, including mechanical, nuclear, electr ical , 
electronic, civil, optical, medical and industrial process engineering; mechanics; production processes, 
energy and power. Its print version is the ISMEC Bulletin. 
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P/E NEWS, 1975-present, weekly updates. 
SDC 

This database, which has no printed correspondent, covers energy and petroleum business 
news from six major sources: Middle East Economic Survey, The Oil Daily, The Petroleum Economist, 
Petroleum Intelligence Weekly, P ia t t ' s Oilgraro News Service, and National Petroleum News. 

POWER, 1950-present, bimonthly updates. 
SDC 

This database represents the complete cataloging records for the main book collection of 
the Department of Energy's Energy Library. The library brings together several significant government 
agency collections, including those of the former Atomic Energy Commission, the Energy Research and 
Development Administration, the Federal Power Commission, and the Federal Energy Administration. 
Also included are all non-serial publications currently of interest to DOE. This database is especially 
strong in coverage of general works on energy, physical and environmental sciences, technology, and 
economics of renewable resources. 

*TULSA, 1965-present, weekly updates. 
SDC 

This database corresponds to the printed Petroleum Abstracts and provides coverage of 
l i tera ture and patents related to exploration, development and production of petroleum and other fossil 
fuels, including natural gas and coaL 

ENGINEERING 

*BHRA FLUID ENGINEERING, 1974-present, monthly updates. 
DIS (96) 

This file provides indexing and abstracting of world-wide information on all aspects of fluid 
engineering, including theoretical research as well as technology and applications. Fields covered 
include civil engineering, hydraulics, fluid flow, fluidics feedback and tribology. No print counterpart . 

CHEMICAL ENGINEERING ABSTRACTS, 1970-present, monthly updates. 
PIL 

Available here are abst racts of scientific and technical l i terature on all aspects of 
chemical engineering. Mechanicalj civil, e lectr ical , and instrumentational areas of chemical engineering 
are included. The database corresponds to the printed publication of the same t i t le and includes material 
selected from over 100 of the world's major primary chemical and process engineering journals. 

COLD REGIONS, 1962-date, quarterly updates. 
SDC 

This database, which corresponds to the printed Antarct ic Bibliography and the 
Bibliography on Cold Regions Science and Technology, provides coverage of areas affected by freezing 
tempera tures , as they related to such fields as civil engineering, navigation, transportation and operation 
of equipment in cold weather. 

COMPENDEX, 1970-present, monthly updates. 
BRS, DIS (8), PIL, SDC 

Engineering Index is the printed version of this file, which covers the world's significant 
engineering and technological l i te ra ture . It includes coverage of approximately 3,500 journals, 
publications of engineering societies and organizations, papers, conference proceedings, government 
reports and books. 
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CORROSION, current file, semiannual updates. 
SDC 

This database can assist the engineer in selecting construction material . It covers the 
effects of over 600 agents on metals , carbon, glass, plastics, and rubbers, over a tempera ture range of 60 
- 560 degrees Fahrenheit for metals and 40 - 460 degrees Fahrenheit, for plastics and rubbers. 
Corresponds to the printed publication,'Corrosion Resistance Tables; Metals, Plastics, Nonmetallics, and 
Rubbers. 

EI ENGINEERING MEETINGS, 1982-present, monthly updates. 
DIS (165), SDC 

This companion file to COMPENDEX indexes significant published proceedings of 
engineering and technical conferences, symposia, meetings, and colloquia from over 40 different 
countries. 

IBSEDEX, 1979-present, monthly updates 
PIL 

This database covers all aspects of the mechanical and electrical services in buildings, 
from controls and instrumentation to energy management and sources, to site and office organization, to 
services for handicapped and disabled persons. 

INDUSTRY AND INTERNATIONAL STANDARDS, act ive standards, bimonthly updates. 
BRS 

This database includes citations to Voluntary Engineering Standards from all standardizing 
bodies in the U.S., selected foreign national standards, and major international standards. The data 
cover all aspects of engineering and related services. Print counterparts are VSMF Industry Standards 
and VSMF International and Foreign National Standards. 

*INSPEC, 1969-present, monthly updates. 
BRS, DIS (12,13), SDC 

The online INSPEC file corresponds to the printed Physics Abstracts , Electrical and 
Electronics Abstracts , Computer and Control Abstracts , and IT Focus and jsrovides coverage of the 
applied energy l i terature in physics, electr ical and electronics engineering, journal ar t icles , government 
reports, patents , technical reports, books, conference proceedings, and theses are included. 

ISMEC, 1973-present, monthly updates. 
DIS (14) 

The ISMEC Bulletin is the print counterpart of this database, which covers leading 
international journals, books and conferences on all aspects of mechanical engineering, production 
engineering, and engineering management. 

METADEX (METALS ABSTRACTS/ALLOYS INDEX), 1966-present, monthly updates. 
DIS (32), SDC 

This file provides comprehensive coverage of international l i terature on the science and 
pract ice of metallurgy. Six basic categories of metallurgy are covered: materials, processes, properties, 
products, forms and influencing factors. The print versions a r e : Review of Metal Literature (1966-67), 
Metals Abstracts (1968-present), and Alloys Index (1974-present). 

METALS DATAFILE, monthly updates. 
SDC 

This numeric database provides access to Designation and Specification numbers for each 
metal or alloy, element concentrations, physical properties, uses, forms, and other information necessary 
for the design engineer. 
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^NONFERROUS METALS ABSTRACTS, 1961-present, monthly updates. 
DIS (118) 

This database, which corresponds to the printed BNF Non-Ferrous Metals Abstracts , 
provides coverage of the international l i tera ture relevant to metallurgy; metal finishing, corrosion, 
extract ion, production, properties, fabrication, uses, and processing; metallography; company 
information; economics, analysis, and test ing. 

PIRA, 1975-present, monthly updates. 
PiL 

PIRA is a machine-readable version of Paper and Board Abstracts , Printing Abstracts , 
Packing Abstracts , and Management and Marketing Abstracts . It includes periodicals, books, standards, 
specifications, legislation, conference papers, research reports and other information in the fields of 
paper and board manufacturing. 

RAPRA ABSTRACTS, 1972-present, monthly updates. 
PIL 

RAPRA (Rubber and Plastics Research Association) is a comprehensive database covering 
the commercial , technical and research aspects of the rubber and plastics industries. Subjects covered 
include: synthesis and polymerization, processing technology, properties and test ing. 

ROBOTICS INFORMATION, 1980 (1970) - present, monthly updates. 
BRS 

This database offers coverage of English language and selected foreign l i terature on the 
technical and business aspects of robotics. 

SAE, 1965-present, quarterly updates. 
SDC 

This database, produced by the Society of Automotive Engineers, provides access to a 
select number of technical papers on the technology of the automotive and automotive-related industry. 

TRIS, 1968-present, monthly updates. 
DIS (63) 

The database of the Transportation Research Board of the National Research Council 
provides information from a combination of four transportation research information services: The 
Highway Research Information Services (HRIS), the Maritime Research Information Service (MRIS), the 
Railroad Research Information Services (RRIS), and the Air Transportation Research Information Service 
(ATRIS), and covers such facets of transportation research as administration, regulations, safety 
concerns, construction, and performance. 

WATERLIT, 1976-present, monthly updates. 
SDC ' ' 

This database provides coverage of international l i terature relating to water and water 
resources. Topics include atmospheric water, hydrology, ground water, dams, pipelines, canals, pumps, 
valves, reservoirs, water t r ea tmen t , wastewater, solid waste management, agriculture, limnology, water 
law and economics, ecology, fisheries, chemicals, pollution, and other water-related subjects. 

*WELDASEARCH, 1967-present, monthly updates. 
DIS (99) • : 

The WELDASEARCH database provides coverage of the international l i terature on all 
aspects of the joining of metals and plastics and related areas such as metals spraying and thermal 
cut t ing. Information is extracted from several thousand journals, research reports, books, standards, 
pa ten ts , theses and special publications. 
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^WORLD TEXTILES, 1970-present, monthly updates. 
DIS (67) 

This is the machine-readable version of World Textile Abstracts and indexes world 
l i terature on the science and technology of textile and related materials, including the synthesis, physics 
and chemistry of polymers for fibers. Its coverage is roughly the same as that of the TITUS file. 

ZINC, LEAD, AND CADMIUM ABSTRACTS, 1975-present, monthly updates. 
PIL 

ZLC covers all aspects of the production, properties, and uses of these metals, their alloys 
and compounds. The database corresponds to the printed publications Lead Abstracts , Zinc Abstracts , 
and Cadmium Abstracts, plus additional records that do not appear in the abstract publications. 

ENVIRONMENT 

APTIC, 1966-September 1978, closed file. 
DIS (45) . 

This Air Pollution Technical Information Center database covers all aspects of air 
pollution, its effects , prevention and control, including the social, political, legal and administrative 
aspects of the field. Includes all entries from Air Pollution Abstracts (no longer published). 

AQUALINE, 1969-present, monthly updates. 
DIS (116) 

This database provides worldwide-coverage of all aspects of water research, including 
waste water and the aquatic environment. It contains all of the material from the printed abst racts 
journal WRC Information and additional supplementary material including conference papers and i tems 
of specialized interest . Areas of subject interest include water resource development and management; 
water quality and t rea tment ; distribution and sewage systems; sludge disposal; groundwater pollution; 
water monitoring, sampling, and analysis; environmental protection. 

*ENVIROLINE, 1971-present, monthly updates. 
BRS, DIS (40), SDC 

Environment Abstracts is the printed t i t le corresponding to this file, which covers the 
world's environmental information. Over 5,000 source publications are covered in such fields as 
management, law, economics, geology, biology, and chemistry as they relate to the environment. 

ENVIRONMENTAL BIBLIOGRAPHY, 1974-present, bimonthly updates. 
DIS (68) 

The Environmental Periodicals Bibliography is the printed version of this file, which 
indexes over 150 periodicals to provide information about general human ecology, atmospheric studies, 
energy, land resources, water, resources, and nutrition and health. 

FOREST, 1947-date, bimonthly updates. 
SDC 

This database of the Forest Products Research Society covers worldwide l i terature 
pert inent to the ent i re wood products industry, from harvesting through marketing. There is no 
corresponding printed publication. 
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IRIS, 1979-present, semiannual updates. 
DIS (53) 

INSTRUCTIONAL RESOURCES INFORMATION SYSTEM is a. specialized file of 
educational and instructional materials on water quality and water resources. Additional subject areas 
covered include water treatment, pollution control, disposal, and quality monitoring; safety and 
standards; pesticides and toxic substances; and career and occupational information. The IRIS database, 
is the online version of the printed Water Quality Instructional Resources Information System produced 
by the EPA Information Project at Ohio State University. 

OCEANIC ABSTRACTS, 1964-present, bimonthly updates. 
DIS (28) 

This database, the online version of Oceanic Abstracts, covers worldwide technical 
literature on oceans, seas, and marine-related subjects, including geology, optics, mining, diving, ships, 
and laws and regulations. 

PACIFIC ISLANDS ECOSYSTEMS (PIE), 1927-present, annual updates. 
SDC 

This is a multidisciplinary database providing, information on the Pacific islands in 
Polynesia and Micronesia under U.S. jurisdiction. Primary topics are the biological, ecological, physical, 
and socioeconomic processes and features of the costal ecosystems of the Pacific islands, and of man's 
impact on the environment. 

POLLUTION ABSTRACTS, 1970-present, bimonthly updates. 
BRS, DIS (41) 

Pollution Abstracts is the printed publication corresponding to this file, which contains 
references to environmentally related literature on pollution, its sources and its control. 

SELECTED WATER RESOURCES ABSTRACTS, 1968-present, monthly updates. 
DIS (117), 

SWRA consists of abstracts and references to documents on all water-related aspects' of 
the life, physical, and social sciences. Specific topics include quality and quantity management, supply 
augmentation and conservation, resources planning data, grants, and facilities, as well as material on 
engineering and legal aspects of the characteristics, conservation, control, use, and management of 
water. This database corresponds to the printed publication of the' same name produced by the U.S. 
Department of the Interior's Office of Water Research and Technology. 

WATERLIT, 1976-present, monthly updates. 
SDC 

This database provides coverage of international literature relating to water and water 
resources. Topics include atmospheric water, hydrology, ground water, dams, pipelines, canals, pumps, 
valves, reservoirs, water treatment, wastewater, solid waste management, agriculture, limnology, water 
law and economics, ecology, fisheries, chemicals, pollution, and other water-related subjects. 

WATER NET, 1971-present, quarterly updates. 
DIS(245) 

Produced by the American Water Works Association, this is a comprehensive index of 
literature dealing with water quality, water utility management, testing procedures^ water use and reuse, 
environmental issues, energy-related economics, water law, toxicological and medical related data, 
water rates and conservation, financing and administration, etc. 
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GEOSCIENCES 

*CHEMICAL ABSTRACTS, 1976-present, biweekly updates. 
BRS, DIS (308,309,310,311,320), PIL, SDC 

This file corresponds to the printed Chemical Abstracts and provides access to the 
technical l i te ra ture for chemistry and chemical engineering. geochemis|rv and related fields. 

GEOARCHIVE, 1974-present, monthly updates. ^ 
DIS (58) 

Ggophysics, geochemistry, geology, paleontology, and mathematical geology are covered in 
this database which indexes books, conferences, serials, dissertations, maps and technical reports. It has 
no printed equivalent, but among the publications printed from the information contained in the database 
are Geotitles Weekly, Geocom Bulletin, Geoscience Documentation, and the Bibliography of Vertebrate 
Paleontology. i 

GEOMECHANICS ABSTRACTS, 1977-present, bimonthly updates. 
PIL 

This database covers the published l i terature on rock mechanics, soil mechanics, and 
engineering geology. Corresponding to the printed publication of the same t i t le , it covers such subjects 
as properties of rocks and soils, rock and soil masses, mining, tunnelling, support, slope stability, 
comminution, rock and soil improvement techniques, site investigation, and laboratory and field tes ts . 

. . - ^ i ^ ' ^ ^ yv^^-^"A '^ '^ i . $ j> ^ / > 
^ E O R E F ) 1929-present, monthly updates. , ^^"^ ^ ^ U)T—otX Ji7^ ^ ^ y p ^ 
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This geological reference database, produced by the American Geological Insti tute, 
provides coverage of the l i terature in about 30 different geoscience areas, including ext ra ter res t r ia l 
geology, petrology, marine geology and geopjiysics. The file corresponds to several printed publications: 
Bibliography and Index of North American Geology (1961-70); Bibliography and Index of Geology 
Exclusive of North America (1967-68); Geophysical Abstracts (1966-71); Bibliography of Theses in 
Geology (1965-66); and Bibliography and Index of Geology (1969-present). 

METEOROLOGICAL AND GEOASTROPHYSICAL ABSTRACTS, 1972-present, irregular updates. 
DIS (29) 

Corresponding to the printed publication of the same name, this database provides 
English-language abs t rac ts for the most important meteorological and geoastrophysical research 
published in • worldwide l i terature sources. The subjects of physical oceanography, 
hydrosphere/hydrology, environmental sciences, and giaciology are covered as well. 

OCEANIC ABSTRACTS, 1964-present, bimonthly updates. 
DIS (28) 

This database, as does its print counterpart , covers the l i terature of oceanography and 
marine related subjects, including geology, pollution, meteorology, coastal resources, mining, and law 
and regulations. 
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HEALTH SCIENCES 

ALCOHOL USE AND ABUSE, 1968-present, monthly updates. 
BRS 

This database provides an index to l i terature covering alcoholism and the effects of alcohol 
on the body. It deals primarily with the evaluation of t rea tment , and chemically dependent female, 
family therapy, and the MMPI, with minor emphasis on the elderly and the adolescent. No print 
counterpar t . 

DRUG INFO, 1968-present, monthly updates. 
BRS 

The l i terature on drugs, their chemistry and effects on the body is covered in this database, 
which focuses on the educational, sociological and psychological aspects of alcohol and drug use/abuse. 
Monographs, journals, conference papers, instructional guides and films are included. 

COMPREHENSIVE CORE MEDICAL LIBRARY, current file, irregular updates. 
BRS 

CCML includes the complete text of prominent reference works, textbooks, and journals in 
the fields of emergency, internal, and cri t ical care medicine. 

DRUG INFORMATION FULLTEXT, full text of current print products, quarterly updates. 
BRS, DIS (229) 

Produced by the American Society of Hospital Pharmacists , this database contains 
complete full text , evaluative monographs from the American Hospital Formulary Service and the 
Handbook of Injectable Drugs. Detailed information is provided on virtually every single-drug entity 
available in the U.S., including investigational drugs and intravenous infusion solutions as well as 
commercial drugs. 

EPILEPSYLINE, 1945-present, monthly updates. 
BRS 

The online counterpart to Excerpta Medica's Epilepsy Abstracts , this database includes 
additional material on the experimental aspects of seizures and convulsions as well as clinical diagnostic 
and t rea tment information. 

EXCERPTA MEDICA, 1974-present, weekly updates. 
BRS, DIS (72,73,172,173) 

This file covers, as does the printed t i t le , the biomedical l i terature . Nursing, dentistry, 
psychology, and the paramedical professions, such as podiatry and optometry, are excluded, but coverage 
of art icles on drugs and potential drugs is extensive and health-related sciences such as pollution control, 
forensic science and public health are included. 

HAZARDLINE, current file, monthly updates. 
BRS 

Available in this database is regulatory, handling, identification, and emergency care 
information for over 3,000 substances. Included are descriptions of substances; permissible exposure 
levels; incompatibilities; requirements for protective clothing, respirator use, and medical surveillance; 
symptoms and first aid t rea tment ; regulatory status (including court decisions); and procedures for 
handling spills and waste. 
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HEALTH AUDIO-VISUAL ONLINE CATALOG, 1960-present, biannual updates. 
BRS 

Based on the holdings of the health sciences libraries of participating Ohio medical schools, 
this database contains bibliographic records for audiovisual packages covering a wide range of subjects in 
medicine, nursing, psychology, and allied health. 

HEALTH PLANNING AND ADMINISTRATION, 1974-present, monthly updates. 
BRS 

The printed Hospital Literature Index is produced from this database, which contains 
information from journals, books, and technical reports on health care planning, facilities, organization, 
financing, management, manpower, and related subjects. 

HSELINE, 1977-present, monthly updates. 
PIL 

This database covers the - health and safety aspects of manufacturing industries, 
agriculture, production, occupational hygiene, explosives, engineering, mining, nuclear technology, and 
industrial air pollution. 

INTERNATIONAL PHARMACEUTICAL ABSTRACTS (IPA), 1970-present, bimonthly updates. 
BRS, DIS (74) 

The IPA file, which corresponds to the printed t i t le , covers information' on the 
pharmaceutical profession and the development and use of drugs. Coverage ranges from clinical, 
pract ical and theoret ical to the economic and scientific aspects of the l i tera ture . 

IRCS MEDICAL SCIENCE DATABASE, 1982-present, semi-monthly updates. 
BRS 

Corresponding to the printed IRCS Medical Science, this database contains the full text of 
32 specialist English language journals covering the entire field of medical and biomedical science. 

MEDLINE (MEDLARS), 1966-present, monthly updates. 
BRS, DIS (152, 153, 154) 

Corresponds to the printed Index Medicus, Index to Dental Literature and International 
Nursing Index and covers all types of medical l i te ra ture , including psychiatry and pharmacology. 
.Additional materials not published in Index Medicus are included in the MEDLINE database in the areas 
of communication disorders, and population and reproductive biology. Only journals are indexed since 
1981. 

MEDOC, 1976-present, quarterly updates. 
BRS 

This file provides access to government documents in the health sciences. 

NURSING & ALLIED HEALTH, 1983-present, bimonthly updates. 
DIS (218) 

This database indexes virtually all English-language nursing journals, publications of the 
American Nurses' Association, and the National League for Nursing, as well as primary journals in allied 
health areas such as cardiopulmonary technology; emergency services; health education; health sciences 
librarianship; medical, laboratory, and radiologic technology; the medical assistant; medical records; 
occupational, physical, and respiratory therapy; rehabilitation, and social service in health care. 
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PHARMACEUTICAL NEWS INDEX (PNI), 1974-present, monthly updates. 
BRS, DIS (42) 

This database covers the following industry newsletters to provide information about the 
pharmaceuticals industry, cosmetics, medical devices and related health fields: FDC Reports (The Pink 
Sheet); Drug Research Reports (The Blue Sheet); Medical Devices, Diagnostics and Instrumentation 
Reports (The Gray Sheet); Weekly Pharmacy Reports (The Green Sheet): Quality Control Reports (The 
Gold Sheet); PMA Newsletter; and Washington Drug and Device Let te r . 

POPULATION BIBLIOGRAPHY, 1966-present, bimonthly updates. 
DIS (104) 

Although more coverage is given to socioeconomic aspects, biomedical aspects of 
population, abortion, demography, family planning,, fertility studies and population research area also 
covered. Journals, monographs, technical reports, government documents, conference proceedings, 
dissertations and unpublished reports are included; emphasis is on developing countries and the United 
States . 

PRE-MED, current 3-4 months, weekly updates. 
BRS 

This is a current database in which citations are indexed previous to their appearance in 
MEDLINE. Citations from 108 core journals in clinical medicine, nursing, psychiatry, and hospital 
l i tera ture appear in PRE-MED within 10 days of their arrival in MEDLINE until 4-12 weeks following 
their publication. The PRE-MED file closes this information gap. 

TELEGEN, 1973-present, monthly updates 
DIS(238) 

It corre 
This file provides access to information related to biotechnology and genetic engineering, 

spends to the print publication Telegen Reporter . 

PATENTS AND TRADEMARKS 

*CLAIMS/CITATION, 1947-present, quarterly updates. . 
DIS (220,221,222) 

This database can be used to search both forward and backward from a known reference or 
key patent to find cited references. Included are U.S. patent numbers back to 1947, the patent 
references cited against each patent during prosecution, and the numbers of the patents in which it has 
subsequently been cited. Patent topics covered include chemistry, engineering, nuclear science, science 
and technology. 

*CLAIMS/CLASS, current file, annual replacement. 
IDS (124) 

Intended for use in conjunction with the CLAIMS/CHEM and CLAIMS/U.S. PATENTS files, 
this database is a classification code and the t i t le dictionary for all classes and selected subclasses of the 
U.S. Patent Calssification System. , 

•CLAIMS COMPOUND REGISTRY, 1950-present, annual updates. 
DIS (242) 

This is a dictionary-type, non-bibliographic file containing records for specific chemical 
compounds. It is designed for locating compounds of interest for further searching in' the CLAIMS 
UNITERM patent files (DIS-223,224,225). Each record contains the IFI compound number and name, 
synonyms, molecular formula, element count, fragment codes, and corresponding fragment t e rms . 
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*CLAIMS/UNITERM, 1950-present, monthly updates. 
DIS (223,224,225), SDC 

These files cover all U.S. chemical patents issued from 1950 to the present, all mechanical 
and electr ical patents issued since 1963, and all design patents issued since J 980., . 

*CLAIMS/U.S. PATENT ABSTRACTS WEEKLY, current month only, weekly updates. 
DIS (125) . . - : 

These databases contain chemical, electr ical , mechanical, and design patents announcedin 
the Official gaze t te of the U.S. Patent Office. Foreign equivalents from Belgium, France, Great Britain, 
West Germany, and the Netherlands are include(^. 

*CLAIMS/U.S. PATENT ABSTRACTS, 1971-present, monthly updates. 
DIS (24,25) 

*CLAIMS/U.S. PATENT ABSTRACTS WEEKLY, current month only, weekly updates. 
DIS (125) 

•CLAIMS/U.S. PATENTS, 1950-1970, closed file. 
DIS (23) 

These databases contain all patents listed in the general, chemical, electrical and 
mechanical sections of the Official Gazet te of the U.S. Patent Office. 

*COMPUTERPAT, 1942-present, weekly updates. 
PIL 

This database contains abstracts and bibliographic data for all U.S. digital data processing 
patent documents as classified by the U.S. Patent and Trademark Office in subclasses 364/200 and 
364/900. 

•INPADOC, 1968-present, weekly updates. 

This international patent database is the only database which contains bibliographic 
citations to patent documents issued by 52 national and regional Patent Offices. . 

•PATCLASS, 1836-present, semiannual updates. 
BRS 

A companion file to PATSEARCH, this file is used to retr ieve U.S. Patent Classification 
Classes and Subclasses which appear together, or to determine what class and subclass codes have been 
assigned to a particular patent . 

*PATDATA, 1975-present, weekly updates. 
BRS 

Citations and abstracts for U.S. patents issued in all technological categories are available 
through this database. Utility patents , reissue patents , and defensive publicatons are included. 

*PATLAW, 1967-present, monthly updates. 
PIL 

This file provides comprehensive coverage of court and administrative rulings on 
intellectual property law. It is based on The United States Patents Quarterly (USPQ), a comprehensive 
reporting service containing the full text of reported judicial and administrative decisions relating to 
patents , t rademarks, copyrights, and unfair competit ion. PATLAW contains the USPQ citations and 
headnotes (abstracts) for all decisions published in USPQ since 1967. 
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•PATSEARCH, 1971-present, weekly updates. 
BRS, PIL 

All utility patents issued by the U.S. Patent and Trademark Office since 1971 are included 
here, with all reissue patents issued since July 1975, all defensive publications since Dec. 1976, and all 
design patents issued since Jan. 1977. All Patent Cooperation Treaty (PCT) published patent applications 
from the World Intellectual Property Organization are also included. 

TRADEMARKSCAN, 1884-present, weekly updates. 
DIS(226) 

The first online trademark screening tool, this database provides access to all active 
registered and pending trademarks on file in the U.S. Patent and Trademark Office. Each record 
contains the trademark and its U.S. class number, the owner name, a description of the goods or services 
the mark presents, and other informaiton about the status of the mark. 

PHYSICAL SCIENCES 

•CHEMICAL ABSTRACTS, 1967-present, biweekly updates. 
BRS, DIS (308,309,310,311,320), PIL, SDC 

This file corresponds to the printed Chemical Abstracts and provides access to the 
technical l i tera ture for chemistry, chemical engineering, macromolecular and physical and analytical 
chemistry. 

COMPENDEX, 1970-present, monthly updates. 
BRS, DIS (8), PIL, SDC 

The computerized Engineering Index is the machine-readable version of the Engineering 
Index which covers the significant engineering l i tera ture of the world. Journals, publications of 
societies, proceedings and government reports are included; subjects covered include materials ' 
properties and testing, fluid flow, heat and thermodynamics, light and optical technology, sound and 
acoustical technology, and engineering physics. 

•INSPEC, 1969-present, monthly updates. 
BRS, DIS (12,13), SDC 

This database, which covers all areas of pure and applied physics, is the machine-readable 
counterpart of three abstracting journals: Physics Abstracts , Electrical and Electronics Abstracts and 
Computer and Control Abstracts . Journal art icles and, to a lesser extent , government reports, patents 
and monographs are included to provide information in such areas as atomic and molecular physics, and 
elementary part icle physics. 

MASS SPECTROMETRY BULLETIN, 1966-present, monthly updates. 
PIL 

Available through this file are bibliographic citations to documents in the field of mass 
spectrometry and allied subjects such as instrument design and techniques^ isotopic analysis, chemical 
analysis, organic chemistry, atomic and molecular processes, surface phenomena and solid s ta te studies, 
thermodynamics and reaction kinetics. 

SPIN, 1975-present, monthly updates. 
DIS (62) 

SPIN (Searchable Physics Information Notices) covers all major areas of physics, 
emphasizing American and Russian physics research. Subjects covered include elementary particles, 
a tomic and molecular physics, fluids plasmas, materials science, physical chemistry, and such related 
areas as geophysics, astrophysics, biophysics and biomedical engineering. 
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TECHNOLOGY 

FOODS ADLIBRA, 1974-present, monthly updates. 
DIS (79) 

This database covers new developments in food technology and packaging, including 
information on the food industry, nutrition, research in processing methods and packaging, government 
guidelines and regulations, marketing and s tat is t ics . Some U.S. and British patents are also included. 

•FSTA, 1969-present, monthly updates. 
DIS (51) 

FSTA (Food Science and Technology Abstracts) covers research and new development 
l i te ra ture in areas related to food science' and technology, including agriculture, biochemistry, 
engineering, and home economics. It indexes journals, patents , and books, as does the printed version. 

FROST AND SULLIVAN DM2, 1975-present, quarterly updates. 
DIS (59) 

This database provides information about U.S. Government contract awards, 
request-for-proposals, planning est imates , R <5c D sources sought, and advanced planning procurement 
information for the engineered systems market. It covers fields such as aircraf t , communications, data 
processing, missiles and space, and basic research. 

•PAPERCHEM, 1969-present, monthly updates. 
DIS(240),SDC 

Abstract Bulletin of the Institute of Paper Chemistry is the printed counterpart of this file, 
which covers the scientific and technical l i terature that deals with the theoretical principles, 
technologies, raw materials , products and practices of the pulp, paper and board manufacturing and 
utilizing industries. 

PIRA, 1975-present, monthly updates. 
PIL . 

The PIRA file is the online counterpart of four abstracting journals: Paper and Board 
Abstracts , Printing Abstracts , Packaging Abstracts and Management and Marketing 
.Abstracts. It is useful for information in the field of paper and board mills and manufacturing, printing, 
photography, bookbinding, packaging and shipping materials , advertising, retailing and industrial relations. 

RAPRA ABSTRACTS, 1972-present, monthly updates. 
PIL 

Rubber and Plastics Research Association Abstracts covers the commercial, technical and 
research aspects of the rubber and plastics industry. It includes information on materials (including 
synthesis and polymerization), processing technology, applications of polymers, toxicity reports, 
economic and commercial information. 

STANDARDS & SPECIFICATIONS, 1950 or earlier to present, monthly updates. 
DIS (113) 

This file provides titles and descriptive information for government and industry standards, 
specifications, and related documents which specify terminology, performance testing, safety, materials, 
products or other requirements and characterist ics of interest to a particular technology. 
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TEXTILE TECHNOLOGY DIGEST, 1978-present, monthly updates. 
DIS(119) 

International coverage of the literature of textiles and related subjects is the focus of this 
database. Included are the various aspects of textile production and processing, automation and 
management of operations, testing and measurement, cleaning, design and finishing, surgical products, 
geotextiles and composites, home economics, marketing and quality control, dyes and resins, chemicals 
and carcinogens, e tc . 

•WELDASEARCH, 1967-present, monthly updates. 
DIS (99) 

The WELDASEARCH database provides coverage of the international literature on all 
aspects of the joining of metals and plastics and related areas such as metals spraying and thermal 
cutting. Information is extracted from several thousand journals, research reports, books, standards, 
patents, theses and special publications. 

•WORLD ALUMINUM ABSTRACTS, 1968-present, monthly updates. 
DIS (33) 

This file, whose printed version has the same title, provides coverage of the world's 
technical literature on aluminum, from ore processing through end use. Journals, patents, conference 
proceedings, government reports, books and dissertations are covered. 

WORLD SURFACE COATINGS ABSTRACTS, 1976-present, monthly updates. 
PIL 

This database covers patents, journal articles and standards in the fields of paint and 
surface coating technology and related subjects. Included are topics such as legislation, marketing and 
management, storage, transport, analytical methods, testing, optical properties, industrial hazards, 
statistics, etc. 

•WORLD TEXTILES, 1970-present, monthly updates. 
DIS (67) 

This database is the machine-readable version of World Textile Abstracts and covers the 
world literature on the science and technology of textile and related materials; technical economics, 
production, and management of the textile industry; and on the consumption of an international trade in 
textile materials and products. 
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A Five-Component Magneto-telluric Method in Geothermal Exploration: 
the M.T.-5-E.X. 

LOUIS MUSE * 

ABSTRACT 
The present paper describes a new method designed 

both at recording and processing levels for a practical solution 
of the overall problem of the Earth electromagnetism, in 
geophysics. 

Up to now, the random character of the natural signals 
prevented any measurement of reliable values of the phase shift 
between the various electromagnetic components at a given 
place. Hence it is impossible numerically to solve the general 
linear relations binding these components simply by using 
the processes of the standard harmonic analysis. 

In order to overcome this difficulty the writer designed 
an analysis method based on a hypothesis according to which 
the natural signals are considered as real exponential functions 
increasing with time. 

The writer, thus, was able to work out systematically a 
magneto-telluric prospection method utilizing the five standard 
electromagnetic components quantitatively, and in particular 
the vertical magnetic component. 

The application of this method — named the M.T.-5-E.X. 
— to geothermal prospection in Italy in the region of Travale 
(Tuscany) obtained various practical results of particular inter
est. They will be described in a paper which will be edited 
jointly with the researchers of the International Institute for 
Geothermal Research of Pisa (Italy). 

Introduction 

Electromagnetic methods in geothermal prospection 
are of considerable importance since the responses ob
tained by means of these methods are determined by 
factors which are directly linked to the presence of 
geothermal zones. 

As it is pretty well known, geothermal zones are 
those zones where the electrical conductivity becomes 
particularly high. Now, the electromagnetic phenomena 
in general are the most sensitive to the presence of such 
conductive media. 

It is not surprising therefore that the magneto-tel
luric method has already been tested in geothermal ex
ploration. 

Up to now, however, considerable difficulties were 
encountered when having to obtain by means of this 
method information which could be employed in the 
exploration and the exploitation of geothermal fields. 

•G.E.M.P.,Box 6853,Santa Rosa.CA SS'tOS 

A new magneto-telluric method is now proposed 
which involves a new process of data recording and 
analysis. It can be applied to objectives of complex 
geometry. 

This method is called the Five-Component Magneto-
telluric Method with Exponential Solutions (abbrevi
ated to M.T.-5-E.X.). It renders possible a detailed pros
pecting based on a very close', network of recording 
stations. 

Thus it should be possible to-bring to light con
trasts in resistivities whateyexJh£_deEtlTS_may be and 
facilitate the detection and interpretation of areas which, 
within a field, have different significances from a geo
thermal point of view. 

To put this to the test, the proposed method was 
applied in an area which is now, and will be in the fu
ture, the subject of much research, having shown itself 

. very promising from a productive point of view. 

Basic principles of the traditional magneto-
telluric method 

It is important to begin by reviewing the principles 
underlying magneto-telluric prospecting (M. T.). 

Natural electric currents, called telluric currents, 
circulating in the ground are known to undergo contin
uous fluctuations. The earth's magnetic field is also 
known to react in the same manner. 

Yet the fluctuations of the telluric currents and 
those of the magnetic field are not independent of one 
another. Generally speaking, the variations occurring in 
the three components of the magnetic field and in the 
two horizontal components of the telluric field are linked 
in a relatively complicated manner, but which always re
mains quantitative, through the laws of electromagne
tism. 

As these relations depend on the electric conductiv
ity of the underground, they make it possible to deter
mine this conductivity. The aforesaid natural electro
magnetic variations do not have the characteristic of 
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harmonic variations, but are of great complexity. It 
may be postulated however that they result from the 
superimposition of harmonic variations of different pe
riods. More precisely it may be said that the spectrum 
of the magnetic variations, and also that of the corre
sponding telluric variations, are more or less continuous 
spectra, whence it is possible to extract almost any pe
riod T by means of appropriate filtering. It is felt there
fore that the geophysicist may be led to use Fourier 
transforms to analyse the natural electromagnetic va
riations. 

But, in fact, these natural electromagnetic varia
tions, as mentioned above, are random phenomena, and 
it will be shown in the following that any analysis-tool 
in magneto-telluric, when based on the hypothesis that 
natural electromagnetic variations are harmonic, is lim
ited in practice to the case of the horizontal layered 
half space. 

V n , + 4;racoin, = 0 (1) 

(2) 

In general, the electric field to (0 and magnetic field 
,W{t) are expressed by: 

Sit) = grad div U (t) - VTI l / j j 
> 

^CKt) = 4Ka cud n (C) \ 

and in the present case by 

E, = 4jta(oilL Ey = E, = 0 

an. 
^ 1 = 4j ia •bz H, = H, = 0 

(3) 

As in this case Ex is proportional to Ilx, we can choose 
Ex as the Hertz vector, so that 

Characteristics and limitations of the harmonic 
analysis method 

A brief review follows of the basic concepts used 
in the traditional magneto-telluric method. This problem 
has been handled by several authors such as CAGNIARD 

(1953), BERDICHEWSKI (1968), THIKONOV (1950), RIKI-

TAKE (1966). In this section the reader is referred to 
the publication by CAGNIARD. 

Homogeneous half space 

Let us assume a homogeneous half space in which 
the rectangular coordinates x and y are on the flat 
ground surface and the axis z is the downward positive 
vertical. Let us consider a schematic and ideal sheet of 
telluric current, which we shall suppose to be uniform, 
harmonic of period T, flowing in the electrically homo
geneous medium of conductivity o. If the harmonic 
sheet flows along x, the components of the Hertz vector 
n (0 along y, z are nil. Furthermore, II (0 depends 
only on z arid on t. 

n (/) n,e' 
where t is time. 

And therefore the electric and magnetic fields are 

. E it) = E, e~"" ' 

H it) = H, e - ' " ' 

The factor e"'"' will be understood in the follow
ing rather than expressed explicitly. 

Referring to the quite long periods T generally 
used in M.T., Maxwell's equations are satisfied if 

-i.— -f- 4jioco i E, = 0 hz--

H. = 
i 6E, 

(4) 

(a hz ) 

Owing to (4), Ex and Hy must be in the form 

E, = A e ^ ^ ^ ^ + B e " ^ ^ " " 

H, = e' 4 V2oT 
a \ / a z — a V 

-Ae -f- Be y (5) 

A and B representing two arbitrary constants and a 
being defined as 

a = 2 
V T 

(1 - i) 

In the case of a half space the terms with positive 
exponents equal zero, so we have 

E. = Be 
ay/o z \ 

(6) 

I T . n 
H, = Be " V 2 0 T e a Vo 2 

At ground level (z = 0) 

E, = B 

(7) 

H , = Be * V 2 o T 
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We should also remember a term which is used 
constantly, that is the « depth of penetration » p, at 
which the fields' amplitudes are restricted to the fraction 
1/e of the ground level value. When using the practical 
units below 

P = 
1 

2jt V ' I O Q T 
sk/n A«.yk 

Layered half space 

The half space now has to be considered as being 
divided up into homogeneous layers by planes z, = 

2 i = l ''< (where z = 0 is the ground level), h, is the 
thickness of the /-th layer, while the thickness of the 
deepest layer is assumed to be oo. By a (j = 1, 2, . . . n) 
we denote the conductivity of the media forming the 

layer (a, = i - ) . 

As we must assure the continuity of the electric 
and the magnetic fields at the different interfaces, we 
obtain recurrent relations yielding the values Ex and Hy 
at ground level 

Ê  = M e 1 <p 

Hy = A T T T N 
ll. ] 

where M, N values and angles ^, <p are suitably eval
uated. 

Note that the phase shift of Hy with respect to Ex 

The well-known relation is obtained for the appar
ent resistivity 

Qa = Pi 
M 
N 

H V 2 o ^ T 
the conductivity of a homogeneous formation which 
would give the same modulus of the ratio between fields 
whose value has been observed experimentally. The 

quantity aa = is, by definition, the apparent con

ductivity, and 

(8) 

However, v̂ ê can agree that the modulus of the ratio 
Ex . . 1 

IS equal to — in which Oa would be 

Ex, is espressed in millivolt/kilometer (mV/km); 

Hy, is expressed in gamma (y). 

In other words, after having carried out an M. T. 
recording in a region characterized by a tabular resisti
vity - depth distribution, and after having proceeded 
with a harmonic analysis of the electric- and magneto-

Ex 
telluric signals, the modulus of the ratio-rj- and the phase 

Hy 
shift with respect to T can be obtained. This is achieved 
by analogical or mathematical filtering or directly by 
Fourier transforms. 

In theory, the knowledge of the modulus of the 
Ex 

ratio r j ^ for a given period T is sufficient to obtain the 
Hy 

value of the corresponding phase shift. Unfortunately, 
as experience shows, the precision offered by any har-

E, 
monic analysis for obtaining moduli of the ratio 77-

My 

is quite insufficient to calculate the aforesaid phase 
shift with the required accuracy. For the same reason, 
it is all the more difficult to measure reliable and re
petitive phase shifts from the M. T. recordings. As 
mentioned earlier, this is due to the random character 
of these phenomena. In application, we can only obtain 

Ex 
experimentally the modulus of ratio —-̂  with an unsat-

Hy 

isfactory accuracy, particularly when noise affects re
cordings. 

a^j/di ' . f l£^ dT'iyy^ ĵx S > J f '̂̂ C'iA^ftS^ /̂ ^ 

^'-irjio^ -- y-
' 2 il 

P ^ o6a3 iW^ 

T. signals 
hatever the 
lay be, then 
ly given lo-
ations with 
function of 

ten, 

(10) 

Pa 0.2 T Ex 
H, 

The pratical units are as follows 

p = — i s expressed in ohm • meter (Q m); 
a 

T, is expressed in seconds (s); 

(9)i essions, and 
fj. To know 
the different 
fields has to 
re no longer 
ll layer. The 
led after any 
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analysis prevents practical use of the phase differences. 
It becomes thoroughly impossible to solve equation sys
tems of the type (10), and consequently it is impossible 
to use the vertical magnetic component quantitatively. 

Theoretical concept of M.T.-5-E.X. 

When it is understood that in practice it is impos
sible to measure the phase differences between the va
rious electromagnetic natural components, it is then 
necessary to find another method without using these 
phase differences. 

To this end, a solution to Maxwell's equations in 
the form of real exponentials will be considered. 

To solve (2) it is enough to introduce solutions 
of the type 

n(^) = r i e ^ , H(t] H e ^ E(^) = Ee^ 

in which x is real and positive. The time constant x in 
this method is comparable to the period T in harmonic 
analysis. 

It should be noted that the solutions under expo
nential form are not justified as a true representation of 
the natural electromagnetic variations, but are a mathe
matical tool, which avoids the difficulty of obtaining the 
phase difference. 

Homogeneous half space 

In this section, information will be given on the 
consequences related to apparent resistivity and depth 
of penetration for the homogeneous half space, accord
ing to the assumed hypotheses. 

The relations previously computed on the basis of 
a harmonic hypothesis, will now be recomputed with 
the exponential solutions. All the other features of the 
telluric current sheet remain. The equation (1) becomes 

V' rix - ^ i ^ n. 

and 

Hy = 4 3ta —r n , 
dz 

= 0 

== H, = 0 

(11) 

4 jta 
- (12) 

n. E. = E, = 0 \ 

Owing to our exponential solution scheme we 
obtain 

a \ 7 ~ ^ ^̂  - a \ 7 ~ z 
E, = Ae -(- Be 

H y 2V: not - Ae 
a v ' o ^ 

-H Be 
— a V o z 

with 

; 
/ JI 

The term with an increasing exponential has no 
physical meaning in the case of a medium with infinite 
thickness. Therefore, dropping the B constant, one has 

E, = e 
-2V=f-

and 

H y 2 V'n^T e ^ V 
We find the resisdvity in practical units 

e = 0.4 rtt 
H y 

while for the depth of penetration p one has 

P = 
y. \ -x • '̂  

Layered half space '""' "̂  

In the case of several horizontal layers, each 
having a different conductivity, the apparent resistivity 
is introduced exactly the same as in the harmonic case, 
with a recurrent expression for each interface. These ex
pressions contain only real numbers and consequently 
the computations are half as long as in the harmonic 
case. The following expression for apparent resistivity 
is obtained 

Ja = 0.4 j t t 
Hy 

General case 

In the general case and when the source is consid
ered at the infinite, whatever the structure of the under
ground may be, the five electromagnetic components 
at ground level are related by constant parameters 
independent of time t but function of the time constant 
X. The same expressions are obtained (10) as in the 
harmonic hypothesis, but Ex, Ey, Hx, Hy, Hz, and a, b, c, 
d, g, h, are now real expressions. One is then able to 
compute the apparent resistivity in any direction after 
a rotation of the axis. In other words, it is possible to 
consider the case of cylindrical or near-cylindrical struc
tures by using simple computation. 

Let us assume that the coordinate system used is 
defined by our pick-up devices on the ground: that is, 
we are recording the several electric and magnetic 
components along the axes OX, OY, OZ. Let 0 be the 
angle at the surface between the parallel OX' to the 
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cylindrical or near-cylindrical structure axis and the OX 
axis (Figure 1). 

After rotation 0 , we can write 

E, = Ej, cos 0 — Ey, sin 0 

Ey = E,, sin 0 -f Ey, cos 0 

and, by remembering (10), we obtain H^ 

H, = E,, [^cos 0 + A sin 0 ] 4- Ey, [ A c o s 0 - ^ s i n 0 ] 

If the telluric sheet is parallel to the axis of the 
cylinder, Hz generally does not equal zero (except for 
symmetrical cases which do not happen in nature) but 
the contribution of Ey' equals zero. Consequently we 
obtain 

g sin S = h cos 0 

In other words, the direction of axis OX' is given by 

A 
tan 0 = 

g 
(13) 

Knowing 0, as mentioned above, it is easy to com
pute the various following apparent resistivities after 
rotation of the axis. The direction given by 0 will be 
called « longitudinal direction » or in more geological 
terms « main trend ». 

Other results may then be obtained 

apparent longitudinal resistivity (along the axis OX') 

= 0.4 nx 
Ex' 

Hy- J 
= 0.4 nz 

g ' + Id 

c g ~ b h ' -f (rf-fl) gh 

apparent transversal resistivity (along the axis OY') 

0.4 mt 
Ey 

H,-
= 0.4 rtt 

g ' + h' 
bg ' -chd -f [ d - a ) gh 

apparent longitudinal residual resistivity 

0.4 nx 
Ex. 

Hx, = 0.4 nx 
g- + fd 

ag-'-^-dh'- -f [b + c] gh 

apparent transversal residual resistivity 

0.4 Jt t 
Hy 

0.4 
g"- + h ' 

ag--¥dh' - (A-t-c) gh 

apparent vertical resistivity 

= 0.4 j r t 
H, 

0.4 ni 

t + fl-

Thus, the use of the quantitative variations of the 
vertical magnetic component is very important since it 
enables to determine the longitudinal direction W and 
all the set of resistivities shown above. The physical 
meaning of these quantities and their application in 
geothermal prospection will be shown later on. How
ever, it should be noted that, as long as there is a high 
enough value of Hz a direction will always be found, 
whether the considered case is cylindrical or not. The 
criteria for the cylindrical case are given by the « ap
parent residual longitudinal resistivity » or by the « ap
parent residual transversal resistivity », which in this 
case must be infinite or at least very large. 

Some applied aspects of M.T.-5-E.X. 

As mentioned above, natural electromagnetic varia
tions are no more harmonic than exponential. In either 
case, it is necessary to construct solutions correspond
ing to the type-of analysis chosen. The following will 
show what the various conditions are, under which the 
exponential type solution may be used, and how expo
nential type solutions solving Maxwell's equations may 
be easily determined from field recordings. 

Exponential type solution to Maxwell's equations, con
structed from the output signal of a magnetic sensor 

Some words will be given to an illustration of a 
number of topics related to the magnetic sensor. Such a 
sensor consists of an air or magnetic cored coil with a 
convenient number of turns. 

This winding may be represented by the simple 
circuit of Figure 2, regardless of its shape or its com
plexity. One emphasises that the capacity C is either the 
distributed capacity of the coil, or the distributed capac
ity plus an external capacity added in order to create 
resonance effects favourable to an increased sensitivity 
in certain regions of the spectrum. 

Let this circuit (Figure 3) be placed at the input 
of an amplifier and recorder. The input impedance 
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of the amplifier being ^, this may be assumed to be 
a pure resistance to simplify the discussion. If the 
coil is energized by the magnetic field H (x, y, z, t), 
in abbreviation H (t), the current i flowing through ^ 
is given by 

L | C - ^ , -̂  ( |RC-^L) - ^ + ( R y i ) i 

with 

= - % 
dH t) 

? / 

(14) 

I = 
• ( t=o) 

L i C 
+ i^RC-fL) -̂ ^ r̂,, (t=o) 

by taking 

- 1 r _ j L sHt ^̂  

L|C (iRC-l-L) „ , . ^ 

v.. 

N 

S 

X = l^aNS 

apparent permeability of the core; 

number of turns of the coil; 

surface of the mean turn of the coil. 

L R 

Fio. 2 

|-^TJMM-^—TJU 

FIG. 3 

It is obvious that when 

d i 

one has 

Ut=0) = Oand —- = 0 
^ ' ' 1 ^ ( 1 = 0 ) 

1= y^i-~im,, 
dt 

Now, we go back to Maxwell's equations to find out 
_t_ 

the conditions under which expression le ^ is a Max
well's solution. Being any electromagnetic magnitude, 
X should verify the equation 

4n SX 
vx- Q dt 

il5) 

being understood that X = (x, y, z, t). 

Let's consider the expression 

This relationship, which involves a second order 
differential equation, only concerns the spectrum of 
usual magnetic variations utilized in geothermal pros
pection and characterized by slow variations. Under 
this restriction, the output tension of the amplifier is 
defined as: 

U = l i 

the constant K of amplification being understood. 

Instant t being taken as time origin until which 
/ equals zero, we write 

^ I is the Laplace transform of the tension ^ /, function 
of time t. Now, 1 is expressed by 

y = e dt 

The requirements for Y to be a solution of (15) 
are now considered from 

= ê  y j y^ X d t {t=o) 

Thus 

V^V=e ^ k l e ^ V'-X d ^ - V X (t = o) 

On the other hand 

3Y ^ 
dt 

^^ ' e-^4^d/ 
dt 
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3Y 
If one brings V^Y and -T-T- into (15), the latter be

comes 
t . / • " _ _L 

L j e W^Xd^-V'-X(^^„) 
o 

4 n 1 - ^ ax d/ 

or briefly 

iL-v(v=x-^^ld . . -v 'x (t=0) 

Construction of exponential type solutions from actual 
recordings 

It is always possible to find a characteristic time 
as defined by the three conditions (16) in a recording 
from a single magnetic sensor along any axis. However, 
there is some difficulty in finding these three conditions 
satisfied simultaneously on the recordings from the 
three magnetic sensors energized by Hx (t), Hy (t), Hz (t), 
respectively. Besides, the telluric recordings [Ex (t), and 
Ey (t)] yielded by traditional telluric lines are a priori 
not justified in satisfying the conditions (16). Then, 
various adaptations of the recording device have to be 
made before exponential type solutions, as described 
above, may be constructed. 

4;i 3X , . , . , 
The term V 'X -^r- which is present under 

Q Ct 

the integral symbol, equals zero by definition, since X 
is an electromagnetic magnitude. In this particular case 
it becomes necessary that 

V^X (t^o) - 0 

or otherwise, since (15) must be verified, that 

3X 

^^ (t = o) 
0 

In other words, the expression ^ le ^ will be a Maxwell's 

3 X 
solution, provided that ^ r - ^ is equal to zero. 

^ dt (t=0) 

Besides, equation (14) gives the relation 

d i . . . . . . ^ d-/ 

= 0) 

3H(^) 

(R-hl)iu^o) + Vi (IRC + D + UC 
^ ' a ' ( t = 0 ) 

dt'- (t=o) 

- y. 
dt (t=0) 

Otherwise, if to the two conditions already expressed 
above 

' ( t=0) 

one adds 

= 0 

d=/ 

d i 

dt ' (t=o) 

d t {t=o) 

= 0 

= 0 

(16) 

all the requested conditions are met and l e ^ actually 
is a solution of Maxwell's equation (15) since then 

—-— equals zero according to the conditioner— 
a/(t=o) ^ ^ dt{t=.o) 

Adaptation of the recording device 

Some adaptations of the recording device are 
briefly described in the following paragraph. 

Let us assume that the three magnetic recording 
channels are of the above defined type and characterized 
by the response (14). By introducing a « distortion gener
ator » into each telluric recording channel we obtain, 
between the output terminals of each aforesaid telluric 
recording channel, an output signal of the ^ i type. 
§ is input impedance of the amplifiers used in the 
telluric recording chains, and current i is linked to the 
variations of the electric component, for instance Ex (0 . 
by the following relation, with an approach at least 
equal to 10~^ in the used spectrum 

L^C 
d'i 
dt'-

dî  
dt 

-f (IRC4-L) - — + (R + E ) i = - A : 
3 E, U) 

dt 

with L, C, and R having the same value as those of 
physical components of the magnetic recorders. The 
five-component recordings then have to be processed 
all incoming from recording channels characterized by 
identical transfer functions, and identical transient 
responses to the energizing signals. The recording device 
so designed otherwise offers many practical advantages, 
and in particular eliminates all troubles of electrods-po-
larization on the telluric lines. It has been subject to 
various patents pending in several countries. 

Now let's examine how it is possible, from records 
made by devices designed as described above, to elabor
ate exponential solutions in accordance with the con
ditions (16). Among other possible methods, experience 
proved that the simplest procedure is that which we 
shall call « the linear combination method », which the 
next paragraph will deal with. 

Linear combination method 

Assumption is made that the five-electromagnetic 
components are recorded according to the device de-
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scribed above. It is also assumed that the recordings 
which are thus obtained are digitalized on magnetic 

_tape, and that the time constant x considered is large 
enough with respect to the time spacing defined by the 
sampling rate. 

On the records six arbitrary instants to, t,, t̂ , t̂ , 
t„ t̂ , are selected: in practice it may be advantageous 
to tie up the order of magnitude of the time intervals 
determined by the instant ti, to the considered t. On 
each component of the record, each instant ti cor
responds to a sample labelled with an index n,. Five 
arbitrary constants are then determined fli, Oa, O3, â , â , 
so that on each component X (t) a relation of the follow
ing type is verified. 

Xit,) -i- a.,X{t,) -\- a.,Kit,] 4- a.,X(t.,) + a,X(t,'' 

+ a,X.(t,) = 0 (17) 

By writing this relation for each component, we 
define a linear system of five equations. So the numerical 
value of the five constants mentioned above are cal
culated. 

For each considered component one constructs a 
function of the type U{t) by taking instant fo as the 
initial time, that is 

U[i] = X(t] + a^X(t+t,) + •a.,X(t + U) 

+ a,X(t + t,) + a ,X( t+ td + a^X(t+td (18) 

the function U {t) = 0 for / < to 

Let us assume now that we have constructed six 
functions of the type (18) for each component. Every 
one of these six functions takes zero value until an 
origin instant that we shall call respectively 

' 0 , ) 'c2> *(i3' ' 0 4 ' 'OgJ ' og 

corresponding respectively to the samples expressed 
above 

n, /Zj n̂  n, n̂  /z, 

and are expressed by taking instant to as initial time 

U,(t), U,{t+t,^), U,{t + t,^), U,(t+t,^), U,(t + t,.), 

Let us now consider the instant set defined on 
each component by the samples with the indexes 

« i + i n ^ + : /? .+ . AZ4+, /Zs+i /Zg+i , 

corresponding to instants that are respectively expres
sed by 

4 , + , , ^02+,/ ^03+,» ^04+4. ^05+,. '"oo+j-

The five constants a, ^, y, 5, TJ are now introduced 
in order to satisfy the following condition for each 
component 

^<iio,+) + a ^ . ( V , ) + ^^y(o ,+) + Yf / . (V, ' 

+ 5t/,(/,,^^j) + Tif/,(4^^^) = 0 

Now, by taking instant <o, as the initial time, we 
construct a function of the following type for each 
component 

V it) = U,(t) + a t / , (t-i-t,^) -{- ^ U , {t + /03) 

+ yU,{t+to^) + hU,(t-^t,^) + 7\U,(t+t,^) (19) 

Functions of type (19) equal zero for f<fo,.^.i- We 

shall call them « linear second order combination ». 
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Provided that enough functions of the type U (t) 
have been computed, it becomes possible at the outlet, 
after some calculations, to obtain a function Q (0 for 
each component from a linear /C-order combination. 

We can then write 

Q (/) = 0 for t < ; to,^K_j 

the numerical value of K being chosen so that the three 
conditions (16) be satisfied. 

For each component, the required Maxwell's ex
ponential solution is represented by an expression of 
the type 

e "̂  e "̂  Q [t) d t 

The following in practice may substitute the ex
pression of the preceding type 

t = 5t j _ 

e ^ Q (/; d t 

After having constructed enough sets of five solu
tions of this type it becomes possible to operate sev
eral statistical calculations. Threefore, we obtain the 
longitudinal direction defined by the angle value « 0 » 
(13) and, after rotation of the axis, the various ap
parent resistivities versus the time constant x which 
are expressed under the form of the two examples 
given by soundings 83 and 62. No more details are 
to be given of the process outlined. Particularly it 
presents a few practical problems which concern only 
the specialist and that would exceedingly overload the 
present text. 

Presentation of results 

The process described above requires a large mem
ory capacity computer in order to handle five-com
ponent recordings. For instance, the data above were 
processed on a CDC - 7600 computer. 

The best way to discuss the type of results obtained 
is to examine a print-out from the computer after proces
sing with a programme using the exponential solutions. 

The two examples mentioned above are from 
recordings made respectively at two stations in the area_ 
of Travale (Italy). The duration of each recording was 
1 h 30 m and the sampling rate was 2 scans/sec. The 
results are shown on a fourteen column chart which will 
be described summarily. _ 

The fourth column « RATO » shows the values of 
the square root of t arranged in decreasing order from 
the first row, and in function of which are explicited all 
the other computed values. 

The column •« THETA » indicates the values of the 
angle 0 between the longitudinal direction and the OX 
axis in the coordinate system described above. 

The column << SK5TH » shows the sign of THETA, 
with respect to the OX axis: « 1 » indicates a positive 
value; « —1 » indicates a negative value; « 0 » indi
cates indetermination of sign. The values of H and their 
sign are computed independently of one another. The 
column « NTH » indicates a possible weighting con
cerning the computed sign. 

The columns « ROALON, ROATRA, ROALO-
RES, ROATRARE, ROAVERT » give respectively ap
parent longitudinal resistivities, apparent transversal re
sistivities, apparent residual longitudinal resistivities, ap
parent residual transversal resistivities, and appareiU 
vertical resistivities, which are defined on page^'l^ij 

The columns ROX, ROY, indicate the apparent re
sistivities which would have been obtained along the 
OX and OY axes respectively, had only one telluric 
component and one magnetic component been used for 

T^r^co sec, 

i ' 
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each of these axes. The first three columns indicate 
recording and process characteristics. 

The values of ® obtained are generally very good. 
In any survey, a map of the longitudinal directions maŷ  
be obtained from them. In areas with geothermal anom
alies, the computed longitudinal directions vary very 
little as a function of x for any given station. . 

There is little dispersion of the values of ROALON. 
The numerical value of the longitudinal conductance 
may be computed from ROALON for the station con
sidered. 

Thus, it is possible to map the longitudinal con
ductance prevailing in the surveyed region. 

Numerical values listed in the ROATRA column 
may sometimes show a wider dispersion in the case of 
perfect cylinder geometry. This is due to the fact that, 
when having to deal with a perfectly cylindrical struc
ture, telluric currents tend to flow along the main trends, 
for obvious reasons of symmetry. 

Nevertheless, the numerical value of the transver
sal conductance for each station may be computed from 
ROATRA as well. 

The numerical difference between the longitudinal 
conductance and the transversal conductance may be 
very large and particularly significant in geothermal ex
ploration. 

It should be noted that the apparent resisdvities 
ROX and ROY may show large differences for any 
station. 

The values of ROATRARE and of ROALORES 
may show some dispersion. They are used only to indi
cate, by their order of magnitude, whether or not there 

is a case of cylindrical symmetry. Sometimes, the values 
of ROAVERT are also somewhat dispersed. 

Only their order of magnitude is used. Small nu-
"merical values of ROAVERT indicate the proximity^ 
of a geological anomaly of some amplitude. 

Conclusions 

The M.T .-5-E.X. method applied to geothermal ex
ploration defines quantitatively the directional character
istics of electromagnetic phenomena, and thus detects 
and locates abrupt anomalies in the subsurface. In a 
paper to be published in Geothermics, results will be 
shown of an M.T.-5-E.X. survey with 84 recording 
stations, over about 30 km" in the region of Travale 
(Italy). 
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PROPOSED APPROACH 

The Earth Science Laboratory/UURI has acquired considerable experience in 

applying geophysical methods to geothermal exploration and resource assessment 

during the last seven years. In addition to numerous studies in the western 

United States we have completed geophysical field surveys or data 

interpretations and reviews for geothermal areas in El Salvador, Ecuador, 

Kenya, Ethiopia, Ascension Island, Hawaii, and in Alaska. Geophysicists at 

the Earth Science Laboratory are also well known for their contributions to 

the technical geophysical literature and their experience in mining 

geophysical methods. 

We propose to conduct an extensive search of the worldwide technical 

literature to become more familiar with those applications of geophysical 

methods to geothermal exploration which we have not already encountered. The 

results of this literature search will be documented in a bibliography. 

Information determined from the literature search, supplemented by studies in 

ESL/UURI files and our personal experience will be critically reviewed. An 

evaluation of the cost-effectiveness, resolution capabilities, and limitations 

of the various geophysical methods will be completed and documented in a 

technical report. An exploration strategy will then be developed for the use 

of geophysical methods in sedimentary basins, volcanic areas and granitic 

areas. 



STATEMENT. OF WORK 

1. The ESL/UURI will complete a literature search of the worldwide published 

data base for technical reports pertaining to geophysical applications in 

geothermal exploration. We will initiate the search by accessing the 

major computer data base files which are currently available. The main 

geophysical and geothermal technical publications and indices, many of 

which are a part of the ESL/UURI technical library, will also be 

searched. 

2. A comprehensive bibliography will be compiled which will document the 

relevant technical papers and reports resulting from the literature 

search described above. 

3. A statistical tabulation will be completed which presents the relative 

frequency of use of various methods, available information on costs, and 

applicability for various geologic regions. 

4. An evaluation of the spatial resolution, ambiguity, limitations, and 

general effectiveness of the various geophysical methods will be 

completed and supported by technical discussions or references to the 

published literature. 

5. A detailed analysis will be completed of the effects of temperature, 

pressure and fluid content on rock resistivity. The analysis will be 

supported by references to the technical literature and calculations as 

may be appropriate. 

6. An exploration strategy will be developed (see attached example) for 

three different geothermal resource geologic occurrence models: 

sedimentary basins, volcanic areas, and granitic areas. The exploration 

strategy will include a discussion and critique of method applicabi1ilty 

and effectiveness in the different geologic environments. 



7. A final report will be written in Spanish which documents the method 

evaluations, tabulations, technical considerations and exploration 

strategies for prospective geothermal areas in Spain. 



DELIVERABLES 

The following deliverable items will result from the study and be 

submitted upon completion of the project. 

1. A detailed bibliography documenting the results of the literature 

search. 

2. A final report documenting method evaluations and applications and 

exploration strategies for geothermal areas in Spain (in Spanish). 

3. UURI will submit one copy each of approximately 15 technical reports 

documenting geophysical work in geothermal areas in the United 

States.in which UURI has been directly involved. These detailed 

studies are not available in the published literature. 

4. UURI will, submit on computer tape copies of three geophysical data 

interpretation programs. The programs are written in Fortran IV 

specifically for a PRIME computer system and will require some 

conversion to be used on computers in Spain. The cost of this 

conversion is not included in this proposal. We propose to supply 

the following computer programs: 

GM3D Three-dimensional gravity and magnetic prism modeling program 
GRAV2D Two- and 1/2-dimensional gravity modeling program 
IP2D Two-dimensional IP and resistivity modeling program 



BUDGET 

The Earth Science Laboratory/UURI proposes to complete th is project for 

the f ixed price cost of 2,312,000 pesetas. The pr inc ipal cost items are 

i den t i f i ed below: 

Salar ies, Wages and Benefits $13,280 
P h i l l i p M. Wright and/or 20 man-days 
Howard P. Ross 
Advanced geophysical student 32 man-days 
Secretary 5 days 

Computer Bibl iographical Search 220 

Publications and Reproductions 60 

Total $13,560 

Total 2,312,000 pesetas 
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LETTER OF TRANSMITTAL 

December 19, 1984 

The following items are submitted in partial fulfillment of the 

deliverables required for the Geophysical Portion - Geothermal Study, 

Institute Geologico Y Minero De Espana. 

1. Outline of final report 

2. Outline of bibliographical report 
3. Expanded project status report 
4. ESL/UURI and UUGG geothermal exploration reports (18) (see attached 

list) 
5. ESL/UURI geophysical computer program user guides and program 

documentation (3) (see attached list) 



SPAIN IGME - REPORT FORMAT 

I. EXECUTIVE SUMMARY 

II. INTRODUCTION 

III. GEOLOGIC OCCURRENCE OF GEOTHERMAL RESOURCES 
A. Resource Types 

1. Convective hydrothermal 
2. Geothermal gradient 
3. Deep sedimentary basin 
4. Geopressured 
5. Radiogenic 
6. Hot dry rock 
7.. Magma 

B. Worldwide distribution of resource type (Tabulation and Map 
presentation) 

IV. GEOTHERMAL RESOURCES OF SPAIN 
A. Sedimentary Basins 
B. Igneous Areas 
C. Volcanic Areas 

V. PHYSICAL PROPERTIES ASSOCIATED WITH GEOTHERMAL SYSTEMS 
1. Density;: 
2. Magnetic Susceptibility 
3. Electrical Resistivity 
4. Temperature 
5. Fluid Flow 
6. Seismic.velocity 
7. Seismicity 

VI. GEOPHYSICAL METHODS APPLIED TO GEOTHERMAL EXPLORATION 
(Description, applicability, critique) 
1. Introduction 
2. Thermal Methods 
3. Electrical Methods 

a. Introduction 
b. Maghetotelluric (and CSAMT) 
c. Electrical resistivity 
d. Electromagnetic soundings 
e. Induced polarization 
f. Self-potential 

4. Seismic Methods 
a. Introduction 
b. Passive sejsmic 

i) .-'Seismic emissions 
ii){Microearthquake 

5. Magnetic methods 
6. Gravity: methods 
7. Well logging 



VII. CRITIQUE OF SPANISH GEOPHYSICAL SURVEYS 
1. Mountains of Fuego (Lanzarote): MT and Electromagnetics 
2. Dipole Mapping of Thermal Anomalies: Montbui and Garrigia 
3. Magnetotelluric and AMT Anomalies at Montbui and Garrigia 
4. Microseismic and Seismic Noise: La Fosa Del Valles (Barcelona) 

VIII. EXPLORATION STRATEGY FOR SPANISH RESOURCES - GEOPHYSICS 
1. Introduction 
2 Sedimentary Basins 
3. Igneous Areas 
4. Volcanic Areas 
5. Cost effectiveness of Geophysical Surveys 

IX. REFERENCES 



SPAIN - IGME GEOPHYSICS IN GEOTHERMAL 
Bibliographical Search 

I. INTRODUCTION 

II. PRINCIPAL LITERATURE SOURCES 
A. Technical Journals 
8. Published Reports and Open File Data 
C. Computer based bibliographies - GEOREF 

III. DISCUSSION AND CRITIQUE 

IV. KEY FINDINGS - SUMMARY 

V. BIBLIOGRAPHY-



Project Status Report 

GEOPHYSICS IN GEOTHERMAL EXPLORATION 

1. The bibliographic search of the GEOREF computer base has been completed. 

More than 1200 listings for geophysical investigations in geothermal 

energy were noted. A printout of the more appropriate 550 entries is 

being reviewed for a statistical evaluation and critique of the methods 

used. More than 100 additional papers have been listed from non-GEOREF 

sources. 

2. A review of the four reports of geophysical studies in Spain has been 

completed and a critique has been drafted. This evaluation will comprise 

one chapter of the final report. 

3. Chapters describing the geologic occurrence types of geothermal resources 

are being prepared. 

4. The project should be completed prior to January 25, 1985. 

Howard P. Ross 
Section Head, Geophysics 
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USAGE OF GEOPHYSICAL METHODS IN GEOTHERMAL 
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Fiore, Joseph N.: OVERVIEW Â JD STATUS OF THE U.S. DEPARTMENT OF ENERGY'S INDUSTRY -
COUPLED GEOTHERMAL RESERVOIR ASSESSMENT PROGRAM 201 

Gutmann, James T., Carlos L. V. Aiken, Mark E. Ander and Randy T. Laney; PRELIMINARY 
GEOLOGICAL AND GEOPHYSICAL EVALUATION OF THE CASTLE DOME HOR GEOTHERMAL PROSPECT, 
SOUTHWESTERN ARIZONA 205 

Hilfiker, Kenneth, Carol Hanley, Dennis Hodge, Paul Morgan, James Maxwell and Chandler 
Swanberg: CORRELATION OF SILICA HEAT FLOW AND TEMPERATURE GRADIENTS, CENTRAL AND 
WESTERN NEW YORK 209 

( Lockhart, Andrew and Juergen Kienle: SEISMIC REFRACTION AND GRAVITY SURVEYS OF PILGRIM 
SPRINGS KGRA, ALASKA 213 

^ Lohse, Richard L.: GEOTHERMAL ASSESSMENT OF DONA ANA COUNTY, NEW MEXICO . 217 

I Mackelprang, Claron E., Joseph N. Moore and Howard P. Ross: A SUMMARY OF THE GEOLOGY AND 
' GEOPHYSICS OF THE SAN EMIDIO KGRA, WASHOE COUNTY, NEVADA 221 

Olson, Deborah M. and Russ H. Robinson: EXPLORATION MODEL FOR POSSIBLE GEOTHERMAL 
RESERVOIR, COSO HOT SPRINGS KGRA, INYO CO., CALIFORNIA ,. 225 

Parker, Mark D. and George R. Jiracek: PROGRESS TOWARD EVALUATING THE GEOTHERMAL RESOURCE 
IN THE ALBUQUERQUE, NEW MEXICO AREA . . . Z 229 

Pilkington, H. Dean, Arthur L. Lange and Fred E. Berkman: GEOTHERMAL EXPLORATION AT THE 
TUSCARORA PROSPECT IN ELKO COUNTY, NEVADA 233 

Radja, Vincent T.: RESULT OF THE PRELIMINARY GEOTHERMAL INVESTIGATION AT THE ISLAND OF 
FLORES, NUSATENGGARA TIMUR, INDONESIA .237 

Schubert, Carl E., James C. Maxwell and William J. Johnson: THE EASTERN HOT DRY ROCK 

TARGET PROSPECT - A CASE HISTORY . 241 

I Slatter, A.; A SINPLE FLOW-METER FOR USE IN GEOTHERMAL WELLS 245 

Struhsacker, E. M. and Christian Smith: MODEL FOR A DEEP CONDUIT TO THE BEOWAWE 

GEOTHERMAL SYSTEM, EUREKA ANO LANDER COUNTIES, NEVADA 249 
\ Taylor, Bruce, Robert F. Roy and Jerry M. Hoffer: HUECO TANKS: AN INITIAL EVALUATION OF 

A POTENTIAL GEOTHERMAL AREA NEAR EL PASO, TEXAS 253 

Wescott, Eugene, Richard Sydbra, Jerry Peace and Andrew Lockhart: ELECTRICAL RESISTIVITY 
SURVEY OF THE PILGRIM SPRINGS GEOTHERMAL AREA, AUSKA 257 

Whelan, J., C. Halsey and B. Jackson: GEOTHERMAL EVALUATION OF RANGE BRAVO 19, NAVAL AIR 
STATION, FALLON, NEVADA ..261 

Wood, Spencer H., John C. Mitchell and John Anderson: SUBSURFACE GEOLOGY AND GEOTHERMAL 
PROSPECTS IN THE NANPA-CALDWELL AREA OF THE WESTERN SNAKE RIVER PLAIN, IDAHO 265 

Young, Charles: GEOTHERMAL RECONNAISSANCE ON THE FORT APACHE INDIAN RESERVATION USING 

ELECTRICAL METHODS 269 

DRILLING 

Brittenham, Terry L., R. Edward Williams, John C. Rowley and Joseph W.-Neudecker: 
DIRECTIONAL DRILLING OPERATIONS HOT DRY ROCK WELL EE-2 273 

Carson, C. C. and Y. T. Lin: GEOTHERMAL WELL COST SENSITIVITY ANALYSIS: CURRENT STATUS 277 

111 



Conners, James H. , I I and Michael J. Otto: A NEW AND DIFFERENT GEOTHERMAL DRILLING FLUIDS 
SYSTEM 281 

Enniss, Oan 0., J. L. Bergosh, S. W. Butters and A. H. Jones:" DRILLING FLUID/FORMATION 

INTERACTION AT SIMULATED I H SITV GEOTHERMAL CONDITIONS . 285 

Finger, John T.: LABORATORY TESTING OF PERCUSSION DRILLS FOR GEOTHERMAL APPLICATIONS 289 

Hendrickson, R. R. and R. W. Winzenried: DEVELOPMENT ANO TESTING OF SEALS AND LUBRICANTS 
FOR GEOTHERMAL ROCK BITS 293 

Kandarpa. Viv and 0. J. Vetter: DEGRADATION CHARACTERISTICS OF COTTON SEED HULLS AND 
SAWDUST IN HIGH TEMPERATURE GEOTHERMAL BRINES . . 297 

McDonald, William J., William C. Maurer, Joseph W. Neudecker, Jr. and Harold D. 
Shoemaker: DEVELOPMENT OF TURBODRILL TACHOMETER 301 

Pettitt, Roland A., Randy Laney, Dan George and Gary Clemens: EVOLUTION OF A HYBRID 

ROLLER CONE/PDC CORE BIT 505 

RESERVOIR ENGINEERING 

Bergosh, Jerry L., Richard G. Van Buskirk, Dan 0. Enniss and Scott W. Butters: EAST MESA 
ROCK PROPERTIES AT SIMULATED I N SIR/GEOTHERMAL OOmiTIONS ' '309 { 

Castanier, Louis and Subir K. Sanyal: GEOTHERMAL FtESERVOIR MODELING - A REVIEW OF 
APPROACHES 313 

Cheng, M. C. and H. B. Crichlow: USE OF SEQUENTIAL METHOD IN GEOTHERMAL RESERVOIR 
SIMULATION . . . . . 317 

Ehlig-Economides, Christine, Michael J. Economides and Frank G. Miller: INTERFERENCE 

BETWEEN WELLS IN A FRACTURED FORMATION 321 

Garg, S. K.: SHALE RECHARGE ANO PRODUCTION BEHAVIOR OF GEOPRESSURED RESERVOIRS 325 

Garney, T. A. and R. E. Roesner: DEVELOPMENT OF A WIRELINE SERVICE FOR USE IN PRODUCING 
GEOTHERMAL WELLS 329 

Grant, Malcolm A. and Roland N. Horne: THE INITIAL STATE AND RESPONSE TO EXPLOITATION OF 

WAIRAKEI GEOTHERMAL FIELD 333 

Hanson, Jonathan M.: RESERVOIR RESPONSE TO TIDAL ANO BAROMETRIC EFFECTS . 337 

Heard, Fred E.: LPGRADING THE ACOUSTIC BOREHOLE TELEVIEWER FOR GEOTHERMAL FRACTURE 
MAPPING 341 

Horne, Roland N. and Abdurrahman Satman: A STUDY OF DRAWDOWN AND BUILDUP TESTS IN WELLS 
WITH PHASE BOUNDARIES 345 ! 

James, Russell: VERTICAL TEMPERATURE GRADIENTS WITHIN DISCHARGING STEAM-WATER BOREHOLES 
CAN INDICATE FLOW-RATE 549 

Lockner, David A. and James D. Byerlee: STRENGTH MEASUREMENTS OF THE GEYSERS RESERVOIR 
ROCK 353 

Lopez, Carlos V. and Yoram Eckstein: SIX MONTH PRODUCTION TEST AT MOMOTOMBO, NICARAGUA: 
PRELIMINARY RESULTS 357 

Major, Bruce H. and Clifford L. WItten: UPGRADING AMERAOA-TYPE SURVEY aOCKS FOR HIGH-
TEMPERATURE GEOTHERMAL SERVICE "361 

McConnell, Thomas 0.: PRESSURE INSTRUMENTATION FOR GEOTHERMAL BOREHOLE LOGGING ..... 365 

Morita, Nobuo, Brian W. Roberts, Kenneth E. Gray and Irwin H. Silberberg: RELATIVE 
PERMEABILITY MEASUREMENTS OF ROCKS FROM THE TEXAS GULF COAST GEOPRESSURED-GEOTHERMAL 
RESERVOIR AT LOW FREE GAS SATURATIONS 369 | 

Rudisill, Jacob M. and Roy C. Skinner: A RPN COMPUTER SOLUTION OF THE JAMES' METHOD OF I 
METERING TWO-PHASE FLOW 373 t 

•-.I 

• • • t t 



Schatz, J. F., K. M. Wolgemuth and S. Vendor Haar: EVIDENCE OF PRESSURE SOLUTION IN 

GEO'THERMAL RESERVOIR SANDSTONE 377 

Zais, Elliot J. and Gunnar Bodvarsson: PRODUCTION DECLINE ANALYSIS 581 

INJECTION 
Ahmed, U., K. M. Wolgemuth, A. S. Abou-Sayod, J. F. Schatz and A. H. Jones: 

RAFT RIVER GEOTHERMAL SITE: A REINJECTION STUDY . 585 

Allis, Richard G.: POSSIBLE EFFECTS OF REINJECTION AT WAIRAKEI GEOTHERMAL FIELD 389 
I'i 
'1 Bodvarsson, Gudmundur S. and Chin Fu Tsang: INJECTION INTO A FRACTURED GEOTHERMAL 
I RESERVOIR 393 

Gobran, Brian D., William E. Brigham and Subir K. Sanyal: THE TEMPERATURE DEPENDENCE 
OF PERMEABILITY 597 

O'Sullivan, Michael and Karsten Pruess: ANALYSIS OF INJECTION TESTING OF 
GEOTHERMAL RESERVOIRS 401 

Spencer, S. G. and D. Goldman: NUMERICAL SIMULATION OF THE IMPACT OF FLUID 

INJECTION IN THE RAFT RIVER GEOTHERMAL AREA 405 

STIMULATION 

Allis, Richard G. and Russell James: A NATURAL-CONVECTION PROMOTER FOR GEOTHERMAL WELLS 409 

Caenn, Ryen, D. A. Tyssee and 0. J. Vetter: DEGRADATION OF POLYMERS USED IN GEOTHERMAL 
FRACTURING . 413 

McReynolds, Angus S. and Herb L. Maxson: THE UTILIZATION OF ENDLESS COILED TUBING AND 

NITROGEN GAS IN GEOTHERMAL WELL SYSTEM MAINTENANCE 417 

Morris, C. W., R. V, Verity and A. R. Sinclair: RAFT RIVER WELL STIMULATION EXPERIMENTS 419 

Sinclair, A. Richard , Frederick J. Pittard and Robert J. Hanold: GEOTHERMAL WELL 

STIMULATION 423 

Strawn, J. A.: RESULTS OF ACID TREATMENTS IN HYDROTHERMAL DIRECT HEAT EXPERIMENT WELLS 427 

Wolgemuth, K. M., A. S. Abou-Sayed, U. Ahmed, J. F. Schatz and A. H. Jones: FRACTURE 

ACIDIZATION STUDY OF CALCAREOUS SILTSTONE FROM A GEOTHERMAL RESERVOIR . . . 431 

CASE STUDIES 

Atkinson, Paul G.: GEOTHERMAL RESERVOIR INITIAL STATE, BACA LXATION NO. 1 - NEW MEXICO, 
REDONOO CREEK FIELD 435 

Butz, James R.: A CASE STUDY OF TWO-PHASE FLOW AT THE ROOSEVELT HOT SPRINGS, UTAH KGRA 459 

Cordon, Ulrich J.: MOMOTOMBO FIELD MODELS AT SIX STAGES IN TIME , 443 

Cordon, Ulrich J. and Ernst G. Zurfleuh: GEOPHYSICAL INVESTIGATIONS AT MOMOTOMBO, 
NICARAGUA 447 

Cox, Malcolm E. and Kevin E. Cuff: Rn AND Hg SURVEYS: GEOTHERMAL EXPLORATION IN N.E. 
MAUI, HAWAI I 451 

Denton, Barry N.: INVESTIGATION AND DEVELOPMENT OF GEOTHERMAL ENERGY IN NEW ZEALAND FROM 
1978 TO 1980 455 

Lopez, Carlos V., Brian R. Hoyt and Yoram Eckstein: SUBSURFACE TEMPERATURE DISTRIBUTION 

AND STRUCTURE OF THE GEOTHERMAL RESERVOIR AT MOMOTOMBO, NICARAGUA 459 

Michels, Donald E.: DEPOSITION OF CaCOj IN POROUS MATERIALS BY FLASHING GEOTHERMAL FLUID . . . . . 463 

RInoy, T. D., J. W. Pritchett and L. F. Rice: THREE-DIMENSIONAL MODEL OF EAST MESA ^ ^ 
HYDROTHERMAL SYSTEM 467 

Sanyal, S. K., M. Gardner, J. B. Koenig and J. Mclntyre: WELL-SITE EVALUATION OF LOGS 
FROM A GEOTHERMAL WELL 471 

V 



Sanyal, Subir K., Larry E, Wells, Charles Cleneay and Mark Mathews: COMPUTER ANALYSIS OF A 
LIMITED WELL LOG SUITE IN A GEOTHERMAL WELL - A CASE HISTORY 475 dgf i 

Shan-yao, Huang, Wang Ji-yang, Wang Jun and Huang Go-shan: OUTLINE OF MULTIPURPOSE 
UTILIZATION OF GEOTHERMAL RESOURCES IN CHINA 479 

Studt, F. E. and P. G. M. Imrie: A STUDY OF FURTHER POWER GENERATION DEVELOPMENT AT 
TONGONAN LEYTE PHILIPPINES 483 «||| f 

ELECTRIC 

Aplenc, Andrej and John A. Halat: A THERMAL PUMPING SYSTEM FOR HIGH TEMPERATURE 
RESERVOIRS 487 

Chen, Bill H., Louis P. Lopez, James T. Kuwada and Ray J. Farrington: PROGRESS REPORT ON 
HGP-A WELLHEAD GENERATOR FEASIBILITY PROJECT 491 

Davis, A. E., W. I. Enderlin, D. E. Blahnik, J. J. Jacobson and S. A. Weakley: ASSESSMENT 
OF GEOTHERMAL ENERGY AS A POWER SOURCE FOR U.S. ALUMINUM REDUCTION PLANTS 495 ' 

Eliasson, sfnar T., Asbjorn Einarsson and Valdimar K. Jonsson: KRAFLA GEOTHERMAL ELECTRIC 
POWER PLANT, ICELAND 499 :'. 

Foster, John W.: A PRIVATE COMMERCIAL HOR ENERGY .EXTRACT I ON PROGRAM: TECHNICAL DETAILS, ;. 
EXPECTATIONS FOR POWER GENERATION AND PROPRIETARY PROCEDURES 503 

Fritz ler, Eugene A. and Glenn E. Coury: PRELIMINARY PROCESS AND COST ANALYSIS OF A 'i 

MULTIPURPOSE GEOTHERMAL POWER ANO DESALINATION PLANT 507 'Z 

Kruger, Paul and Vasel Roberts: UTILITY INDUSTRY ESTIMATES OF GEOTHERMAL ELECTRICITY 511 | 

Michael Ides, Efstathios E.: SEPARATION OF NONCONDENSABLES IN GEOTHERMAL INSTALLATIONS BY | 
MEANS OF PRIMARY FLASHING T 515 S 

Nichols, Kenneth E., Robert G. Olander and James L. Lobach: TEST RESULTS FROM THE 500 KW | 
DIRECT CONTACT PILOT PLANT AT EAST MESA 519 i 

f 
Pope, William L., Padralc A. Doyle, Robert L. Fulton and Lenard F. Silvester: THE |: 

IMPORTANCE OF THE SPECIFIC HEAT ANOMALY IN THE DESIGN OF BINARY RANKINE CYCLE POWER % 
PLANTS • •*• • • 523 | 

Rasmussen, T. L. and J. F. Whitbeck: RAFT RIVER 5 MW(e) GEOTHERMAL PILOT PLANT PROJECT 527 | 
i 

Sherwood, P. B. and M. A. Marquis: THE BACA DATA DISSEMINATION PROGRAM 531 f 

Tucker, Robert E., Paul V. Klelnhans, Jr. and L. R. Keilman: SMUDGED #1: ECONOMIC J 
IMPACTS ON GEOTHERMAL POWER PLANT DESIGN 533 

Wiggins, 0. J. and C. J. Bllem: OPERATIONAL UPSET TRANSIENTS IN A DUAL BOILING BINARY 5 
CYCLE GEOTHERMAL POWER PLANT 537 

DIRECT/NON-ELECTRIC 

Ammerlaan, Anton C. F., Raymond M. Costello, Martin E. Knebel and Robert J. Czarnecki: 

EAST COAST GEOTHERMAL RESOURCES: DIRECT APPLICATIONS IN THE FROZEN FOOD INDUSTRY . •. 541 

Atkinson, Oavid J.: MARKETING GEOTHERMAL ENERGY FOR SPACE COfOITIONING . . . . 545 

Chllds, F. W., K. W. Jones, L. B. Nelson, J. A. Strawn and M. K. Tucker: PROGRESS IN 
DIRECT HEAT APPLICATIONS PROJECTS . . . . . . . . . . .... . . . . . '. . i . ..-. . . . . . . . 549 .', 

Coe, Barbara A., Paul Bright and Richard T. Meyer: IDENTIFICATION OF PROSPECTIVE 
INDUSTRIAL GEOTHERMAL ENERGY USERS . . . 553 

Erickson, Mary V.: THE UTILIZATION OF GEOTHERMAL ENERGY IN THE MINING AND PROCESSING OF 
TUNGSTEN ORE 557 

FrItzler, Eugene A. and Glenn E. Coury: GEOTHERMAL APPLICATION OF HEAT EXCHANGER DESIGN 
FOR DESALINATION PLANTS . . . . . 561 

Goering, Steven W. and Frances R. Connor: GEOTHERMAL-BASED INDUSTRIAL PARK DEVELOPMENT IN 
SOUTH-CENTRAL COLORADO 565 

vi 



Home, Roland N. : DESIGN CONSIDERATIONS OF A DOWN-HOLE COAXIAL GEOTHERMAL HEAT EXCHANGER 569 

Huxtable, 0., R. Szymanek and B. A. Housse: DIRECT USE OF DEEP LOW ENTHALPY FRESH WATERS 
FOR DISTRICT HEATING IN FRANCE 575 

Kauffman, David, Arthur V. Houghton, Jay C. Cortner, M. C. Lee, Charles F. Moyers, Aydin 
Ungan and John E. Vogel: FEASIBILITY OF RETROFIT GEOTHERMAL HEATING SYSTEM FOR THE 
UNIVERSITY OF NEW MEXICO CAMPUS 577 

Lansford, Robert R., Lokesh N, Chaturvedi, George H. Abernathy, Bobby J. Creel, Dale C. 
Nelson, Donald J. Cotter, Noel R. Gol lehon, Tom S. Clevenger and 1̂ . C. Patterson: 
UTILIZATION OF GEOTHERMAL ENERGY FOR AGRIBUSINESS DEVELOPMENT IN SOUTHWESTERN 
NEW MEXICO 581 

Little, Nathan H. and Roger R. Bissell: BOISE GEOTHERMAL DISTRICT HEATING SYSTEM -

TECHNICAL DESIGN 585 

Meyer, Richard T.: TARGET INDUSTRIES FOR GEOTHERMAL DIRECT HEAT APPLICATIONS 589 

Mikic, Borivoje, Harlan C. Meal, Higinio GuiIlamon-Duch and Michael B. Packer: THERMAL 

DESIGN OPTIMIZATION OF INDUSTRIAL PROCESSES WHEN GEOTHERMAL ENERGY IS AVAILABLE .595 

Moreau, Jim and W. Lloyd Jones: DIRECT HEAT GEOTHERMAL OPPORTUNITIES AT PAHOA, HAWAII 597 

Reistad, Gordon M. and Paul Means: UNITARY WATER-SOURCE HEAT PUMPS FOR GEOTHERMAL 

APPLICATIONS: AVAILABILITY, PERFORMANCE AND DESIGN 601 

Ryan, Gene P.: HEATING FACILITIES FOR THE CITY SCHOOLS—EPHRATA, WASHINGTON 605 

Schmitt, R. C. and V. G. Murphy: AUTOHYDROLYSIS - A PROCESS SYSTEM FOR UTILIZING 

GEOTHERMAL FLUIDS IN CONVERTING LIGNXELLULOSE BIOMASS TO ALCOHOL FUELS 609 
Simmons, George M. and James A. Batdorf: APPLICATION OF COMPUTER SIMULATION TO GEOTHERMAL 

HEATING SYSTEMS 613 
Stand ley, Larry E. and John C. Austin: GEOTHERMAL ENERGY FOR COLLEGE CA^PUS SPACE HEATING 

AND AGRICULTURAL DEMONSTRATION . 6 1 7 

Stiger, Robert R.: ALCOHOL PRODUCTION: AN APPROPRIATE USE OF HYDROTHERMAL ENERGY 621 

Treat, Ned L. and Catherine H. Levlson: A PRELIMINARY IDENTIFICATION OF POTENTIAL 

GEOTHERMAL ENERGY USES IN THE TENNESSEE VALLEY REGION 625 
Yu, K. and F. C. Paddlson: TECHNICAL ASSISTANCE - HYDROTHERMAL RESOURCE APPLICATION IN 

THE EASTERN U. S. . 629 

Zeller, Thomas J., William H. Grams and Stanley M. Howard: DIRECT UTILIZATION OF A 

MODERATE TENPERATURE GEOTHERMAL RESOURCE IN AGRIBUSINESS 633 

MATERIALS 

Castrantas, Harry M.: HYDROGEN SULFIDE ABATEMENT WITH HYDROGEN PEROXIDE IN GEOTHERMAL 

OPERATIONS 637 

Little, Nathan H.: PIPELINE SIZING AND SELECTION 641 

McCright, R. D., W. F. Frey and G. E. Tardiff: LXALIZED CORROSION OF STEELS IN 

GEOTHERMAL STEAM/BRINE MIXTURES 645 
Pettitt, Roland A.: MONITORING AND REPAIRING GEOTHERMAL CASING CEMENT: A CASE HISTORY 649 
Wehlage, Edward F.: NEW MATERIAL - COPOLYMER CARBON COMPOSITE (CCC) FOR HYDROTHERMAL 

PIPING 653 

Wehlage, Edward F.: THE PRODUCTION OF "FOOD GRADE" (CULINARY) STEAM WITH GEOTHERMAL 

(GEO-HEAT) FOR INDUSTRI AL • USE 657 

LEGAL 

Wonstolen, Kenneth A.: GEOTHERMAL ENERGY: BASIC LEGAL PARAMETERS 661 

IMt 



GEOTHERMAL ENERGY: 
THE INTERNATIONAL SUCCESS STORY 

TRANSACTIONS, VOLUME 5 

Geothermal Resources Council 
1981 Annual Meeting 
October 25-29, 1981 

Houston, Texas 

] 

ISSN #0193-5933 
ISBN #0-934412-55-3 

Geothermal Resources Council • P.O. Box 98 • Davit. CA 95617 



TABLE OF CONTENTS 

INTERNATIONAL 

Allegrini, G., P. 0. Burgassi, and E. Sartlni: 
Present Status and New Prospects of Geothermal Energy in Italy. 1 

DiPippo, Ronald: 
Geothermal Power Plants: Worldwide Survey as of July 1981 5 

Dofninguez, Bernardo A.: 
Brief Commentaries of the Generation in the Main Plant in Cerro Prieto 9 

eliasson, Einar T., G. I. Gunnarsson, S. Sigfusson, R. Maack, and M. Matthiasson: 
The Kraf la Project: Technical Features and Operating Experience 15 

Koenig, James B., James R. McNitt, and Murray C. Gardner: 
Geothermal Power Developments in the Th ird World 23 

Meidav, Mae Z.: 
Geothermal Development in the Azores 29 

Nakamura, H.: 
Development and Utilization of Geothermal Energy ih'Japan 35 

Shulman, Gary: 
Geothermal Power Development in Indonesia 57 

Tahara, Mamoru: 
New Geothermal Power Plants in Azores and Kenya 41 

Thain, I. A., R. E. Stacey, and 0. J. Nicholson: 
Zero Sol ids Condensate Corrosion in Steam Pipes at Wairakei 43 

GEOCHEIMISTRY AND GEOPHYSICS 

Bell, Elaine J., and Russell W. Juncal: 
Solid-Sample Geochemistry Study of Western Dixie Valley, Churchill County, Nevada—Part I: 
Petrochemistry 47 

Juncal, Russell W., and Elaine J. Bel I: 
Solid-Sample Goochmistry Study of Western Dixie Valley, Churchill County, Nevada—Part II: Soil 
Geochemistry 51 

Bjornsson, Axel, and Gylfi Pall Hersir: 
Geophysical Reconnaissance Study of theHengill High-temperature Geothermal Area, 
SVf-lceland 55 

Capuano,, Regina M.: 
Water Chemistry as an Aid in Reconnaissance Exploration for a Low Temperature Geothermal 
System, Artesian City Area, Idaho 59 

Cole, David R.: 
Isotopic and Ion Chemistry of Waters in the East Shore Area, Northern Utah.. 63 

Cox, Malcolm E.: 
An Approach to Problems of a Geothermal Mercury Survey, Puna Hawaii 67 

Del Grande, N. Kerr: 
Airborne and Field Temperature Surveys Compared at Long Valley KGRA, California 71 

Georgsson, Ludvik S. 
A Resistivity Survey on the Plate Boundaries in the Western Reykjanes Peninsula, Iceland 75 

I 



Gosnold, WiII lam D., and Duane A. Eversoll: 
Usefulness of Heat Flow Data in Regional Assessment of Low Temperature Geothermal Resources With 
Special Reference to Nebraska 79 

Hendry, R., Kenneth Hilfiker, Dennis Hodge, Paul Morgan and Chandler Swanberg: 
Preliminary Geothermal Investigations in West Virginia 85 

Kahler, David E.: 
Helium..A Gaseous Geochemical Guide to Faults, Fractures, and Geothermal Systems 87 

Lienert, Barry R., and Malcolm E. Cox: 
Variations of Self-Potential Close to Hot Springs in the Lambasa Area, FIJI 91 

Matlick, J.S. Ill, and M. Shiraki: 
Evaluation of the Mercury Soil Mapping Geothermal Exploration Technique 95 

Mattice, Mark, and James Kauahikaua: 
Sel f-Potential Observations on Maui, Hawai i 99 

Maurath, Garry and Yoram Eckstein: 
Heat Flow and Heat Production in Northwestern Pennsylvania 105 

McManness, David, Bob Quill'" and David Butler: 
Granite Mountain, Nevada, Geothermal Prospect; A Case'Study 107 

Motyka, Roman J., and Mary A. Moorman: 
Reconnaissance of Thermal Spring Sites In Aleutian Arc, Atka Island to Becherof Lake Ill 

Muskat, J., Eugene Ciancanelli, and Ronald Blom: 
Seasat Radar I mages for Happ i ng in Geotherma I Areas 115 

Pearson, Chris, and Eraser Goff: 
A Schlumberger Resistivity Study of the Jemez Springs Region of Northwestern New Mexico 119 

Reeder, John W.: 
Initial Assessment of ttie Hydrothermal Resources of the Summer Bay Region on Un-Alaska Island, 
Alaska 125 

I Smith, Douglas L., and William T. Dees: 
Low-Grade Geothermal Resources in Northern Louisiana 127 

I Staub, W. P. and N. L. Treat: 
Analysis of Bottom-Hole Temperature Data from Oil and Gas Wells of the Tennessee Valley Region...129 

Steele, John L., Robert E. Spafford, and David D. Blackwell: 
Collection, Reduction and Analysis of Heat Flow and Gootherroal Greidient Exploration Data 155 

Steele, Kenneth F., and George H. Wagner: 
Warm Springs of the Western Ouachita Mountains, Arkansas 157 

Swanberg, Chandler A., Peter R. Marvin, Luis Salazar S., and Carlos Garcia Gutierrez: 
Hot Springs, Geochemistry, and Regional Heat Flow of Northcentral Mexico 141 

Young, H. W., and R. E. Lewis: 
Application of a Meignesium Correction to the Sodlum-Potassium-Calclum Geothermometer for Selected 
Thermal Waters in SE Idaho 145 

GEOTHERIMAL IMODELS 

Atkinson, David J.: 
The Roosevelt Field: New Model and Geochemical Evaluation 149 

BealI, Joseph: 
A Hydrologic Model Based on Deep Test Data from the Walker "K)" No. I Well, Terminal Geyser, 
California 155 

II 



FalIon, Richard: 
Analysis of Geothermal Risks for Estimating Insurance Costs 655 

Glazner, Gary: 
Modeling Geothermal District Heating Systems 659 

Greider, Bob: 
Exploration, The Economic Strategies 645 

Hederman, William F. Jr., and Laura A. Cohen: 
Economics of Geothermal Direct Heat Applications 647 

Higbee, Charles, and Gene P. Ryan: 
Greenhouse Heating With Low Temperature Geothermal Water 651 

Houldsworth, Mark: 
An Optimum Fuel Mix Model for Geothermal District Space Heating Systems 655 

Jacobson, W. 0.: 
Geothermal Risk/Benefit Assessment Model 559 

Kane, Sal ly M.: 
Industrial Application of Geothermal Energy in Lewes, Delaware: An Economic Analysis 655 

Klipstein, D. H., and R. S. Atkins: -'' 
The Economics of Geothermal Electricity Generation From Hydrothermal Resources Using the Biphase 
Rotary-Separator Turbine 667 

Meyer, Richard T.: 
An Economic Appraisal of the Use of Geothermal Energy in State-Owned Buildings in Colorado 571 

Munson, James 6.: 
Estimating Geothermal Market Penetration 675 

Roberts, Vasel, and Paul Kruger: 
Utility Industry Estimates of Geothermal Electricity 679 

Ziman, G. Michael, Sue Campbell Jones, and Lowell H. Orren: 
A Probabilistic Cost Model with an Application to a Geothermal Reservoir at Heber, California....685 

GEOPRESSURE 

Bebout, D. G., D. R. Gutierrez: 
Geopressured Geothermal Resource In Texas and Louisiana, Geological Constraints 689 

Garg, S. K., T. D. Riney, and j. M. Fwu: 
Analysis of Phase 1 Flow Data from Pleasant Bayou No. 2 Geopressured Well 693 

Goldsberry, Fred L.: 
A Comparison of Subcrltlcal and Supercritical Ranklne Cycle for Application to the Geopressured-
Geotherma I Resource 697 

Hammershaimb, Edgar C , and Velio A. Kuuskraa: 
The Economic Potential of Relnjection into Geopressured Aqui fers 705 

Helgeson, Norman, and Donald J. Cerini: 
Recovery of Geopressured Energy Using the Biphase Rotary-Separator Turbine 707 

Jogi, P. N., 6. C. Llewellyn and K. E. Gray: 
Failure Studies on Texas Gulf Coast Geopressured Geothermal Sandstones and Shales ....711 

Karkalits, 0. C : 
Economics of Energy from Geopressured Geothermal Reservoirs 717 

Kharaka, Yousif K., Michael S. Lico, Leroy M. Law and William N. Carothers: 
Gaopressured-Goothermal Resources in California 721 

IX 



GEOTHERMAL ENERGY; 
TURN ON THE POWER! 

TRANSACTIONS, VOLUME 6 

Geothermal Resources Council 
1982 Annual Meeting 
11 - 1 4 October 1982 
San Diego, California 

ISSN #0193-5933 
ISBN #0-934412-56-1 

Geothermal Resources Counci l • P.O. Box 1350 • Davis, CA 95617 



TABLE OF CONTENTS 

EXPLORATION-I : GEOLOGY l 

Arney, Barbara: 
Evidence of Former Higher Temperatures From Alteration Minerals, 
Bostic 1-A Well, Mountain Home, Idaho 3 

Aumento, F., P. Viale, M. Choussy and A. Santana: 
Alteration Mineralogy of the Ahuachapan Geothermal Field 7 

Ediniston, R . C : 
A Review and Analysis of Geothermal Exploratory Drilling 
Results in the Northern Basin and Range Geologic Province of 
the USA from 1974 Through 1981 11 

Evans, Stanley H. Jr. and Dennis L. Niejson: 
Thermal and Tectonic History of the Mineral Mountains 
Intrusive Complex 15 

Flovenz, Olafur G. and Ludvik S. Georgsson: 
Prospecting for Near Vertical Aquifers in Low Temperature 
Geothermal Areas In Iceland... 19 

Gosnold, William D. Jr.: 
Geothermal Resource Maps and Bottom Hole Temperature Surveys 23 

Hulen, Jeffrey B. and Dennis L. Nielson: 
Stratigraphic Permeability in the Baca Geothermal System, 
Redondo Creek Area. Valles Caldera. New Mexico 27 

Ide, Toshio: 
Geology in the Nigorlkawa Geothermal Field, Mori-Machi, 
Hokkaido, Japan 31 

Kron, Andrea and John Stix: 
Geothermal Gradient Nap of the United States (exclusive 
of Alaska and Hawaii) 35 

Lohse, Richard L. and Lar ry Icerman: 
An Analysis of the Geothermal Potential of Southwestern New Mexico 39 

Sanyal, S. K. and M. Che: 
A Sensitivity Study of the Economic Parameters for The Geysers 
Geothermal Field, California 43 

Sibbett, Bruce S., Jon Zeisloft and Roger L. Bowers: 
Geology of MacFarlane's Spring Thermal Area, Nevada 47 

Sternfeld, Jeffrey N. and Wilfred A. Elders: 
Mineral Zonation and Stable Isotope Geochemistry of a 
Production Hell in The Geysers Geothermal Field, California 51 

m 



Stix, John, Chris Pearson, Francois Vuataz, Eraser Goff, Jennifer 
East and Bernhard Hoffers: 
Geology, Resistivity, and Hydrogeochemistry of the Ojo Caliente 
Hot Springs Area, Northern New Mexico 55 

Taguchi, Sachihiro and Masao Hayashi: 
Application of the Fluid Inclusion Thermometer to Some 
Geothermal Fields in Japan 59 

Thomas, Ronald M., Barry R. Lienert, Malcolm E. Cox, James P. 
Kauahikaua and Mark Mattice: 
Hawaii Geothermal Resource Assessment: 1982 63 

Turner, Donald L., Eugene M. Wescott, William Witte and 
Becky Petzinger: 
Geothermal Energy Resources of the Lower Susitna Basin, Alaska 67 

EXPLORATION-N: GEOCHEMISTRY 71 

Adams, Michael C. and Regina M. Capuano: 
Evaluation of the Geothermal Reservoir Associated with Auburn and 
Johnson Hot Springs, Upper Star Valley, Wyoming 73 

Bowman, John R. and David Cole: 
Hydrogen and Oxygen Isotope Geochemistry of Cold and Warm Springs 
from the Tuscarora, Nevada Thermal Area 77 

Cole, David R.: 
Chemical and Sulfur Isotope Variations in a Thermal Spring System 
Sampled Through Time.... 81 

Fournier, Robert 0. and J. M. Thompson: 
An Isotopic Study of the Coso, California, Geothermal Area 85 

Fournier, Robert 0., Bruce B. Hanshaw and Ji F. Urrutia Sole: 
Oxygen and Hydrogen Isotopes In Thermal Waters at Zunil, Guatemala 89 

Kristmannsdottir, Hrefna and Sigfus Johnsen: 
Geochemical and Isotopic Studies of Low Temperature Geothermal Water, 
Eyjafjordur, North Iceland 93 

Michels, Donald E.: 
A Simple Formula for Saturation Temperature/ 
Pressure of NaCl Solutions 95 

Moore, Joseph N., Odin Christensen and Robert Bamford: 
Mercury-Its Role In the Exploration of Vapor-Dominated 
Geothermal Systems 99 

Motyka, Roman J., Mary A. Moorman and Robert Poreda: 
Fluid Geochemistry of Hot Springs Bay Valley, Akutan Island, Alaska....103 

Motyka. Roman J., Mary A. Moorman and Robert Poreda: 
Fluid Geochemistry of the Makushin Geothermal Area. Unalaska 
Island, Alaska 107 

TV 



I 

I 
I 
I 
I 
I 

I 

Schultze, L. E. and D. J. Bauer: 
Comparison of Methods for Recovering Metal Values 
from Salton Sea KGRA Brines Ill 

Thompson, J. Michael : 
Preliminary Chemical Studies of Thermal Waters in Lassen Volcanic 
National Park and Vicinity 115 

E X P L O R A T I O N - I I I : GEOPHYSICS 119 

Flynn, Thomas, Dennis T. Trexler and Brian A. Koenig: 
The Kemp Thermal Anomaly: A Newly Discovered Geothermal Resource 
in Pumpernickel Valley, Nevada 121 

Hayashi, Masao and Naoyuki Furutani': 
Strike-Dip Determination of Fractures in Ori11 cores by 
an Astatic-Magnetometer 125 

Kristiansen, Jan I., Svend Saxov and Niels Balling: 
The Thermal Conductivity of Some Crystalline and Sedimentary 
Rocks From Scandi navia 129 

Lange, Arthur L., H. D. Pilkington and John Deymohaz: 
Comparative Studies of Geothermal Surveys In 3-Meter and 
Temperature-Gradient Holes 133 

Li, Todd M. C., Chandler A. Swanberg and John F. Ferguson: 
A Method for Filtering Hot Spring Noise From Shallow 
Temperature Gradient Data 137 

Lohse, Richard L. and Larry Icerman: 
Temperature Gradient Drilling In the Las Cruces East Mesa 
Geothermal Field 141 

Onodera, Seibe: 
Classification of Schlumberger Resistivity Sounding Curves In 
Geothermal Field 145 

Onodera, Seibe: 
Determination of Drilling Target In Onikobe Geothermal Area 149 

Onodera, Seibe: 
Type Curves for Resistivity Sounding with Two-Electrode, Wenner, 
Schlumberger, and Dipole-Dipole Arrangements for a Two-, 
Three-, Four-, and Five-Layered Model 153 

Pearson, Chris, Hans Keppler, James Albright and Robert Potter: 
Rock Failure During Massive Hydraulic Stimulation of the 
Baca Locati on Geothermal Reservol r 157 

Poppendiek, H. F., D. J. Connelly and A. J. Sellers: 
Development of Downhole Geothermal Heat Flux and Thermal 
Conducti vi ty Transducers 161 

Sanyal, S. K., M. Che, Richard E. Dunlap and Mary K. Twichell: 
Theoretical Nuclear Log Responses of the Components of 
The Geysers Geothermal Reservoir, California 165 

v 



I 
I 
I 

Stangalino, G., F. Aumento, Abdellatif Al Masri and Towfik Noaman: 
The Circular Vertical Sounding Method Applied to the Exploration 
of the Dhamar-Rada'a (Y.A.R.) Geothermal Area 169 

Steele, Kenneth F. , George H. Wagner and John B. Sharp: 
Calculated Geothermal Gradient for the Western Ouachita 
Mountains, Arkansas 173 

Swanberg, Chandler A. and Roger L. Bowers: 
Downward Continuation of Temperature Gradients at 
MacFarlane's Hot Spring, Northern Nevada 177 

Swanberg, Chandler A. and Todd M. C. Li: 
Wave Number Filtering of Thermal Data from the Valles 
Caldera, New Mexico 181 

Wescott, Eugene M., Donald L. Turner, Wi11iam Witte 
and Becky Petzinger: 
A Geophysical Survey of Hot Springs Bay Valley, 
Akutan Is 1 and, Al aska 185 

DRILLING/STIMULATION TECHNOLOGY 189 

Carden, Richard S., John C. Rowley and Catherine Helmick: 
Precision Directional Drilling of Hot Dry Rock Geothermal 
Production Well EE-3 191 

Carson, Charles C. and Y. T. Lin: 
The Impact of Common Problems In Geothermal Drilling and Completion....195 

Caskey, Billy C : 
Design of a Diesel Exhaust Gas Purification System For Inert 
Gas Ori 111 ng 199 

Mansure. A. J. and C. C. Carson: 
Geothermal Completion Technology Life-Cycle Cost Model (GEOCOM) .203 

Miles, William J.: 
A New Bentonite Source With Unusual Thermal Stability 207 

Morris, C. W., R. V. Verity and C. L. Ritz: 
Fracture Stimulation Experiment in Baca 20 211 

Mumma, Douglas M., Foy McCullough Jr., Eckart W. Schmidt, 
D. Stephen Pye. Wm. Christopher Allen, Delbert Pyle and 
Robert J. Hanold: 
GEOFRAC — A n Explosive Stimulation Technique for a Geothermal Well 215 

Nicholson R. W., R. Pettitt and J. Sims: 
Production Casing for Hot Dry Rock Wells EE-2 and EE-3 219 

Pettitt, Roland A., George G. Cocks, Donald S. Dreesen, James R. Sims, 
Robert W. Nicholson and Billy G. Boevers: 
Downhole Cement Test In a Very Hot Hole 223 

VI 



GEOTHERMAL RESOURCES: ENERGY ON TAP! 

TRANSACTIONS, VOLUME 7 

Geothermal Resources Council 
1983 Annual Meeting 
24 - 27 October 1983 

Portland, Oregon 

Geothermal Resources Council • P.O. Box 1350 • Davis, CA 95617 • U.S.A. 



I 

CASE HISTORIES (UNALASKA) 79 

Carey, O.L., T.J. Nicholas, G.W. Huttrer, P.K. Dejong and 
S. T. Tirabacki : 
The Unalaska Geothennal Exploration Project Introduction and 
Land, Regulatory, and Environmental Aspects 81 

Corwin, Robert F. and David V. Fittennan: 
Self-Potential Survey Results Makushin Volcano Geothermal Area, 
Unalaska Island, Alaska 87 

Isselhardt, C'.F. , J.S. Matlick, P.P. Pamentier and R.W. Banford: 
Temperature Gradient Hole Results from Makushin Geothermal Area, 
Unalaska Island, Alaska 93 

Isselhardt, C F . , R. Motyka, J.S. Matlick, P.P. Pamentier, 
and G.W. Huttrer: 
Geothemal Resource Model for the Makushin Geothennal Area, 
Unalaska Island, Alaska 97 

Matlick, J.S. , P.P. Pannentier: 
Geothennal Manifestations and Results of a Mercury Soil Survey 
in the Makushin Geothermal Area, Unalaska Island, Alaska 305 

Motyka, Roman J.: 
Geochenical and Isotopic Studies of Waters and Gases from the 
Makushin Geothermal Area, Unalaska Island, Alaska 101 

Swanson, R.K. , J.S. Osoba, W.J. Bernard: 

Gulf Coast Geothermal - Down But Not Out 107 

EXPLORATION GEOLOGY lis 

Black, Gerald L.: 

Interpretations of the Central Oregon Cascades Heat Flow Ancnaly 117 
Blackett, Robert E. and Peter T. Kolesar: 

Geology and Alteration of the Raft River Geothennal System, Idaho 123 
Ciancanelli, Eugene V.: 

Geology of Medicine Lake Volcano, California 129 
Ciancanelli, Eugene V.: 

Geology of Newberry Volcano, Oregon 135 
Franzson, Hjaltl: 

The Svatrsengi High-Temperature Field, Iceland Subsurface 
Geology and Alteration 141 

Fridleifsson, Gudmundur Omar: 
Mineralogical Evolution of a Hydrothermal System 147 

Hayashi, Masao and Hiroshi Takagi: 
Fracture Analysis at the Kirlshima Geothermal Field, Southern 
Kyushu, Japan 153 

Hulen, Jeffrey B,: 
Structural Control of the Baltazor Hot Springs Geothermal System, 
Hunboldt County, Nevada 157 



8 
8 

Hulen, Jeffrey B. and Dennis L. Nielson: 
Stratigraphy of the Bandelier Tuff and Characterization of 
High-Level Clay Alteration in Borehole B-20, Redondo Creek 
Area, Valles Caldera, New Mexico 163 

Johnson, Keith E. and Eugene V. Ciancanelli: 
Geothermal Exploration at Glass Butte, Oregon 169 

Lohse, Richard L. and Larry Icerman: 
Thermal Anomaly Study for the Otero County Area, South Central 
New Mexico 175 

Parmentier, Paul P., John W. Reeder and Mitchell W. Henning: 
Geology and Hydrothermal Alteration of Makushin Geothennal Area, 
Unalaska Island, Alaska 181 

Sibbett, Bruce : 
Structural Control and Alteration at Beowawe KGRA, Nevada 187 

Sternfeld, Jeffrey, Mary Keskinen, Richard Blethen: 
Hydrothennal Mineralization of a Clear Lake Geothennal Well 
Lake County, Cali fornia 193 

Taguchi, Sachihiro and M. Hayashi: 
Past and Present Subsurface Thermal Structures of the Krishima 
Geothermal Area , Japan ; 199 

Waibel, Al: 
A Review of the Hydrothermal Mineralogy of Hawaii Geothermal 
Project Well-A, Kilauea, Hawaii 205 

Wescott, Eugene M. and Donald L. Turner: 
Geothermal Energy Resource Exploration of the Eastern Copper 
River Basin, Alaska 211 

Wood, Spencer H. and Willis L. Burnham: 

Boise, Idaho Geothennal System 215 

CASCADES SPECIAL SESSION 225 

Benoit, Walter R.: 

An Explorati'onist Viewpoint of the High-Temperature Geothermal 
Potential of the Cascade Range in Oregon 227 

Blackwell, David D., John L. Steele: 
A Summary of Heat Flow Studies in the Cascade Range.... 233 

Bloomquist, K. Gordon; 
Geothermal Resources in the Cascades: Accessible/Developable -
The Institutional Setting ;...237 

Duffield, W.A.: 
Geologic Framework for Geothermal Energy in the Cascade Range 243 

Finn, Carol and David Williams: 
Gravity Studies in the Cascade Range 247 

La Fleur, Joe: 
An Expl oration Overvi ew .253 

Long, Gregg and Oavid McClain: 
Economic Constraints to the Development of Geothermal Power 1n 
the Cascades 263 

«» 



• 

Priest, George R. . N.M. Uoller, G.L. Black and S.H. Evans: 
A Conparison of Two Newly Mapped Parts of the High Cascade-
Western Cascade Transition Zone, Central Oregon 269 

Smith, Gary A. and Edward M. Taylor: 
The Central Oregon High Cascade Graben: What? Where? When? 275 

EXPLORATION GEOCHEMISTRY 28i 

Cole, David R.: 
Time Estimates for Oxygen Isotopic Exchange During Mineral-Fluid 
Interaction In Hydrothermal Systems 283 

Fultz, L.A. , E.J. Bell and O.T. Trexler: 
Volcanic Rock Petrochemistry as an Exploration Technique 
f o r Geothermal Energy 289 

Janik, Cathy J., Nancy L. Nehring and Alfred H. Truesdell: 
Stable Isotope Geochemistry of Thermal Fluids from Lassen 
Volcanic National Park, California 295 

Kunze, Jay F. and Ben E. Lofgren: 
Pilgrim Springs, Alaska Geothermal Resource Exploration, 
Dril 1 i ng, and Testing 301 

Matlick, J.S. , P.P. Parmentier: 
Geothermal Manifestations and Results of a Mercury Soil Survey 
in the Makushin Geothermal Area, Unalaska Island, Alaska 305 

McCarthy, Kevin P.: 
A Helium Exploration Survey In the Animas Valey, Colorado 311 

Moore, Joseph N., M.C. Adams and J.J. Stauder: 
Geochemistry of the Meager Creek Geothermal Field, 
British Columbia, Canada 315 

Rex, Robert W.: 
The Origin of the Brines of the Imperial Valley, California 321 

Sammel, Edward A.: 
The Shallow Hydrothermal System at Newberry Volcano, Oregon: 
A Conceptual Model 325 

Thompson, J.M., A.L. Grunder and Wes Hildreth: 
Selected Chemical Analyses and Geothermometry of Hot Waters 
from the Calabozos Caldera, Central Chile .' 331 

Thussu, J.L. , J.N. Moore and R.M. Capuano: 
Preliminary Geothermal Assessment of the Tattapani Thermal 
Area, Madhya Pradesh, India 337 

Truesdell, Alfred H., Emanuel Mazor and Nancy L. Nehring: 
The Origin of Thermal Fluids at Lassen Volcanic National 
Park: Evidence from Noble and Reactive Gas Abundances 343 

ENVIRONMENTAL/REGULATORY. . 349 

Hoyer, Dan and Phil Shafer: 
Geothermal Permitlng in Imperial County 351 



Intemann , Paul R.: 
Towards Solving the Conflict Between Geothermal Resource Uses 357 

Moore, Janes L. and Joseph G. La Fleur: 
Geothermal Energy - The Rational Geological Choice 361 

Moorehead, Margaret A. and Barbara J. Priest: 
State and County Regulation of Small Geothennal Electrical 
Generation Facilities in Oregon 367 

Reed, Andrea W. , Donald B. Hunsaker; Jr., R. Dickinson Roop 
and J. Warren Webb: 
Evaluation of Nepa-Based Environmental Commitments at Four 
Geopressured Geothermal Design Wells 371 

Sifford, Alex and. Eliot Allen: 
Harney County, Oregon Geothennal Energy Plan 377 

Sinclai r, David E.: 
Federal Geothennal Leasing Data and Recent Regulation Changes 381 

Stenstedt, E.A. and W.A. Osterling: 
Ancillary Benifits of Geothennal Development 385 

RESERVOIR ENGINEERING 389 

Bodvarsson, Gudmundur S., K. Pruess, V. Stefansson and 
Einar Eliasson: 
A Summary of Modeling Studies of the Krafla Geothermal 
Field, Iceland ..391 

Bodvarsson, M.G. , S.M. Benson: 
A Summary of Well Testing Activities at Lawrence Berkeley 
Laboratory, 1975-1982 39 7 

Caskey, B.C., G.E. Loeppke: 
Lost Circulation In Geothermal Wells: Research and 
Development Status.....;. ...^ 403 

Epperson, I.J.: 
Beowawe Acid Stimulation 409 

Epperson, I.J.: 
1981 Interference Wel 1 Testing: Beowawe, NV 413 

Flynn, Thomas, George Ghusn Jr.: 
Geologic and Hydrologic Research on the Moana Geothennal 
System Washoe County, Nevada 417 

Gudmundsson, J.S.: 
Injection Testing in 1982 at the Svartsengi High-Temperature 
Field in Iceland 423 

Keppler, Hans, CF. Pearson, R.M. Potter and James N. Albright: 
Microearthquakes Induced During Hydraulic Fracturing at 
the Fenton Hill HOR Site: The 1982 Experiments 429 

Kobayashi, Hideo, H. Hayamizu and Isao Matsunaga: 
Evaluation of Artificial Fracture Volume Based on Vented 
Water - Yakedake Hot Dry Rock Test Site .435 

Lippmann, M.J. , G.S. Bodvarsson: 
A Modeling Study of the Natural State of the Heber Geothermal 
Field, California 441 



I 
I 
i 
f 

I 
I 
I 

Loeppke, G.E. and B.C. Caskey: 
A Full-Scale Facility for Evaluating Lost Circulation 
Material s and Techniques ' 449 

Mangold, Donald C and Chin Fu Tsang: 
A Study of Nonisouthennal Chemical Transport in Geothennal 
Systems by a Three-Oitnensional Coupled Thermal and 
Hydrologic Parcel Model. 455 

Murphy, Hugh, Hans Keppler and Zora Dash: 
Does Hydraulic Fracturing Theory Work in Jointed Rock Masses? 461 

Rowley, John C , R.A. Pettitt, I. Matsunaga, D.S. Dreesen, 
R.W. Nicholson and Richard A. Sinclair: 
Hot Dry Rock Geothermal Reservoir Fracturing Initial Field 
Operation - 1982 467 

Sageev, Abraham and Roland N. Horne: 
Drawdown Pressure Transient Analysis of a Well Near a Steam Cap 473 

Wilt, M.J. , K. Pruess, G.S. Bodvarsson, N.E. Goldstein: 
Geothennal Injection Monitoring with D.C. Resistivity Methods 477 

EXPLORATION GEOPHYSICS 483 

Diment, William H. and Thomas C Urban: 
A Simple Method for Detecting Anomalous Fluid Motions In 
Boreholes From Continuous Temperature Log 485 

Intemann, Paul R. and R.D. Sharp: 
Values for Conductive Heat Transfer in Geothermal Technologies 491 

Keller, George V. and Jimmy J. Jacobson: 
Deep Electromagnetic Soundings Northeast of the Geysers 
Steam Field ; 497 

Keller, George V. and Jimmy J. Jacobson: 
Megasource Electromagnetic Survey In The Bruneau-Grandview 
Area, I daho 505 

Lohse, Richard L. and Larry Icerman: 
Temperature Gradient D r i l l i n g in the Mesquite-Anthony Area, 
New Mexico 513 

Mathews, Mark A . , James Scotts and Carol M. LaDelfe: 
A Pre l iminary Report on Fractured Igeous Rock Environment 
Test Pi t s . 519 

Matsubayshi, 0.: 
Conduction Dominated Geothennal Regine in the Sengan Region, 
Northeastern Honshu, Japan 52 5 

Onodera, Seibe: 
Comparison of Interpreted Results of resistivity Sounding 
Curves with Well Data in El Tatio Geothermal Field, Chile 529 

Reader, John F. and Brian D. Fairbank: 
Heat Flow in the Vicinity of the Meager Volcanic Complex, 
Southwestern British Columbia 535 

Shannon, S.S. Jr., F. Goff, J.C. Rowley, R.A. Pettitt and 
F.D. Vuataz: 
Roosevelt Hot Springs/Hot Dry Rock Prospect and Evaluation 
of the Acord 1-26 Well 541 

VIII 



I 
I 

Shore, Greg A. : 
Application and Interpretation of Multiple Pole-Pole 
Resistivity Survey, Mt. Cdyley, R.C 545 

Shore, Greg A. : 
! Electrical Resistivity Survey Results from the Anahiin 
Volcanic Belt, B.C , .551 

Stone, Claudia: 

A "Residual Temperature Map" of Arizona 555 

DIRECT-USE 561 

Allen, Eliot M.: 

HEATPLAN: A Microcomputer Program for Geothermal District 
Heating Assessment 563 

Batdorf, James A., George M. Simmons: 
Economical Advantages In Using Conventional Energy Supplements 
in the Design of Geothermal District Heating Systems 567 

Bjelm, Leif and Lennart Scharnell: 
Large Heat Pump Plants for District Heating Utilizing 
Geothermal Energy 573 

Chllds, F.W. , L.D. Kirol, R.D. Sanders and M.J. McLatchy: 
Description and Operation of Haakon School Geothermal 
Heat 1 ng System 579 

Cunniff, Roy A., Charlie Houghton and Prasan Chintawongvanich: 
New Mexico State University Campus Geothermal Demonstration 
Project - One Year Later 585 

Dolenc, Max R., Frank W. Chllds, David W. Allman and 
Ray D, Sanders: 
An Evaluation of Direct Use Project Drilling Costs. 589 

Flynn, Thomas, and Mayor Keith Larson: 
Drilling, Completion and Testing of Geothermal Wells CD-I 
and CD-2, Caliente, Nevada 595 

Gudmundsson, J.S.: 
Geothermal Soil Heating in Iceland 601 

Gunnarsdottir, Maria J.: 
Pumice Insulation: ,A Practical Solution for Rural Geothermal 
Pi pel 1 nes '. 607 

Kunze, Jay F., Ray W. Gould and Ralph M. Wrigth: 
The Economic Result of Geothermal Heat for Two Large 
Greenhouses .' 611 

Stejskal , Joe and Roy A. Cunniff: 
San Bernardino Geothermal District Heating Project 615 

Yanagida, John F.: 
Economic Potential of Geothermal Energy Usage in Agriculture 
and Aquaculture: the Case of Nevada 619 



o 

GEOTHERMAL ENERGY 
BET ON IT! 

TRANSACTIONS, VOLUME 8 

Geothermal Resources Council 
1984 Annual Meeting 
26-29 August 1984 

Reno, Nevada 

Geothermal Resources Council • P.O. Box 1350 • Davis, CA 95617-1350 • U.S.A. 



i 

Sekioka, M.: 
A Summary of D i rec t U t i l i z a t i o n of Geothermal 
Energy fn Japan 163 

S i f f o r d . A.: 
Survey of Geothermal D i rec t Use Pr ic ing Terms In 
Five Western States 169 

CERRO PRIETO 173 

Ayuso, M.A. , R, Marquez, C.A. Esquer and G. Negrln: 
Modeling Studies In the Cerro Pr ie to Geothermal F i e l d 175 

Blakeslee, S: 
Seismic Dlscr imat ion of a Geothermal F i e l d : Cerro P r ie to 183 

Cobo Rivera. J .S. , J . Cobo Rivera and F.J. Bemiejo: 
Geological Model of the Geothermal F ie ld a t Cerro Pr ie to 
Baja Cal l fo rn ia 189 

Contreras, E.A. , E.R. I g l e s i a s , and F. Bermejo: 
Laboratory-Measured Physical Propert ies of Cerro P r i e to 
Rocks: A Review of Ear ly Work and Presentat ion of New Data 193 

Granne l l , R.B. , H. Zhou and R.M. Wyman: 
Modeling of Repe t i t i ve Gravi ty Observations a t Cerro 
P r ie to Geothennal F i e l d 203 

H i r l a r t , G . , E. Sanchez: 
Thennodynamlc Considerat ions About the Well M-147 
a t Cerro P r i e t o . 207 

Manon-Mercado, A. : — 
Recent A c t i v i t i e s in Cerro Pr ie to 211 

Reed, M.J . : _ 
Relat ionship Between Volcanism and Hydrothermal 
A c t i v i t y a t Cerro P r i e t o , Mexico . . . . . . . . . 2 1 7 

T ruesde l l , A . H . , F. D'Amore and 0. Nieva: 
The E f fec ts of Local ized Aqu i fe r B o i l i n g on F l u i d 
Product ion a t Cerro Pr 1 e to . 223 

Vender Harr S.P. : 
Poros i ty of Coastal De l ta i c Sandstones, Cerro P r ie to 
Geothennal F i e l d . Baja C a l i f o r n i a , Mexico 231 

M i l t . M., N.E. Go lds te in , and Y. Sasaki: " ' 
Long-Teni;01pole-01po1e R e s i s t i v i t y Moni toHhg 
a t the CerroPr letoF Geothermal F i e l d 235 

D R I L L I N G W E L L T E C H N O L O G Y . . . 24i 

Baird, J.A. and B.C. Caskey: 
Analyzing the Dynamic Behavior of Downhole Equipment 
During Or 1111 ng* 243 

Dreesen, D.S. , H.D. Murphy, G. Zyvo losk i , O.M. McE l l go t .Z . Dash and R.N. Nicholson: 
I nsu la t i ng Geothennal Well Casings from Thermal Stress 
w i th Nitrogen Gas or Nitrogen Foam. 249 



I 

i 
t 
I 

I 

Layman. E.B.: 
A Simple Basin and Range Faul t Model for the 
Beowawe Geothermal System, Nevada 451 

LeSchack, L.A.: 
Shallow-Temp Surveys as a Potential Guide 
to Bidding for Geothermal Leases: A Case History at Coso 457 

Souther, J.G. and F. Dellechaie: 
Geothermal Exploration at Mt. Cayley - A 
Quaternary Volcano in Southwestern British Columbia ^ ^ 

Thomas D.M.: 
An Evaluation of Geothermal Resources for the State of Hawaii 469 

Trexler. D.T. . T. Flynn and G. Ghusn Jr.: 
Geothermal Resources of Nevada: A New Map 475 

GEOPHYSICS 477 

Batra R. . J.N. Albright, and C. Bradley: 
Downhole Seismic Monitoring of an Acid Treatment 
in the Beowawe Geothermal Field ^^9 

Chang. H.T.: 
Feasibility of a Borehole VHF Radar Technique for 
F racture Mappi ng* , *85 

Ehara, S. : 
Sfi ismlcUavej At tenuat ion Beneath Geothermal Areas 
i n Central Kyushu, Japan ,489_ 

Flovenz, 0 ,G. : 
App l i ca t i on of the HeadrOnfReslst ly t ty P r o f i l i n g 
Method In Geothennal Exp lora t ion ^93 

Hoover, D., A. R. DaSl lva, H. Pierce and R. Amaral: 
The App l i ca t i on of Audi.O;;j^g0et9t0];iu|!:4jQ^tSurveys 
on Sao Miguel I s l a n d , Azores Portugal .499 

Katz, L . J . : 
SelsnilC';^lsSlpRS Surveys ^ S 

Shaleen, M., L.L. Mink and 0. To to r i ca : 
E f fec ts of the 1983 Idaho Earthquake on the 
L1 t t l e Antelope F l a t Warm Spring 513 

Tagomori, K., K. Ushij ima and Y. K ionsh i ta : ' ^ ^ 
D i rec t Detect ion of Geothennal Reservoir at 
Hatchobaru Geothennal F i e l d by theiHJSe 
-'A-^ta-Hasse Heasureinent .'. 511 

I 
Ushij ima K.. K. Yuhara, K. Tagomori and K. Inoue: 

An isot rop ic R e s i s t i v i t y Invers ion of Ves Curves 
a t Hatchobaru Geothermal F i e l d , Japan ; 517 

Wal te r . S.R.. V. Rojas and A. Kollmann: 
Se1smtcl ly j : in the Lassen Peak Area. C a l i f o r n i a 1981-1983 523 

VIII 



tfPTt-

•J 
^ I' 

} 

V 

1 , ' 

>i 
" I 

i 
*V fc 

•• J: 

/ i 

I y 

GEOTHERMAL ENERGY IN THE USSR 

A Survey of R e s o u r c e s , Methodology, Geology, and Use 

Save ly Polevoy 

g •J :J , LiDLSlLirUlJUlî J associates, 
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FOREWORD 

This monograph details research and development of geothermal 

energy resources in the USSR, describes geologic occurrence and tech

nical state-of-the-art production methodology, and offers a prognosis 

for future growth in the Soviet geothermal industry. The author com

bines his geohydrological career experience with an extensive literature 

review to offer a comprehensive report that should interest geotechnical 

readers and also those who study the workings of the Soviet science and 

technology bureaucracy. Chapters 1 and 4 deal with where the geothermal 

industry has come from, the problems it faces, and where it is going. 

Chapters 2 and 3 detail the how and where of geothennal production, and 

include estimates of reserves. 

State-wide support for geothermal research and development began in 

1964 in the USSR. Prior to that time, more than 50 geothermal basins and 

volcanic sources had been identified, electric power generation poten

tial had been suggested, and the first geothermal map of USSR had been 

prepared. A comparable nationwide effort of roughly the same magnitude 

was started at about the same time in the US. 

In the late 1960s, low- and medium-potential geothermal waters, 

with temperatures less than 100°C, gained widest use. By 1972, 62 wells 

were in production and the Pauzhetka geothermal power plant was pro

ducing 15 million kW annually. This experimental plant was built to 

prove the feasibility of using steam-water mixture to generate electri

cal energy and its economic viability. Both were demonstrated. The 
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hierarchy that was responsible for R&D support and growth during this 

early period, and still serves today, is described in chapter 1. 

In 1979, thermal water energy provided heat for 4,500 apartments, 

hot water for 300,000 people, heated 50 hectares of hothouses, and 

generated 16 million kWh of electricity. In 1980, the Soviet Union was 

exploiting 36 geothermal water fields (GWFs) comprising 170 wells that 

produced 40 million m^ of hot water. Steam production, which occurred 

only at the Pauzhetka power station, was 250-300 thousand tons annually 

in the period 1968-1980. Although they fell short of plan targets, 

these figures represent but a fraction of hypothetical Soviet thermal 

and superheated water reserves. Estimates of hypothetical thermal water 

reserves show the overall energy of these reserves to be on the order of 

200 million Gcal annually. 

All Soviet geothermal water fields (GWFs) are of the hydrothermal 

type where the liquid phase dominates. There is no production from hot 

dry rock (HDR) or magma souirces because technology is insufficient. But 

then again, there exists no place in the world a technology for the 

Ij production of energy from HDR. Two basic types of GWFs are exploited: 

scratal water-pressure systems, and fissure-vein systems. The stratal 

GWFs produce mainly from sedimentary formations that are widespread on 

platforms, in foredeeps, and in intermontane depressions where Mesozoic 

and Cenozoic deposits contain extensive volumes of thermal water, 

generally at 75-100°C. Fissure-vein fields produce from fracture sys-

|l tems that relate to on-going tectonic activity and volcanism where water 

temperatures may reach 300°C. Drilling technology in each field type is 

different. In stratal systems, wells are generally about 2,000 m in 

depth, and have bottom diameters averaging 152 mm. This depth is 

greater than the average depth of comparable US wells. In fissure-vein 
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systems, wells are in the 400-600 m depth range, and special precautions 

are taken during the i r cons t ruc t ion . Geophysical techniques used in 

f i s su re -ve in explora t ion include DC e l e c t r o - p r o f i l i n g ( b i l a t e r a l d i 

p o l a r ) , and c o r r e l a t i v e re f rac t ive wave prof i l ing methods. In the US, 

I 

.1 essentially similar methods and techniques are in use, 

Stratal systems and formations are evaluated by hydrodynamic calcu

lations and simulations based on wellhead data. These calculations 

were the result of original research by the author, which yielded a uni

que method to determine small pressure differences in wells with a high 

degree of accuracy. Flow tests on wells in the USSR are varied but are 

similar to U.S. techniques; these may last several days or months, and 

ideally lead to a 25-year forecast of well or field performance. Forms 

of the Theis equation and elastic regime filtration theory are applied 

to estimate performance of stratal wells; boundary problems and ani-

sotropy enter into calculations aimed at the 25-year forecast. These 

analytical methods vary little from those used at cold water wells. 

Simulations of well field performance include network electric (RC net

works) and series analog methods. 

Fissure-vein systems, however, are evaluated empirically. These 

yield steam-water mixtures, are generally non-Darcian inflow behavior, 

and their explorable reserves exceed natural discharge by a factor of 3 

to more than 30. Well tests in fissure-veins systems usually last at 

least a year to allow impact of the seasonal hydrologic cycle to be 

seen. 

Formulas for determining static and dynamic pressures from well

head data, heat conductivity within the open borehole, and impact of 

drawdown are presented. All of the evaluation methods presume a gushing 

ll well production mode. Exploitation by pumping is currently economically 
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I 
;| unfeasible in the USSR, but studies are continuing with the aim of devel-

I 
3 

oping an economical pump for geothermal wells. Chronic problems in 

geothermal wells Include control of sand bridging, corrosion, and salt 

encrustation. Similar problems are encountered in other parts of the 

world (Hungary, Iceland, New Zealand, and elsewhere), where similar 

hydrogeothermic features are found. 

Geothermal resources are widely spread across the Soviet Union in 

eleven geologic provinces. Structural, tectonic, and stratigraphic set

tings, well yields, and mineralization levels in each province are 

reviewed, and reserves are predicted. 

In addition to the single operating power plant at Pauzhetka, other 

projects are underway in the Stavropol, Dagestan, and Transcaucasian 

areas. Current technology permits recovery of more than 20 kWh of 

electric energy per ton of water at 150°C. 

Even so, geothermal electric plants are on the periphery of 

. .« 
expected Soviet energy production. Becausemiore than 90% of geothermal 

reserves are between'40-100°C, the most practical uses are for hot water 

supply for space heating, e.g., residential complexes and greenhouses, 

and for health spas^—long a popular use in the Soviet Union. 

Breakthroughs in hot dry rock (HDR) technology appear necessary if 

there is to be significant increase in geothennal production. The devel

opment of high temperature underground boilers in the USSR will be 

realized only if a number of hydrological, seismic, and economic 

problems that relate to the drilling and casing of superdeep boreholes 

in high temperature conditions (300-500''C) can be solved. The USSR has 

developed an installation for drilling superdeep boreholes to 15 km: 

the Uralmash 15000. However, the extremely small bottomhole diameter it 

produces is inadequate for creating underground boilers at great depths. 
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Nonetheless, the 1990s are expected to see production of conductive 

HDR heat in volcanic regions of Kamchatka and permafrost areas of the 

northeastern USSR via underground thermal boilers lying at depths of up 

to 3 km. By the turn of the century, high-temperature (400-600°C) ther

mal boilers in HDR at depths of 6-15 km should come into use. 

In the USSR no separate administrative structure for geothermal 

energy has been developed. Exploratory efforts for thermal water are 

still carried out by two ministries: the Ministry of Geology and the 

Ministry of the Gas Industry, while extraction and sale of thermal water 

is conducted solely by the latter. The lack of an independent organiza-

II tion hinders geothermal development and results in irregularities in 

I 

I 
I 
:3 

1 

m^ 

planning, distribution of resources, and allocation of materials and 

equipment. 

Robert G. LaFleur 
Department of Geology 
Rensselaer Polytechnic Institute 
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Explored and Exploited GWF 

Explored and Abandoned GWF 

Promising Thermal Water Areas either under 
Exploration or Planned for Exploration in 1976-85 

Kishinevskaya 
Surgut-Kolpashevskoye 
Shevchenkovskoye 
Pavlodarskoye 
Khodzha-Obi-Carmskoye 
Ferganskoye 
Issyk-Kul'skoye 
Alma-Atinskoye 

9 Upper Angara 
10 Charskoye 
11 Tal'skoye 
12 Pauzhetka 
13 Paratunka 
14 Bol'she-Bannoye 
15 Mutnovsko-Zhirovskoye 
16 Koshelevskoye 

FIGURE 10 

DISTKIBUTION OF GEOTHERMAL WATER FIELDS AND EXPLORATION AREAS IN THE USSR 
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FIGURE 11 

DISTRIBUTION OF PROMISING THERMAL WATER AREAS IN THE USSR 

Note: Numbers correspond Co chapter III subsections. 

Source: Mavrltskiy, B. F., et al. Resursy termal'nykh vod SSSR. 
Moscow, Nedra, 1975. 
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Fissure-vein thermal water is usually limited to metamorphic, volcanic-

sedimentary, and igneous rocks of varying ages that form the fold regions 

and basements of artesian basins. This water is generally found in tec

tonic fault areas in small artesian systems. Vertical circulation domi

nates the dynamics of fissure and fissure-vein water, in contrast to the 

lateral circulation dominant in stratal systems. Fissure discharge is 

in the form of springs and sometimes steam jets, as well as hidden 

discharge on the basement surface beneath the artesian basins. In the 

USSR there are up to 150 groups of springs and individual flows with 

temperatures above 40°C, which are concentrated primarily in mountainous 

regions in the southern and eastern parts of the country and in the 

Transbaykal region. Thermal springs are also known in the northeast 
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areas (Kolyma, Chukotka), where they penetrate to the surface through 

thick layers of permafrost (Salygan-Sylba, Lorinskiy, and Talskly 

springs). The Kurile-Kamchatka volcanic zone is a unique site. Here, 

numerous hot springs and steam jets are tied to magmatic activity. The 

greatest spring flow volumes recorded in the USSR have been observed in 

this region and in the Sayan-Baykal fold area. 

Geologic Settings of Geothennal Waters 

Thermal waters in the USSR are distributed in 11 geologic provinces 

(from west to east): (1) Carpathia; (2) Crimea; (3) Caucasus; (4) Cen

tral Asia and Kazakhstan; (5) Western Siberia; (6) Southern part of East 

Siberia; (7) Transbaykal and the Amur Region; (8) the Northeast and Chu

kotka; (9) Kamchatka; (10) Kurile Islands; and (11) Sakhalin (figure 11). 

1. Carpathia 

The Carpathian area lies in the seismically active Alpine montane 

fold belt that extends from the Pyrenees and Alps in Western Europe to 

Tien Shan and the Pamirs in Central Asia. 

A promising target for thermal water is the regionally distributed 

Sarraatsko-Levantinian water-bearing complex (Miocene) in the Chop-

Mukachevskaya intermontane basin in Carpathia. Water-bearing strata 

include terrigenous and pyroclastic fragmental rocks (sandstones, 

siltstones, tuff, and tuffites). Thermal water production from wells 

reaches several hundred cubic meters per day-, and water temperature is 

about 50''C. Overall mineralization of thermal water usually does not 

exceed 10-15 g/1. 

In the Sarmat-Levantinian water-bearing complex, hypothetical 

exploitable reserves of thermal water have a temperature of 50°C and a 

flow rate of 545 1/s, and the thermal potential is estimated to be 
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The Delphic Emigre Series 

Since 1970, the USSR has allowed the departure of a great number 
of its citizens. The US public is aware of a large number of Jewish 
emigres — exceeding 200,000—of whom about half have settled in the 
United States. There has been, however, an unnoticed exodus of ethnic 
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These emigres provide an opportunity for enriching our understanding of 
the Soviet Union, offering us a view of conditions as they really are, 
not filtered by censorship or embellished to serve political purposes. 
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tional and professional backgrounds to prepare scholarly studies on 
facets of the Soviet Union not well understood by the professional com
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the following monographs: 

Fyodor Kushnirsky Soviet Planning: Evolution in 1965-1980 

Victor Yevsikov Re-Entry Technology and the Soviet Space 
Program 

Sergei Zamascikov Political Organizations in the Soviet Armed 
Forces: The Role of the Party and Komsomol 

Fyodor Kushnirsky Price Inflation in the Soviet Machine-
Building and Metalworking Sector 

Bella Feygin The Theory and Practice of Price Formation 
in the USSR 

Mark Goldberg The Development of Combinatorics in 
the USSR 

Avgustin Tuzhilin The Theory and Application of Wave 
Propagation and Diffraction in the USSR 

Mikhail Turetsky The Introduction of Missile Systems into 
the.Soviet Navy (1945-1962) 

Irina Dunskaya Security Practices at Soviet Scientific 

Research Facilities 

Esfir Raykher Natural Gas Transport in the USSR 
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INTRODUCTION 

A bibliographic search of geophysical and geothermal journals, published 

reports and transactions from technical meetings was undertaken in order to 

establish and document the application of various geophysical techniques used 

worldwide for the exploration of geothermal resources. Over 700 pertinent 

references were assembled and are listed at the end of this report. A data 

base which indicates the worldwide application of various geophysical methods 

for geothermal exploration was created by reviewing the more significant 

publications within the bibliography. This data base was then used to 

evaluate the effectiveness of the geophysical methods within specific geologic 

and tectonic settings. 



PRINCIPAL LITERATURE SOURCES 

A computer-aided bibliographic search was conducted using the GEOREF data 

base of Dialog Information Services, Palo Alto, California. This search 

resulted in an extensive listing of technical articles which describe the 

application of geophysical methods for the exploration of geothermal resources 

around the world. A total of 554 listings was obtained which included refer

ences from technical .journals, transactions and extended abstracts from 

technical meetings, government publications, doctoral and masters theses and 

geothermal texts. Approximately 200 additional references were obtained 

through a specific literature search, so that the total number of biblio

graphic references exceeds 700. 

The GEOREF bibliographic entries are included in Appendix A of this 

report and are listed according to a GEOREF identification number which in

cludes the year that the reference was placed in the data base. The most 

recently published references are generally listed first with the article 

title shown in boldface lettering. Unfortunately, there is no author cross-

reference to aid in the search for a particular article. A bonus with this 

reference list is the list of key words that accompanies each reference 

entry. These key words provide valuable information regarding the articles. 

Abstracts are also included for some of the more recent listings. 

The 200 additional references came from transactions of selected techni

cal meetings, texts and technical journals. These references "are listed by 

the publication and then by the author and article title in Appendix B of this 

report. Time did not permit a complete reorganization of the reference 

material. Because of the awkward method of listing GEOREF entries, there is 

some duplication between the GEOREF and the supplemental reference listings. 

Approximately half of the references could not be reviewed in detail 



because of time and cost considerations, but this did not pose a limitation to 

our evaluation because of the duplication of information published within the 

literature (e.g., some authors have published essentially the same article in 

three separate publications such as the USGS Open File Reports, the GRC 

Transactions of Meetings and a technical journal such as Geophysics). The 

principal literature sources for the articles that were reviewed are given in 

Table I along with the number of articles reviewed. It is apparent from this 

table that technical meetings provide a greater wealth of information about 

exploration techniques than do technical journals which tend to emphasize 

theoretical advancements. 

Those references that were not reviewed first-hand still provided infor

mation regarding the application of geophysical methods because of the list of 

key words that were included with each reference of the GEOREF bibliography. 

Types of Articles 

The references within the bibliographic list are divided into four basic 

categories and listed according to the predominance in the reference list: 

(1) reconnaissance exploration, (2) technique development, (3) theoretical and 

(4) generalized case history references. Most of the articles that were 

reviewed described reconnaissance geophysical surveys in areas where very 

little was known about the subsurface geology. Usually a limited suite of 

geophysical methods were utilized and little drilling information was avail

able to confirm the interpretation of the geophysical data. In many of these 

articles, a development in a particular technique is illustrated by the appli

cation of the technique in a geothermal area. Again, this type of article 

rarely presents an integrated interpretation and testing of the interpretation 

by the drill bit. Theoretical articles are the next most prevalent type and 

they generally do not provide much information regarding the utilization of 



geophysical methods for exploration. Unfortunately, the most important type 

of article, the case history, is also the rarest in the literature. 

Organization of Tabulated Results 

The geophysical methods commonly used for geothermal exploration can be 

divided into ten basic categories: passive seismic, active seismic, passive 

electromagnetic, active electromagnetic, electrical resistivity, radiometric, 

thermal gradient, remote sensing, borehole geophysics and potential 

(gravimetric and magnetic) methods. Borehole methods utilize most of the 

other geophysical methods within the confines of existing boreholes for 

reservoir analysis and fracture detection. Within each basic category are 

specific geophysical methods, such as the gravimetric and magnetic methods 

within the potential methods category. In all, twenty-seven geophysical 

methods were identified and are shown in Table II with their designated 

abbreviations and acronymns. 

The geologic and tectonic settings of the geothermal areas that were 

reviewed were divided into five basic types in Table III: rift valley, basin 

and range, intrusive volcanic, extrusive volcanic and basin settings. The use 

of geophysical methods within an area is based on the consideration of the 

geology, surface terrain, accessibility, the expected reservoir type and the 

survey cost versus resource profitability. These factors are variable for 

each geothermal area, but they are influenced by the geologic environment of 

the area; consequently the geologic setting exerts great influence on the 

choice of geophysical method applied in an area. 

Both rift valley (RV), and basin and range (B&R) settings are defined by 

their particular style of tectonic activity and geomorphology. Examples of 

rift valley settings are the Rio Grande Rift in the USA, the East African Rift 

and the Baikal Rift in the USSR; the Basin and Range Province, USA is the 



classical example of a basin and range setting. A geothermal resource not 

occurring within an RV or B&R setting will generally be in close proximity to 

Tertiary to Recent age volcanism or will occur within deep basins. An intru

sive volcanic (VI) setting is one in which a near-surface intrusive body acts 

as the heat source for a reservoir. The recently emplaced dike in the Puhimau 

thermal area of the Kilauea volcano, Hawaii is an example of this type of 

setting. A special case of the VI setting is the hot dry rock (HDR) resource, 

such as the older silicic intrusion in the Jemez Mountains of New Mexico. The 

intrusive body not only supplies the heat but also becomes the reservoir, 

either as a result of natural or man-made fracturing within the body. When 

the intrusive magmatic body is much deeper within the crust and a more conven

tional geothermal reservoir exist, then the area is classified as an extrusive 

volcanic (VE) setting. Calderas, such as the Long Valley, and Yellowstone 

calderas and extensive volcanic fields related to subduction zones (El Tatio, 

Chile) are embraced by this category. Basin settings (B) are deep basins with 

generally low- to moderate-temperature geothermal resources that are a result 

of the deep circulation of meteoric waters within the basin. The Paris Basin 

of France is an example of this type of setting. The geopressured resources 

of Texas and Louisiana^ USA, are also in this general category. 

Information regarding the application of the geophysical methods in 

various geologic settings and temperature regimes in countries and regions 

around the world is listed in Table III. A total of 47 countries or regions 

(e.g., the Caribbean Sea region) and 88 geothermal resource areas (e.g., Cerro 

Prieto, Mexico) are represented within Table III. The country/region listings 

are organized according to the geologic setting and then are arranged alpha

betically within each geologic group. Only significant geothermal areas with 

a substantial number of accessible references were listed separately within 



the table (e.g., the Coso Hot Springs resource area is listed separately from 

the other Basin and Range resource areas of the USA, while all of the resource 

areas in India were listed together). 

Geothermal resources within each region are classified as low-temperature 

(T < 100°C), moderate-temperatue (100°C < T < 200°C) or high-temperature (T > 

200°C) resources. The three rows comprising each entry for a region 

correspond to the low-, moderate- and high-temperature classifications (L, M, 

H), respectively. This classification is similar to the generally accepted 

temperature classification given by White and Williams (1975), but does differ 

from it in the choice of the boundary temperature between the moderate- and 

high-temperature regimes (200°C versus 150°C). The present classification 

scheme was used in order to provide a more even distribution of resource areas 

among the three temperature categories. 

The symbol 'X' is used in Table III for known information (i.e., geologic 

setting, resource temperature, and geophysical method), the symbol '+' is used 

for information derived or inferred from details within an article and the 

symbol '?' is used for uncertain interpretations made by the authors of an 

article. Multiple usage of a particular geophysical technique within a region 

is not noted. 

The site-specific information in Table III was gathered together and 

assembled in Table IV according to geologic setting and resource temperature 

so that the utilization of geophysical methods could be more easily analyzed 

according to those two important criteria. The number of resource areas that 

were surveyed by a geophysical method and the total number of available areas 

for each geologic/temperature category are shown along with the subtotals for 

each geologic setting within each of the five categories. Totals for the 

number of resource areas and the utilization of geophysical methods for the 



three resource temperatures are shown at the bottom of the table. An alter

nate presentation format for the utilization of geophysical methods is a 

percent utilization table (Table V) which provides the percentage of resource 

areas in which a geophysical method was applied (i.e., the number of areas 

where a particular method was used divided by the total number of resource 

areas of that type and multipled by 100). With this data format, the utili

zation of geophysical methods in different geologic settings and temperature 

regimes can be compared directly since the number of occurrences.has been 

normalized by the total number of possible occurrences. This table can be 

further simplified by replacing the numeric data with symbolic data that 

represents four categories of percent utilization: utilization 2. 50%, 25% _<_ 

utilization < 50%, utilization < 25% and 0% utilization. This summary (Table 

VI) of the percent utilization of geophysical methods graphically delineates 

those geophysical methods popularly applied in various geologic settings and 

resource temperatures. 



DISCUSSION AND CRITIQUE' 

Before noting and discussing the findings of this study, a few comments 

regarding the data base are required. A large variation in the number of 

articles per country/resource area is found within the GEOREF reference 

list. Table VII lists the number of references per country/region and these 

figures indicate that a majority of the references cover only a few of the 

countries. This reference list consists of the GEOREF bibliography plus the 

23 articles contained within the geoelectric and geothermal studies of the 

USSR and the eastern bloc countries (Adam, 1976). This point is better illus

trated by Table VIII which lists the seven countries with the most refer

ences. Not surprisingly, the geothermal exploration in the USA was referenced 

340 times out of a possible of 575 references, thus comprising the 59% of the 

reference list. The next most referenced country is Italy with 30 articles or 

5% of the reference list. The other five countries, the USSR, Japan, Mexico, 

Iceland and New Zealand, all are referenced fewer than 30 times (less than 5% 

of the list). References for these seven countries comprise 80% of the refer

ence list; consequently there is a definite bias in the data set towards geo

thermal exploration in the USA. To help de-emphasize this bias, all but three 

of the Basin and Range geothermal areas were lumped into one category (the 

Basin and Range region) in order to cut down on the number of US resource 

areas. Even so, there are 20 separate resource areas in the USA that are 

listed in Table III. 

Another observation regarding this study is that not all results of 

geothermal exploration are published in the literature. This is especially 

true in the USA where much of the geothermal exploration was funded by private 

companies that have kept the survey findings proprietary. The usage of such 

techniques as bipole-dipole, microearthquake and controlled source AMT is more 



widespread in the USA and would be better represented if this proprietary 

information were available. However, we do not feel that this problem will 

affect the significant findings of this study. Most of the statistical 

findings of this study are obtained directly from Tables IV to VI and these 

results will now be introduced. 

The column totals of Table IV Indicate that 88 resource areas were 

reviewed and a total of 562 entries regarding the usage of geophysical methods 

were made to Table III. These tabulations do not include the 7 resource areas 

and the corresponding 11 geophysical entries that could not be correlated with 

one of the five geologic settings because of deficiencies in the published 

literature. These are referred to as the 'unclassified category' in Table 

III. The ratio of the total number of entries to resource areas indicates 

that an average of 6 different geophysical methods were applied in each of the 

reviewed geothermal areas around the world. Using the totals for each 

resource temperature, the average number of geophysical methods applied per, 

resource area becomes approximately 5, 5 and 8 for the low-, moderate- and 

high-temperature resources, respectively. The range in the number of methods 

applied for the three temperature regimes is 3 to 9, 3 to 11 and 5 to 16 

respectively. The maximum number of methods per area (16) occurred in the 

high-temperature basin and range setting and the minimum (3) occurred in the 

low-temperature extrusive volcanic and the moderate-temperature rift valley 

geologic settings. It is reasonable to conclude that more exploration effort 

is expended in the more profitable high-temperature resource areas, as 

indicated by the number of methods applied in the three temperature regimes. 

The third column of Table IV also shows that the number of resource areas 

reported for a particular geologic setting is proportional to the resource 

temperature in all but the basin geologic setting. Of the five geologic 



settings, the extrusive volcanic setting contains the most documented resource 

areas (47) as compared to fewer than 14 areas for each of the other four 

settings. 

Tables V and VI are used to determine the most popular geophysical 

methods for the different geologic settings and temperature regimes. Table VI 

is the easiest of the two tables to use since the percent utilization of a 

geophysical method is divided into 4 categories representing significant {>_ 

50%), moderate (25% _<_ utilization < 50%, low (< 25%) and non (0%) utilization 

of the method. Considering all resource areas and temperatures, only three 

methods saw significant utilization: VES (59%), gravimetric (52%) and tem

perature gradient (50%) methods. The popularity of the VES method is due to 

its use as a low cost reconnaissance method. The Schlumberger sounding is the 

most popular of the VES methods, but Wenner and dipole-dipole (e.g., equato

rial dipole-dipole) soundings have also been used. Popularity of the gravity 

method is also due to its low cost and because of its usefulness in defining 

geologic structure. The widespread usage of the TG method is obvious, since 

it is the only geophysical technique that actually measures the property that 

is being sought. Seven other methods were moderately used around the world: 

heat flow (48%), magnetic (39%), MT (35%), dipole-dipole resistivity (33%), 

reflection seismology (33%), MEQ (32%), remote sensing (28%), and bipole-

dipole (26%). The least used methods included CSAMT, IP, pole-dipole and 

geomagnetic soundings, all of which have values of percent usage less than 7%. 

The subtotal row for each of the five geologic settings in Tables VI (and 

V) indicates the distribution of different geophysical methods in the diffe

rent settings. These results can be summarized as follows: 

rift valley: significant - VES method 

moderate - MEQ, gravimetric, magnetic, MT, dipole-



d ipo le , b ipole-dipole and heat flow and TG methods 

B and R: s ign i f i can t and moderate - a l l of the methods with the 

exception of geomagnetic soundings, CSAMT, HEP, SP and 

BG (borehole geophysical) methods 

IV: s ign i f i can t - grav imetr ic , magnetic, VES, and 

temperature gradient methods 

moderate - re f l ec t i on seismology, AMT, MT, d ipo le-

dipole and heat flow methods 

EV: s ign i f i can t - gravimetric and VES methods 

moderate - MEQ, re f l ec t i on seismology, magnetic MT, 

d ipo le -d ipo le , b ipo le -d ipo le , SP, heat f low, TG, and 

remote sensing methods 

basins: significant - gravimetric, VES, heat flow and TG 

methods 

moderate - reflection seismology, MT and telluric 

methods 

Examining the columns of Table VI, the VES and TG methods are clearly the most 

popular geophysical methods employed in all of the geologic settings and 

temperature regimes. The rows of Table VI indicate that the greatest utili

zation of geophysical methods occurs in the moderate- to high-temperature 

basin and range geothermal resource areas; this result is largely due to the 

extensive geothermal exploration of the Basin and Range Province in the USA. 

One obvious criticism of Tables V and VI is that the popularity of a 

method does not necessarily indicate its value as an exploration tool. Too 

often a technique that has been successfully employed in one environment is 

then tried in other geologic settings and reservoir types with much poorer 

results. The bipole-dipole technique is a good example of the blanket usage 



of a technique in areas where it is not well suited. The Original success of 

the technique in outlining the boundaries of the Broadlands Field, New Zealand 

(Risk et al., 1970) led to its use in such areas as the Olkaria Field, Kenya 

where it found little success in mapping the geothermal resource. 

The evaluation of the usefulness of the various geophysical techniques is 

the most difficult task of this study because of the few published comprehen

sive case studies of geothermal exploration programs. Ward (1983) provides an 

excellent evaluation of the geophysical methods in the exploration of geother

mal resources in the Basin and Range Province of the western US. Ward evalu

ated 14 methods in 13 high temperature sites (including Long Valley, Coso Hot 

Springs, Roosevelt Hot Springs and Raft River) and concluded that: a) none of 

the various geophysical methods were uniformly consistent in performance; b) 

none of the methods was ranked in the "good" category and only five methods 

were ranked in the good to fair category (MEQ, gravimetric, electrical 

resistivity, SP and heat flow/TG); c) the least effective methods are seismic 

noise, magnetic and MT; and d) no combination of any four methods was ranked 

as "good to fair" in success at more than one site. It is noteworthy that two 

of the least effective geophysical methods (magnetic and MT) were 

significantly utilized in the basin and range geologic setting worldwide 

according to Tables V and VI. Additional observations made by Ward are: a) 

quiet periods between MEQ swarms limits the use of the MEQ method in some 

areas; b) reflection and refraction seismology are not always applicable to 

reservoir delineation; c) the magnetic method is most useful for mapping zones 

of magnetite destruction; d) Schlumberger soundings and dipole-dipole 

profiling surveys are the best electrical resistivity methods; e) CSAMT and 

CSFEM methods have not been sufficiently tested yet; f) scalar AMT and 

tellurics should be limited to reconnaissance surveys; g) the SP method shows 



great promise but does not always produce a recognizable signature over 

geothermal systems; and h) shallow heat flow/TG is not always a reliable 

indicator of a high quality geothermal resource. 

A variety of techniques, including CSMAT, VES, SP, gravimetric, magnetic, 

CSFEM, dipole-dipole, bipole-dipole, heat flow and remote sensing methods, 

were employed in the Puhimau thermal area of the Kilauea Volcano, Hawaii. The 

SP and VLF tilt angle and resistivity results delineated an area associated 

with high surface temperatures and a Schlumberger sounding was used to deter

mine a minimum depth to the top of the subsurface conductive dike (Anderson, 

1984). Comparable results were obtained using the CSAMT method (Bartel, 

1984). 

Most of the geothermal areas around the world are characterized by sub

surface resistivities that are less than 10 ohm-m; regardless of the host rock 

resistviity. Consequently, in many areas it is sufficient to map the surface 

manifestations (hydrothermal alterations) of a deeper reservoir using an elec

trical resistivity technique. This has been successfully done in the Broad-

lands Field, New Zealand (bipole-dipole), Dieng Plateau, Indonesia (bipole-

dipole), Olkaria Field, Kenya (dipole-dipole) and Roosevelt Hot Springs, USA 

(dipole-dipole or CSAMT). The use of the airborne TEM techniques have taken 

advantage of the near surface conductive zones above geothermal reservoirs in 

order to delineate some anomalous areas in the western US for more detailed 

studies. 

In the Olkaria area, shallow TG and dipole-dipole profiling provided the 

most useful information and the bipole-dipole method the least useful infor

mation (Noble and Ojiambo, 1975). On the Island of San Miguel, Portugal, a 

reconnaissance geophysical effort that utilized the bipole-dipole method to 

map anomalous areas in the rugged terrain followed by Schlumberger soundings 



and dipole-dipole profiling was used to locate a successful geothermal well. 

Later an AMT survey in the same area confirmed the results of the electrical 

resistivity survey, perhaps indicating a more cost effective method of explor

ing the rugged terrain of the island (Hoover et al., 1984). Both the electri

cal resistivity and AMT surveys showed little correlation with the results of 

an MT 5-EX survey in the same area. 

The existence of low resistivities is not a guarantee of anomalous sub

surface temperatures. Sanford et al. (1979) reported on a case study of the 

Elephant Butte prospect, south central New Mexico which involved the use of 

the bipole-dipole method, modified Schlumberger soundings and subsequent heat 

flow determinations. The electrical methods successfully mapped the basement 

structure and faulting and delineated several areas of anomalously low resis

tivity. However, the heat flow data did not indicate any anomalous subsurface 

temperatures in the area. 

An area where the gravimetric method works very well is in the Imperial 

Valley of California, USA. The East Mesa and Heber geothermal areas are 

characterized by areas of high density that are associated with dense cap 

rocks that form as a result of the hydrothermal activity. Horizontal electri

cal profiling also delineated low resistivity zones associated with the areas 

of high flow (Meidav and Fergerson, 1972). Seismic noise and magnetic methods 

were of no value in these two areas; the cultural noise level in the area 

prevents the recording of any potential natural noise. 

Areas where the seismic noise method is effective are areas where active 

thermal manifestations occur at the surface such as the Norris Geyser Basin of 

Yellowstone National Park, USA (Oppenheimer and Iyer, 1979). In the basin, 

horizontal electrical profiling delineated the outlines of the near-surface 

hydrothermal alteration and Schlumberger soundings mapped a resistive layer 



(75-130 ohm-m) overlain by a conductive layer (2-7 ohm-m) which represents the 

vapor-dominated and condensate-dominated portions of the geothermal reservoir, 

respectively (Zohdy et al., 1973). A similar geoelectric structure was 

determined for the Kawah Kamojang Field, Indonesia (Hochstein, 1975). 

The VES and HEP methods have been successfully used in Reykjanes Penin

sula of Iceland to locate thermal areas (Georgsson, 1981 and Georgsson, 

1984). The three high temperature geothermal fields on the Peninsula all 

occur within areas of low subsurface resistivity (6 ohm-m) as opposed to a 

background of 10-12 ohm-m. 

The dipole-dipole, VES and SP methods were effective in exploring the 

Cerro Prieto Field of Mexico. The electrical resistivity methods delineated a 

shallow zone of low resistivity (< 2 ohm-m) associated with high heat flow and 

located the trace of the producing fault (Garcia, 1975). The SP method was 

used to map a fault through the producing area (Corwin et al., 1980) and 

attenuation and velocity anomalies derived from the MEQ data were useful in 

delineating the geothermal field. A precision dipole-dipole survey was also 

used to map the intrusion of fresh water into the production zone (Wilt et 

al., 1983) and a seismic reflection survey determined a reflection attenuation 

within the production zone (Blakeslee, 1984). 



KEY FINDINGS 

The important findings of this study can be summarized as: 

(1) The tabulated statistics on the utilization of geophysical methods 

for geothermal exploration are biased towards the geothermal 

methodology of the USA because the reference list is dominated by 

articles dealing with geothermal exploration within the USA (59% of 

the references fall within this category; 

(2) A total of 88 resource areas/regions were reviewed and 562 instances 

of the use of geophysical methods for geothermal resources were 

recorded in table form; 

(3) An average of 6 different geophysical methods were utilized in each 

of the 88 resource areas; 

(4) An average of 5, 5 and 8 geophysical methods were used in low-, 

moderate- and high-temperature resource areas, respectively; 

(5) The number of reported resource areas for a particular geologic 

setting increases with increasing resource temperature, except in 

the case of basin geologic settings; 

(6) Most of the reported geothermal areas worldwide occur within the 

extrusive volcanic category; 

(7) The VES, gravimetric and TG methods are used in over half of all 

resource areas and the heat flow, magnetic, MT, dipole-dipole 

reflection seismology, MEQ, remote sensing and bipole-dipole are 

used in 25% to 50% of all resource areas; 

(8) The least-popular documented methods are the CSAMT, IP, pole-dipole 

and geomagnetic soundings which were used in less than 7% of the 

areas; 

(9) The popoularity of geophysical methods varies with geologic setting 



and temperature of the resource, but the VES and TG methods are 

clearly favored in the majority of areas and temperatures; 

(10) The performance of the various geophysical techniques are very 

difficult to evaluate in the various geologic settings because of a 

lack of comprehensive case studies in the literature; 

(11) Ward (1983) ranked the MEQ, gravimetric, electrical resistivity, SP 

and heat flow/TG methods as the mOst effective (good to fair) and 

the seismic noise, magnetic and MT methods as the least effective 

geophysical methods for the exploration of the Basin and Range 

Province of the western USA; 

(12) In general the electrical resistivity methods appear to be the most 

effective reconnaissance method for the delineation of shallow 

geothermal reservoirs with near surface hydrothermal alteration 

zones; however, the specific geologic model determines which 

physical parameter has the best correlation with the geothermal 

reservoir and has the highest signal-to-noise ratio. 



REFERENCES 

Adam, A., 1976, Geoelectric and geothermal studies (east-central Europe, 
Soviet Asia): KAP6 Geophysical Monograph, Akademiai Kiado, Budapest, 745 
p. 

Anderson, L. A., 1984, Self-potential investigations in the Puhimau thermal 
area, Kilauea Volcano, Hawaii: Expanded Abstracts of the Technical 
Program, 54th Annual International SEG Meeting, Dec. 2-6, Atlanta, 81-84. 

Bartel, L. C , and Jacobson, R. D., 1984, Results of a CSAMT survey at the 
Puhimau thermal area, Kilauea Volcano, Hawaii: Expanded Abstracts of the 
Technical Program, 54th Annual International SEG Meeting, Dec. 2-6, 
Atlanta, 81-84. 

Blakeslee, S., 1984, Seismic discrimination of a geothermal field: Cerro 
Prieto: Trans. Geothermal Resources Council,^, 183-188. 

Corwin, R. F., Morrison, H. F., Diaz, C. S., and Rodriquez, B. J., 1980, Self-
potential studies at the Cerro Prieto geothermal field: Proc. of the 
First Symposium on the Cerro Prieto geothermal field; Part II, in 
Geothermics, 9, 1-2, 39-47. 

Garcia, D. S., 1975, Geoelectric study of the Cerro Prieto geothermal area, 
Baja, California: Proc. Second U.N. Symposium on the Development and Use 
of Geothermal Resources, San Francisco, 2, 1009-1012. 

Georgsson, L. S., 1981, A resistivity survey on the plate boundaries in the 
western Reykjanes peninsula, Iceland: Trans. Geothermal Resources 
Council, S_, 75-78. 

Georgsson, L. S., 1984, Resistivity and temperature distribution of the outer 
Reykjanes Peninsula, southwest Iceland: Expanded Abstracts of the 
Technical Program, 54th Annual International SEG Meeting, Dec. 2-6, 
Atlanta, 81-84. 

Hochstein, M., 1975, Geophysical exploration of the Kawah Kamojang geothermal 
field. West Java: Proc. Second U. N. Symposium on the Development and 
Use of Geothermal Resources, San Francisco, 2, 1049-1058. 

Hoover, D., DaSilva, A. R., Pierce, H., andj\maral, R., 1984, The application 
of audio-magnetotelluric surveys on Sao^Miguel Island, Azores, 
Portugal: Trans. Geothermal Resources Council,^, 499-504. 

Meidav, T., and Furgerson, R., 1972, Resistivity studies of the Imperial 
Valley geothermal area, California: Geothermics, 1, 47-62. 

Noble, J. W., and Ojiambo, S. B., 1975, Geothermal exploration in Kenya: 
Proc. Second U. N. Symposium on the Development and Use of Geothermal 
Resources, San Francisco, 1, 189-204. 



Oppenheimer, D. H., and ,Iyer, H. M., 1979, Microseisms analysis at Norris 
Geyser Basin, Yellowstone National Park, Wyoming: Trans. Geothermal 
Resources Council,^, 523-526. 

Risk, 6. F., Macdonald, W. J. P., and Dawson, G. B., 1970, DC-resistivity 
surveys of the Broadlands geothermal region. New Zealand: U.N. Symposium 
on the Development and Utilization of Geothermal Resources, Pisa, Proc. 
(Geothermics, Special Issue 2), 2, 1, 287-294. 

Sanford, R. M., Bowers, R. L., and Combs, J., 1979, Rio Grande Rift geothermal 
exploration case history: Elephant Butte Prospect, south central New 
^Mexico: Trans. Geothermal Resources Council, _3̂ , 609-612. 

Ward, S. H., 1983, Geophysical studies of active geothermal systems in the 
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TABLE I 

PRINCIPAL LITERATURE SOURCES 

Transactions and Proceedings of Technical Meetings: 

Transactions of Geothermal Resources Council Meetings 1977 - 1984 (38) [202] 

Abstracts of the Annual International SEG Meetings 1979 - 1984 (55) [53] 

Proceedings of the Second UN Symposium on the Development and Utilization of 
Geothermal Resources, 1975 (49) [49] 

Proceedings of the UN Symposium on the Development and Utilization of 
Geothermal Resources, 1970 (22) [22] 

Proceedings of the International Congress on Geothermal Waters, Geothermal 
Energy and Volcanism of the Mediterranean Area: Geothermal Energy, 1976 (9( 
[9] 

Technical Journals: 

Geophysics (25) [57] 

Geothermics (14) [14] 

Journal of Volcanology and Geothermal Research (8) [4] 

Geoexploration (1) [1] 

Geophysical Prospecting (1) [1] 

Journal of Geophysical Research (12) 

Publications: 

The Role of Heat in the Development of Energy and Mineral Resources in the 
Northern Basin and Range 

Geoelectric and Geothermal Studies (East Central Europe and Soviet Asia) 

Note: values within the parentheses are the number of articles listed within 
the GEOREF bibliography; the values within the square brackets are the number 
of articles actually reviewed. 



TABLE II 

GEOPHYSICAL METHODS APPLIED TO GEOTHERMAL EXPLORATION 

Abbreviation 

SN 
MEQ 
T 

RFL 
RFR 

GRAV 
MAG 

AMT 
MT 
TEL 
GEOM 

CSAMT 
TEM 
CSFEM 

VES 
HEP 
DD 
BD 
PD 
IP 

SP 

RAD 

HF 
TG 
STG 

BG 

RS 

Method 

seismic noise 
microearthquake 
teleseism 

re f lec t ion seismology 
re f rac t ion seismology 

gravimetric 
magnetic 

audiomagnetotelluric 
magnetotel luric 
t e l l u r i c 
geomagnetic sounding 

control led-source AMT 
t ransient EM (time domain) 
control led source frequency 

domain EM 

ver t i ca l e lec t r i ca l soundings 
horizontal e lec t r i ca l p r o f i l i n g 
d ipole-dipole (polar) 
b ipole-dipole 
pole-dipole 
induced po lar iza t ion 

se l f -po ten t ia l 

radiometric 

heat flow 
temperature gradient 
shallow temperature gradient 

borehole geophysics 

remote sensing 

Geophysical Category 

passive seismic 

active seismic 

potential field 

passive EM 

active EM 

e lec t r i ca l 
r e s i s t i v i t y 

se l f -po ten t ia l 

radiometric 

temperature 
gradient 

borehole geophysics 

remote sensing 
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TABLE IV 

UTILIZATION OF GEOPHYSICAL METHODS BY GEOLOGIC OCCURRENCE AND RESOURCE TEMPERATURE 
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34 
5 
0 

51 
10208 
13303 

25562 

ROW 
TOTALS 

70 

80 

66 

295 

51 



TPBLE V 

PERCENT UTILIZATION OF GEOPHYSIC/l fClTlODS BY GEOLOGIC OCCURRENCE ATC RESOURCE TEMPERATURE 

RESOURCE 
OCCURRENCE 
RIFT 
VALLEY 

BASIN AND 
RANGE 

INTRUSIVE 
VOLCANIC 

EXTRUSIVE 
VOLCANIC 

BASINS 

TEMP 
LOW • 
MOD 
HI 
ALL 

LOW 
K)D 
HI 
ALL 

LOW 
MOD 
HI 
ALL 

LOW 
KDD 
HI 
ALL 

LOW 
MOD 
HI 
ALL 

# 
RESOURCES 

1 
7 
5 
13 

1 
2 
3 
6 

2 
7 
3 
12 

4 
19 
24 
47 

3 
6 
1 
10 

s 
N 

M 
E 
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0 100 
0 
40 
15 

0 
50 

29 
60 
46 

0 
50 

100 100 
67 

0 
14 
0 
8 

0 
11 
29 
19 

33 
0 
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67 

0 
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33 
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32 
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0 
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0 100 , 
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67 
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8 
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67 
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50 
14 
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33 
34 

33 
33 

0 100 
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A A 
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0 100 100 
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29 14 
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0 
0 
0 
0 
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60 
38 

0 100 100 100 100 
0 50 50 
67 100 167 
33 

0 
0 
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8 

25 
26 
21 
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0 
17 

83 67 

50 100 
43 29 
67 67 
50 50 

25 0 
42 21 
63 58 
51 38 

33 0 
50 33 

0 100 100 
10 50 20 

50 100 
67 
67 

0 
14 
67 
25 

0 
32 
21 
23 

0 
33 
0 
10 

67 
83 

0 
14 
67 
25 

0 
21 
42 
30 

0 
67 
0 
40 

T 
E 
L 
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0 
40 
15 

0 
50 
67 
50 

0 
0 
0 
0 

0 
16 
25 
19 

0 
67 
0 
40 

G 
E 
0 
M 
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0 
0 

0 
50 
0 
17 

0 
14 
0 
8 

0 
5 
0 '• 

2 

0 
33 
0 
20 

C 
S 
A 
M 
T 
0 
0 
0 
0 

0 
0 
33 
17 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

T 
E 
M 

C 
S 
F 
E 
M 

0 100 
14 
0 
8 

14 
0 
8 
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E 
S 
0 
43 
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0 100 100 
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33 
33 

0 
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8 

0 
16 
17 
15 

0 
17 
0 
10 

50 50 
67 100 
67 

0 
0 

83 

50 
43 
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17 
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15 

33 
17 

58 

50 
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33 
50 

0 100 
20 50 
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E 
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40 
23 

0 
0 
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D 
0 
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31 

0 
50 
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D 
0 
29 
40 
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50 

33 100 100 
17 
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67 
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14 

0 100 
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25 
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10 

33 

25 
26 
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32 
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0 
20 

67 

0 
0 
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17 

0 
16 
33 
23 

0 
17 
0 
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P 
D 
0 
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0 

0 
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0 
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4 
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17 
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0 
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2 
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H 
F 

0 100 
0 
0 
0 

0 

43 
60 
46 

T 
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0 
0 

-̂ 0 

LOW 11 9 9 0 45 9 45 36 9 9 0 0 
SUBTOTAL M3D 41 10 20 5 24 15 41 22 22 32 20. 12 

HI 36 33 53 22 39 25 67 58 25 47 28 09 

0 0 27 55 18 27 0 
0 15 7 51 15 20 17 
3 17 28 69 31 50 42 

0 0 9 0 45 73 9 0 18 
2 0 24 7 51 41 7 7 24 
6 6 28 14 44 53 11 8 36 

TOTAL 38 99 32 11 33 18 52 39 22 35 20 6 11 14 18 59 22 33 26 3 2 24 9 48 50 9 7 28 



TABLE V I 

SUMWY OF THE PERCENT UTILIZATION OF GEOPHYSICAL METHODS BY GEOLOGIC OCCURRENCE AND RESOURCE TEMPERATURE 

RESOURCE 
OCCURRENCE 
RTF 
VAIIFY 

BASIN AMD 
RANGE 

INTRUSIVE 
VOLCANIC 

EXTRUSIVE 
VOLCANIC 

BASINS 

SUBTOTAL 

A = uti' 

jm> 
LOW 
MOD 
HI 
ALL 

LOW 
M3D 
HI 
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LOW . 
MOD 
HI 
ALL 

LOW 
MDD 
HI 
W-L 

LOW 
MOD 
HI 
ALL 

LOW 
MDD 
HI 

TOTAL 

lization 

.# 
RESOURCES 

1 
7 
5 
13 

1 
2 
3 
6 

2 
7 
3 
12 

4 
19 
24 
47 

3 
6 
1 
10 

11 
41 
36 

88 
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C 
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A 
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TABLE VII 

DISTRIBUTION OF ARTICLES AS A FUNCTION OF COUNTRY 

LOCATION 

ALGERIA 
AUSTRALIA 
BRAZIL 
CANADA 
CARIBBEAN SEA . 
CHILE 
CHINA 
COSTA RICA 
CZECHOSLAVAKIA 
DENMARK 
EAST GERMANY 
EGYPT 
EL SALVADOR 
ENGLAND 
ETHIOPIA 
FIJI 
FRANCE 
GREECE 
HUNGARY 
ICELAND 
INDIA 
INDONESIA 
IRAQ . 
ISRAEL 
ITALY 
JAPAN 
KENYA 
MEXICO 
NEW GUINEA 
NEW ZEALAND 
NICARAGUA 
PERU 
PHILIPPINES 
PORTUGAL 
REPUBLIC OF DJIBOUTI 
ROMANIA 
SPAIN 
SWITZERLAND 
TAIWAN 
THAILAND 
TURKEY 
UGANDA 
USA 
USSR 
WEST GERMANY 
YEMEN ARAB REPUBLIC 
YUGOSLAVIA 

1 
3 
1 
9 
1 
3 
1 
3 
2 
1 
2 
2 
2 
1 
4 
0 
10 
2 
3 
13 
10 
9 
0 
0 
30 
21 
2 
21 
1 
12 
2 
1 
2 
2 
0 
0 
1 
1 
7 
1 
6 
1 
340 
25 
4 
0 
1 
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TABLE VIII 

THE SEVEN COUNTRIES REFERENCED THE MOST 
WITHIN THE AUGMENTED BIBLIOGRAPHY* 

PERCENTAGE OF TOTAL 
COUNTRY NO. REFERENCES NO. OF REFERENCES 

USA 340 59 
ITALY 30 5 
USSR 25 4 
JAPAN 21 4 
MEXICO 21 4 
ICELAND 13 2 
NEW ZEALAND 12 2 
ELSEWHERE J13^ _Z0_ 

TOTAL 575 100 

* Based on the GEOREF bibliography and the articles from Geoelectric and 
Geothermal Studies (Adams, 1976). 
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