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ETUDE GEOTHERMIQUE PRELIMINAIRE DU NE ESPAGNOL

Par Dr. J.F. Albert-Beltran.
COMPANIA GENERAL DE SONDEOS (Madrid-Espagne)

Le NE de la Péninsule Ibérique présente
une série de caractéristiques géologiques par-
ticuliéres qui ont conduit & effectuer une étu
de a l'échelle régionale de ses possibilités -
géothermiques. Ce travail a eu pour but d'éta-
blir une premiére évaluation des possibilites
existantes dans la région,.et de fixer une éche
1le de priorités entre les diverses zones étu-

,
S P T v

diées auxquelles on pourra appliquer par la -- .
suite des méthodes de prospection plus positi-

ves. . .
L'étude a embrassé toute la Catalogne -
et représente une étendue approximative de --
40.000 km2. Les critéres qui ont motivé la sé-
lection de cette zone ont été les suivantss

.~ L'existence de 19 localites avec des
sources thermales dont la tempeérature oscille;
entre 200 et 71¢C.

-~ Ltapparition d'eau chaude (402-550) -
dans 4 sondages, 1'un desquels a peu de profon
deur (50¢C A 160 m, etc). : .

La part1e la plus orientale de la Cata-
logne fait partie du’ systeme distensif de la -
Méditerranée occidentale qui agit depuis le --
Miocéne jusqu'au moment actuel, avec d'impor-
tantes manifestations volcaniques de 1'age plio
-quaternaire.: . - . I T ST TR LS WA A

- L'lmportante activité sxsquue 10ca11
sée dans ces zones d1stens1ves-’"

N - e

On a prls comme po1nt de depart l'xnven
talre des manifestations thermales: superf1c1e—‘
lles, en consxderant comme telles celles dont
la- temperature depasse de SOC "1a" moyenne annue
lle*de Ya*région (150C)" et ‘par consequent ce-
lles des autres poxnts d'eau §outerra:ne env1-

l.- GEOLOGIE.

Les manifestations thermales superficie
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lles apparaissent dans deux unités morphostruc
turales bien différenciées: Pyrénées et Cata-
lanides, et toujours sous la forme de sources
d'eau chaude dont la température atteint 719C.
La dépression de 1‘'Ebre, dans sa zone catala-
ne, ne présente pas ces manifestations.

La répartition des sources thermales -
dans les Pyrénées est irréguliére, car elles
se trouvent avec une plus grande profusion --
sur la versant frangaise que sur l'espagnole,
et c'est sur celui-ci qu'elles sont' situées -
presque en totalité sur la partie orientale -
de la cordillére, depuis Panticosa (Huesca) -
jusqu'd la Méditerranée.

Les manifestations thermales sont dis-
posées, dans les Pyrénées, en 3 grands centres:
un occidental associé au massif granodioriti-
que de la Maladeta et aux zones adjacentes -
(Lés, Arties, Tredds,.Bohi, Espot), un autre
central se rattachant au massif intrusif d'An
dorre (Les Escaldes, S. Vicente, Senlllers)
et un dernier oriental a§soc1e au massif éga=-
lement granodioritique de la Junquera (Notre-
Dame des Mercedes, S. Clemente). ‘

Les sources thermales sont localisées,
dans tous les cas, dans des fractures périphé
riques de ces massifs, soit intérieures au --
corps intrusif ou incorporées aux matériaux -
paléozoiques qui constituent leur bord, bien
que toujours.d proximité de ce contact.

- «: La seconde grande unité morphostructu-
rale avec des manifestationsthermales est’ cons
tituée par les Catalanides, systéme intégré
par 2 chaines montagneuses de'directidn‘NE-SO
paralleles a la cote,'separees par -une fosse, . .-
tectonique intermédiaire de 10- 20 km de lar .
geur et environ 250 km de longeur avec remp11
ssage mio~ lxocen1que. SR o ’

T

Les sources chaudes apparalssent sxtuees

" sur les lxgnes de: faxlle .qui constituent les

lxm;tgs de cette fosse d1stensxve. A sa termxv'
naxson septentrlonale, apparaxssent les. premxé

ures man1festatzons volcanlques de l'age plio-

cene qui se deplacent dans' 1'espace et dans
;p_tgmps,;yers le:- Nord:jusqu'a atteindre leur
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point culminant. dans la reglon ‘de volcan1sme
quaternaire (0,11 M.A.) 4'Olot, ‘ :

L'inventaire effectué quarit aux mouve--
ments -sismiques, un historique dé‘IIOO‘A 1906,
1'autre instrumental.de 1907 31974, revele"—
une coincidence notable spatiale entre 1a’ s1s
micité et le thermalisme, de fagon que les -
centres qui- montrent ‘des manifestations "ther-
males sont aussi des zones de ‘préférence a lo
calisation d'épicentres.: Tandis qué dans les
Pyrénées, les deux phénoménes se gkoupent dans
les zones périphériques des massifs granodio-
ritiques intrusifs et dans les. dépressions -
tert1a1res 1ntramontagneuses. dans les Catala
nides, ils se d1sposent dans les .failles di--
rectrices de distension alpine qui determlnent
la morphostructure régionale. :

2.; REGIME THERMIQUE ET HYDRAULIQUE~—~

Dans le but d' essayer de connaltre le
comportement hydrogeologlque des eaux therma-
les,'on a etabli un contrdle per1od1que des. -
régimes thermlques et de decharge des sources
sous un doubleé aspect: & niveau b1b1109raph1-
que en comparant les données ¢'autres epoques
avec les temps actuels et, ensuite;'aﬁ'moyeﬁ
de mesures perlodxques de debxts et de tempeée-
ratures ‘dont ‘il a été poss1b1e d'etabllr .ces;
’determlnatlons (controle mensuel pendant 3

ans: 1972 1975)- e ceroam L e T

.. Les températures:de sortie’ oscillent®™
entre 1a limite du-thermalisme: prefxxe (ZGOC)
Jusqu 71°C bien que la limite .de’variation
la plus courante soit entre ,30. et 600C.

I1: faut préciser que’la’ temperaturWWh
te constante: et-invariable face ‘aux’ var1a 1ons
climatiques et.'saisonniéres., Ellesin'cnt*® pas’-

non :plus- montre*de varxatxon 1mportante depu1s”

. les.premiéres données’ que’l‘on: poss'd
XIXe S. commencement ‘du‘XXe). Jusqw'a et jours .

S Les débits: des. sources opt egalement -

presente une :stabilité . marquee pendant‘les

années.el :elles:ont été jaugées: perxodxquement

puisqu'il n'a pas: été-observé® de‘changements -
saisonniers- n1 d“alteratzonstans ‘leur reg1me

5 :ﬂ,',/."“h’
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de décharge devant les pluies intenses ou les
sécheresses prolongées.

Si pour. faire des calculs, nous suppo-
sons ces sources faisant partie d'un régime -
hydraulique non influencé, il est facile de -
déduire que leur comportement hydrologique --
obéit & un modéle ou la recharge et/ou .le ~--
stockage sont trés supérieurs a la décharge,
la transmissibilite étant, au moins celle du
circuit de départ, également réduite, puisque
son régime ne répond a aucune loi exponentie-
lle de tarissement.

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

_procédé a 1' analyse de leur contenu en tri-

tium. Les résultats 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 donc suffisamment basses pour faire pen-
ser qu'elles ne correspondent pas aux apports
des derniéres 20-25 années, ni mettre en évi-
dence des melanges avec des eaux météoriques

récentes.

3¢~ HYDROCHIMIE. -

On a effectué deux campagnes d'échanti
llonnage chimique qui, en méme temps que d'au
tres analyses déja faites, ont démontré la -
stabilité chimique totale que présentent les
eaux thermales. A titre.d'exemple, on donne -~
plusieurs. analyses de .Caldes Montbui (71°C)
(Tableau I).-“-é, - o oy

. Sauf dans quelques cas, tout le therma
lxsme du NE .espagnol- est ‘associé.-a'des maté-
riaux granitiques..Dans: les occasions ol la -
circulation de '1'eau est réalisée par des ma-

‘teriaux sédimentaires, les eaux ‘présentent la

compositiohrqhimique-qui correspond aux roches
par'1esque11es*1e’parcours azété'établi.

] Les . autres .eaux thermales, . qu1 ‘consti-
tuent le. groupe. maJor1ta1re, .se: trouvent en -
rapport avec. des granodiorites. et presentent
une faciés. blcarbonate-sodlque_tres constante
qui .est caractérisé par.-des.teneurs élevées -
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en SiO5 (jusqu'a 215 ppm), des pourcentages -
de Na' supérieurs 4 90% et un contenu réduit
en sels (100-300 p.p.m de T.D.S). Ce fait, -
joint & la prédominance totale du Na' sur les
autres cations, conditione des valeurs trés -
petites de dureté, (0,4 - 20F).

En comparant les analyses chimiques de
ces eaux thermales avec celles des eaux super
ficielles pour une méme zone, on constate "dans
tous les cas le méme fait: tandis.que les eaux
d'écoulement ou de circulation souterraine peu
profonde sont bicarbonatées-calciques, avec =
une teneur en silice qui depasse rarement 15
ppm, et des concentrations de Na* en général
inférieures 4 25%, les thermales subissent un

~acroissement notable de ces éléments, ce qui
donne lieu 4 la composition chimique précédem
ment indiquée. Le phénoméne est genéral pour
toute la'Catalogne; :

La justification chimique du phénoméne
décrit est attribuée 3 un équilibre entre le
systéme albite-anorthite et l'eau thermale --
qui libére du Na+ et de la silice.

2 5i,04A1Na + ca* T+ 8H,0 ===

3
Albite , ,
——tam s . . ot 4
Prem— 51208A12Ca:t_2Né +145194H4
Anorthite

La réaction en question a &té étudieée
expérimentalement par ORVILLE (1972) et a été
app11quee aux ‘basaltes de la zone géothermique
de la Somal1e'fran¢a15e par LOPOUKHINE, (1973)
Dans le cas qui nous 1nteresse,,e11e est app11
queée.. pour Ia premlere fois a 'des proeessus -
thermiques. assocxes a des roches granltxques.b

"Q - THERMOMETRIE HYDROCHIMIQUE.-

chapltre 1mportant de la prospectlon
ue,.c'est. 1'app11cat10n des diverses
)exlstantes pour estxmer la tempera-
€ bfondeur qu1 a ‘été celle_du dernier
egu111bre entre l’eau et la roche, - 1ndependam

d’ uné temperature quelconque de sortle.
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Pour chaque eau thermale, on a_calculé
les geothermométres suivants: .
- SiO
2
a) graphiques de FOURNIER et TRUESDELL (1970):
b) équation de SIEVER (1962)

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

- Na-K-Ca: ‘nethode empirique publiée par FOUN
NIER et TRUESDELL (1973)

Cependant, et d'aprés le raisonnement
chimique effectué au paragraphe précédent pour
justifier le caractére bicarbonaté sodique des
eaux thermales provenant de granites, si on -
constate en réalité la réaction d'équilibre -
proposée, son traltement thermodynamlque doit
étre. un.autre, qeothermometre speclflque dont._.
les resultats doivent 001nc1der avec ceux men
tlones plus haut. :

La méthode consiste & calculer la va--
leur de la constante d'équilibre de la réac-
tion mentionnée pour une ample gamme de -tempé
ratures comprises entre 25 et 3009C, & partir
des chaleurs de réaction des éléments réactifs.
L'expression de la constante d'équilibre

[rear]
[H 'Si0 ] [A +]

peut s'écrire

e el
log Ki ‘1 a :

: —_— - 2 log - [A +]’ '
T [ Na | -
k Ph 5104] E . .

" ce qu1 i?lt qff l'on peut constru1re un diagran

Ca ‘ en fonctxon de 2 log [A +] .

me log -
[H Si0, T4 Na.

4 2ty k .
ou la valeur de . chaque constante d'equ111bre
pour chaque temperature sera expr1mee par, une
droite .de valeur .Log K.,'Iv'n,. - .

'Afin de‘ne pas-trop ‘allonger~ce résume * ¥

on peut trouver son developpement dans les --
travaux ‘de’ LOPOUKHINE (1973) et d'ALBERT (1975),
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Sur le tableau I1, on indique quelques-
uns des résultats obtenus, & titre-d'exemple,
avec les différentes méthodes. Comme les ré--
sultats dérivés de l'application de 1'étude -
thermodynamique de l'équilibre albite-anorthi
te coindicent avec les géothermométres classi
ques, on peut considérer comme valable la jus
tification chimique du caractére bicarbonaté

sodique exposé ci-dessus.

~ Etant donné les ordres de grandeur ren
contrés (80¢ - 1208), on peut conclure qu‘'il
ne faut pas s'attendre a trouver en Catalogne
des gisements géothermiques d'une enthalpie -
élevée, pour le moins déductibles i partir de
manifestations superficielles. :

5= GRADIENTS GEOTHERMIQUES CALCULES PAR DES
SONDAGES PETROLIFERES: -+ - -

Dans cette phase de prospection initia
le, on a calculé les gradients géothermiques
de 18 sondages pétroliféres 4 partir des va-
leurs de BHT (bottom-hole temperature) recuei
llies dans les logs électriques & des profon-
deurs diverses.

Cependant, les températures mesurées -
dans les sondages au moyen d'un enregistrement
électrique ne correspondent pnas a la températg
re réelle de la formation a cette profondeur,
sinon qu'elles adoptent généralement des va-
leurs plus basses par l'effet de la circula-
tion de la boue, puisque la mesure est effec-
tuée aprés avoir sorti la tige sans attendre °
la stabilisation thermique. En général, le -~
temps qui doit s° ecouler entre 1a ‘fin de la - |
circulation-de la boue et son equlllbre ther-
mique avec la formation est de 40 d 50 heures.

. En conséquence, les”mesufes’de'fempérg
ture recueillies dans les logs. électriques -
ont été corrigées jusqu'a leur stabilisation
thermique en suivant la méthode de PABIAN ( -
1955), ce qui a perm15 d' obtenir un ordre de

grandeur beaucoup ‘plus proche des valeurs ree o
lles des gradients geothermlques ‘en’ ut1115ant
uniquement des puits déja perfores.a

»Les»valeursgohtenueS'apres la ‘correc--~

B
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tion sont toujours supeérieures A celies mesu-
rées directement, excepté dans le cas des en-
registrements A moins de 600 m, alors que les
gradients s'intervertissent parce que la pen-
te de la droite log température -~ log temps
est négative. Les limites extrémes trouvées
sont 0,24 et 0,720C/10 m, ce qui correspond

" a des valeurs de flux comprises entre 1,5 et

L,4 HFU, bien que les ordres de grandeur les
plus fréquents oscillent entre 0,30 et 0,50eC
/10 m (1,8 et 3,0 HFU). .

Les valeurs minimales correspondent a
la partie centrale de la province de Lérida,
dans la zone délimitée par les riviéres Segre
et Noguera Pallaresa avant leur confluent, et
elles augmentent peu & peu vers les Pyrénées
et les Catalanidcs, toujours en direction des
grandes fractures NE-SO qui determxnent]e pro
cessus de distension actuel.

Les gradients trouvés de cette maniére
bien qu'ils ne soi~nt pas exacts, procurent -
un ordre de grandeur acceptable qui permet de
quantifier le phénoméne, en méme temps qu'ils
nous indiquent que la profondeur a laquelle -
s'établit 1'équilibre calculé par des géother-
mométres chimiques ne dépasse pas 1000 m. au-
dessous du niveau de la mer. .

Cette étude a permis de sélectionner -
les zones qui, du point de Vuelthermique et -.
de la qualité des eaux, présentent le plus -
grand intérét. Actuellement,.-1'Institut Géolo
gique et Minier d'Espagne,.par 1l'int=rmédiai-
re de la Compafiia General de_ Sondeos, a abor-
dé 1'étude concréte, au ‘moyen de’ la geophysx—
que et de mailles de sondages thermometrxques
d'une des zones qui apparalssent comme ‘étant
les plus favorables.

v
S4

Cette zone, s1tuee é environ, 30 km au
NO de la ville de Barcelone. est 51tuee sur -
la ligne de fa111e occldentale qu1 11m1te la
grande fosse tertonlque dlstens1ve des ‘Catala
nides paralléie a la cote, et _dont le saut se
chiffre approx1mat1vement par 4000 m.

Telle que manxfeste 1a sxsm1que petro-
liérg‘qux se réalise sur la plate+~forme conti
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nentale méditerrancenne, en face des cétes du
Levant espagnol, la fosse des Catalanides sus
mentionnée ou a commencé la prospection geo-
thermique en Espagne, nYest que l'affleurement
continental d'un vaste systéme distensif de =
horsts et de.grabens de direction paralléle a
la céte méditerranéenne espagnole qui se pro-
longe au moins jusqu'aux jlex Baléares. Ce sys-
téme est affecté par une activité volcanique
abondante de l'age plio-quaternaire qui atteint
une importance notable dans la province de Ge-
rone, ainsi qu'un développement appréciable =
sur la plate-forme continentale elle-méme. ’

Actucllement, on est en train de corri
yer, A l'aide de la méthode mentionnée ci-de
ssus, les logs é&lectriques de plus de 50 son-
daqes netroll:ercs, la plupart d entre eux .ma
rins, répartis tout au long de 1la cote medxte
rranccenne espagnole, afin de quantifier la va
leur des gradients existants dans cette 1nte-
ressante zone de tectonique récente.
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THE USE OF M.T.-5-E.X. MAGNETO TELLURIC

IN GEOTHERMAL EXPLORATION

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

I - INTRODUCTION

M.T.-5-E.X. is a magneto—tellur1c exploration tool which has
been developed by Dr. Louis MUSE, Magnetic Prospecting Inc.

Investigations leading to the design of new magneto-—telluric mes-
surxng devices started in the early sxxt1es for the S.N. REPAL ir

" Algeria, in connection with petroleuh exploratlon proolems, and
was continued later in France in the framework of the BREICIP
(Bureau d'Etudes Industrielles et de Coopération de  1'Institut
Frangais du Pétrole). Since three years this method has been
employed by service companies in France (SPEM) for operations
in the Eastern Hem1sphem and in the USA (GEMPS) for the Hestern
Hemisphere.The newest process," M.T.-S—E X. is now in operatlon
since 1972 with a few modifications. This procesa 1nvolves “specially
designed measurlng lnstruments and new recordlng and proc3331ng
methods. = -~ - _ _ : o7 P L

The M.T.~5-E.X. magneto-telluric method uses suitable field devices

to provide fof‘digifél'recording of variations of the"hatural'qlectric
field in two directions (Ex and Ey) ‘and of variations of ‘the magnetic
field in both these dlrectxons (Hx and Hy) plus thg(verfica% Hz.

'JA

ly by two 1ndependent‘record1ng m1n1-caasatte systems ‘in order’to”
insure reliability. ‘A monitor- accompanles ‘the' two dlgltal tecorders
and glves an analog record.

Q

FouT ot

In the field the five}componenfsiareJregorded*graphically“(for vigual
control) and numerically on magnetic tape with specifically designed

f President Genral Electro-Magnetxc Prospectlng Inc. Santa Rosa
(Callfornla)
* Vlce-Pres1dent Tectonic Resources Inc. - Los Angeles (Callforn1a)
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and patented recording instruments. The magnetic tapes are pro-
cessed by means of a computer program, using exponential solutions,
in GEMP's Santa Rosa (Californxa) 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 processing is highly sophisticated and the compﬁter brogram
requires the use of a CDC.7600 computer. The subsequent interpre-y
tation involves the comparison and the adjustment of the processing
results with theoretical caluculations based on geological data and
eventually on electric logs oanvailabLe boreholes.

The results are furnished in. {gggtion of various periods of?T,mtime—rx
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 réservoi:s

at depth, without preoccupation.for hhe superficial formations and,
without trying to-obtain structural details which in a general“ng
c nnot be obtained with accuracy by means of electric resistivity -,

measurements. ) R o

=

As a function of the various values of ¢ the processing of the ...,
magnetic tapes in a CDC 7600 computer gives the main trend, the
.apparent resistivities .according to the x and y. directions ap»welk
.. ag other values ‘which allow to determinate, whether .the siructure
is tabular, cylindrical or even more; complex

From the fesistivity vaiues, the resistivity curves as a function -
,0f  are traced autom.a.t.icall:,'.E The f1na1 1nterpretation,uses all

Before dec1ding 1f a M.T. -S-E X. program can be successfully
carried out it is necessary to.make a preliminary study of. the,
geological information of. the\area and of”the know. results of
eventual deep boreholes, -i.e. to..; furnish a. precise. geological
definition of. the problems to be resolved with M. T.—S-E X.
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M.T.-5-E.X. resolves rather satisfactorily the problem of cylin-
drical and tabular geological structures, startlng With the main
~trend of cylindrical structures, on condition that the various
geological formations represented do not have all the same resis-
tivity. ' ' - '

Field operations depend on local conditions. The recording equipment
powered by two ordinary car batteries is mounted in two four-wheel
drive vehicles,. whereas in areas of difficy % acces portable equip-
ment‘is used. A field crew is usually compoéed of 4. Under normal
conditions a field crew can make 2 to 4 stations per day.

M.T.-5-E.X. has been used in petroleum exploration énd‘sinc§'1972
also in geothermal exploration. It has shown to be able to help
 determine with-accuracy the subsurface presence of porous and’
permeable formations filled with hot or cold saline water, or steam
and to defferentiatg between 0il and water—filled reservoirs.

II - M.T.-5-E.X. IN PETROLEUM EXPLORATION

Whenever possible a M.T.-5-E.X. survey should be preceded by

a review of the available well-records,.in order to calibrate the
method for the area of. investigation. Magneto-telluric measurements
outside de drilled area then provide geologists and reservoir engi-
neers with essential data.for the appraisal and.development of the . .
area. L e e S

Th)s- method provxdes foI‘accurate mapplng of conductor formatlons.;bz
It is for instance possible with M.T.-5-E.X. to defferentiate
between the porous and non-porous.parts. of known petroliferous.. .-
reaf—formatiqnggfongconditioh~that,the reef.has a:sufficient thick-. -
ness.and that the.pores are fillgd with saif,waten@and/ot{oi};and -

gas. The same differegtiationvisgpossiblesfgruthickﬁgqndsyonQJfqrf,WQ

mations.

Successful surveysiha&e been..carried qﬁj,ian;éérié, ]
Canada-and. the USA, .. : =% . 5% | ¢ v 2,00 aun ™

R 1.

Ilif-‘M‘T.-s-E x.-IN.bEOTHERMKLiEXPLORATION-: ;r;;nk;)

H1therto ‘the more conventxonal Plectrxc sounilng and 1nduct10n
methods have been used to detect resistivity. anomalxes, based on
the principle that hlgh temperature pprmeable formatxons show low
resx‘txvxne S
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In seeking such low resistivity zones M.T.-5-E.X. measures e
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 -_ 3
conductance, can be calculated from these measurements. Conduo;': ‘
tance is hig@er when the beds are thick and of low resistivity.

Results in various areas in the world have shown that in the loﬁ :::
frequencies, the apparent resistivity variations are highly dlstlnc;
tive between cold or tight zones and those productive of geothermal

fluids. S

Conventional magneto-telluric methods, presently currently used . v
in geothermal exploration have so far been considered adapted to f
broad and medium scale reconnaissance. The results obtained by | .
M.T.-5-E.X. indicate that this method is partlvularly suited to',nrf
detailed problems in geothermal exploration, although equally well
adapted to general reconnaissance.

M.T.-5-E.X. was first used as a geothermal prospectlng
tool in Tuscany (Italy) in the Travale -area,east of the Larderello
geothermal field, in 1973, after the successful completion of tha"
Travale n® 22 well-which produced approximately 800.000 pounds

od dry steam and non-condensable gas per hour from Triassic carbe-"s¢
nates at 2200 feet depth. This investigation-was first carried’ qut”

of the International Institute for Geothermal Research in Pisa and
subsequently for the ENEL (Itallan Natxonal electr1c1ty author1ty)

over -an'area of about 30 sq. km.,'wh1ch included the old Travale
field.- In 1976 a-series- of closely spaced statlons was 131d out

very hzgh

2

zones wlth permeable reserv01r condltxons 1nd1cated by
conductances, were perpend1cular to thls d1rect10n i.e, NE-SW.
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The M.T.-5-E.X. survey clearly indicated that Travale n°® 22

was sited on a strong longitudinal conductance ahomaly'and it

also indicated that the projected Radicondoli n° 1 and n° 2
boreholes were located in zones of h1gh reslst1v1ty 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 permeab111ty, 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
° 3 encountered the Triassic resacvoir at 720 meters depth with
unexpectedly high temperatures (280°C) and with a high productivity.’
ynfortunately 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.1365 meters.. . ..
This well made ‘350 000 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 fxelds, 1n order to
help sltlng further development wells. ) ’

On the French Caribeanisland of Guadelupe a M.T.—S—E.X.'survey

was carried out at the end of 1973, in the area surrounding the’
Bouillante geothermal field discoVery. At Bouillante this survey
indicated a very strong conductlve anomaly in the nelghbourhood

of the d1scovery well, Thls anomaly is small in size. Similar N-S
striking anomalies were found in the same area, all rather narrow.
The most interesting’ anomaly ‘at Bouillante has not been drllled yet
due to logistical difficulties.

After these first M.T.-5-E.X. surveys, other geothermal ekpforéfion
surveys have been carried out with it in Jtaly, Southeast Asla and ‘
the western USA" 'present one party 1s 1nvolved in a survey oo
Kenya. e "

Electric soundxng thh d1rect ‘current’ 1nput and var1ous devxces
(dipole or quadrlpole) are commonly used 1n geothermal exploratlon
and they are useful for general reconnalssance. These methods require
1nCreased electrode spacxngs ine order to obtaxn increased penetration
and the spread may reach several k1lometers. 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 equlpment spread does not have. io 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, uhereas M.T.-5-E. X. operates on ordxnary
car batteries.
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Compared with :he standard magn:to-telluric investigation methods
M.T.-5-E.X. ofiers several adva.tages. It is a tri-dimensional
method capable »f determining t'ie main trends and subsurface dis-
continuities, as well as the tctal conductance in the'geological
direction. It gives a practical solution to the problem. of the
terrestrial electro-magnetism in the case of cylindrical structures,
due to the analytical mathod used, whereas the quality of the curves
is greatly improved.

PN

B

Also for a same depth of investigation it is possible to take
measurements over a much shorter period of time with M.T.-5-E.X.
than with the more conventional magneto-tellurics.

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 theelectro-magnetics uses
the subsurface propagatior of electro~magnet1c waves and the skin- . .
effect phenomenon. However their usable spectrum is niot suff1clent .
in the low frequencies and their technologlcal uapacxty is limited.
The depth of investigation for electro—magnetxcs is therefore much
more limited. The generated waves are not planar, which hinders .
quantitative interpretation in the case of a complex structure.wj%;

e
1

2ER

: RS o4

It therefore appears that the.—S—E.X. magneto-tellurxc as an explo
ration tool is partxcularly well adapted to geothermal problems

and can be profltably used in general reconnalssance in stead of
the usual res1st1v1ty surveys and is the 1deal tool for detaxled

exploration. ”__ _ : ".M C o wd

*in geothermal explorat1on - Geothenm1cs,

: - Vol.2,N°2 - pp.. 41-50 o

1973 =~ CELATI, R., AUSE L M., ROSSL, A., SQJARCI, P., TAFFI, P
ad TORO, B, . - Geothermal prospecting with the ma e

- - telluric method (M.T.-5-E. XY fin the

Travale area (Tuscany, Italy)'

Vol 2, N° 3-4, PP, 136;190 ‘
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1.~ ANTECEDENTES

NWP J«V»Q%/('WW by, MWMMLSLV
La prospeccidn geotérmica ‘por re515t1v1dades, ﬂiglante
- Peme  dorng (T Lobines etnalon e
SEV, llevac a*g cagg Sgr é% IGME durante 1%1% dii}nlo la exis-

tencia de las anomallas conductoras de Caldes Y la Garrl a,

Esta fase puso de manlflesto ademés algunos rasgos interesan-

awsgww of , her 4 ¢ Owaﬁ AD

tes de cara a la plan1f1cac10n de nuevas investigaciones. Uno
0’{ W Y aa% /(/.e - ”

de ellos es la existencia de formac1ones re51st1vas en la zo-

na proxima a la falla occ1dental Estos materlales, conglome-

pw Aok, '\fo
rados, presentan una dlstrlbUClon lrregular osc11ando sus pro
ob 300502, =

fundidades alrededor de los 300-500 m.

;77\2, wn/()aaww 7 Wl/a}tbﬂw yg /&LM«M? /VW
- El conoc1m1entgéi{Aia evolucidén de la anomalia en profun

o the Mlyon o Adee Ll Mwﬁiﬁwzww
dlda &g deIA%myor 1nteres en el estado, actual d?plnves igacibn

of the

of Tha_ -V
- de las p051b111dades geotermlcas del Valles:\uwgﬁﬂg
. . N .
Mg XWWWW Aot e
arte d esZo se trata de obtene /lnformac1on sobre la
géometria del ‘basamento de la depresxén de/izfma que sg puedan

o wr»f/ww T = 4"""/‘/{/_‘;}

apoyar o confirmar los datos_resultantes de la campana gravimé”

wo Lt L6 mg
trica llevada a cabo por el IGME.
/ ' -
Ahe Como métodos- adecuados a estos fines se han pr0puesto el

Nagnetotelurlco (MT) vy Audlomagnetotelurlco (AMT), dado que -
pran 4Mw1&mww Ze Aifferhoioo
gugmlten hacé% d%ugéé%HOClml nto,a diferentes profundldadesv— :

ﬁﬂ: ‘I | '_
K [ B

en func1on de 1la frecuenc1a analizada.

T while  of Aol o peon ngalined

E1l conjunto del trabajo ha sido reallzado por laLCompa—‘

fo~

~ Wl)&v
fifa General de Sondeos habiendo contado para su e jecucion con

e
i

) - v i .
1 : : '
— SR ;

la colaboraciodn degD. Ramén Ortiz Ramiz y D. José Luis Dfez -

. ’ ) ’ 7 /‘(/ . ’
Gil, Doctores en Ciencias Fisicas. La planificacion de los tra.

. 4o . e vont
Ezgos asi como la interpretacion dé los resuI%adgg&ﬁé corrido
a cargo'deND. Angel Granda Sanz, Ingeniero %ﬁ‘Min;s de la Com
’ /\egfa y J /é(.b v « -
pania General de Sondeos, cdmo responsable del Proyecto.
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4,- TRABAJOS REALIZADOS

Wik e gupmerd. o MT

trlbuldas regularmente -

to de poder apoyar los resultados obtenldos medlante audlo-MT.
Tha wagwmgwwa%
El tlempo de, ejecuciodn de las lecturas es muy variable depen-

Liog- of

o

diendo de 1as caracterlstlcas de cada estacién.

the

L 0{ e y A gn s
llevg Jun control de los datos me&%ﬁgﬁéiéﬁcdemodulac1on y re-
ovd . Wb cane
o, de valQrar su calldad y en su caso
Ahod 415
las 1ecturas hasta que su va
El tratamiento pos%erlor de las bandas magnetlcaijpo resultd

WML A —af

gistro graflco con ObJ
L Al ey
repetlr
7 e

factlbleg:?EEEDa estas preV151ones, en diez estaciones por lo

30 MmT

fque solo iﬁgiulmos 30 sondeos MT.

The' —rrtpprpmon iy - MWMMM |
«ré WPW

, Las medidas de audlo-MT se dlstrlbuyeron sobre

A

ﬂ/&«(,xl/,a

Perfil O -
" 1. -
1" 2 -
" 3 . -
" 4 _
1t 5 ’ -
n 6 - -
" 7 -
1" 8 -
11 9 P,
" 10 -
" 11 -
1" 12 -
" 13 -

o A, raage e

.IMWMM(

LACA

J

”~

~ con 10s siguientes sondeos ﬁgt perfil.

- 5 sondeos

9 "
11 "

12 "

5 1"
7 1"

10 "

8 1"

10 "

T

8 .
8‘ ‘ "
8

9

Con el equipo de MT se ‘midieron cuarenta estaciones dis
por tzu? la zona de- trabaJo. Con ob je-

lldez fuera satlsfzétorla.

%o
‘per endlculares a la traza de la falla OCC1dental del Valles,

D

e e G 4

22.= ..

Cada 'dia se
asd
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An%ézéaegéﬁﬁgq?zar este agg?tadocgzmgg ;bcomentarﬂﬁg
e A We popusid o sherodae b oLl
hecho significativo. Representamos de forma esquemétlca to-
o o l(ﬁm 3. e Ma
das 1as familias del’ grupo 1 (Flg. 3). Sl construimos las -

~

o iow the vokunos/ .
rectas de enlace dgglos valores ext*emos, ¥1s 89e0een...¥9

o prghe Ko - 1% e unweo

podemos constatar que 14s correspondientes a todas las cur-

oy ke v Kalde the, pill  fMe Vallly - hawe fponding  poodane

vas situadas fuera de la fosa del Vallés tienen pendiente po
VANJQ ALA',M ob unjhamﬂ The omAmwwwugh
sitiva mientras que es de signo conéwgrlo la correspondi

wikkan  the
te a las éﬁ?@%s de dentro de la depre51on.

s 4
—

5.2.2.- égudosecciones.-

F oAl Ahe duffinilirs e gt i

Siguiendo la def1n1c1on ﬁ% Cagniard sgmgi calculado la

{ A
re51st1V1dad aparenteéa partir de las componentes octogonales o
svdd oA Rl T, wnte calindaled” e Ao o 1

del campo eléctrico'y magnetlco segiin la formula .
W"\,\&M':
Ex-Eo 2 1 -
(°a=K( )(Hy Ho) '-FZ R o ' -
Ko & coaland  of  clibradion of ‘%Ab wit, A the (~2apeey

AN

- siendo K una constante de callbrado de la boblna, f la frecuen

t

) ,(,WHL ME'O HO M
‘cia en Hz y Eo, Ho constantes ‘caracteristicas de puesta a ce-

ngaéel equlpo, y 11 dlstan01a entggjg%gétrod%g; El programa

W Cores

~ de calculo séﬂ¥2produce a continuacidn. Dadas las caracterls-

()’(}*&XM;M/ {
ticas del equipo’'se obtiene un rango de var1ac1on de las Tesis

; / ~ 2 -
tividades aparentes muy amplio, entre 10 ‘i 10 8/ Con obJeto
A rpaking of  Aheoe
de hacer un, intento de comparabilidad de estas re51SCLVLdades
Tl e

oy
con las obtenldas sgr otros métodos hemos restrlngldo el cam-

po de varigcion por apllcac10n de la tabla siguiente:
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£l COﬂJUﬂtO de las seudosecc1ones obtenidas Se repre-
w Ao b A5 l2- b Ledbutiog s

-~ ,

sentan en las figuras 4 a 12, Para su construccidn se han ele
/.\A,) dowels gt D, Lf00 e, 1OC, Q/t(, oK mp e

gido lnCervalos arbitrarios a 50, 1OO 150 200 etc, ohm.m.

W /) Pt
Recordemos que tg&as cé¥¥g%%€%deﬁmé la d1recc1on pr1nc1pal -
AD Mo M-S yf Hte m émﬁc

dque es la N-S del campo electrlco.

l

5.2.3.- Modelos de Strangway | , -

Mu@wu\ﬁﬁw MM%WUWW

Es una variante de las seudoseccipnes que permite obser

' LOMQWWWI'WW
var; al mismo tiempo que varxacxones laterales é§é¥§§fé@lVldad

e " ComgliAchne  of Ao A o
las condiciones dg_égigggzgpla a-lo 1argo de cada perfll

F@.M_W? Fogpmeia  carpy g mm
Para cada frecuencia de lectura se lleva en ordenadas,7bk’
il Ma verAiird of  2oald Sl e,

correSpondlendo con la vertical de cada estacién, el valor del -
7(/\%6 (IV \£W 7Cb m W 7 4
1n fé Unlendo estos yglores a lo laréo é@ la linea cgg;ggpon-v

nd Hha 7 /WMMM

dlente a fré@ﬁZﬁg&a se obtiene’ el éﬁgé déﬁ;epresentaCLOn
m«,&ﬂ 13 % 30, The Dyt

que 1nclu1mos en las flguras 13 a 30. Las zonas sombreadas re-

A

, CMyonbo 2otk
presentan zonas conductoras dentro de cada perfll.

Eguel et oo tho it of Mo pondisedii, o wity  richids
.Afigual que en el caso de las seudosecc1ones solo’ inclui=.

s
moi ifs perflles correspondlentes a la dlrecc1on pr1nc1pal

N-S para el campo eléctrico.

The - Qxﬂ@ﬁibkvdd o awmﬁotﬁfyh U*’C&Qmiﬁﬁwﬂ é@ U
,Los coeficientes de;ggifotroplatse calculan por’la ex-

e

presién A = 1 3 - InGy Y se 11evah al diagfamd de for-

caprn 2o~ , hots red 4

ma andloga a lo antes senalado.,gtjrepresentaCLOn no apofﬁgwhdé
: M dhad QZMAﬁ&/ the Lo Lo

nada espeCLal por lo que sol lnéTﬁlmos la c01respond1ente

4 The
ig los perflles 0, 1, 3 y &4

5.2.4.~ Mapas de isorresisitividad

U By b ke W'(m%mmw

Utilizando los datos deducidos de los sondeos audlo—MT
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| W e oeleled Uhewt_ oavxo?mu%wﬂ T tho orrd prental

se han seleccionado los correspondlentes a las cuatro frecuen

cias f&ﬁ@ggg#%ales 3800, 490, 39,5y 8,3 Hz. . L
¥l pedion Wﬂmmw,vm@

Si el medio<Careciera de dlSCOﬂtlﬂUldadeS laterales po-

' 0 bl \@wa""",”'“‘ o o fhe Ao ’VW
dria hacerse una buena estimacién de la profundidad correspon '
Lo af poneas e g cose. e
diente-a cada una -de 1las frectiencias. En nuestro %i?o esto o
toe g 4 j{
es posible p%% la heterogeneldad é@g,cg%écteriza la zona de -

estudio.

QW‘H\Q@G/ Comdtidns MMW\@#&M%&\W{B%W
En estas-condiciones no podemos asignar a las profundi-.

-k rilieaally Tealin | b,

dades sino un valor medio deducido por tratamiento estadlstl—.ub .

‘ 3 & ancl_ & Theae  mediamn dey
" co de los daég;uggfrespondlentes a cadapgghto. Estas profun-

didades medlas son

o piline  willolomdod Jorriatin

Para 3800 Hz.- 107 metros con desviacién standard de 17,4 m

Para 490 Hz.- 236 metros-con_desv1ac10n standard de 71 m.

Para 39,5 Hz.~ 890 metros y desviacidn standard de 301 m.

" H e whens Lo Pt ékwnw&%wo QAMaf
Es éaﬁi dg;de existen las mayores desviaciones -
Foo | VS VRPNV SRS s JOV S B

Para 8, 3 Hz.- 2376 metros 'y desviacién standard de 495 m.

Oe WWL hroarasen . % ;V»M S %"‘ % O‘W‘
De 1§ ual manera los 1nterva1os élegidos ‘para el trazado
o

ag.
de las 1sollneas de resistividad se han dedUCldObggéfé;%e tra

—f . . g,

tamiento anélogo Yy corr 5ponden a los SLgulentes valores.

Para 3800 Hz e¥ = 157  S= 48
Isolineas 250, 205,.160, 110, 60

Para 490 Hz ef =120 S= 65
Isolineas 330, 185, 120, 55

Para 39,5 Hz e¥ = 130 S= 65
Isolineas 425, 260, 195, 130, 65
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6.~ INTERPRETACION DE LOS RESULTADOS

i
6.1.- MAGNETOTELURICOS o | | -
A través del proceso'de célculo descrito en el apartado
.correspondiente se obtuvieron‘las curvas que.inclﬁimqs en los
anexos.
Para cada una de ellas representamos los valores deduci-

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

Mediante este sistema puede observarse, como cabia preveergila
forma en que las curvas discrepan de la situacién ideal por - N

la existencia de una marcada anisotropia.

El tratamlento de tales curvas es compleJo por no aJus-

tarse a modelos sencillos, de los tlpOS usuales en las cole-

cciones patron utlllzadas.

Ao oiw%ml Coptrte AAL '@W¢£¢%l e pJNXJQ£

Como curvas patrén hemos empleado la coleccidn publlca-

da pot Y&;zg&l.

o]

g - [
SN )

Py

et

Ty e awdﬁyﬁ b At ¥ qg
- Al contrario’ de lo que . sucede con 1os ondeos Electrlcos
Al d’ﬁ.ﬁﬂ/ Vgl {
Vertlcales, gﬁ dﬁ%’pﬁgaé 1nterpretarse unakéug%a por descgﬁpo-
éh L Wﬁ Me mr ‘ﬁ < Opon WJ
sicidén en modelos de dos capas, los sondeos MT. han de super-

U foniey o8 Mo cdme  npuben of papdles. o~ '
ponerse sobre curvas teorlcas de su mismo numero de capas. En
nuestro caso ésto resulta d1f1c11 porque los datos obtenidos

Lo af e Wi Yhorgt &
corresponden a modelos de mas de tres ca%;§.:
ers

P~ o Ao imiratnind kb :
Para salvar este inconveniente hemos procurado el mejor
‘ i o Mar poeles o Tt dorndd,
a juste sobre 10s modelos de dos y tres capas de que disponia
Wi ok o olyral To A ' -
mos. Queremos senialdr a este respecto . que apenas eXLSten pub11
2l A" ’ L e
caciones sobre curvas teorlcas y métodos de 1nterpretac1on.
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ereommand ——
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De esta forma los resultados que presentamos én el plano 7 -
wilhe gy v,
han de contemplarse Con michad limitaciones y sofﬁyde manera

’ (Y tis  ondikim
zfﬁélcatlva ﬁ%% tgéos Tos condicionantes negativos enunc1ados

e

6.2.- AUDIO-MT

6.2.1.—‘Familias de curvas

Siguiendo una fase previa andloga a la que se efectfa -
en la interpretacién de SEV tratamos de establecer si las cur
vas de audio-MT se agrupan en familias de manera coherente -

con la situacidn geolébgica.

Una vez establecidas las distintas caracteristicas de -~ -

las familias que pueden establecerse.situamos cada una de --
ellas sobre el plano a fin de conocer si existe algin agrupa

miento que defina anomalias de interés.

Al hacerlo de esta manera pretendemos identificar, en
base al conocimiento existente del. &rea, aquellos grupos de

curvas dignos de un estudio con mayor detenimniento:

Los resultados obtenidos se reflejan en el plano ne 2
y como puede verse no muestran nlngun rasgo que haga atracti-

va la COHtlﬂUﬁClOﬂ de la 1nterpretac1on por ‘este camino.

6.2.2.- Seudoseécionés

WWW&% bt ool

El aspecto general de las mlsmas ha- de entenderse exage

/! om»ﬂzw " v M,,,(g, @gwm epists
rddamente ampliado gﬁvsﬁQegggngQertlcal Ex1ste una correspon
h Mo denth W 4 rvr/g o
dencia con la profundidad que’, para la ‘frecuéncia de 8,3 Hz,

e ooy et

L
oscila entre 1700 y 2400 metros domo valores mas frecuentes.
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en lasﬁzéiéggias de Caldas de Montbui.
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En consecuencia 1as seudosecc1ones ofrecen una 1nforma

cidn SUhlitativa complementarla respecto a la dlstrlbuc1on -

of  rwlelaibie aoaruGWﬂ ta n pertilnd | ca , -
de resmst1v1dades seg un corte vertlcal - L 9

Para su construccién hemos considerado intervalos de 50

ohm.m que consideramos suficientes para sefialar las caracteris

~ ticas resefiables dentro;de cada perfil. Comentaremos brevemen-

te los diversos‘gréﬁicos que constituyen las figuras & a’12.

to  qpmingd ki of B wigrinly of the piflisl gl /

Como rasgo general de la mayoria de los perflles se se-

e e Stin  Gire ob
nala una zona ‘central relat@gg;ente'conductora entre dos de -
Vwoof
mayor reSlSthldad que constltuyen la parte mis. superf1c1al y

Myl |2 Cawynens
~la zona- de influencia- del- basamento. Otro .detalle.comin a. mu- %w
Prdilio & bhe prsend of o condntig mpore
chos de los perfiles es'la presencia de una zona conductora =
im M ey of fhor | wRstenn
en las cercania de la falla occ1dental.

i ~dilie  neld oot asih i e progilas

No ex15ten rasgos .de especial relleve dentro de los per
owumm,%w b e mm»wwp

files 0 y 1 mientras que dentro del 2 aparece una amplla ano-

’Q&W“Q&AM‘\'M 2, 2 awd

malia conductora centrada alrededor del punto. 2 2y que se ex- i

i - Bapp oz 7 To —khio - cnidich mre i

tlende en profundldad hasta el 2.7. A esta zona conductora la

e conmedio itk e geothpeal o

suponemos en conexidn con la anomalia geotermlca ya gonoc1da -

En el perfil 3| gﬁ su, égggngengggly ﬁﬁgﬁgge la contlnua v

W W Z -~ I3 -{/ x
cién dé la anomalia anterior con sus %éﬁg¥és valorg de re51s 4
blGren kbe pofnte L T Thor I
thldad entre los puntos ‘3~ 5@;43 6. AL man?o de las estac1o~
: faiditing Ay gw%#mwd phermnis
nes 3—0, 3-1'y 3-2 le?gaﬁgfééramggﬁilgado a féndmenos geotér-

. nexk T ompiant
micos proximos a superficie. o : /

4

El modelo que representa el perfil 4 es muy simple y res

ponde a los rasgos generales de toda la zona mostrando una zo-
na conductora, que se amplla para el rango de 38,5 - 130 Hz,

lLa justificacién de esta anomalia ha de estar en la proximi-
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dad de la falla mds que éﬁ cualquier.otro fendmeno.

M o AAMMMUMQ i, ooy PRV . SN S e %b,pam?ﬂes’

, Cabria decir algo 51m11ar del perfil 5, con la salvedad
\N’\b\/m Mfémaw V"VV"WWWW\// M%W' MWM&’—S

de un pequeiio mlnlmo, casi superficial, en la estac1on 5-3 =~

‘.
-

& raf wruﬂ" Wv WMM et : s
que Nno merece mayor comentario puesto que su JustlflcaCLOn ‘

e g of e H | C2adhapa 1j¢‘£ﬁgif?ﬁﬁ%mw

e
puede ser lltologlca o de error de lectuura én el c

.rre5pond1ente
e MVAU o L !

Un tanto més compllcado es el perfil 6 que aparece di-
3vidido en dos bloques con@uctores por efecto de un umbral re-
' sistivo entre los puntos 6-4'y 6-5. Al minimo del inicio del
perfil le consideramos éfécto de la falla pudiendo observarse
como se manifiesta. preferéntemente en el rango de 39,5 - 130
Hz. Por el contrarlo, suponemos un origen lltOlOglCO para la -
vanomalla existente entre los puntos 6-5 a 6-8. Su valor abso-
luto no baJa de 100 ohm.m (recordemos la arbitrarledad deAla
escala empleada) y puede deberse a la presencia de una zona
‘preferentemente ar01llosa en un rango de profundldades entre
400 y 700 metros. h _ .

7o tho a&%%&@&bvaﬂ.ﬂﬂw ?fma 6%4%' f“““/@& o
Al alejarnos de la zoha de falla desaparece su efecto - }_

Yoo bon: oAb

. 2 :
caracterlstlco y los perflles muestran un aspecto casi- unlfor-

me; dentro del modelo de tres capas que corresponderan al mo-

Hox Wﬂff&' The o & B,
delo H egMEurvas de SEV. El perfil 7 es un gﬁén eJemplo

px f . ' ﬁﬁd@Z'*f{ .  \

’ PLAD  on
Completamente dlferentemgs el modelo que dggrece en el
4perf11 8 donde se manifiestan dos minimos de dlferente expll—
CWhUe W o fﬂg oo S A Y
cacidn. Mientras el de lo ntos 8.4 y 8.5 hace pensar en un
i Nl mmfﬁw« o ot il e e
orl en en relac1on con la: falla, no cabe dec1r lo mismo de la»
zona centra en el puntiaimjb(que Cjiiizggzzfs erroneo "Si -
Ko Z!g 2 ( t‘A 7{ —)-d N
realézg%gl%x1stlera una anomalia -cuesta pensar que se mani-~

po oy e prrd A odocat o od ol pe the adyrcedt

fieste en un solo punto de forma intensa Yy n6en” 108 adyacentes.
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De cualquier forma existe una cierta continuacidn de
esta posible zona conductora en el siguiente perfil, entre -

las estacionesb7-8 y 9-10. Su justificacidén habrd que buscar

- la en la presencia de materiales arcillosos porque esta posi

bilidad es mds coherente @ue pensar en una surgencia de flui-
dos calientes que produzcan una saturacidn en los:maﬁeriales

dentro del rango de profundldades en que se manlflesta la ano
malfa. El efecto de la falla aparece aqui entre las estaciones
9-3 y 9-4._Puederbservar$e, en el punto 9-1, una cierta alte
racién en el granito. Efeétivamente, a partir-de superficie -
existe una bajada de resistividad hasta un rango del orden -

de 150 metros con un incremento muy acusado al aumentar la pe

netracidn del sistema..

El perfil'ii comprende’ algunos puhtbs del 10 del 12 y del
13, su dlrecc10n es més o' menos paralela a la falla y sus ras-

gos caracterlstlcos re5ponden al modelo de tras capas de tipo

H.

B-Zmbw M\Q) P ? ' - o ‘f
Entre los puntos 13 5y 11-8 existe Una anomalia cogg%c
TN o by g Phorele ™
tora en/estech}jrelac1on con 1a definida por métodos eléctri-
o by Tkt g Ay popadifen [ oy

cos (SEV) vy termometrlcos por lo que cabe considerarla como -

=N

de otigen geozuzalco.. S : ‘
Dentro del perfll 12 (aparte del efecto de la falla, en |
Mo goved= (2 oppet G o, OF s covdudl
el punto 12.2 aparece %%? superposiciodn de zoni;jiizducizza
gL o )2»’(. ey -
que se ektlende hasta el 12-6. LahLupoéemoéﬁdentro de la ano.

M’@mma& cw»oww@ )Uw}! &{o\

mallac%eotermlca proxima a fa’ Garriga.

e e sty i I aslibde o A protle

Pf&@flcamente anomalo en tdda su amplitud es el perfil

3 A b ot id e e

grnogtFl o
13 gue se situa dentro de la anomalla de . ﬂ%ﬁcarrlga




A la vista de esta seudoseccidn parece que la citada ano

-malia tiene una conexidn en profundidad tanto a través del --

drea de fractura como a 1o largo de los punﬁos 13.5, 13.6, -

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

cibn medlante SEV, sefialaban una anomalia homogenea y amplia,

 fundidades d& 300-450 m. by pamlr del punto

aqu1 aparece més. compartlmentada por efecto del cérécter_pun-

tual de las medidas.

Ve Frne mpp%k)bwdlb PAM%& 14 Slpke 14t e pnadble

Vuelve a aé%recer, en el perfil 14 estaca 14. 4; la p081
ble zona de conexidn en profundidad de la anomalia conductoraA

i

Dok Kora, T veeonifichs Wwww%wa& P

que aqui se manifiesta en préctlca ente todo el perfil a pro—

ot 1.6
WM ATHS

/\-&dﬂa
nuarse una sublda brusca del basemento rESlSthO.

- - 4_%k' The ity ffXWMubé &m;b j 'dﬁ9v>bé
- En las Cé;gég?;@'dgﬁSamalﬁs existe ugé pgg{ﬁzgacién de

la c1tada anomalia de’la Garrlga, que se manlflesta en el per

MW Flher
fil 15 entre los puntos 15 2y 15.3 sin que existan otros ras

# - eplime Ohtnet  fhe  comdamadige o Mo Hposie modd o Jhnéic ,,

~gos de interés salvo la confirmacidén del modelo cldsico de -

tres capas.

La continuacidn hac1a el NE de la explorac1on puede ob-
servarse- en el perfil 16 que presenta una anomalia en el pun-

to 16.6 de d1f1c11 JuStlflcaClon.

_ Por Gltimo existe el perfil 17 que no presenta ninguna

caracteristica digna de mencién.

6.2.3.~ Modelos de Straqgway

anﬂd%ﬁz &u P 4ﬁ&wmdww i%aa&u,ﬁwM43
Bésxcamente aportan la misma 1nformac10n que las seudose

A O@hﬂr‘-@“\;‘
cciones ya comentadas.

6 parece insi-
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The %m@%&ﬁﬁl diffeonce i - of
La dlferenc1a fundamental eé%gjx;f/en é%g/eéég tégﬁlde

e e gt bt
representaCLOn es({;geramente mds exahustiva que las seudosec
Lhgo2 Oroe o rgnter
ciones puesto que mientras aquellas se elaboran para un nime-

A
ro restrlngldo de frecuenCLas, en los modelos de Strangway -

Ao dall e

(AP
se t enen en cuenta todos los canales.

The _ fne 138030 domen il Mo popidi toragpondy fo
las figlras 13 a 30 muestran los resultados correspon-

AV-s dAr s T 4 aC«';oo& he
a1 ©1 4r g&%ﬁuo A lscrepanj

I

dientes a la dlrecc1on N-S del dlpOlO electrlco. la d
cia con la dlrecc1on perpendicular es 1mportante en mu és -

Mok e

perfiles lo cual indica que la anlsotrOpla “es 1mportante.

Conviene resefiar otra caracteristica de interés como es
el hecho de que estos modelos no tienen un sistema de referen
cia comin por lo que la comparacidn entre ellos ha de hacerse

con muchas reservas, al contrario de lo que puede hacerse pa-

ra las seudosecciones.. -

Para no hacer exahustiva la descripcién de los diversos
perfiles vamos a:emicir otros comentarios porque coﬁsideramos
que es mds interesante pasar>a la_Qariacién lateral de resis-
tividades para diversos rangos de prbfund;dad-que comentamos

en el apartado siguiente.

6.2.4.- Mapas de isorresistividades

En cond:.c:.ones homooeneas a una determlna a frecuenc1a

corlcsponderla n rango de profundldades deflnldo por la for-

66 Ao v G funditr 0f sperfiind

mula del skin en funcidn de la resistividad superficial. ™

W, ane - atperadiing I ’/U\UW N
Realmente estamos aleJados de esta situacidn teorlca -

¢ -

o
por lo g%grsolo pogh%%s tomar c%%o criterio una profundidad

de f§32%%?2%c10n creciente segun las frecuenciasN38OO, 490,

39,5 y 8,3 Hz.
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The P'@V“‘/ ro = W’M@“‘”‘g o 3p00 Y= preeerds & pEAg
El plano n? 3 corre5pondiente a 3800 Hz presenta una se

Q0 Qooe - dame S5y A Tha

a—f v .
‘rie de anomallas conductoras asocxadas fundamentalmente a la

;ﬁ\g) M/ #Mb P o\ , yy '

angze o\
traza de 1a falla salvo una mis amplla en el &rea de lLlerona,
De cualquler forma este plano corresponde a una pequena profun
didad que no sobrepasara el centenar de metros por lo que es-
ta segunda anomalia no debe tenerse en cuenta desde el punto

de vista geotérmico.

Para la frecuencia de 490 Hz vuelve a sefalarse la zona

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

sana y Samalds as{ como en el &rea de Sentmenat.

De manera andloga se manifiesta la anomalia conductora
de Llerona. La profundidad a que cabe atribuir este mapa es

deludrdenAde 160-200 m. -

Cuando 1la peﬁetrééién aumerita hasta un orden de 600-700
'metrbs, que es la profﬁndidéd-que viene a corresponder a 39,5
Hz, las zonas andmalas aparecen mal localizadas. Se aprecia -
clarsmente la anomalfa de La Garriga y la continuacién hacia
Sta. Eulalia de la_posibie traéa’de‘la falla a esa profundidad.
Hacia Caldas de Montbui se observa un ensanchémiento del 4rea
andmala .tendiendo a éorresponder con la antigua anomalia co-
‘nocida en la zona por los estudios prevics. La ampliacidn del
drea conductora hacia el .SE de Sta. Eulaiialcabe justificar-
la como debida a la existencia de agua caliente que asociada

a la falla, sature los materiales a esa profundidad.

Al éonsiderar.la frecuencia de 8,3 Hz el orden de pro-
fundidad investigada alcanza. los 1600-1800 m. Se manifiesta
una zona andémala con claridad en la zona de La Garriga con
posible continuacidn hacia Samalis. Peréiste, por otra parte,
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un minimo de resistividad al NE de Santa Eulalia de Rcnsana.

~ De una manera.anélogé se aprecia un minimo importante
en Caldes de Montbuf con continuacién, a lo largo de la falla,
hacia el NE. Su relacidn con el geotermismo del 4rea parece
indudablé. Una dltima zona conductora es la existente entre
los puﬁtos 6-8 y 8-9 résPecto a la cual no aventuramos ningu-~

na hipdtesis que justifique su existencia.

‘Como sintesis al comentario de todos estos planos cabe
sefialar que los umbrales de anomalfa, tal vez habrian de ha-
berse definido para cada litologfa, dentro de cada frecuencia.
Esto.tedricamente mis correcto, puede no ser realizable en la
prictica por lo cual es preferible el tratamiento como litolo
gia uniforme aunque esto lleve asociada una pérdida de preci-
sién que se traducé en el seflalamiento de amplias zonas con
resistividad inferior a la media. Por este motivo solo consi-
deramos como%anémaliaS'aquellas areas con resistividad infe-

rior a la media menos una desviacién standard.
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Al JUZ los r:@:}?iﬁfs obtenldos han de tenerse en -

- Cov G IN
cuenta dos factores que los cond1c1onan &n gran manera.

B o~ mwﬁ o e WWMV OLLHLYT g Aoof Nogrnd o
Por una parte es la primera oca31on en que se aborda un
i"! AD WL oy Z},vaw, : L 28 ‘
estudlo de este tlpo en ESpana. El equlpo empleado asi c?ﬂp

el tratamlento de los datos ha Qufrldo mod1f1cac10nes a lo -

: " ﬁ?1““ﬂ”% e
Tafgo del traggjo con&?iangeto de op imizar la respuesta en

£ Vo
cada situacién aunque' sin confroles deflnldos en los que con—‘

oy gt Wwene
trastar los resultados que se iban obteniendo.

b pocod flue o bt o ety Aoh 0
En segundo lu%;z hati’ influido, y wucho, las caracterls—

raa f wrnk.  We ha :
tlcas geologlcas del drea de trabaJo. Hemos trabaJado sobre

B W
un modelo con acusados contrastes laterales de re515t1v1dad
a»%ﬁLAﬂlig Tl Wﬁk&bvw/@ﬁ»ﬁk af o Vol kkf He A&aﬂhﬁd
eSpec1alm te la falla occ1denta1 del Vallés, que condicionadn

las lecturas y perturban la 1nterpretac1on.;

: 4 ‘
Todo esto ha venido agrayadg por’ un gércer factor: l1la |

e, o AOLAR:,
_presencia de un elevado ruido 1ndustr1al u traduccidn in-

e The o Ay Y,

mediata consistid en la repet1c1on‘g; dlversos puntos.

he oppdhess and kwnw o ome'i&, g
' ~ En 51nte51s g teniendo en cuenta los anteriores factores
Hhe o FAhe the  provetne
los resultados obtenidos son coherentes con el conoc1m1ento -

AR sk Wt png 'ﬁ QAN L
previo del 4rea y se pueden resumir en los 51gu1ertes puntos

ﬂ\b ' y M M s X/@@./zna/z
- Los'datos de los sondeos magnetoteliricos permlten elaborar

/5 mop n° T fhad 4g AU e # / Aw@m%
e mapa ne 7 que es una primera est1mac1on de los espesores

&4 aedamato e Ahe w-LA?ﬂ'W
de sedlmentos en el borde occ1dental de la depre51on

hediidling A M Eaabiart oo Hhe Ayt AT

- Medlante los diversos tratamientos dados a los sondeos Audlo—~

gndied | fhe At of AR oy . s

o§
MT se ha estudiado la distribucidn de resistividades, en tres

- z ) L he meore M
dimensiones, dentro de toda la zona %é estudio.
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- Se haGObSLIV&dO Una evolucxon ég/pro%%;dldad de las dife- '

. ’4/{’\032/

Qoo 2.4 “JQ A
rentes anomallas, espec1almente las ya ¢ nOCldaS, en el -

Fhat o P b@mﬁ%& A
sentldo de ‘gque su presenc1a es tanto mas VlSlble cuan;g ma

yor es la pro Eundldad lo cual conflrma un p051ble gﬁfgen
i o :

geotermlco.

- Como dato nuevo aparece en casi todos los casos Jga‘%b%a -
conductora, cercana a la falla a la que cabe suponer un’ -

doble orlgen De una parte la posible presenC1a de agua ca-

b/v) 7 Mpone
liente asoc1ada a 1a”zonad fracturada y por otra parte la -

 Ahe Moo goomatn ok i Kbe lodnie mathods Appping soactiided,

falsa anomalia que en los métodos eléctricos aparece. asocia

b he condadt wdh  yen, neiative pedims -

da al contacto con medlo muy resistivos.

TLL/ﬂA%u;f | anﬂjt Aao: WwwMﬁdgw | gg::/

' - El presente trabajo ha puesto de manlflesto una nueva
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A it ol araplifade ,ae/wa’}tmﬂ

anomala é%%ﬁ QOS%ggg de su _pequena amplltud, €5’ per51stente
/vw D\/\d »/M/ ,
. ‘en casi todos. los tratamlentos Esta éggg/seéﬁalla en las cer
b oge. 15 Ao

and
canias eéggnta Eulalla ‘de Ronsana y siemp e muy prox1ma a

' 1la faila. |

Con esta fase con51deramos qué se ha cubierto el obJe-

Yhot  ptalle % ‘ L
tivo que se planted zl pﬁzgﬁgﬁgr el t@ggééb puesto qug?g; ﬁgﬂ

c&gygﬁéb tn ranéo de. pgofundldades ma;ét que el ‘de los t;aba—
jos. prev105 sehaldndose las anomallas ya conoc1das aparte de

alounos datos comp%ggentarl s de interés. Todo ello dentro de

‘/(Z\;l& WWMAVW

las e3p2c1ales caracteristicas de un método de campo natural

co%% el empleado.

" Madrid, Noviembre de 1979.
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 [NTRODUCT I oW
1.- INTRODUCCION

Dentro de 1a reserva geotermlca del Valles se
16ME & aenieo
han venldo re%alzando por el IGME una Serliéd estudlos pre-
oL Keoo

[ gr = .
liminares. Slgule do una metodologla mMas O menos convencio-

nal se efectué un prlmer ‘edtddio hldquulmlco e iso 6pico

y 51multaneamente una prospecc16n geof sica por resist1v1da
b WYYy ¢ Bozerdly g8

des, en su variante de Sondeos Eréctrlcos Verticales (SEV)

‘ Cél% (N%%{%bdoﬁgg stos-é¥gg§%oségﬁ'5a%bwu/ |
mo resulta e j e definieron
Turo prean  of ameoibiv An Hradch pdalion with e Lol

dos dreas anomalas en estrecha relacidén con las manifestacio-

B iore o of MerlbnC o Lo Farruga

§

‘nes termales de Caldes d Montbu1 'y La Garriga.

Posterlormente ‘se efectud una malla de sondeos’

/W/‘WWM 0’6)7{/\&

Plag st of Pt
para mej;%i%ngjemperaturas de forma que en base a los re-
npa i o atle -
sultados obtenldd? 'se pudo égﬁg§¥ﬁir el ma g de gradlente -
geotermlco y el de fluJo calor1f1c0\ Esta Segundgh%ZSe vol—
e Ao, trge 00 Ahe ot omguabia
vié a poner en ev1denc1a la ex15tenc1a de las mismas anoma-

t - 3 '~J

o
lias ya definidas en la fase prev1a

Mt Vo od ot WWVW o8 e

Se planted entonces,’la conveniencia del em-

08 o e A St capeatly o ‘
L??g%jgg{algun otro método ‘que f&g?a capaz de apg¥%§¥£;€§%£mv

informacibén o cuando menos ratlflcay %o hasta entonces, -
concide,  Thomthhod of Yo = dpoll ~imeppin " o Aho  mopedalhad
conocido. El metodo del "dipole-mapping" asi como el magne-
m«m MW{ v oo WWW«’%@\/
totelirico en alguna de sus variantes son las que ofrecen,

prn by b Hat  pspoma b emplh
£g$g%;s p051b111dades por 1o que sgﬁiwopuso su empleo pag:x
py y ﬁéw&oﬁ ’g/m 3—‘4}&

dn s o Ahda
un reconocimiento exahustlvo de esta Reserva geotérmica del

Estado.
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En las adginas que Slguen dg;g; éﬁggga de las ca-

Q’IVWAWPMVQJ &{) J’r@ p«d,ﬂ\o’e 0'6 /Uv\b W(U WM Y

racterlstlcas 'y  fundamentos del método del "dlpole-mapplng

To w0 e Sho
A Téntinuacién comentaremos su aplicacién al reconocimiento

o / Lef v MKGJ @MMM&Q e gl —
la ggg;z%fa de Caldes .de Ms%thI valoran 0o los resulta--

, o & R
dos obtenl‘os y senafggdo{fgs conélusiones adecuadas al

¢ ’

A ke ‘cmwmﬁﬁ
ner en cuenta todos los datos conocxdos

e
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t—admmem WILIZED

3.- EQUIPO UTILIZADO

- The epention o - by A owlom
, La e3ecuc16n de una rospeccidn por el Slsiizsz
W mpfPung  raguinto Hhe o i e opreriional /

gé mapeo dlpolar requlere el eﬁgf%% deMLn equ1po electrl-

AP M oot
oppreeit, o pramcipnl i s,

co convencional, en prlnc1p10. Ahora ‘bien cuando se

Ciae, d JU\, Lowesligallon
de, como R Fuesers caséb alcanza%vﬁqg}ta profugéldad de -

investigacién es convenlente el empleo de un equlpc pesado

to  prsaeifed by Faco
lo cual presenta dos caracterlstlcas fundamentales

,!M@cwa/(/'a) 9’{ o G’Y”V""‘ﬂ o ptot 2 frov ”
a) Necesidad de una fuente de allmentac10n potente para

ooy

1V o ﬂra“NL
produc1r un campo electrlco chequeable en una amplla -

o Thae Qoo oplllnt o dals  tefusenapiode of ¢ -
zona. Esto ex1ge contactos excelentes entre electrodos

de corriente y terreno

Z”&QW” ﬂ%ﬂa u”&*’ Yy £

P sl Ao : .
b) Prec1516n en la:glectur as que, cuando Se efectuan en

By 000 2l o ﬁc"“ﬂ wenk.

‘puntos dle jados del bip6lo emlsor,’pueden ser muy

- biles.

T/lé, . } e b N 'l ‘. & W " }\4‘4
El equlpo emplea&@gpgr égsotros en é@??ﬂgf%Epec—
boer  die
cién ha sido el 51gu1ente.

@6N6bﬁvn
3.1.- GENERADOR

BONDA podal  Es3s00 g fh ftlorrmy Aoradetdics ¢
HONDA modelo ES 3500 con las siguierites caracteris

thdS.

- Motor HONDA' de cuatro tlempos. -

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

- Potencia méxima 3,5 KVA (C.A.)

- Tensidn de salida variable entre 115-230 V

- Corriente alterna-de 60Hz.

-Rectificador de corriente.




ZLo-

- Estabilizador a una tensibn previamente selecciona-

~ da.
- Monitores de control de tensién de salida de bornes
y tensién-delEestabilizador. _
- Cables con doble aislamiento y resistencia eléctri-
‘ca muy pequeﬁé.
- Electrodos de cobre formados por placas enterradas

"y regadas con disolucién de SO, Cu.

. CoNTROL UNIT
3.2.- UNIDAD DE CONTROL.

Marca GEOTRON modelo GEO-400 con las caracteris-

ticas siguientes.

- Monitorizaciién del Voltaje'del generador.
- Monitorizacién del voltajeAentre electrodos Ay B

- Regulacién continua del voltaje en c.c. entre O,
y 800 V. Esto permite la posibilidad de trabajar
a intensidad constante para cualquier separac16n

~de electrodos A, B.

.= Monitorizaci6én de la corriente de trabajo en cin
co margenes 30 mA, 100 mA, 300 wA 1 Amp. y 3 -

Amp. a fondo de escala.

- Medida lndependlente de resistencia de contacto»
de los electrodos A y B.

- Doble circuito de proteccidn que desconecta la
tensidn entre electrodos en caso de sobrecarga.

- Posibilidad de empleo de las lineas de emisién
como lineas de comunicacién.

- Permite la utilizacidén de potencias de pico de
hasta 5 KVA.
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3.3. REGISTRADOR

‘De HOUSTON INSTRUMENT, modelo OmniScribe serie -

5000. Sus caracteristicas son las siguientes:

- Entrada floténtevente + ZQO V (cc).

- Resistencia ée»entrada entre 1 y 8 Mohm.

- Cero variable en toda la escala.

-.Tiempo_de re?puesta % segundo.

- Sobretensién!de 2% sobre cada margen a'fondd de
escala. | A

- Linealidad +.0,2% a fando de escala.

- Repetibilidad + 0,1% del fondo de escala.

- Exactitud to#al + 0,3% del fondo de escala.

';»Alimentaciénipor CA 115/230 V + 10% y frecuencia
entre 50-60 Hz. | A |

- Potenciémetr@'bpcional para eliminaéién de ten-

siones parésitas.

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 sensibilida& de 0'l mV. Dispone de circuito -

potencibémetro para puesta a cero.

Como elementos. accesorios se han empleado conmutado-
res de cuchillas para la inversién del sentido de la corrien
te asi como milivoltimetros digitales para- conocimiento de

la magnitud de los autopotenciales en diversas zonas.




Fmerer
: elevadas. De esta forma se podrian mapear: grandes extensiones

: de terreno sin necesidad de relaCLOnar entre si los resulta—

R %Y, gé
nera clara todO'el trabajo. =

- venido cond1c1onada, or estos factores y .por la abundancia

|
|
REALIZED WORK. | | | o
4.~ TRABAJO REALIZADO. |

}

The Aﬂ&d aAﬂwd&w bt ﬂlw xcitio of (w@

La situacién ideal para la eJecuc16n de una

P i w06 T pedppiey T |
ﬁ@gspecc16n en’profu ndldadié%rﬁél sistema'del "dlpole'ﬂnapplng" ]

ﬁ»MMXL/ e, @13$éﬂhm%f

o0
sg?ia aquella que permitiera el establecimiento de bipolos de
o and e tonplogpend 58 pindomailieo il eloviled correids,

grandes dimensiones y el empleo de intensidades de corriente

Thiz o e bl K benp lange  2moipe ob -
Karrair ﬂﬂ@wbiﬂﬁwuaymdﬂ 0€/N©QLDM- fdrpen i 7

The  luden ot o AT -
dos obtenldos. Esta labor puede geﬂ%rar'errores notables.

[0 rews of Ho ohaots A Ay ol
‘ A lo%largo de las fases previas de 1nvest1ga-
¢ Kaadair o A, VaSdey ‘Uﬂme/—ﬂu of

cibn geotérmica del Valles se-pusieron-de-manifiesto diver—--- -

’ [

wLdhore dad
éggAdlflcultades lnherentes a“la alﬁzfdenSLdad de poblac16n

as c1v11es ex1stentes en la zona. En nuestro caso el -

wtora s have o boen  feogally Q,QO/IW’V(&V@
eﬁgf%gmgérqitengfades grandes no ha sido factlbleéggf %iz;M

ALADEIO y\.(‘,z/ngﬂk W\/@ hao il ac .
mentales razones de seguridad y esto ha condicionado de ma-

—

Egbectively, Ay Lo (omdad dhe odioity o6 Hha
Efectlvamente, al estar 11m1tada la intensidad

Y

Ot Xy ik Ao

del emlsor, y & pesar de la ngk sen51b111dad del ;ég?;ﬁﬁr,

Wy Ao dpdiono YrEoNC i gon arad

nos hemos élsto reducidos a medlr dentr%pde un &rea de menor
-~ / (ima“ P‘\JW{/ N\ 4 .

extensidén de. la qd@ihosot#gzwﬁggteramos deseado : \\

~— .

A 7 &b 704/ bpotes s , oA
- La amplitud de los bipolos égygggééjgé g?ég%%@@ﬁ

o

ci6 teniehdo en cuenta las caracterlstlcas lit loglcas de -

s a0, Ve

PyoRL /
cada zona asi como los p051bles factores perturbadores, espe—

cialmente fg%dﬁe tipo lndustrlal Su direcciébn fZ%ﬁIén ha -

L

de construcciones de todo tipo.

En el estableCLmlento del emi sor se puso espe-
EANe v opﬁd o
cial cuidado tratando de conseguir buanos contactos electrl-

wnd 15 prawd_ opcopes in il Lo Ragpd o, A

cos y evitar fugas en la linea. ReSpectd al prlmer punto se




emplearon como electrodos placas de cobre enterradas y re-

corvernd dnipaboliin SGql w
gadas con dlsoluc16n de 50, Cu.

b goch A rsprimet Tio  Apele rasplio
En cada ﬁ%Z?6 de medida se establecieron dos

v\rﬁm cdadliAed o WM 4@,.\4',(,@-4, WWWVW,

dipolos receptores en direcclones Sensiblemente perpendl-

t
s
culares entre 51. En estos dl olos se emplearon elecgrodo
impolarizables convenciona es separados ‘a 50 metros.

La distribucidén de las estaciones de lectura

-se hizo de forma regular tratando de cubrir adecuadamente

el entorno de cada bipolo.

Para cada posicién del emisor se procurd tra-

bajar a intensidad constante,'siempre que se pudo.

: El elemento mis delicado de toda la operacién
es el milivoltimetro que ha de poseer una sensibilidad alta,
“ orden de 0'1 mV, junto con buenas condiciones de repetibili-
~dad. Dependiendo de la magnitud y condiciones de la lectura
hemos empleado bien el regiétradof o el milivoltimetro digi

tal.

Una vez obtenidos todos los datos de campo se
procedié a su tratamiento matemdtico para obtener las resis-

tividades aparentes. Para ello empleamos la expresién:

y
3
;
.
E! .
.
’
.
v
.

-1
) 2
_ 4 2 ,
o2 2

e, =27 R 1+ (R -2 [R \/Av + AV

a 1 —--R ’ -.__—1 cos Dj| -
2 Ry
1 1
ciondn 1nc ralAaroc rv\hf-én-?r]ne TAe misn Fabhedd nenmamr A mmea = e m 2 £
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PRESENTATION oF THE RESULTS
5.- PRESENTACION DE LOS RESULTADOS.

La forma usual es mediante mapas de 1sorresis-
tividad que se obtienen para cada posicidén del dipolo e

SOTY.

The  tonmechip- ypebuay adgaowf
El enfgce dé7;alores entre dipolos aéyacentes f

A
es un problema de d1f1c11 solucidn puesto que el parametro
Mt s T appanand arl '
que mane jamos es la resistividad aparente y no la resisti-

Ao

CONIRG pofie 2. ORI Lot )
vidad real. En consécuencia su valor viene. muy influencia-

Ala  corsaponding " &ilg hay
do por la constante geégg%%ftéwgérrespggdfgg%%. Si a esto
o unimos iz}ez;;;zzgéé de 1nhomogene1dades, en el meéigajigz
0‘6“(/»@ 6‘(@7«*{ S ‘z?nQ ,ﬁvl»wu(.;
tudiar la complejidad del prggiema Bﬁégg atmentar hasta 11
o i

mites irresolubles.

The
Los modelos generales que se 1ncluyen en el -

o~ of  Theoetie nwz/.efa it Xy W/Wmm'
apartado de modelos tedricos aportan su 1nformac10n mas -

_' fo g”,L WWU
. clard _para zonas ngtante ale jadas . del emlsor. Poé%las li-

?'WW}»@*M Pun. CALE, T

‘mitaciones operatlvas comentadas no hemos obtenldo, en ‘==

nuestro caso, informacidn ‘en 4reas situadas tan lejos de -

los electrodos de corriente.

: oo , y Ahe vl of :
Como ya héﬁbs seﬁaladé " los valores de resisti-

ane ol Ao prgend wvgmwmcmm{z
vidad aparente pueden preseptar contragtes muy acusados en
tre dlpolos adyacentes. Por esta razon los 1ntervalos elegi
Mﬁ;@h conkbs ob ARo
dos para la confeccién de las curvas de . 1sorre51st1v1dad
ML/VMM&AUG ool Ay .
son variables de unos a otros dlpOlOS.

-5 A A ~ﬂﬁ 8 i
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\A WLM““TW Lot Mot/ («\r(jt\/ G- otz lﬂlz;?_béw
Puesto que ngoSs moveremos con nuestros datos dentro \
oo il opekD " vl AR iy '
de uf entortio similar lo que haremos sera comparar nuestros
resultados con este modelo y tratar de ofrecer’ Justlflcac1o
A s oo il Mo raed dofes,. quﬁ?
nes adeCUadas a las dlscrepanCLas con-los datos reales, iem
/\z&w/ Wa’(
pre dentro de var1ac10nes relatlvas de resistividad y mo de l
valores absolutos.«

CZONVE OF speMGs
6.1.- ZONA DE CALDES.

-~ Dispositivo 1.- El dlpOlO emisor se 51tuo senSLblemente per- -
pendicular a 12° falla ocsldental dehﬂValles en lizuzfrcanlas
4 y tetod Z o Jhe

de Sentmenat, ;ﬂégﬁahﬁé 1 1t£§ﬂg§tal dg”i Km. La zona me-

;.

dida es’ la represen “ada’’ en la fig.- 9 ‘con 20 estaciones.

4

The nsisbiny cowes - Soaide (oo Bopaltoon oﬂﬂwwﬁ{b@

Las, curvas deé reSlSthldad Se ‘dcercan claramente al. modelo -
A .

de %g figura 7, eSpecialmente en su 'borde N.
. Conditon

Por la zona sur se aprecij/una perturbacxon conductora hacia

Sentmenat motivada probablem%Kte poéPETb§¥X§8$§aﬁ; d& fdte--

_riales arc111osos fggngéié a mayor abundancia’de conglomera

o oo A ob, b 0ALL . -
dos en el resto del &rea.

orne Gllpideo o

b A%witﬂﬁ% v

Tamblen se aprecia un fuerte gradiente de re51st1v1dad en -

7 Cen L 00 coUNOPON a/&mr%
las'cercanias de la falla como corresponde al acusado COn--~

. , (/Ml - opcelR,
traste entre granito y arcillas-arcosas.



Dispositivo 2.- Su oé%g%%vo é?a el estudio de la anomalia
Bkl of. T Cildor, A Pkl amd fou Ak
del Sur :de. Caldes® de Montbu1 y para ello se establecieron
37@;&@/\-@ mo ararnid. £ MO&MM%PK
35 estaciones de lectura en torno al dipolo. emisor de la

figura 10.

Respecto al modelo tebrico, se aprecia una perturbacidén -

wclara centrada sobre la anomalla geotermlca ya conocida -.

de anteriores trabaJos. Esta zona se manlflesta tanto en
sus menores valores absolutos como en la mayor amplltud

de la zona de resistividad menor de 1000 ohm.m.
'A la vista de este grafico cabe afirmar la buena respuesta
del método frente a anomalias ya conocidas,cuando el dispo

sitivo emisor se sitia en las cercanias de la zona andmala.

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

ra 11, son sustancialmente diferentes de los anteriores -

~en su forma general.

El efecto mas acusado es el debldo a la falla puesto que’

en sus cercanias existe un gradlente de resistividad muy
fuerte. La disminucidn en la resistividad aparente en las
proximidades del electrodo A es en efecto debido al cita-

do electrodo, que como muestra el modelo (fig} 8), hace -

aparecer una zona conductora asociada a cada electrodo de \

corriente.

Otro rasgo de interés digno de mencidén es lo que parece -
ser una prolongacién de la zona conductora, asociada al -
electrodo B, hacia la anomalia del dispositivo 2 y ya co-

mentada.



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 cono torrencial existente en el area.

Dispositivo 4.~

La zona de mayor interés dentro de todo el &rea a cu-
brir es la situada al sur del electrodo B. Debido a la
abundancia de construcciones en esa zona, y al caracter

privado de muéhas de ellas (fig. 12)

Se puede apreciar también aqui, de forma clara, el efec-
to de la falla por el fuerte~gradiente de resistividad.

asociado a ella.

v

Hacia el sur se iniciamuna zona de minimo de resistivi-

dad respecto a cuya infernciaAca:eéémos de datos por 1o
anteriormente apuntado. Cabe considerar, no obstante, qﬁe
su causa-sea litolégica - mayor predominio de arcillas -

antes que de otro tipo.
6.2. .ZONA DE LA GARRIGA

Dispositivo 1. De todos los anteriormente- comentados se

diferencia en la orientacién del dipolo emisor respecto

a la falla (fig. 13)

El aspecto general de todas las curvas, no muestra ningin

rasgo de interés, desde el punto de vista de seflalar -
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~da por un crecimiento répido de las resistividades apa-

anomalias geotérmicas. Todas las isolineas son sensible-
mente paralelas a la previsible traza de la falla y se
observa un crecimiento general de la resistividad apa--

rente hacia dentro del macizo granitico.

Dispositivo 2.-

La disposicién del -dipolo emisor--es- practicamente parale- _

la a 1a del caso anterior y m&s hacia dentro de la aepre-

sién como puede verse en el plano n? 14.

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

aspecto general de las curvas del dispositivo anterior:

sensible paralelismo con la direccibén del emisor.

Como digna menci6én destaca una amplia zona conductora
inmediatamente al SE. de La Ametlla . La proximidad
a la anomalia de La Garriga sugiere que su justifiéa-
cién sea producida por el mismo efecto, es decir fenlme-

nos geotérmicos. No obstante esta hipbtesis se ve limita-

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

Dispositivo 3.- Centrado practicamente sobre la anomalia

geotérmica 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 importante

como corresponde al paso de detritico a granito.



47.-

Hacia dentro de la depresién el modeloes claramente conduc
tor con apertura importante. de la linea de 1000 ohm.m

en la zona de la anomalia geotérmica conocida.

Sus resultados wvuelven a confirmar la utilidad del método\

‘dentro de un entorno reducido. Lo representado en la figu

-

S TE T ¥a 157es un ejemplo claro de 1ad respuestd que cabe esperar

frente a contrastes acusados de resistividad y frente a

anomalias conductoras, en funcién de la posicibn relativa \

del dispositivo emisor."

Dispositivo 4. -

Puede verse en la figura 16 como sus resultados son cohe-
rentes con el conocimiento actual de la zona ocupada por .

las lecturas.

Efectivamente, dentro de un buen encaje con el modelo -
tebrico, se observa un fuerte gradiente hacia los materia

les resistivos y una amplitud rélativa considerable de los

minimos de resistividad asociados con los electrodos de -

emisidn.

El minimo del electrodo A comprende una zona extensa en -

clara conexién con la anomalia de La Garriga a pesar de

que sus valores absolutos de resistividad aparente no son

muy ba jos.

Respecto al minimo de Samalis hay que sefialar que, pese

a su proximidad a la falla con su influencia resistiva,




aparece bien definido y en consecuencia hemos de pensar -

en la existencia de una zona anémala de baja resistividad

asociada a él.




7. .CONCLUSIONES.

Tl 44/0/4 #reCps y27 Ay W/{/ Hir %pvwvwﬂéwj[%ﬁ

- El1 método del mapeo por dipolos, ha demostrado su utllldad

[ 5‘@0%”&4/ C/{/ﬁ/(/‘?w/z:x, f W{%W ovie oo
en la prospecc16n geotérmica, de diferentes &reas en diver
e ear T

sas parte del mundo.

)%é ayy/kafévk/'% T anonalio g%'NaiﬂwatngfMNﬁBKGfmgfﬁwm~bfﬁp

Su aplicacidén a las anomalias de Caldes de Montbui y

Gﬁ-wvu,pyou 445 Com s Ma@m /Fg'? A, 3//8/ COnS

riga_ha. ven;do condicionada por la abundanc1a

/

SR e LT T§7£ 5~y pon sihihs ;}M~L
trucc1ones todo tipo que existen. en la de estud1

- Por razones de segurldad nos hemos v1sto 11m1tados en el .

y s A .
MM Cosrry  of o csprle- frapmifand i Mm

empleo de 1a energla del dlpOlO emlsor y en consec

en7{é ex62n51on Jg la Zona estudlada ﬁé}a égéécaﬁoage -

ellos. - - i ' —
T gt o W/’f gg:éﬁ‘* Lt

miento qg%wse tg;éﬁ/de la £2:2$3a Estétal yﬂégazla é?%uggih%z

5 P 4 [anta-
cién geoléglca en cada &rea medlda.

Sl iofmie]  Sericnlf e it of A

-~ Se conflrma, fundamentalmente, la eXlStenCla de, 1as .ano-

P W'}r«m é?‘f : e d a/ v ) 69 a2’
~malias geotermlcas e Caldes a Garrlga, a51 como la -
even ;//N /// 7(/“4» W ,%1\@/

prolongac1on de: esta Gltima hacia Samalds.
Wew_—ﬁ/&-&/ H ,igaézz/wvw P/w?ﬂ-cf o hyo (/Ov?/\zj he PO
- Podemos aflrmar que este PrOyecto ha cubierto los ObJetl—
olfecdints ards Lo coaaponce,  codnh & Com K 3
VoS propuestos y, en conseCUenc1a, aporta un COpOGlmlentO L
. L Tle %eﬁ%ywwé mwmﬁt%win w&y
complementarlo de interés a la 1nvest1gac10n geotermlca de 0

EL Vallés. : | | \%

Madrid, Noviembre 1979



PORTUGAL

Portugal occupies an area about 300 miles long, north-
outh, and 100 miles wide, east-west, on the west side of
he Iberian Peninsula. The country is traversed by
10untain ranges that trend east-west and are continua-
ions of ranges in Spain. Most streams flow westward
o the Atlantic. The Minho River forms part of the
orthern boundary; the Guadiana River forms part of
he southeastern boundary. The greater part 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. In the south
Iso are extensive areas of Lower Carboniferous sand-

tone and conglomerate, with coal beds. Mesozoic de- -

Howand - Fom é(/aﬂﬂyf /965~

: ~ DESCRIPTION OF THERMAL SPRINGS- A 133

pqsit_s, chiefly of Jurassic age and less extensive areas of
Cretaceous rocks, are present in lower areas. The plain
of t_he Tagus River and other large areas near the coast
are covered by Tertiary 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.
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FiGURE 40.—Portuga1,and Spain showing location of thermal springs.

Portugal from refs. 2268 and 2272; Spain chiefly from ref. 2346.
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136 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD
Thermal springs and wells in Rumania—Continued
No. on Temperature of | Flow (hecto- Total dis- Principal chemieal
fig. 41 Number or location water (°C) liters per day) SO]‘Z;(II) l;o)lids constituents Remarks and references
"8 | Tusnad (Tlona) . __.______ 21; 225 | oo 8, 254 | ... Ref. 2330.
9 | Caciulata_ . .| oL Mineralized. Ref. 2308.
10 | Vizakna________._.....__ 28.7-45 | Saline, iodine. '
11 | Herculeshad (Mehadia):
Elizabeth_ . _ . | L
Hygea_ _ oo Radioactive. Water tempera-
Hercules_ __ - _.o-__ 46 38, 400 3,440 | Na, Ca, Cl; gas, 40 ture, 25°-62.5°C. . Ancient
percent N,. “Thermae Herculis ad aquas.”
TMeana_ .. oL Refs. 2309, 2323, 2325, 2327,
Regina Maria._.____ | ||| _ .2329.
Others_ - oo oo oo e e e e .
12 | Bahna (Basna)_ - __ ||l Baths, Ref. 2318,
13 |-Govora_ ______ | e o Resort. Ref. 2308.
14 | Calimanesti (Calimaneseil) | _ .. _ | o] e - Do.
15 | Curtea de Argesh. _ _ - _ |l e . Used by Romans, Ref. 2308.
16 | Sinaia. o o e e e e .. "Resort. Ref. 2308.
17 | Slanic. . o[ e e e e Saline mine water. Baths. Refs.
2308, 2314,
18 | Lake Sarat (near Braila) _ _|__ . |- | e e Ref. 2308,
19 | Tekir Ghiol, mear Con- |__ . | | oo " . Do.
~ stantsa. )
20 | Mangalia. _ - | e e _ Radioactive. Refs, 2315, 2319,
—
7/

SPAIN

Spain occupies aboiit-five=sixths 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 River

“from that of the Duero River.
northeastern part of the country and empties into the
Mediterranean Sea; all the other main streams flow

The Ebro drains the

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.

Thermal springs in Spain.
[Data chiefly from ref. 2346. Location of unnumbered spring not identified)

No. i Temper- Flow Total ‘ .
on Name or location ature of (liters | dissolved | Principal chemical constituents Associated rocks Remarks and additional references
fig. water per solids .
40 {° C) | minute) (ppm)
1 | Carballo:
B'«glotsh , Viejos (01d | 3340 |__..______ 404418 |- ol Granite. _ .- 3 springs. Bathing.
aLns).
Bzglotsh )Nuevos {New 342; 375 2 springs. Bathing. Refs. 2342, 2343.
aths).
2| Ortejo_ oo 651-2, 009 _| 4 springs. Resort. Ref. 2343.
3 | Aguas de Bejo.__ - 261 Ref. 2343.
4 | Caldelas de Reyes_._._.___.. Low 4 springs. Resort. Ref. 2344,
5| La Toja, on island of same LOW || e " Several springs. Resort. Ref. 2344,
name. .
6 | Caldasde Cuntis_..._..._.._. ) 60 LOW | e e ea Several sprigns. Resort.
max
7 | Puente Caldas, 15 km east- 30 Mo LW | e Includes nearby warm spring of San
southeast of Pontevedra. Justo de Sacos, Resort.  Rel. 2344
8 ) Caldasde Tuy........._.... 47-50 | LOW | e Several springs in bed of Rio Miiio.
. Resort. Ref, 2344.
28 100 Q] Na, SOe e -
9 |{Pol 24 Small |.._._______|. .. Resort. Ref. 2344,
32 Small | oo
10 43 120 63} Na, SO, Silurian strata__ Resort. .
11 1 43 Large ) HCOs_. Carboniferous _| Contains nitrogenous matter. Resort
12 | Buyeres de Nava 21-25 62.5 |___._...____| Ca, SO 3 springs. Resort.
13 | LaHermida_____________ [ _ 50-60 a, Ol Contact of Triassic strata | Several springs. Resort.
' with Carboniferous lime-
stone. -

See footnote at end of table.
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Después de los trabajos reallzados en Lanzarote para la exploracion
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El contrato entre ENADIMSA y S.P.E.G. se firm§ el 13 de ‘Noviembre de 1980.

'144/
El programa de trabajo ha sido organizado por ENADIMSA El programa

whidiad Drevi lé&/ Q gt v/{ .
inicial estaba previsto sobre una superflc1e de unos 90 kildmetros -

. -2 e T L
cugg;ados.

A fst oty Ao e locarim 7= 5@,,,%7”

Un primer estudlo al fin de localizar “un yacimiento nece51ta generalmente

. me A/ﬂug lvﬁ,vg
‘una estacion por km2, mientras que la determ1nac10n de un sitio favorable

e
para la perfééaglon neces1tarxa 3 o 4 estaciones por km2.

el

Generalmente las estaciones dipolos estan dispuestas en perflles y pueden

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

§42 %%b fafadav

V?,V\ we [\Me woﬁm‘ﬁ/w A ra 1os estuleS

En Lanzarote hemos encontrado una regvon muy d1f1c11 p
YA % fows
M.T. y Dipolo. Las dificultades son las sxgulentes L

M%%ﬂﬁ eralion _ o 11 2o O dide- 870 de
%ﬁ:?’dlflcultad gé é;netrac1on en fgé QZnas dé&é%;lpalsé Hacer muchas

In T, odatirne e Ahy 3 hao ;7 heo g L AL
estaciones M; T. en 1 igﬁé del malpais habrla sido muy lentof hasta

o, T By Al el ol Wm«fmmw

2 d?gs por estac10n (por la neceSLdad de camlﬂar llevando el eq

Jony han g m vesy Gttt o

en la mano: en condiciones muy dlflClleS)

w;aéékf ¥ 142ﬂﬁ/ §¢9aa/ﬁ

- Imp051bllldad de registrar senal M.T. significante en las zonas,

4//%«%7[ 77’ Aﬂ7/{ &-u/%f Lo 40 C

térmicas : cuando la temperatura del suelg/es alta (su erior a los 40°C),

vogfes
la roca volcanlca se encuentra completamente-seca, la resistancia

Serrad P ard N poege, SHren cerats ne
electrica del terféga es infinita y el ruido telurlco muy/fuertz, causa&?
/f’/v“%"‘ywM sarnfoce oty 7 ram gt

por cualqu1er fendmeno superficial (v1ento), queda srn relac10n con

el Magneto- Telurlco.

MWIAO(MWMMM%W bip A e am ord of

- El viento que era muy debil los primeros dfas de la Zzggin (flneS de

Wpuenbea Wiy Ladeu 4 o

Nov1embre), fue luego fuerte y alcan?o ?ELnlvel de tempestad durant

Qovne WWMMq whnel Al Noges v

unos é&gs dg Enero{ EI v1eﬁkoégu£;nta el IUldO geE%?§1 ;MCSEBQ/
il " reguced i, sopmiriad qualy Ahes regl,

Comaty;
consecuencia reduceé la calidad general’ de los reglstros
The - hiihﬂd @oqu A&MNUNWVWquymdbﬂJMZhg.&mMZV%J 8 @uw@i« 1.0 Kain
- La senal natural queda como criterio fundamental de calidad. Es cierto

Aot AL kiR R of e m.T,
~que la act1v1dad solar/influye- dl;gﬁﬁg%gg?e égbre el nivel de la senaf

ObW MWW ¢ Ao, of Aha w,»wf« - el
M.T.: registrada. Generalmente el nivel de la seénal quedo bajo.
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- con la superficie total del estudid. Para el Dlpolo, también nos ha faltado

The ol dy fure been WW /“’WZ M’/%‘”""‘i"ﬂ% ‘%f(?of/%
El estudio. ha 51do d1v1d1do en tres partes y, a causa del viento, del
sonatthic ontoddion s Mo ordilipe ) beore

nivel. de la seMal y del sitio geogratico, las calidades han camblando : Charpng

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

(promedio de calidad 2).

- Diciembre, laé estaciones son de calidad 2 al principio y lhego bajan

a 4 (16 y 18 de Diciembre).

- Enero, la calidad es generalmente baja con dos maximos a 3 (el 16) vy
a 2,5 (el 22).(Vease la figura 1).

s

au@¢u e db&&%h«été,' LinconFined (0&4%h4b@ °b  access [L?“' ”ﬁwg&wv
A causa de las dlflcultades encontradas (dificultad de acceso, gran numero
hew po X BT T a ember of) §L46h¢ ou}a/ éad
de estaciones no procesables) el numero de estaciones utilizables en el
Kawt Zopn &ﬁ&y“% b FO Km* , ik
g@t io-ha sido bajo (40 para 90 km2%z 22? el 1nconven;?nte que muchas
an /442/4’4 el Hraen,
zonas quedan desconodlcas y‘g&é las relac10nes'ggfre las diferentes

AL coadf FO g B

anomalfas son a veces dif{€iles de comprender. Sin embargo la mayoria

de’ las preguntas pedidas han podido ser ‘contestadas. S C e

,7zb/dQﬂﬁﬁ,/€L c,szah4@yw / on /72&L/¢¢¢/?CM <eﬂ¢6&ﬂ/ o0 s
El Dipolo SOFREM ha side pratlcado en tres perflles espac1ado de 300 metros

betoree.
entre . estac1ones.>

The. 894@(4aﬁy Lﬂﬁi&mo a L’ 44W¢£ &y AAMALam&= fnr ammﬁﬁhﬂ%m
Las 88 estaciones DlpOlO son también demaSLado pPOCo numerosas en comparacién
of My olity _Fo A, 04 Azd,
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*w Vi ard
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I] - REPARTICION DE LOS TIEMPOS Y PERSONAL

began . al on  and retornos! apen
Los operadores llegaron a Lanzarote el 21 de Noviembre y regresaron en

Lt panlecs Je wery ﬂt_ rod A é'\,s / P
fln;gézh151on el 29 de méfo/ El trabé%o fue 1nterru%gido entre el 24 de
cary : C%}N%m il

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

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

El tiempo de presenc1a -de los operadores y del equlpo en Lanzarote fue de

52 %i%s (33 mas 19 dfas).

frna of Invoree wo
El tiempo de facturacion fue de 45 dias.

La diferencia se explica por'averfés_y por ensayos del equipo. Entre el
3 y el 7 de Diciembre, una averfa del mddulo de‘adquisiciéh hizo perder

cuatro dias.

Las‘§5 estac1ones M.T. se han reglstrado durante 26 dfas y las 88 estac1ones

Qerren deys . . -
Dipolo durante siete dias.

La cagpdﬁa de topograffa fue iniciada por el personal S.P.E.G. para ganar
tiempo, luego el trabajo fue realizado por un topé@rafo professional

de ENADIMSA.

El personal de ayuda para la preparacién v la instalacidn de las estaciones
estaba. compuesto de éinco-obrgros locales. La organizacidn general adminis-
trativa corrfa.a cargo del representante local de ENADIMSA; que permitid

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

. 7 : ) s 0y . e . .
Y que .resolvio los problemas de alojamiento, almacenamiento, .autorizaciones

étc...
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" El segundo equipo acompdﬁh el-;aboratorio en el coche Land Rover.

[I1 - oreaN1ZACION DEL M.T. Y -RENDIMIENTO

'El programa de ENADIMSA ha sxdo respetado para la im antac1on de las

A
estac10nes. da estac10n tlene un punto central O, dos llneastgé 100
o by Aeqriess . pppolonl P
metros oXy OY El- angulo oX, OY es .de 100 grados centesimales. -
: o : go° 7 :

i

El primer equipo hace los agujgros, prepara la mezcla de lodo (bentonita

1

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

Casi todas las estaciones fueron registradas con el equipo en el labo-

ratorio. El equlpo sallo solo dos veces el 25 de Enero (estaciones

112y 41 ).

El laboratorio estaba compuesto de :

i Tos

- i oo o . o .
3 captoreéﬁ%agneticos para registrar las 3 componentes Hx, Hy, Hz.

5 electrodos. o - '
1?4 amx;u<1ﬁﬁ 7”“ﬁdi
2 para Ex, 2 para Ey y uno para la tierra.

- 1 modulo de amplificaciéh (qon diez/amplificadores).

- 1 mbdulo defadquisiciSn Jdoble) numérico de cassettes.

aﬁ%vmm
- 1 médulo registrador graflco de control.

Los electrodos, estaban unidos al laboratorlo por medlo del cable telurico,

Ca

s  Cabler  hove a 2pgelonimry, T conneyfnS Soare Chsulefim b -

Lomne
los captores por cable especial armado, Los captores se lnstalaron con

media | Magpife  omd 9/64’”7 orlics
precauc1on por medio de brujula y visor’ optico.

7/11/"644/{ 2. CW ”«//6 f[Q/ 2 ﬂw' m{ﬂb CWMRS Mwﬁﬂ’}u
4 i 4
Tenlamos dos clases éz’capto%%sﬁ)Los cagéafes del C:.N.R.S. aunque mas
reAM 2.4 e ae -
hb%%lbles, efgg'dema51adofférgos (Zég) para_éihtlpéﬁhe terreno, éév brents

v d

- fueron utlllzados
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The imddllillor it vps qpmorally, oo, dipindivg on o Apicll
El Eégmpovde instalacion fue %eneralmente 1argo[4§:§&§§ a la dificultad

2

del terreno y al escaso tiempo de campana (personal poco experimentado).
W0 ¢6 M mm«uw rmegpprepment = Mafw&rv,
El tiempo de registro fue de hora'y media mlnimo para cada estacion.

Mo syl go, amrblinat | The ogme rogaln yu, popealid o Fhey Aime

Cuando la senal era 1nsuf1c1enté, el mismo registro se repetla o el tiempo

-

(S I |
era aumentado.

" La distancia entré‘Arrecife,‘donde sé alojaba el personal, y el terreno,
la dificultad de acceso, el tiempo largo de instalacidn y la calidad baja
faon Fheo ‘/ﬂ'/ ret/ -
de la sefial eXplican el réndimiento bruto M.T. de 55 estaciones en 23 dfas
de reglstro (2,39 por dia).
//Ztl 'é/ : raw

El rendlmlento bruto Dlpolo ha sido de 12,6 estac1ones por dfa (88 esta-

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

de facturac1on (45) se explica por los dias de preparac1on, de mobilizacidn .

y los domlégos

Liwe &6 WWCMM )

e =L e

o~




.

T T (pupele Sefem |
‘ ' ; = ‘
IV - MeTODO D‘IPOLO\E Iy A @ 560 He \
(SOFREM) o0 sy JEERE )50m
. - . {i - my Zéo
o = Fea.
G = (008 35 )
L P lo; 35€ % -6
IV-1 PRINCIPIO : PP

[ L=
iz ‘-
‘mayor’.

OPERACION

e it et v | e ey 2l

A
El metodo DlpOlO utilizado (SOFREM) pr

cial dela res;st1V1dad eléctrica del

4// hramsmdtlor o. - - -
Un emlsor electro-magnetlco de muy baja frecuencia y constltuldo

por un Dipolo magnético con eje vertlcal_esta_dlspuestq en la

superficie del suelo.

A ,W,/,W/ aitaaded w ot &@W %m%¢KM5W+EJ wollls #m Hu
Un receptor situado a cierta distancia del emisor, también en el
d Jraarenl cm £
é%gﬁo, permite medir las componentes del campo electro- magnétlco

mallef

emltldo.

g o F /
The MMwbwyg @onrel iy thlaJLvﬂ 0 §ﬂhwé/
La manera de sondear ‘el subsuelo es parecida al método magneto-
The pz%bwaZ%v ol e B He rodratime o dha
telurlco. La penetrac1on mds o menos grande de la radlac1on en el
R 6w%c&ﬁ ﬁ 7 -
subsuelo conductor es func1on de la frecuénciaf: las frecuenCLas mas

and A;VMQ&W- : N, ngm%?mvﬂ it qyw&&w pe Apw,
bajas y los terrenos mas res;stantes corresponden a la penetracion 2

OPERATION

oiﬁzap | ronotadle funv M”VW{ZMQ Thir s
En la estac1on emisora un anillo monocable esta desenrollado. Luego,

<

A M (i eaa1 bed nLALD
este anillo esta allmenta o suce51vamen£€w§g;7corrlentes?g% frecuen—

Ahe rpvy
cias dlferentes Sg puede reallzar gfgéég%or del anlllo varlos

Pt aprgreit”
sondeos utlllzando estac1onesage medida escogldaéaghr el Utlll dor

” Aﬁ%&& Qﬂwﬂi&&w pgwa;L&/wpwmwwxum &ijw ih’ @aX;/ iﬂ$
Un enlace radio permite comunicar entre los operadores sitos en la

Aremsnifler s Ae ceder
estacidn emisora y receptora.




' anlfios de emision centrados sobre estos, siendo el epbac1o entre

. o A i
/M a(// 2
En cada estac1on, las amplitudes de las tres com) onentes rectangulares

e mwwfz % crck
.del campo electro- agnetico se miden una spués de otra ‘para cada

. ansn i o vevTing
frecuencxa emitida (cubrlendo 6 a 8 octavas).

.Las tres componentes son : .
L - © ;

- magnética vertical Hz
- magnética radial Hx
= eléctrica transversal Ey.

El dlametro del anillo y la dlstanc1a emlsor-receptor son escogldos

E arsdmy by Dhe, cani b pud Uy doiitlis

segun las re51st1v1dades\y las profundldas encontradas.
vi'iAA FPUZQ%J oo pdy Wuhvi
En la presente campg;a despues de los ensayos iniciales, las .

_estaciones receptoras se ;situaron a lo largo de perfiles y los
erlETN

280 M el Framonalr - veced veel
. ge%§Z10ﬂes de_300 metros y la distancia emlsor—receptor 55'600 metros.

Ao g ot My s fiilean reduced A 60 il 4 anoe Hhe
El dlametro e los anlllos ha 'sido ;ﬂducxdo am60 metros a causa de la

cdfbes

LG bov e s (
" gran dificultad para desenrollar los CaBles ‘én el malpalé‘ obllgando
/&/\Ldrwu e, pelo il of &MM, WMA:COY\&WM&/ o/
reducir la potenc1a de 'emision, y como consecuenCLa, disminuyendo
W/W v ol PRIV ILEIS S .
la relacxon senal/ruldo de la medida.

AIO' ‘iﬂb Conot Q’1&%; ﬁ&%%k*léy J%/ 7%VW o 4W/ A L?/AQ — )

Tamb i causa de "1la dificultad que hay en caminar por lpals,

')&Q_Qd WN mﬁg Ad,d’ (;-Ww d’«ﬁ“e@&ﬁﬂ r2.¢ &&Jttﬂww%—‘—{d“.
e rend ento del’equipo $olo ha podido: ser dem%2 6 estaciones por :

Ay Hho pedbior  rppilly nod st opidnor
Generalmente las operaciones normales necesitan tres operadores

e ore ’j/e%/ cndley B0 o Hhe pece,yer;, O Lo assintanct of
uno en el emlsor, dos en .el receptor, més la asistencia de personal

P&mo/a(,&a% g‘wbqf/u tndd ‘Mﬁ%" WWW‘:"»

auxjilidr para llevar el equlpo desenrollar eY anllld'de em151on

LAN 260016, Ady  foat - - Fogn D ene rolind by o,
En LANZAROTE, los prlmeros Eerflles fueron reallzados por cuatro

operadores, mlentras que el ultimo perfll fue realizado ‘por. dos

NG /i A Coteo quuﬁww e
operadores, en los dos casos coéigguda de personal auxiliar.

.722  ¢&,}w§ ase C%@/ en kégm by awzaf,éé,

Las estaciones se Jocalizaron en los mapas o en las fotos aéreas

M/ (224 6‘//"’”" .
Yy se orlentaron con bruj la Las distancias fueron medidas con

topofll CHAIX {(Mapa N° 1).




IV—3‘CARACTERISTICAS DEL APARATO  SOFREM

El equipo SOFREM es portatil y comprende :
ﬂ%mfmﬁéé’/ ' Sl Ve

- Un emisor de corriente sinusoidal con once frecuencias. fijas

//?{ﬁ‘““g; ‘e Amy (de 17,5 hz a 17920 hz, de octava en octava) pilotadas.con
—= ram;«v /75 — 17729 hs

-cuarzo.

Aéu/ s, La potencia maxima de emisidn es de 150 wat.

Lo it o | - 6

: Epmamaid oo s 400 o

g%'emlsor es%ﬁ af@bentégg pofmﬁnQ§%&g§UZT§2€?ggenoﬂde 400 wat.
1meh«ﬁ@u ” dAAMwXWUCﬁ 60 midge ( podbs A

°I /“W\q 01»7&
Tlo de emision tlene un dlametro de 60 metros (con una sola

espira).

M'M%Wwv@u// s i)
Un aparato de medida con once frecuenc1as fl]aS preselecc1onadas,

-

al:Lme ado A;gor pilas. _

Ed

,M]Z,d.c - Akedtrn é; Snets /ﬂ* JM (z )

Un captor magnétlco a 1nducc1on doble. ) ;
ﬁub 6&4wa@ a{n&&aQAumwd' 06;@b ®&étwu ﬁa&h%ﬂ /Me_nakg
Dos electrodos. de medida del campo eléctrlco distantes de cinco

«metros.' : . o
Uy nopdling  wede mmb . |
ﬁg/lg%@%?g se hace ﬁgf un voltimetro con crfgtglé:%q;quldij;Iﬁwﬂwié
U Akt it o Moy capugmonty cobll” of arissivsichndid) o of Kt

r S o
El peso total del equipo, cable de emisién inclufdo, es de cincuenta ’

kllo; aproxxmadamente.

EX?LOTACION DE_LAS MEDIDAS

1) Para cada estacidn - sondeo, se usa una hoja de explotac1on.

Las amplltudes de las componentes de campo Hx, Hz y Ey son
medidas y anotadas, lo que permite calcular una resistividad

aparente para las frecuencias w/27 utilizadas :
‘ /

. 2
o, = K (Er,
How Hx

La permeabilidad magnética del subsuelo se asimila a la del

vacio sea Mg.




2)

. En el caso de gue el subsuelo presente variaciones laterales de

manera son funcion esencialmente de las resistividades del subsuelo

/0

jwﬁur // < 7/‘5 e

K es un "factor de proxxmldad" de 1a fuente que en el caso
tedrico de un subsuelo homogéneo, permltlrla traer la resxsti—>
vidad aparente -al valor obtenldo en el caso del sondeo de
impedancia de superfiCLe en ondas planas bajo incidencia normal

(sondeo magnetoftelurlco ideal).

El factor K se define eﬁ funcidn de la relacién de las amplitudes
Hx -

(—) . : - .

Hz . ¢

: . Lo o . - '
La medida se efectua en posicidén "estacidn de recepcidn". La expe-

.riencia muestra que los resultados de un sondeo utilizado de esta
en -los .alrededores de esta estaciéh.A

= ’ . N N ‘e . e
También se calcula una resistividad aparente por inclinacion

del .campo magnético.

K'R%uo - . _. , !

p! = - ) !
. g(.ﬁ—x)2 ‘ ! :’4"“405

T T)‘ @-0/ ,Q,L-(.,Cf!
R es la distancia g%%ie emisor y receptor. A A{réiaghm ha,

[ SRRV U

s gﬁfﬂc4f741r o™ S N
K' es ot?g%%gcggr de proxigldad func10n de . P a bt -7

-/ . ' () . 0 T
Esta manera de explotac1on permite una 1nvest1gac16h gue abarca

é(ﬂu-cr'r /,( [
un volumen 1mportante de terreno entre emlsor y receptor.

5( 7/(2 ol ; L,\ }Z_VJ {ate. fu 7:\‘ 7/ £ aA’VI/M é/ﬂ“‘f /’“:vf
La- medlda esta,: n este caso, apllcada en p051c1on intermedia”,

fﬂ’wc)

¥4 g o
es dec1r a 1gual dlstanc1a del receptor y del emisor.

2 M caze. @/0“ éwwwrmé g’wécu 'éﬁt: & /£W7ZV/5"4“‘7{'/\‘A/’7\

En el caso de un subsuélo homogéneo o de estratificacidn .horizontal,

+he I e g \/(L( “«wé» e an
la medida da ﬁgtaleS'valores pagg Pa ¥ pé. I

varra '/Wt s éa,?{//,//

/?545/1 /ﬁ ..
re51st1v1dad (buzamiento fuerte, contacto anormal, falla, fllon,

dike etc) la experiencia muestra, al contrario, que pa Yy pé toman

valores diferentes.para el mismo dispositiyo.émisor—receptor.




Py tbﬂtb” pa H%MaMA$/ ol ;5  ‘ '« A
Wk/ AALKA 4&A @M d;{ug ﬁg¥¥&%

Las resxst1v1dades aparentes pa medidas’ a. 10 larg

morbd v, Pyoa b0H fut pon Ahe v tiors o

marcan pues, de’ manera muy flﬂ?, las var1a01ones laterales de
AR , aetende

resistiVidad, acentuadds eventualmente por las anomalfés de

. The /\l&/'l, .'. A Pa'\,) iﬂ"‘"’ 7“41 >3
contacto". La resistividad pg, al contrarlo, es poco sensible

v A A Oty ol As
a la pré:gﬁ%&a déﬁhna anomalia de Tresistividad aunque esta sea

f' < e p,,,méé
fuerte siempre que séa de poca extencidn lateral

The iwpoland MWM@ ot b oty v

"El resultado prictico .importante es que la re51st1v1dad pa A
Cé AMLLuh&h:w nﬁ'{ﬁb nm4¢¢u@ comndam) Lndiéate Auyuzura%
(poT 1nc11nac1on del 'campo magnético) indica la re51st1v1dad

N Eetauﬂféwwawuamd

media ée la formac10n entre emlsor Y recep or, mlentras que la f

\ ¢ v we? Yures g
f&%}é@fﬁﬁ ad pa (é%% 1mpedan01a de superf1c1e) da una 8ellneac1on
fina de las’ anomallas vertlcales como los contactos anormales ©

las fallas.

To LaLouZALL “M'“'%P?%ALM*' m«imdAo L% @“Mﬂ“* {— ®¢¢0UdMﬁ
3) Se calcula luego una’ penee}ac1on giarente por cada frecuenc1a F 1&

segin {kyrelac1on LE

B

T dapte i Ua 'h mM Lomtc wﬁ & ondecid

‘Esta profundidad es la del limite horizontal de un subsuelo
NVU“’%M y Fodby oL, 0w th condinis of Ahg "Nbos”

con dos terrenos; F y pa siendo pues las coordenadas de la "cruz”

de légbabacos de reglst1v1dad aparente

)] W%iﬁkaﬁ&hv /Wj@VétMﬁ %zﬁ el

Esta profundidad de penetrac1on es 1nteresante porque d

. o

Clae o Qo
caso de dos terrenos una 1nterpretac10n lmmedlata i

. b 0’6 /dl,
So?ﬁocaPAﬁzquDJVﬁn coef1c1ente numérico de la profu dldgé de

J7
penetrac1on tedrica.definida en un .subsuelo de re51st1v1dad o}

po

}T,
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IV-5 ESTADISTICAS

Numero total de .estaciones de sondeo 88 - -
Nimero total de anillos. desenrollados o 44 -
Distancia media entre eétéciones 300-metros
Longitud de los perfiles 21 km
Longitud del perfil repetldo (ensayos) 41,75 km 775
Nimero de dfas de medida o 7

126

Numero medid de estaciones/dia 12,6

IV-6 RESULTADOS

for a lovs arge- Wﬂ/ﬂ’éyfm 50‘”"4/77/( /Zﬁ&d/f'ﬂ‘&? Wﬁ /4"%7 ‘{
Una gran’mayorid.de los sondeos da una c de, resistividad o
o 4%~«J%f”0{ e He fhﬂe 7%@ ﬁgy&rteauV/ec ﬂﬂvéc K

aparente én funcidén de la frecuenlcia del tipo "Dos terrenos" con :

A ey o re logor, , . ‘,
capa profunda conductora. ‘ _ ‘ &

, 5vum£g;
The Mp\/w 2 shows fhe vodags MWW‘/{ Mom:yamfg p'a (—0\/7(/\& Mp
La figura 2 muestra los valores de resistividad aparente p) para
s0s o €12 :
los sondeos 505 a 512.

i

N Rrze e

O~ ﬂwwi@xdik&bv byy 4Z¥%4o y/47w mo.dpan AL

Una 1nterpretac1on por abaco de 'la_curva media consegulda da

/ o4 BoO [ /’{gwﬁw&(g . 77 / "’
re51st1v1dades de 800 Q.m. respectlvamente para los dos terrenos,
ek | et fo 150 an adome AL oo

el 1imite estando a 190 metros de profdﬁgidad

’25 P m£z]24&50f?tﬁﬂﬁ/ AY&LtkUno Ao ?&3\ }nzfz%ﬁ ond Wt

La altitud media de estas estacioneg es de 201 metros, y se~pue

Ach.at L@vwﬂqimfu Ronrele - 'a@i%nﬁ,

conclulr que el anel conductor que constituye el segundo terreno :
LMD g L AZgA Lowed " of Mo vao. (1) Hhs ; Ore An s
esta - -myy cerca ‘del nlvel del mar. Esto se puede lnterpretar como

; A G b ARG~ of(,&uu v o H}q e
una ‘invasion de ~agua, de, mar o mas probablem nte por un nlvel

humedo en equllbrlO hld ostatlco con el mar. A51 se_puede aceptar
ﬁ(czpf wéﬁmd% Sounds ngs: R wAAL L 06
%q? esta mayoria’ de sondeos ‘da una 1nvest1gac1on hasta el nlvel
del mar. “ )
4 I
L i) - ih,'jjvﬂ.~
- Sin embargo se pueden notar dos tipos de excepciones para esta

familia de sondeos : L ) :
1) La estacién 536 al sur del perfil medio mue tra un terreno practl—
Mo, onddtialin - Dodton oot

camente homogé%gg, el substrato conductor no 51endo perceptible

A
en este lugar.
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8

. | Rz

WM i e melaie del Fosge)
2) Algunos sondeos, particularmente en la Montaha del Fuego,
Corned 08 peaiotinfify o
resentan curvas de reSLStLV1dad y se salen completamente de

un modelo clasrco tabular.

e e  erseatdans hawt ﬁavvof/w/wog o e, Wﬂtﬂo Pa,M‘vLP'w

s tres perfiles han sido dibujados‘con-las resistividades p, y pj
o mewwo a WWMWWOI’ W M?Mo aaﬂb?‘
par?ijos frecu ncias. Uz:bzzzﬁziai dobéﬁgen f6rma de W se ,puede ver '
s ok eno=ot o .
en.la re51stiv1dad?p Ppartlcularmente en .el perfil central. .

Two. méfs  of - eqﬂuﬁ'ﬂlauytuWﬁx@ Poawe freen. DCﬁﬁvrh/ (. A , 06 .
Dos mapas de iso resistividades han sido dibujados para la frecuencia. ;
5§60 o e ptans Pegptny, | Rhu  preane”  eat Py ¥
560 hertz. Para esta frecuencia media, las medidas son®excelentes en f
todocél estud&o, esta frecuencia corresponde en todas partes a una

Y 06 22— f , . ’
penetrac1on hasta el nivel del mar. : ’ :

The eqpold l'/\.QMM "",Jm!a/ p. E Chaph®3) a0 addi bl tu—t/i%

.El ‘mapa de iso. _resistividad p (Mapa N° 3) esta relacionado con 1a
reolali 2 .jusw

A % nocka, Tho . maot n
resistividad media’ dgﬁias roias ‘Volcanjcas. Este mapa huestra una

ol b Weo , oo fhe Monld

ragida  Jrocent
baja a muy regular de resistividad de, Este a Oeste, desde la Montana

the 020 That

~del Fuego hacia el mar. Eso traduce la diferencia de altitud Y ademas T

A ig The Monhofow dats, Fiagy,
muestra valores de e51st1v1dad maximos en la Montana del Fuego.

The gl calshodly 1, ot Urap V'8 05 Aot from A St

El mapa de’ iso-resistividad py {Mapa N° 2) .es muy diferente dellgflmero

El mapg presenta’ é?gg conductores muy f aiﬁijbgzg pueden interpretarse

T o oL
como fracturas o contactos P actlcamente vertlcales
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V - PROCESAMIENTO DE DATOS DE LAS ESTACIONES M.T,

\

Los 55 registros M.T. han sido cuidadosamente estudiados'y varias

verificacicnes fueron hechas con la computadora.

) 7~ P . .
Durante esta verificacion se constato que 11 registros realizados

entre el 3 y'el 6 de Diciembre no podian ser utilizados (estos no estan

dentro de los SS).

Entre las 55 estaciones disponibles, se ha constatado gue la calidad de

15 regisﬁros era demasiado baja (calidad 5). Cuando la senal M.T. no
alcanza un nivel limite, las cor;éiacioﬁés‘entre campo magnético y campo
teldrico no se_pueden‘asegﬁrar. Las estadisticas hechas sobre las relacionés
Ex/Hy y Ey/Hx no dan valore5~conétantes. Es decir que la pregisiéh es mala

y que los valores encoﬁtrados 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, S6 A, 57,
59,'60; 62, 70, 77). no eStSﬁ utiiizadas en el presente informe y no son'._

facturadas. Algunas han podido ser registradas otras veces.

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

M.T.-5-E.X. guepermite mayor calldad, indicando la direccidn prlnc1pal

Y gue generalmente da los mejores resultados -en geotérmia.

. » d . z I3 ! > g ) )
Con la intencion de estudiar lc que hubiera sido posible con el sistema
. rd . s 0] . -~
de procesamiento clasico (armonico) .un ensayo de procesamiento se realizo

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

. . . -
para indicacion.

W
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&
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VI = RESULTADOS

VI-1 ADQUISICION DE LOS RESULTADOS

La manera de utilizar los datos obtenidos viene explicada en el
fasc1culo en frances titulado : "Mode d'Interprétation de la

M. T -5-E.X." que acompana este informe (Anexo 1).

Los registros numericos han sido procesados'mediante el programa
habitual M.T.-5-E.X. que utilize un anilisis de frecuencia con

soluciones de tipo exponencial.’

Cada registro se ha analizado mediante los siguientes documentos :

- registro grgfico de control ;

- dibujo de.cieftas.pa;tes del registro -numérico para‘verificéciéh ;

‘= lista de los resultados incluyehdo los diferentes valores v los
datos estadisticos que permiten el control de calidad i

~ lista de los-resuitados (Anexo 2) ;

- curvas de resistividades aparentes en funcién de las diferentes

" constantes de tiempo T utilizadaS'(Anexo 3).

Los 2 ultlmos resultados de cada una de las 40 estaciones’ retenldas
en. el estudlo se entregan en fasciculos 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.

15
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.VI-2 CALIDAD -DE 'LAS ESTACIONES

@

' En el terreno, durante el: despojo de‘datds, se decidié'por simple

La éxpe:iencia muestra que un rigoroso control de la calidad de los

'y que 1as perturbac1ones proximales son a veces d1f1c11es de discernir

1
2
3 Bueno =- G@@_@f’. . .
4

78

El primér criterio de calidad aceptado viene dado por los observers

de terreno quienes perciben :
- El ruido debido a causas exteriores, viento, lluvia, perturbaciones etc..
De esta manera se ha deducido la imposibilidad de registrar en las

zonas térmicas de la Montana del Fuego ;

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

bacion electro-magnética pudiendo estar accidentalmente demasiado

cerca no puede considerarse como aceptable) ; . : i

- El bajo nivel de la sehal.

K3 3 : e 3 : . . -~
analisis del grafico volver a empezar o interrumpir una estacion M.T.

no podiendo considerarla por valida.

Los. demggtcriterios de calidad Qiehen dados por elementoé estad{sticos
variados : numero de muestras utlllzadas, nimero de familias de muestras
utlllzadas, porcentaje de resultados idénticos guardando un margen de

5 % sobre los valores utilizados, filtrage aplicado en el tratamiento,
variaciones de los resuitados cuando se analizén diferentes estudios

del registro,;y‘ppr ﬁltimo'la forma de las curvas‘de resistividades

aparentes (Anexo 3).

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

teniendo en: cuenta de que la senal natural varia de manera aleatoria

en el térreno.

/ M7 Soromding s
Ha s 0 posible clasificar las estac1ones en cuatro calidades que

corresponden a cuatro tipos de estadistica H

Excelente v,

Muy bueno u“ﬁylaﬁmqf.

' Regular = /?Wr‘x;,ﬂ«



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

tados.

. , . 4 "
-La calidad 4 es la calldad inferior aceptada : la precision de los
‘valores consegulda para estas estaciones es baja (20 %) y los valores
estan dados solo como 1nd1cac1on general No es posxble decidir un

sondeo sobre estas estac1ones.

.[Ejéétéciones son de calidad 1 : Exto bl
"2, 4, 23, 36, 37, 38, 40, 43, 72. 7

\j)estac1ones son de calidagd 2 : Mz“}'ézfv({
1, 35, 39, 48, 55 A, 65. ¢

)

(qg)estac1ones son de. calldad 3 : C§V?ﬂ&j

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

éé)estaciones son de célidad 4 : , ' /fh@wvoa 102
. - : -7 ’
5, 9, 52, 63, 30 B, 31 A, - 26 B 11 A, 41 A, 29 a. :

La figura 1 muestra los periodos m5§~fanrables de la senmal M.T. i
es de notar que ia calidad de las estaciones ha bajado mucho después
dél 12 de diciembre. Esta“baja corresponde a lévdisminuciéh de la

-~ R ." ) . . . .
senal' natural pero también al viento puesto que aumenta mucho el

ruido. Es probable que a partir del 12 de Diciembre hubiera'sido prefe-

rlble utlllzar ‘captores mas sensibles (del C.N.R.S. ), pero no-
se podla porque estos captores eran demasiado largos (2 metros en

vez de 60 centimetros) .

- En el futuro, utilizaremos captores intermedios de 1 metro que ahora

- . . .~ N “
estan a ‘disposicion. . .

. VI-3 CONDUCTANCIAS TOTALES

Se trata de conductanc1as aparentes longltudlnales. El metodo rapldo
de cilculo de estas componentes supone que las curvas de resistividad

aparente sean. rectas crecxentes de pendlente 2.

/7




VIi-4

De. hecho, hemos examinado cada curva del Anexo 3 y las hemos super-
”~ . I3
puesto a curvas tedricas de conductancias totales conocidas,- lo que

. . : ) 3 ., w4
permite : examinar -cada curva y tomar conciencia de las anomalias

“eventuales y compensar las pequenas variaciones debidas a constantes

de tiempo menos precisas. Las conductancias totales as{ obtenidas son

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

CRITERIOS DE CILINDRICIDAD

Se han -examinado en cada estaciéﬁ los criterios de tabularidad y cilin-

dricidad.

' . . . . /‘_ .
De hecho, las estaciones tabulares o casi tabulares son excepcionales.

¥

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

- la direccidn principal y'los criterios de cilindricidad.

Sabemos por otra parte que ios'resultadbs de las estaciones no cilin-

dricas y no tabulares han de ser utilizados con precaucion.

Estos criterios se ven facilmente en las listas de los resultados

,(Anexb;?);f

Como ya hemos expuesto anteriormente el M.T.-S—E.X. puede procesar

sin dificultad él prbblema de los terrénqs tabulaies. También permite
por_ex£énsign calcular cuantitativamente valores de resistividad aparente,
y por lo tanto de conductancia ‘aparente, para la direcciéh principal
(conductancia longitudinal) en el caso de que la distribﬁciéh'de
resistiQidades—profundidadés admita un eje de simetria (caso cilfhdricé).
Hay gque tener en conocimiento gque en las regiones volcénicas o tecto-

. b . N n . . -
nicamente complejas, que se analizan habitualmente en exploracion geo-

térmica, existen estaciones M.T. que no son ni tabulares ni cilindricas.

v

. ' . N . - .- E
Para estas estaciones, la teoria no garantiza resultados perfectamente
’

‘repetitivos. Todos los valores ‘de conductancia longitudinal marcados




/7

en el Anexo II y en el mapa N° 5 son pues valores indicativos para

: . R SR
estas estaciones no cilindricas.

- .
A

AT s . ; '
Si se divide la region estudiada en cinco zonas, encontraremos las 1
sl

: : I . o s
estaciones cilindricas siguientes : |

1 - Zona Noreste (al Este de la Caldera Blanca). Las estaciones 63, 64 - 4/
y 48 son francamente cilindricas. Por el contrario la estacidn 45
es francamente menos cilindrica y es seguro que la geoldgfé de esta

zona es compleja. O ' L - ;

e .
. La anomalia conductora encontrada en este punto seria dudosa si no
_ . ‘
pareciera confirmarse por la estacion 64. Veremos no obstante que
L ”
un accidente pasa probablemente a proximidad de la estacion 45.

: ¥ .c ~ ) .

Como es costumbre encontrar, la estacion 45 no presenta ninguna
. et . . . - P -

direccion principal bien marcada y por lo tanto solo es de

‘calidad 3.

” . . .
Esta zona solo esta .cubierta por 4 estaciones, lo que supone un

numerc muy bajo para los 14 km2 que mide.

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

20 y 22 son cilindricas.

"3 - Zona central o de la Montdﬁ% del Fuego. No se conoce evidentemente

nada en las ‘zonas termales ya que no ha sido posible registrar.,

Las estaciones 72, 73y 52 eén el flanco Nortebde esta zona son
’ci;fﬁdficas. Las estaciones 43, 9 y 75 al Sur del flanco son también
cilindricas. La estacidn 16 al Este de la zona es poco cilfﬁdrica,
”no'da ninguna direccién principal. Las estaciones 74 (al Surj y

11 (en el centro) no son cilindricas.

X3




Es de séﬁ%&arnoobétanté\que la direccién principal de la estaciéa;
11 esta bieﬁ marcada.

Aunque esta zona eété cubierta por 9 estaciones en 10 km2, es
lamentable qué, a causa de la. complejidad de la zona o de la
calidad de.la senal, no-haya sido posible'situar mas estaciones
que nos hubieran éermitido 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 cil{hdricas, las estaciones
38, 6, 36 y 17 no lo sén y. las 5 y 37 lo son pero muy poco.

- No oﬁstante) es de notér que 1la direccidn 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 poco.

’ : '
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 éeores.

.

Las estaciones 29, 30, 31, 41, 23 y 55 son por taﬁto cilindricas,

mientras que las estaciones 28, 24 y 35 lo son muy poco.

K . - . e A
La estacion 58, aislada, es perfectamente cilindrica, es de

calidad 3 y 1la direcciéﬁ principal Norte-Sur resulta muy claramente.

;§koaz22izf25>‘;%5¢ 6&V7kkywwﬂ;f5¢£;;ﬂﬁh%/

VIi-5 TRATAMIENTO/POR SOLUCIONES . ARMONICAS

-

Con el fin de monstrar los resultados que es posible obtener sin hacer
intervenir los programas pfépios al M.T.-5-E.X., las estaciones N° 37
Y N° 38 han sido procesados admitiendo que las curvas experimentales
erén.sinusoidales, y teniendo en cuenta que estaban situadas en una
zona homogéhea sin gian polarizaciéh Y con una resistividad vertical

fuerte (estaciones casi -tabulares).
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'-(puntos negros redondos) y las. dlstrlbuc1ones estadlstlcas

’ __(rectangulos)

VI-6

"para poder comparaf con las estaciones 37 y 38 calculadas de

. . . : P i
"Las’ curvas de resistividad aparente en funcion de T periodo expri- d
‘Al igual qua para el tratamiento éxponencial, la curva obtenida

(0,1 Hz).

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

esta manera y con las curvas . SOFREM.

2/

u, [

. - . e i el - o mmma e eae me—e v e = RN S,

mido en segundos (para ROX y ROY) se anadieron al final del

fasciculo Anexo 3.

. . ! : R -~
es una recta creciente que muestra la influencia del zocalo.
Nos encontramos pues en la parte de la curva bajo influencia del

-~ " I3 3
zocalo que se observa desde las primeras frecuencias calculadas

Aungque las estaciones retenidas para hacer este ensayo son

de excelente calidad, se ‘observa una cierta dlsper51on de los

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

lnClUSO'laS diferencias que ex1sten entre el valor medlo

La abcisa de las curvas.se exprime en T y no por YT como en el

Y S Y S AN

ejemplo del Anexo 1 (flgura 1 de la ultlma paglna), la pendiente

. . - : -~
Para las estaciones.de menor calidad con polarizacion fuerte,
los resultados obtenidos serian muy dificiles de interpretar.

MODELOS DE BASE PARA LA INTERPRETACION

Hemos eétablecido algunos m&delos tegricos Y. sﬁponiendo terrenos
tabulares, ée‘ha'calculado la curva de resistividad aparente y por
lo tanto conductancias totales (o qonductancias totales longi-
tudinales) que la M.T.-5-E.X. podrfé'obtener. '

'

s - ) . ”~ ) . .
También se ha hecho el mismo calculo en scoluciones armonicas
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"Varios casos se han simulado con las mismas profundidades y

’ . - -
haciendo variar en cada caso las resistividades segun las hipo-

tesis retenidas.

Profundidades Resistividades en Q.m.
en -metros
DPeplh ion Caso 1 Caso 2 Caso 4 Caso 3
' -compacto pegmeable permeable caliente
' ' g himedo himedo wernl 5 hs
Surfuce vole, — 800 800 800 800
190 A : .
neer sea fuel . 16 16— 16— 16
. 340 A . .
é&éﬂl&ez) &’N’// 5 5 N S___ 5
700 o
, 10 10,7 10 . 10
850 ’ : . : -
: 10 -7 10 . 10 : 10
‘950 ' . :
. 10 _ 10 10 10
1500 : - ' .
20 1,4 . . 1,4 . 20
1700 . r B g _
, 10 ‘ 10 . 10 10
1820 ' _ .
20 ‘ 20 ’ 20 20
2100
.20 0,8 - 0,8 20
2300 S ) ; .
o 20 20 20 20
2550 ~ ' o
: - 5 5 5 S
2600
50 50" L 50 10
-5000 :
10 000 o muy elevado . ..cviveirnnrecnonanann.

En el caso N° 1

se ha supuesto que el corte geolé@ico comprendria

los mismos terrenos que los ghcontrados en el sondeo (hasta 2 600 m

de profundidad). Por debajo hemos admitido, segﬁh los perfiles

P . - s . :
sismicos eféctuados en el mar, que el zocalo metamorfico o cristalino
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extremadamente resistente (superior a 10 000 Q.m.):-se alcanzaba
aproxzmadamente a 5 000 m de profundidad. Entre 2 600 y 5 000 metros
se ha considerado que la serie sedimentarla o debilmente metamérfica:

: podla tener una resistividad media de 50 Q.m.

La conductancia de esta serie tedrica seria del orden de 280 mhos
- ' .
(Vease Figura N° 6).

. - C : - - . .
En el caso N° 2, hemos considerado que aparecen depositos en diferentes

lugares de la serie gedl6§ica, preferentemente alli donde se notaron

perdidas durante el sondeo, -es ‘decir, entre 700 y 800 m, 1500y 1700 m

y entre 2 100 y 2 300 m.

ez deed MWM M ‘o 3ag,.42, M??C
Estos nlveles se?ﬁpcuentran aﬁifmperaturas conocidas de 38, 42 y 77°C

L & :

Lo W 2eH
respectlvamente. Se supone que la re51st1v1dad del agua es la del agua
del mar a las temperaturas encontradas de“b 14 y 0.08 Q.m. re pectl-

vamente.

Aplicando la formula dada en el Anexo 1 para cada capa-almacen se

llega :

;1\ c = h Swn $m

a Rw

-donde : - Swh es jgual a 1, no hay hidrocarburos y se éupone que
no hay gas. ‘
- RwW es pues ae-0.14 o 0.08 segdﬁ el nivel.

- ay m se toman igual a 1 suponiendo que la férmula de
-~
ARCHIE se aplica para un caso limite (fracturacion impor-

tante con grandes fracturas y permeabilidad importante).

Esto viene a dar resistividades

©
]

/
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La por051dad de la capa superior se ha supuesto ‘igual a 20 %, la

"de las capas 1nfer10res lgual a 10 %,

‘Hlpote51s dlferentes hubleran, ev1dentemente, podldo retenerse pero

de esta manera se habrlan modlflcado los valores obtenldos en

proporciones explxcab}es.

Con ‘este esquema, encontramos una conductanc1a de 850 mhos aprox1ma—

damente (Flgura 7).

: ' B . ‘ . ’.. s . '
El caso N° 4 es un caso intermedio con un unico depdsito permeable,
poroso, 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 porosidad-o- sln agua salada pero con una formac1on de base_

callente (entre 2 600 y 5 000 -m).

Sa sabe que la temperatura.actua sobre la resistividad de una roca

caliente y seca ségun una formula del tipo :

P = P e 8 .

L ST

donde :,—'bm es el valor de resistividad para una temperatura igual
- a infinito y '

- T es la temperatura en gradds.Kelvin.

'Un aumento de temperatura de 1OO °C puede provocar una caida de la

4.
re31st1v1dad ao0,2op.

. Para nuestro modelo se ha tomado una resistividad de 10 f.m. entre

"2 600 y 5 000 m.

’

En este caso, la conductancia total de la serie viene a ser de

470 mhos aproximédamente~(Fighra 9).
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"Estos casos teoricos y tabulares estdn destinados a darnos -una idea

) ‘ ) ! Y . .7 :
sobre 1los: valores queies posible encontrar:en la region. ‘

Las curvas se han repfoducido'en la figuré‘N° 6 ; son comparables

a las curvas teorlcas que nos permltleron determlnar las conductancias
\de las estac1ones experlmentales utlllzadas en el mapa 5 y dadas

‘en el anexo 2 por medlo de’ curvas del anexo. 3

RY i
. I

1

DIRECCIONES PRINCIPALES

: . } .
La direccion principal se ha presentado en el fasc{culo sobre la
s :‘ i y 9 . . : . g . . i -
interpretacion del M.T. (Anexo 1). Define la direccion de circulacion
-.“ ’. . - ry -'
preferencial de corrientes teluricas ; es perpendicular a la direccion

. . . s - I .
de las variaciones mas fuertes del campo magnético.

Estas direccidnes cor#esponden a menudo con las conductancias longi-
: . e . T . . -
tudinales mayores y estan relacionadas con la direccidn de los. acci-

dentes, con la dlrecc1on de mayor pendlente de un monoclinal o con

- la. dlrecc1on de fracturacxon.

Las direcciones siempre se pudieron calcular ya que ninguna estacion
era perfectamente tabular También se pudleron calcular lncluso cuando

la c111ndr1c1dad de 1as estaciones era debll ‘o nula.

i

Por .el contrario, ‘el calculo demostré’una 1ndec1510n respecto al
) ¥ |

signo (en reiacién a OX) En este caso y para mayor prudenc1a,,la

dlrecc1on no fue 1levada al mapa.

Tres direcciones aparecen globalmente sobre el mapa.:

. " . . - N i
a) Una direccion Norte-Sur O casi Norte-Sur.

Esta dlrecc1on se encuentra pr1nc1palmente -en las zonas Noreste

y Norte ‘(estaciones 64, 63, 65 22, 20 y 17).




ﬁEn esta zona, no se puede comparar con las direccioneé"deducidas
~de los mapas SOFREM." Es evidente que las direcciones nos ayudan
mucho a dibujar el mapé de iso—qonductancia y de ;esistividad
vertical (5 y 6) que utilizan muy pocas estacioneé.

. (] ”~ ’
Se encuentra esta‘'direccion Norte-Sur en algunas estaciones de

la Zona Intermedia al Oeste del pbzo La?luy“él Sur de la Montana

del Fuego (estacicnes 37 y 38). Esta direccion no esta indicada

en los mapas SOFREM.

- - : -
Esta direccion también se encuentra al Sureste, en la estacion
aislada N° 58, Es probable que se trate de una direcci6h_antigua
y profunda.

'

b) Una direccidn Noroeste/Sureste qué aparece alrededor de la

Montdﬁé del Fuego‘(estaciones 73, 11, 49 y 40)en la Zona

Intermedia del sondeo (estaciones 2 y 4).

Esta direcciéh no se encuentra en los resultados de los sondeos
SOFREM dando variaciones brutales superficiales, salvo quizas
el Norte de la Montana del Fuego.

-

. o

S, .. i ) . i
La misma direccidn aparece todavia al Sur de la zona occidental

(del Golfo) en las estaciones 55, 24'y 35.

!
K !

. N e . A s .t ) y . : -
Esta direccion también se puede considerar; como relativamente

antigua y profunda.

c) La direccion Este-Oeste se encuentra al Sur de la Zona Intermedia

‘.

del sondeo (al sur de 1la Montana del Fuego) al Norte de la Zona
del Golfo,(estaciqnes'26, 28, 31 y 29) y en una estacidn al sur de

la Montaha del Fuego (75).

Esta direccion es la gue puso en evidencia el SOFREM.

© com— ¥ e—

=1




=277

%i 'Parece corresponder a-discontinuidades muy fuertes (fallas,
fracturas, contactos verticales) entre sectores conductores y

-
sectores mas ‘resistentes.

Este fenéﬁeno, gue se hé visto mediante el SOFREM, se sigue en
las béjas frecuencias, por lo ménos al Oeste (zona del Golfo)

y en el bordé sur de la Zona Intefmedia (estaéiéh 6). No obstante
no ha podido ser localizado en profundidad all{ donde el SOFREM
encontraba anomalfhs, al sur del_sondeo y de la Mbntéﬁé-del Fuego

(estaciones 3, 4, 5, 37 vy 38):n

d) La estacidn 52, que no 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 garahtizar que no -

”
corresponde ‘a un rasgo geologico.

VI-8 RESISTIVIDAD APARENTE VERTICAL

" Las zonas de falla o de discontinuidad brutal pueden averiguarse por’
la relaciéﬁ r = paL/péV o por la resistividad aparente vertiéal

paV para una cénstante de tiempo‘dada (en este caso T = 64 8).

W Y

P . .
Midiendo los r en cada estacion, encontramos que 28 estaciones son

!

hormales-(sin campo Hz fuerte) y sin contraste elevado. Al contrario,

L . . g ~ .
12 estaciones estan muy contrastadas y podrian situarse cerca de

uﬁ'éccidente importante. Son las estaciones 7, 9, 17, 26, 41, 45,

65, 73 y sobre todo las estaciones 20, 24, 30 y 31.

1
q -

No se ha realizado mapa de.T ya que los accidentes cobservados son

dificilmente prolongables: teniendo en cuenta el gran espacio entre

estaciones.

J]

Se ha trazado el mapaidé iso-resistividades aparentes verticales
para T = 64 S (mapa N° 6). En este mapa, aparecen varias zonas con

fuertes discontinuidades (que son igualmente las mas conductoras).

| | —_——]
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Estas zonas son :

: .
- en la estacion 45 (se sabe gue no es cil{hdrica) al Este del

estudio y la estacion 65 al Norte.

. | g o
‘- en la zona occidental del Golfo donde se conoce una direccion

Este Oeste. Esta zona recuerda las fuertes discontinuidades de
superf1c1e de pa de los sondeos SOFREM pero desgraC1adamente

las estaciones de esta zona .son de mediocre calidad.

No obstante es 1nteresante notar que esta zona de debil resisti-
vidad vertlcal se prolonga hac1a el Este al Norte de la Zona
Intermedia (sector de sondeo) y al Sur de la Montana del Fuegd :
.donde se ha enconfrado una direccion Este-Oeste bien marcada

(estaciéh 75} .

Este trazado, que indica una fuerte discontinuidad Este-Oeste,

pasa por las estaciones : 30, 26, 9 y se dirige hacia la estaciéﬁ 75.

Esta zona también se pod{é haber interpretado mejor con un mayor
nﬁﬁero‘de estaciones Ya qué el borde Norte de esta anomalia se

desconoze por completo.

- .

VI-9 CONDUCTANCIAS LONGITUDINALES APARENTES

VI-9-1 NOTAS GENERALES - ‘ -

Los valores de las conductanCLas longltudlnales aparentes se dan
‘en las llstas de resultados (Anexo 2) Se han determinado av '
partlr de’ curvas de resistividad aparente en funcion de vt y han

permitido dibujar el mapa N° 5.

Lés modelos retenidos, casés 1, 2, 3 y 4, han mostrado los

valores de conductan01a a los que se podla llegar, entre 280

y 850 mhos en casos tabulares suponlendo que los dep051tos de
agua de mar son. muy porosos y permeables Es evidente que los

valores un poco mas fuertes-podrlan obtenerse aumentado aun mas

las hlpOteSls de temperatura profunda.y de dep051to superficial,

pero no es probable para el gaso de las coberteras conductoras
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ya que nunca se han observado en superficie (ya sea por el

método. Dipolo SOFREM. o por los estudios geoldgicos de terreno). .

Una incognita persiste en la capa geolébica profunda, entre
2600 my él zé&alo. No se c¢onoce ni su estructura, ni las

variaciones de espesor, ni su resistividad exacta.

Seé puede notar simplemente -que la hipéfesis es pr6kima~a_la !
realidad ya que se han encontrado valores muy resistentes :
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 condiciones, las estaciones representarian zonas sin

ningin desarollo de almacen de aéué;

-Para estas 3 estac1ones es importante saber si estos valores

dnicos se conflrman por valores analogos alrededor, o si son
anomallas muy 1ocallzadas y entonces qulzas 'se deban a efectos

‘tectonlcos.

- -./ ) (] ‘ . . " .‘
La estacion 17 por ejemplo no es c11fhdr1ca,»puede estar ‘cerca

de uh'accidente y por ello no ser significativa.'

Por el contrario las estéciones 22 y 58'éon cilindricas y de
calidad aceptable, lncluso 51 r (0,15) es lo bastante elevado

en las dos estac1ones (acc1dente cercano 7)

En lo que respecta a las estaciones muy conductoras, se puede

suponer una invasiodn 1mportante de agua de mar o una zona

-geotermal Agui el problema es el de 1la calldad Ya hemos

29

visto que cuando las estaciones son de calidad 4, no cilindricas,

'pf6ximas a un accidente y distantes entre ellas era imposible

concluir definitivamente y porvlo'tanto también lo era implantar

un sondeo de reconocimiento. '




-VI.9.2]ZohauNoreste’Cal Este de layCaldera‘Elanca)u

i

Ya se hab16 de esta zona mencionando la»anomalfé (quizié acci-~-
dente) de la estacion 45. Hay pocaswmedidas para confirmar la

. . A ' e
“forma, dlmen51on y significado de esta anomalia. Si esta correc-

tamente representada en el mapa lnterpretatlvo, podrla tratarse

ya sea de una zona fracturada en profundldad (aparentemente no

es superficial, pero noAse_sabe ya que no.habla SOFREM), o de una

anomalla .de almacen El valor obtenido se. aproxxma del valor
encontrado en el pozo La. 1 ; a prlorl no es una medida suficiente

para gque sea conslderada comq;objetivovgeotérmico.

VI.9.3 Zona .Norte (al Oeste'de'la Caldera Blanca)

Esta zona esta marcada por una dlrecc1on N-S que seria antigua
y profunda pero de la cual se desconoce el 51gn1f1cado.
. |
En una ‘zona globalmente re51stente (ausenc1a de fracturac1on
y de- 1nva51on) con la excepc1on de 'la anomalia Norte (estac1on 65)

. que podrla marcar una invasidn por agua de mar (920 mhos)

Séﬁalemos que la éstacion 65 es de muy buena calidad y»
cilfhdrica,-la preséncia de anomalia éarece indicutible. No

i . ' .
obstante nos ‘encontramos proximos a un accidente (r = 0,19),
1 ’

- : e g e : . -
Yy para mayor precision habria que tener 3 o 4 estaciones mas.

VI.9.4 Zona Occidental del Golfo

Esta zona también esta muy .influenciada por el mar.
La tendenc1a general de la zona, marcada por direcciones
Este-Oeste -con zonas muy conductoras (estac1ones 26, 29 y 31)

'y zonas estrechas muy resistentes, recuerda los mapas Pa del

SOFREM La: zona parece estar’ rodeada por un accidente Este—

Oeste al Norte como ya se habia senalado anteriormente.
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. Los valores obtenidos (superior a los 2 000 mhos) tienden a

.VI.S.5
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demostrar: la presencia de un yacimiento geotérmico (caliente, -

salado, permeable y poroso a bastante_profundidad).

No obstante, teniendo en cuenta la forma (que recuerda la de
las anomalfas SOFREM), se pueden ver fracturaciones relativa-
mente—éétrechas, amplificando los valores de conductancia mas

alla del valor feal.

Hay que Sé;alar también qhe.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). Por lo tanto hay que ser prudentes.

Si el agua de mar invadiendo las series puede dificilmente
explicar una gfan anomalia conductora de 1 500 a 2 500 mhos,
podrfé'indicaf alternancias de compartimentos de 300 a 900 mhos
que, considerados éin precaucish, aarfén précisamente anomalias
fuertes,'orientadaé{ cilindricas Y no-indica;f&n la preséncia

de un yacimiento geotérmico.

v - v .- ol ‘.. - & s ’ )
La unica posibilidad de estudiar esta zona, si interesase al
explorador, seria aumentando el numero de estaciones para ver
si realmente ‘una zona conductora de 10 km2 y de conductancia

superior a 1 000 mhos puede dibujarse con seguridad ; en otros

- términos, saber silél mapa actual puede~confirmarée. ;V-

Zona Intermedia del sondeo

’ ~ ~
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 comparables de

’ excelente calidad.

Nuestra explidaci5ﬁ seria la presencia de un conjunto de almacenes
(verificados por las pérdidas encontradas durante la perforaciéh'
del sondeo) invadidas de agua salada y caliente del tipo de

modelo (casos 2 - 4).
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_Los. sondeos -SOFREM muestran que los,almacenes‘superficiales_

- son irregulares, allneados en el sentldo Est- Oeste Yy culmlnando

‘hacia la prqfundlda€ de 200 m.'

Las‘estaciohes M.T.}muestran que los almacenes mas profundos
pueden - tener una direccién NO/SE, son muchos mas resistentes,
llocallzados y calidos.
" La anomalla es demasiado pequena para que corresponda a yaci-

mlentos geotérmlcos.

.b
i

,‘. . S o - , . .
Hacia el. SE se desarolla un sector mucho-mas resistente (desapa-
ricion de la fracturac1on profunda)con igual direccién o de direc-
c1on Este—Oeste, pero con las mismas anomallas superf1c1ales ya

, observadas por el S?FREM. R R

!

' ‘ : ‘ ~N - .
VI.9.6 Zona de la Montana del Fuego

. . o .
Como ya mencionamos, esta zona esta mal estudiada :
, . : , :

- No hay suficienteé estaciones dé buena-calidad.
- La distancia entre estaciones es demasiado grande.

. - Las zonas termales no pudieron estudiarse a causa de un -

-~ P
fenomeno fisico, o -

3
e~
Y

Sin embargo ﬁarece que la conductanc1a es demasiado debil, del

|

‘orden de 400 mhos, con una direcciodn Noroeste/Sureste.

independientemente @e las compliéécioneS‘debidas a la éstructura
A(la.estécionrll no és cilindrica) y a la mediocre calidad de
las estacionés (laieétacish 11 es de éalidad 4 y las estaciones
:75 Yy 73‘dé calidad 3) semejéﬁte conductancia podth intérpretarse
de 2 maneras : ) '

-una debil invasion- de agua .de mar, ‘superior a la encontrada en

]
las estacxones 58, 22 Yy 17, llgeramente inferior a la de 1las

estac10nes 37, 38¢y 39, ¥ mgy 1nferlo: a la de la zona'del sondeo.
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- una _zona seca sin agua de mar pero con rocas suficientemente

‘calientes para que la ‘conductancia aumente de manera signifi-
cativa de 280 mhos (roca compacta frla) a 400 mhos (como en

el modelo del caso 4).
I}

Y

Evidén;ehente ééfa%ﬁltima hipéfesis es.la qué retenemos ya que
tiene en éuenta log resultados geolagiéoé Yy geoqufhicos conocidos.
'Seﬁglemos-al Egte”una estaciSh conductor& pefo'aislada; poco
cilihdriba y de caiidéd 3 (estéciSh 16) . Si se hubieran realizado
otrasaeétacionesvalrededor Y que.hubiesen confirmado una anomalfh
conductora en esta zona, hubiera sido muy 1nteresante, porgue de
esta manera, tendrfamos un -sector prox1mo a la anomalfia térmica,
'1nvadido ‘por el agua ¥ gue pudlera presentar un .interés economlco'~

SLempre que el sector fuese grande, de buena calldad y con -

conductancias fuertes.'

. T , . -
‘En este caso, soloiun estudio complementario afirmaria la

i
5
§

hip5£esis§ _ i

i




COMCLpsiopvs
VI - ~CONCLUSIONES

—T/LQ, /W 7 4?24 /;"'"' cwé‘mﬂ/ ésf/a L Lo (90 Kw’”) W/Z(Wa”) 40
El estudio M qgu cubre una vasta zona - (90 km2) con solamente 40 .
p 7 il e d,&awkMéwwwsaﬁlw /w/“'c&/zwf; .
estac10nes de calldad aceptable, no tiene una - den51dad suf1c1ente

) : /}0,«,4«// f 117 Ny %/’ S & flF TN
como pira permitir soluc1ones perfectas.

)

Nearen %@w Wbt Y coveponding ogmals ot divergmils Lol
Sin embargo hemos senalado las ‘correspondencias y divergencias entre
Q o MCW . o
la geologla structural superficial . (Eocai reflstentes ﬁicortadas
L ' ED) snntd piwtigho loar e
por zonas égég%éhasqge fracturac16n (E- O)‘g 1§;adldas de ag&Z\en -
d. e Aerp olunilore (N5~ ding.

boner  gon VW SSE o
*fé ase) y la estructura profunda (dlIECCLOn N-S o NO/SE o incluso

H i

;E—O)en este caso, tamblen con zonas: lnvag?dgs por aguas conductoras

e Peotrte FLS0)
:sin que se gw§gﬂdlscernﬂdo con certltud la presenc1a de%nlng yaci-

‘miento geotérmlco.

Wm o @mmn&wm
‘Sobre este tema, dos zonas me erlan volver a iir examlnadaa antes

~

‘de %%;%%ﬁir deflnltlvamente : la zona del Golfo al Oeste y la pequena

ggm; al Este ‘de 1la Montana del Fu@%o.

La zona termal .de la Montana del Fuego a er
{ WA Rnd datloncinn svsredd o ¢odlin 2y s
re51stente (sin almacen 1nvadldo d? agua)}pero no demasiado, esta ,
méﬂ velateod Y e Pz i fERG e

conduct1v1dad relatlva esta probablemente llgada a un fenomeno térmico

#

0% L
(recalent miento de: la serie geologlca)

' The hrne o Tde W&-&’ZMM@M&/MMMWM é‘f‘@/‘{
La zona del sondeo, moderadamen e conductora, puede explicarse por una
; hﬂJEM »wmqazd oedo. /

e N ] MVM\,
n de  agua bastante salada pero en un sector aislado y sin interé

At veinf o

ot
desde el punto de VlStacde la exploracion geotermlca

7}LMW,; WWA%M@, ;W; bo 0 more of afficiont
arece como .una-zona bast ante ,
;&a—awwd/ eelodire

\

el 75 //Lmz/,/g
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TaTRoduLcCTON

As phase pHespectivt Lrpad Lthe stfudy 9,,0(’&\0/"”“/

Como fase, prospectiva final al estudio geotérmico
_69 o Vo lles betpr Passing of sopnds
de/la fosa del Vallés (Barcelona) antes de pasar a sondeos

of yecogn it

de reconocimiento, el - INSTITUTO GEOLOGICO Y MINERO DE ESPA-

~  ohtrusts o Yhe s otwnds tAc -ekcow("/“‘ Pl

NA encargb a 1la COMPANIA GENERAL DE SONDEOS la ejecucidn de

iy o)«»(y Carmpaid A wilh eth o mag# sophishested ¢~ e

una Ultima campana con métodos mis sofisticados: magnetote-
eeded meoaeblamt gt awﬂ’{y"/

lurlca, audiomagnetoteliirica, dipolos; microcismica y andli
aoe s

.sis de éases.

-

’)),u M,/‘f/lwdk 4::)/_’)/lyg,ca/ hcve G%J W'f p«co«,k
Los métodos geof151cos se han’ puesto a punto ex -
ribeas J for rf’)f\,;) S f<r0\/ ee t th cO }Z%L&Wf'lo\x v th

Fprofeso para este proyecto en colaboracién.con D. RAMON OR-
o L' wd )'e
TIZ RAMIS, del Instituto de Geofisica del C.S.I.C., y son -
hea e AF’ an regord ay ref o e pqual that’ /\(" Gralysis of

motivo de un informe aparte, al igual que los anélisis de -

XA l,}kmvé b,
gaces efZE?Lados pat Q?Lprof FRANCO TONANI.

The s/md:es ’ o s (B ”L;J /\aw, divi'l'co( S Two
e Los estudios sismolbgicos se han dividido en dos
fm/9 v, S/'VWQY o e hoy st Seu‘gnql(, OF all (/_A:‘_g"_{__m_‘j/\&
byartados. un estudio del. ruido sismico de toda la._fosa_del
Uee s o~ +ech»mal wofe to pnt ovev te ol the
Vallés) como una técnica mas a superponer a todas las efec-
. = fo" ‘#o d//'/bh\ t t{u{éb Ahe ﬂkv'f‘w[l eg 300'}/\"‘”’\"‘( ar
" ‘tuadas para lntentar detectar las anomalias geotermlcas y
A S e cond plwu, S 5?41 ot ea,\/f’l&.vuuwkc, 7 frc yol e a
en Segundo lugar un estudio de terremotos cuya prlmera idea
‘s ’n tondd s s/ML the  recchonisne “lenpoal  ~fmr bt fhat wet v as
era intentar estud} r los mecanismos focales pero que no. ha
T y ossthle  for o /ns/rwmwaﬂf"@’” ante ps sarflied
sido p051ble por falta de instrumentacion y se ha suplido -
wrih the C‘vw,’&JW neibe seifsmie b ebr e f{,é%r(,“/,.ﬁ
con la campana de ruldo sismico antes referida.

IV Jhese  cases he Aas con%a_ch/ with {he hedp 07 Fhe
En estos casos se ha contado con la ayuda del Ins
bs/l‘\(;se_ jave a Se i Tpd e
tituto Geografico Nacional, quien cedid un m13;051smografo
0{. f}\/t O‘P Vﬂ“’v\6+ Ok [~ 'bJef/a,fb) - /"/a—/'/'bmtt/ - wl’ '}Cvd A’h.a[‘l_'/tl.}
de los de su red de observacién nacional durante dos meses
-(JOP‘{A;‘B end ound twith Fhe &G”Pq’“ﬁ"’\ 7 he
para este fin y con la cooperaciébn de la Citedra de Geofi-
) to whose
sica de la Facultad de Fisicas de la Complutense, a quien -
~ belonm The  earthphoncs g paployed in e otndy Fhat  have
pertenecen los gedfonos empleados en el estudlo que se ha

anupt/e[ ol Phe / “hfe prc//'d'/.o\f\. ot A e /x g oh te. ’3’“*’“6[)
ocupado de lablntegﬁretaCLOn de los 51smog?amas obtenldos ~



http://ii.ll

W”W(‘/’/ qt"\,v Qa,pu/V\fln:'}"’" ¢ & CA,ep’ 09///}1/4

bajo la superv1510n de D. AGUST;N UDIAS, Jefe del Departa—
The d Wﬁcf'"h L Fre APl OF  hNnoiew S lintic honre

mento. La demggﬁlac16n de' 1as ciftas de ruido 51§mféo ha -

bheeo a:r\, Coyreed ta a4 },;\SP e fhe neterence 'U"(a};,rshlp ,gz

sido tam ién llevada a cabo en la referida Citedra por D.

RAMON ORTIZ.

Hw Wyt s ' Ov[ Colmlfbf’r;/ ad j, ILLV ve. f,al,on oVL fhe
Los trabajos de campo’e 1nterpretac1on de los re-
{)—c/s,w(k F/AL hols < 3z§2sm hade. Pree,, CAY Yy, / LA /&
sultados del ruido sismico han 51do 11evados a’ cabo por D.
TPl enTes Lgmo?’ﬁ ©apd

JOSE F. ALBERT BELTRAN, Dr. én Ciencias Gedlégicas y D. JOSE
COROMINAS BLANCH, Ldo. en Ciencias Geoldgicas de la COMPANIA

GENERAL DE SONDEOS, S.A.

.



MICROS 1S MICIDRD

2.1. OBJETIVOS DEL ESTUDIO.

0’\«, 04\ Afl‘\.gl pl’“‘é"ym/ fro'b/&’}’\f\.S g_(j/—,’),\ﬂ wy S
Uno de los principales problemas planteados en id‘
b J""CoH Pc,la,,l J with Jhe —anonaller
ti*fggg_ggl_2gllé§d directdmente relacionado co%}las anoma
, geo teyma | - in REr exishonces delrmel dete gocd” B, Fine
lias geotermicas en ella existentes, definidas bien por las
mm”eﬁh\f’ﬁmﬁ o superbiglalf 700’”3 by I he Sﬁiﬂizc prosy ecfrve
mani festaciones superficiales, bien por los estudios pros=
R v f"L( YRy ‘N{u” 2/ 1 &}o Jqfeww"‘w the  gconelry
pectivos hasta ahora realizados, es determinar la geometria
~ amd reseble o Hows P the  Frachares At Hm L [l
y posible funcionamiento de las fracturas que la limitan.

The I|xnodedge o & the geopdry of  the plones of
El conocimiento de la geometria de los planos de
bult o eeso el s The howe oF 6ty sommddm  of
falla es imprescindible a la hora de emplazar sondeds de -
ECOmmi kom0 The  anepnplies ahd e o Fwnchoe of
reconocimiento de las anomalias estudiadas, en funcidn de
Aine  profornn dX to ) haf desire o catont jp 20 A< 7
la, profundidad a que se' desee cortar la zona milonitizada
o e lfs  ag horizonda potunbally producti o
de las fallas como horizontes potencialmente productivos.

. Determinar si las fallas son activas en la actua
. dhus 5 {he - W\«c,oltq/.l/\,ims 6 £ tly  po ss.fL/o gyt
lidad, asi como los mecanismos de su posible movimiento, -

pwt inte b e hewe T estallish in o moded 95.3’1,,'%/“:.
puede interesar a la hora de establecer un modelo genético
of Jhe  apomadies studies thet povmil an  niler prefetion

de las anomalias estudiadas que permita una interpretacidn

: Carkcc/’ ot T he Same
correcta de las mismas.

e e

"}}\// S'Lﬂd of f/\,(, b 12TO7S @73 o log Y 0¥ Fhe 5;—,\0_ ‘s
El estudio de la microsismicidad de la zona €s -
Ih 19»':"%6/(/,’431. A Form oF approach i probles alveedy  dput 0
en principio unia forma de abordar el problema, ya que, ‘en
Yhe &55upid BE  phal _the faylts bese  achiie i by ek
el supuesto de que las fallas sean activas, y por tanto ge
{JM'\OWML“h-‘ ob stismic of fhe zowe 7le ch,=$}r¢:h'bn oF the s rpe
neradoras de sismos de la zona, el registro de los mismos
Chrowg bt o peviod o0& weather  Safbrtien pedivkin N hampo
durafte un periodo de tiempo suficiente, mediante un nume-
aieq/w”('f—' o i (Cr0 Sers el C/ﬂ‘r“p‘) pvrmﬂ”‘
ro adecuado de microsismégrafos permitiriar

B Comon t The acdivifig ot Jhe Loul fs
a) Constatar la actividad de, las fallas.
Te Co,((,(hlw{‘{ C‘gicohﬁ‘ers wmtg‘ dee h Po"OWL""‘

b) Calcular epicentros y profundidades hipocen-

trales.




T, debvrmine | ¥e e chen 3o

c) Determinar su- mecanismo. ‘
To dt@n«‘, wlth 4 cortarn . pYecisio ~ /%6

d) Definir con una cierta precisién la geometria
&

del plano de falla.

/@56%MJWE§ oF EXECUTION MO MErgs) UT ILIZATION
2.2. POSIBILIDADES DE EJECUCION Y METODO UTILIZADO.

The realizabiore  0F 1A st dy [ anded 4t e nter e

La realizacibédn del estudio planteaba de entrada -
/—uo - pYr A )%; - F K\ hds r cd/(l[by'.ybv{, de ~Aies - pro b /M\, PraSeias
dos problemas de indole diferente, un primer problema mate

4 Aat ) l’ (o hﬁ‘/"i'(‘whj' yhe Nyrh,me of for " s /a/{'y‘o‘h,c roﬂfs A,@.Q!’S
rial que lo constituia el minimo de cuatro estaciones regis
- : o Pmetin by sl forconely ¢ 5 e Pl o

tradoras en funcionamiento simulténeo, imprescindibles para
Yhe Colinlafon o  bypocontens and 4 seccond  rrob lewme  of o ds

el cdlculo de hipocentros,y un segundo problema de indole -
Fechmina reterence o The disregard javersght 0 F dhe piiippseds aniefd
técnica referente al desconocimiento de la microsismicidad
oF The zome . "/\9’} /'wﬂlﬁm;& )~ 7 he J&MW"MW#}“’\ o £

de la zona, que incidia en la determinacién de:

ls cotron more wdeduate [ pa s fadions
- emplazamientos m&s adecuados para las estaciones
of T b v eadiys :
de registro.

a (& C‘/n(h'b e VV\,}PL“h\oU“' hecess .ﬂo - eb ‘/a,fh ‘“'\-7 oyt
- amplificacidén minima necesaria para obtener unos
readirgs accep bl

registros aceptables.

}&U&( o fF noiée c‘ﬁfx'% LY RN W*W( s /90-55; bl
- nivel de ruido de la zona y 'su posible afeccidn
rea s ration of Ak /e aay‘/”lq/kv/(&; /OM—/ .
al registro de los microterremotos locales.

affect o n the

\

Ees,ée,o* to the {Jirsf' p,-,b/&m Cingludss e Say ‘f'(«_# A k) ’
'~ 7 Respecto al primer problema cabe decir que en es

o dM',M} ex A7 3 P the  cownbry ieon,r it seitmie qrap h
te momento no existian en el pais cuatro microsismdégrafos
availab e . ) 6%{;{"”5;\\ Thot on ly  fhecedre fhe Jhat by vahy the
disponibles, ‘puesto que solo hay los que integran la men-
Jecvesse re o & M : prd Ao*rm”f
guada red del Instituto Geogrédfico y Catastral y normal-
v A wHlized fo 4l & chadstior by ! fotratf of

mente estén utilizados 'a pleno rendimiento,upor lo que de
sarfuttol P epecutlon, b Fake shoay °"t‘f [el ¥ Ae  resoury
cara a la ejecucidn del estudio solo quedaba el recurso de
binyring or ma/k,ﬂy] the apavatus hecessdiry with IR pnplitadions
comprar o fabrilcar los aparatos necesarios, con las impli-

. ccoromic  that TEr boar oF el fyolhe,
caciones econémicas que ello conllevaba.




Qc%/to’}' bt sgeond pf’é fem. s 61/"&{0""% bt only
Respecto al segundo problema es evidente que so

ab )g, fo selve JF proctl iy {5 fo 3&7/ tnstalled
lo podia solventarse practicamente, es decir, instalando -
5*«,#7’0%9 0¥ )’Wg"\&’ Frogism and  pghaljration of fhe re sufte

estaciones de registro y analizando los resultados.

-/2’\(/56 p/’oh}ff‘""" ; .0“’"‘”' i bA Fhe dete o Fhatr N
: Estos problemas, junto con el hecho de que en -
Flese g mentos fhe . . had made ws
gstos momentos el Instituto Geografico Nacional tenia dispo
' L Aang s a -
e Thronghow!  one 3P v o montks g APAribug penblin o, o tron, siuakp -
nible durante uno o dos meses & aparato pendiénte de ubica ’
S \Zo dd#}’“ Fhe P //d'fbm:’ L %k g o',( !.7 : :gfw’\fo:v’ of
cién, aconsejaron la instalacidén de una Unica estacidén de -
Fed iffrwr/on thaf Pe«rr‘:;}"&. . . pu,ognl'ﬁ'fh . of dhe tomepnd S
registro que permitiria.un reconocimiento de la zona y en -
covsequonce  vHdabon | fhe opTie of o Seendh pRase du_ e
consecuencia validaria la opcidn de una segunda fase en la
Yt alpesdy been able foingfudf oLl fhe  sfalions Nnecessdary
que ya podrian instalarse todas las estaciones necesarias. ~—

C HARACTEL IS TICS O E THE STATION  REG|sTRATION
2.3. CARACTERISTICAS DE LA ESTACION REGISTRADORA.

The g fatron, ins fall ed te  coneditnted by a
‘ La eStacidén instalada estaba constituida por un
mMicro 56"9"1’7(,( raghsit y&l./A ) S ﬁ(l’ul;’ }\',A,/‘(/ rC‘F‘«r!‘Cd b v .f’lﬂ—b
microsismédgrafo cedido, como ya se ha referido, por el Ins-
. o L ﬂ\Md‘ A " Sehgy e ¢ + vei /J(J'/Af
tituto Geogrifico Nacional, y un sensor de 1 Hz (Geotec) ce
by ¥ne
didoApo; la Catedra de Geofisica de la Universidad Complu-.
The kg'lq/”b"ll"ou’ carmjeld L end ;o She  coF favﬂ,e,
tense de Madrid. La instalacidén se llevd a cabo en la case -
of a - s #44 (I . Wsﬁ:rwuvv sihuated oy Fhe Qwoly, owtside of
ta de una estacidn transformadora situada en las afueras de
. preparty of  [he A
Rubi, propiedad de la Empresa Nacional Hidroeléctrica Riba
{'0 le;/\ 0f wkus" }of‘"’m(/ ro~ f'k‘b h’lﬂlﬂz&,/'}m!ﬁhouﬁ
gorzana, a cargo de cuyo personal corrid el mantenimiento -
of the s/a,/rop.v Throwgh  F Ae ﬁw) ho TN Gt b"“”""‘/’/\‘f— shky s
de la estacidén durante los dos meses y medio que estuvo en
Ao The Frstpllaton and se#ﬂ»y fo print  of The Same
funcionamiento. La instalacidn y puesta a punto de la mis-
Fo ' :
S /oa,o{ 0 ¢

ma corrid a cargo de D. RAMON ORTIZ RAMIS, Dr. en Ciencias

Fisicas (Instituto de Geofisica del CSIC).

The L hasss st the  shhon iddegdes v, Yhe
: El emplazamiento de la estacién se indica en el
U o seade Feginmad o the fig | The et Jheted. o

mapa 1, y a escala regional en la fig. 1. Queda ubicada en

the Lo*"b«\/ SUH - gd ¥ e d&WTCS Yo, in OO Zsne M):,)L o the
el borde SW de la depregﬁén; en una zona prbéxima a la in-



“/ml‘e/trsco 1/7101«, olL At pg,u, 50“7‘/\_‘/{‘1“;‘\ Fhe ()Ly-a,hgu»cws‘p/ ot '”‘L L/LO‘S“’"]“'/L
tersecciédn de la falla sur con la transversal del LLobregat.
WL\!& wa(' 004 V\LACU[ S/‘f[,xév{(,é( a/aam’ Fhe %W// b-ﬁ'lﬁ Conmes
El hecho de que se 51tuara sobre el relleno arcéslco vino -7*

J,w"y «(’f&y Jary 4 he dval Lakil/ }/ of the /“CC -4 grth
impuesto por la dlSpOﬂlbllldad del lugar cedido por ENHERrb{Z

('N\o & .{}\g Plo&bmmf ’ kS uoér; y'flmg\m Wa\/g Jo },e, ¢ ontl ‘{Aj/

un ue 1 emplazamiento no fuera 6ptimo, siempre cabria la

ré‘ o$}b1f;J' of lumwA fhe /‘&ﬂlS(’&V‘ %ﬂ fhe lm)OYD Vameoal /}N_,c, p [&.gW“ﬂL
posibilidad de mejorar los registros al mejorar el emplaza

ol the Stador
miento de la estacién.

 RESWrs CRTAINED
2.4, RESULTADOS OBTENIDOS.

Y he 5*,“’10“ g/,w«}iw,dz i~ fa ,,\,/'-}'\koh«,hy #)””‘ Jne
La estacibn estuvo en funcionamiento desde el 18
N I A W 5 bleimed e Aodal
de enero hasta el 1 de abr11 de 1980, obteniéndose un total
of reswt ts . Stesmnerfeed PRy 1 he owvalysis o ¢
de 73 reglstros recopilados efi el Anexo 1. El anilisis de -
v SAme | hag lreem effectdns  in the
los mismos ha sido efectuado en la Catedra de Geof151ca de

by
la Unlver51dad Complutense de Madrid por D. MARIANO GARCIA

N sCLmS«CA PA’C“( V\/V\&.Lf‘ ']LL,e
FERNANDEZ, Ldo._ en Ciencias Fisicas, bajo la supervisién -

de D. AGUSTIN UDIAS, Catedratico de Geofisica.

IN 4k Tdble | qﬁ”fk“*v“a '“JN ¢ vents 0195"""’”(’
o drenled En la Tabla I se recogen los eventos observados,
ynwdrca e {he Lo ““/)'\:S Cls ahoud fhepn o
indicando. 1los- siguiente’s datos ‘sobre ellos:

Ty fignth aud y2or
FECHA Dla, mes y ano.
NS s ccond  and  tenths o € sccol«,d of the priaece
HORA: Hora, minuto, segundo y décimas de segundo del primer
lmywlst ot l/}»t. tuenﬂ’ 1n o ctal Frme
1mpuﬁ§o del evento. (En tiempo local). .
& I Seconds o e he el
S - P: Efe?gﬁélgédéh??émpo en seét%dos, gntre las 11§§§- S
of the  waver Pand § Ohly i dhe tvends ¢leart
das de las ondas P y S. (S6lo en los eventos clara-
idewtibicd @ ear thowpkos
mente identificados como terremotos).
Ep,(,ml—ur oS feece P K
: Distancia eplcentral en km.
'ANle fnde '\'\M‘N\-MW }“,cmumvn-mf abaw‘ the 3510 grane LA e
A : Amplitud méxima medida sobre.el sismograma, en mm.

' OBSER ¢k TVBWS Caditate  [ho type of event wnd ,’ﬁcw,v o
P OBSERVACIONES: Se indica el tipo de evento y en su caso, -

e m—— T

i




13-1II-80

3/ |
TABLA - I
FECHA HORA S-P A __OBSERVACIONES
18-I-80 20 56 ?
22-1-80 19 40 55 ?
25-1-80 17 48 2
29-1-80 19 02 46.5 7 60 9 Terremoto
02-1I-80  09. 30 (‘ ?
02-11-80 o9f53 o E
02-II-80 . 10 17 ?
06-11-80 16 14 ?
09-II-80 10 30 ?
11-II-80 13 45 ?
11-1I-80 16 42 2
22-II-80 13 54 ?
28-II-80 15 15 ?
28-I1I-80 18 11 2
29-II~-80 21 41 57.7 50 zerriﬁgﬁz principal
29-1I-80 23 59 14 31 245 2 Réplica del 29-II-80
01-III-80 16 O4 51.2 30 240 6  Réplica del 29-II-80
 01-III-80 23 07 06.9 31 245 7 Réplica del 29-II-80
02-III-80 03 23 41.5 32 ° 250 17 Réplica del 29-II-80
02-II11-80 - 23 50 25. . 30 240 1,5 Réplica del .29-II-80
. 03-III-80 01 37 21.5 33 ' 255 33 Réplica del 29-II-80
04-III-80 05 40 38 32 250 5  Réplica del 29-II-80
05-III-80 09 08 53 33 255 8  Réplica del 29-II-80
L0-III-80 18 46 ?
11—III—8C' 15 16 43.9 21 170 17 Terremoto
11-I11I-80 14 28 21.2 0,75 10 6,5 Explosién
13 56 Posible terremoto ta

pado por el ruido.

R AR




TABLA - I (Continuacién)

FECHA . HORA - S-P A OBSERVACIONES
14~I1I-80 14 20 ) , ? '
14-111-80 14 39 : ?
18-III-80 02 20 40.5 30 240 3 Réplica del 29-II-80
19-I11-80 14 10. ~ ?

-19-III-80 21 15 o e ?
24-I11-80 . 05 13 ‘ | ‘ ?
24~11I-80 09 10 | ?
26-1I11-80 21 57 ' "2

29-III-80 23 38 18.2 13 115 11 Terremoto
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. v ‘ . ? .
Somt oihey . datt o@.~jh+orvsf 1E worite tha Si/ﬁ“bo/ [ 2
algin otro dato de interés. (Si se escribe el simbolo 7?7 sig
Shy il es sMyA// we do not Knew the Natfere o The event, bt |F
nifica que no se conoce la naturaleza deg evento, pero lo -
" 4 INES Fs Thot Aeented - 2t ap eartag wole
> oSt Prehe 5 ¢ -
gsma% p;o Zble es que no sé tréte de un'terrgﬁbto).

00 bhe leghnre of {he Table'd able b check
y . De la lectura de la Tabla | se puede comprobar -
Fhe rooHes pbsernts b ouends cela foa with fthe Seis mic ity
la practica ausencia de eventos relacionados con la sismici
. beal BE W dieent Sianiy  vhal no exists such tyre  of sl Aeg
. dad local; ello no significa que no exista tal tipo de sis- 4
) Aef C‘L’V}‘ d}\&" !Hw, 9W\(~'l/l chg‘-&;}\t'l’y - ut '{‘!"& N ‘hlm‘f- e{,,._g,thu{b?&
micidad, sino que la baja sensibilidad a la que se encontra
rogalarly  The mackae v priperly fodhe dop  level of ke npise e« uiSH
ba regulado el aparato, debido al alto nivel de ruido exis-
In the zone 15 Fhet Wows P perceplib le the 5‘777’\“’/5
tente en la zona, hace que sean imperceptibles las sefiales
must ok fhe R0 seimic Jocals or, Fe dhe poah oot The
debidas a los microsismos locales o, en el mejor de los ca-
cases, hat 3@’“ reji‘sfemd - Nojse srgrAls his St L,mm\,(gd}
sos{ que aun registrando dichas sefiales, éstas queden ocul-
phe Yl of moie e yrron el
tas por el nivel de ruido ambiental.

1

(N T N TN oN)\/ have ¥Ve9 isdere 4 with C»{“V“"'-‘/
En consecliencia solo se han registrado con cla-
o, e earthgwatie pyin QDE'»( 0 e otk neqlyn
ridad el terremoto principal del 29-II-80, de la regidn -
of 1he somthof France,  and bs vepp s o hujor may nitude -

del sur de Francia, y sus réplicas~de mayor magnitud.

SR Ihn W Frgere b heve rcpszWV*ol~ qrm*hfbb((T
En la fig. 1 se han representado graficamente,

wbov\* b ”\A‘P Le 12 ‘H\e, ZDV‘i&, ’“\L, .QU\,VW:( \H\c‘s o‘i &‘C eYon es
sobre un mapa de la zona, las isolineas de diferencias S-P,

G . V"SD\,W[ 12 L the (1_(‘5-!”»&% . <P Flerndey 5 oF  Fhe /’A :Ué
para visualizar las distancias epicentrales a las que co--
{srrespe i ‘
rresponden.

; : . v - w DA TIOWS
| ;ﬁ“i(;,/mg c,wyuﬁffs RE COTamEN

—.2.5. RECOMENDACIONES.

View 51“3 bk reso (5 o oktnned rn ERs (“’”""Pwljw

_ Vistos los resultados obtenidos,,en esta campa-

- predlew - o 4 fe,l,'sl-cn avd Fhe fpce of m("bﬁé"r:&w s fitres ot
na previa de registros y de cara a ulteriores estudios de
Micro seiigmobd Y | GIPQ&d . o Geomelry ) ﬂ,*%, o hwne I

microsismicidad aplicada a geotermia, deberian tenerse en

accomnt  Fthe b /lawmdv ’ deAed [ Wl vauaf Jele ""’”/b Qe & ptonf

cuenta los siguientes detalles:
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jhgé - La[amplifiékcién minima necesaria para'obtener
ng?% unos registros aceptables seria en el vallés .
! ' del orden de 10°, siendo un valor iddéneo para
sacar un rendlmlento optlmo de los 51smogramas,

la ampllflcaCLOn de 10 //

Fof acl ekuy theose “,M,p/; “Crcafiorms i b hccessaiy
- Para conseou1r estas ampllflcac1ones es necesa
j‘b o;wa{ O ¢yv 1‘”["15(/‘ ﬁbl"/“’“ ,L %&L P(&_;C ‘«.
rio tener cuidado en la eleccidn del lugar. de
oL - po SI‘H*”W GF }he Séismbmu‘f" ’ N fyr\un‘Ohm\JL i
“colocacién del 51smometro, ha ie ser, %gblen-
PUBNE S S (s Mosf’ Ficvoke /
nesd e g uqu/JE{;’mwmf6T“talmente un sitio tranqu110 lo mis aleJadg
P vs% KMW peossible ot | Lo o Lo m';/&v\ W'L()P me
”mmwmt;f; o (p051ble de v1a? de comunicacién ;'de Zonas de
(/"MK 6 ; Mﬁ/(/A,n\&y /H\wg @S ) f‘ [ines 6t
traba jos dewmaqulna ‘ia, asi como de lineas de
Cordpetion, ok Elechia F of hig 'S 'f'w»s-oh s
conduc01on de electritidad de alta tensidn. Es
Veary . po¥ f’mnf also do licstuated Flhe  station
muy important€ también, ubicar el registrador
arswdd onlepops o pateriels Netomnpyy hies
sobre afloramlentos de materiales metamdrficos

il AT crgiiaiing 7 o perierd
ﬁfzﬁm CAVZW o c%iétallnos (zona de horst), ggg’pg;mlten -
P hoes? P ’re an’ epcele t pro P &Lﬁf[,\L/% f vN\c stpmnal  with A ko
una excelente propagacién de la serial con una
o0& obeorhtio ,
absorcidn mlnlma.

w
Rotsve {he i 5/’{3,“4\/41'6" ¢ it L\aJ{» fo neake &
. <le w. ~ Antes de la. instalacidén se debe hacer un reco
R W Pecogn i Tb e Dina bewment . o £ oo possBiies 4 T leey /
z;'vkﬂv gwnﬁﬁ- nocimiento instrumental de los posibles empla :7
\?(3/ ~ l/"“\ Frhe end OJV ‘Aa Cél,oc e fhore  da
zamientos, con el fin de elegir -aquel en que
the leunl of ' apis e[S M/m””‘w‘" ki ined 1he
el nivel de, ruido sea minimo utilizando las
ot O Frca tiams ConSide v at ipl PO nedl £red
amplificaciones consideradas como iddneas.

S QM(.‘.(,WW"%R\L SavalL/ o £ yv\,IUfo S€iy m 0[0 94 63@(" ’%@o({ k«,;
{l#. E1l estudio de microsismicidad deflnltlvo ha -

ot Clrrye B end  with A ki o0f  fou Aot Uiy
de 1leVa7qe a2 cebo con un minimo de cuatro é§#7k v’

Opemfﬂ*} nhw(‘%lcou” : Mk' m,—
J , taciones operando 51mu1LdneamDnte durante un
i +irwe, dees» less - o Lour mopnt
w#*wﬁ’ﬁ“ wa tiempo no inferior a cuatro meses.
v | :

ke [ g el o it W/ Ww%mww, e bk

e *“5 V No obstante, a pesar de todo lo expuesto, cree-
AR W\‘1 H\p& e relation WX/’/ L of fecfwonor resudds fom o s Fudy
qu' | mos que la relacidn coste/posibles resultados ce un estudlo

T oo¥ Jlest o,kauwb{/tcr*SLW‘ s, A %fﬁé% A,,,c;/\ The
: de estas caracteristicas seria extremadamehte alta. Los re-

i
i
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'— resultds S0P *’/‘4*5' - o /KU égwﬂ%%dy 74‘4/ %éﬂ( o cm«v#a,uvl'y

sultados esperables, en base a esta primera toma de contac-

Wtk dhe ROVl MR Lde e gl fecalTony s i o AR
to con el problema, creemos que no justificarjan en esta zo

74 Jo/ﬂ/ Ve oo 3 "’7"” Mémfwwé’/ wshrwmenda Fww
na el alto costo que supondrla 1a sofisticada instrumenta--
S pw Phe  Frv ek i d{[{-dbbﬁ;‘ e,o( 42 b tontrot alad \ 0‘@ {'/\J/
~cién y el tiempo que se dedlcarla al control dlarlo de las
SYoakiths |
estaciones. . . : ‘ ‘ -
53,0-'00' E‘M& e
GAY 7 s -
M . JI-‘:“'JAA} “:
™ ‘;
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3.1. FUNDAMENTOS DEL METODO.

A través'ae ﬁos traba jos de diversos autores ~-.
(Clacy, 1968 y Douze and Sopfells, 1972, principalmente),
se ha establecido la exﬁstencia de un ruido sismico asocia-
do a la actividad geoternuca que puede contribuir a la for-
macién del fondo regiondl o incluso 11egar a ser predomlnan
te. Es en este caso, cuando la cuantificacidn del mismo me-
diante cﬁalquier métodoiprOSpectivo gdécuado, permite detec . -
tar las anomaliaS‘geotéfmicas que lb'produceﬁ.

C, R

El orlgen dell ruido sismico asociado a activida-

' é’vw»mm/ o F’mwn.uwwﬂ d[}wu, }qé rNze S
_des geotermlcgf ‘6s un fenodmeno poco conocido, aunque se- su-
¢ M/Lk, N éwl‘ af’gv:{;’ e dzlv‘uféb (ahnsse 1t 0‘1{7( "~ ;:/w,€§ s,

pone pueden concurrir dlversas causas en su génesis, tales

como.

'{/LL Vs e e b OP rest \/qlww‘< of water hot
- el movimiento de grandes volumenes de agua ca
ﬁ[&@dﬁaﬂ,{ g\L ﬂcﬂ\/wr\,'[\@,"f OOP\t{’Ingd
lTiente a través de acuiferos confinados.

"LL Movwmx&w{ of the LMVJLL./‘ fhruu/’lt -IL{, cfﬂ/%[w(wm
.=.. .. = el movimiento del agua durante la c1rculac%on f,
converkivn T orrgvaabe  fo fho halt smomtpeed | Vet
convectiva ‘originada en los medios semlconfl—
T by ke eomHnws g Coa i, and  reheafing
nados por el continuo enfriamiento y recalen-
(HL» dhe §armes '
tamiento de la mlsma.

. ’”V(/ netse pro d'(/bl/tu’ lov 1""&‘ Pep eete e CAJ\‘

= el ruido producido por .los repetidos camblos
eh g late betweoan £y, a{{ ¢ tinet Phaces  Lhat Dty rabu
de estado entre las distintas fases que inte=-

' th  suslem [ 4nid oD 0V Ay vayo”

gran el 51stema. 11qu1do -- vapor -- vapor'sg
Mipor l/ﬂ,fWL

co -- vapor -- liquido.

O rnde | Pl mbihrtbons  Ginite Ml rgioald
. De hecho, los mecanlsmos genéticos que originan
fd\ﬂ/ AL ook /w/@,d‘/wdfh e ot fmw e o
el ruido importan relativamente poco vy ‘'desde un punto de
oife »xwvﬂéhm rt rpodpd o, Ao made o dfd a
vista prospectivo, lo 1mportante es el hecho de que un cam
s . :

W

Ve Wc*buw4'WWw"%wM@ W —
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iy el gy gy o e il seevopliblo
po' geotérmico pueda generar un ruido sismico susceptible de
Oty coptril e ook bl Ao el e ke defe
ser captado, en cuanto puede ser utilizado para la defini-
ci6én del campo origen. En este caso el {inico problema que -
we SEC o Akl the holag o enigir  peitheaal n
se planteard es que el ruido de origen geotérmico supere o
4 T hy Mo y g Il it & gxa it fo tho resisdoace
sea absorbido por el fondo’regional debido a las restantes
Chonitf posSibilitie  picre cw"\/\q,mku &C-H\/g}’h{'as dfvv;;,nktﬁ M'vatne»’f'ci
causas posibles (microte;remotos, actividad antrdpica, ani-
N ‘H""’ Brest “ %5'0(‘ \%L:, s < g\‘\c '{;"?— ?Cb'; I wo !3.& as
males, etc); en el primer caso, el uso del ruido sismico co
kot o prosPeldiing  mesthernal  io  UALIA awd fn phe
, . ’ﬂ . , . (s , , . sCLdL\[
mo método de prospeccidn geotermica seri vélido y en el se-
st Ao : J ‘
gundo caso mno.

I3

wfi‘,{ M%MOQ‘ The SAAA‘:/ 'on;‘f‘“’% {/(fSCMS.SfﬂW. ot The yy\eol\‘ww?sms o hat
e ) El estudio o la discusién de lo0s mecanismos que

. .&‘(& v D'FA“.W\, +y {H\a '\:,6""S<, " yf/S is . ;‘hkrﬂs.t;ﬂvtz 'L'P ”/ wants ‘j;b- 7}'.\,5,/‘5({'
~ dan origen.al ruido en si es interesante si se quiere insis

Mmoo bt capadby o £ resglubion,  of Fhe pmefhad pPrgspectiie
tir en la céﬁééid@d de neé%lucion del método prd%ﬁ%ctivo, -
:")l' WMLL Fin ng cAS-e | L8 hGisn’( + he ] ca’w\c:léu,a?k @f’ fhrg SJ'VL&(A/,.
lo cual en ningin caso constituye la finalidad de este estu

dio. |
End oF THE sTuUDY

3.2. FINALIDAD DEL ESTUDIO.
| 5

'

Givinm Yhe a’&(f'ahgek < (“ﬂ‘e. o @ Fhe Yrouves (—,%-‘WWS )
~w-.mwu r Dado-el avanzado estado de las investigaciones -
Geo ﬂrwr WW"B {'\,.\ fht. &bvﬂ§‘€>')}'m o*@ *“‘“’\}\ﬂ?l""%‘f ;‘,,ro"f"\. fl\.a ‘?/,Pfi ('?Wt'f"
ggoter_mlcas en la depresidn del Vallés, con la existencia -
Cee (7 e rves | o bno”’"‘ﬂ/l;’og "C;""Qeo‘tl Qoétv'\eji +o “f\fﬂ""ﬂ}\/”‘w"sﬁ
)Wﬂ de una serie de anomalias perfectghente definidas a través v e
i o the V‘f\w_\,\,e\sf%ﬁ.{»\i'ehj. Swp Q"f{'”(,_ﬁ‘k(_ wdop € the h;\rt/H'\ods pvos Pt T
A, de las manifestaciones superficiales y de los métodos pros
W %hhﬂ o \ukﬂﬂzbi Fﬁdﬂck%m&érp , feophysice and
6& pectivos hasta ahora utilizados (hidroquimica, geofisica y
N{ Hhermoymetv{es wo dedled  bo vedize o~ sf‘wd\( oF e noise seimlc
termometrias), se decidié realizar un estudio del ruido sis
oF Phe zome AL o chapt move on the seale ™ P rospective
mico de la zona.como una etapa_mas en la escala prospecti-
to Yha SAng - e Hw"'}w‘ll"f’t A hn b\iw«u.@;/?(c/ to put e ey
va, al mismo tiempo que con ello se ponia a punto un nuevo
WuCz/’LO'J\—W'\;A aoh/*//rq/sﬂl ' ILC-J (/A,(/‘ ‘{l‘ y . -
método y se contrastaba su validez.

Ure  euernd pupertant Fo €mpki~5‘v"2,c Vs “{’Aou[‘ of e g
. Un hecho'iégg;tante a destacar es que del esté&JY
‘D.l‘ Ll 90@,!@01'\&(, —L 05"}’5/&'\‘ j-oﬁ(}\/ “Yhat Me,-{"/\o _ALS peein
dio bibliografico se desprende que el método ha sido exclu

¢
1
'

y




16.-

;
3
e exc|wsivel iy @Vﬂ lics. ¢ cowntry 9o Fhornal o& Az? 447
i& sivamente aplicado a campos geotérmicos de alta entalpla, -
W haves Hheless %o/(' b be 1 Ae m#/\odlc@[[./ pcf Cor FL y delmel
sin embargo, al no estar la metodologia perfectamente defi
M/ a z ) S f’/\l, V&-'l/&’; %\-&lﬁi ovL Qm.\,/{ e {’Adz/
nida y aplicarse en el Vallés (campd de baja entalpla) de -
Aefrm” ompaved  and conbrastog we Think phar  the »-1ili2atin
4 4
forma comparativa y de contraste, creemos que su utilizacién
ins able b reswld ihlerest as g AdChmicpl MV fy sy ptrimpost
puede resultar interesSante como una técnica mas a superponer
the, res aldks aleady e Know -,'MWWmW fo SWFW' ”‘V&"‘w
a los resultados ya conocidos. : .

. METHOD oF -PROSPECTION o L
3.3. METODO DE PROSPECCION. S

Los estudios;: de ruido - SlsmlCO pueden tedlizarse

-

medlante tgg?hgztodos detéperac16n.
oismisy  pscrding “adl o s Fho Lubradsiy
- Registro sismico y analisis en laboratorio.

Anelize  She Speclra  n ead Ft
- Analizador de espectros en tiempo : real. :

o&o/m,(,o ?
- Registro sismico simultéaned y analisis medlag

te c¢onvolucidbn cruzada.

e it pilhod pormilid o ot laim R prapimen
El primer metodo permite obtener los maximos ren 7’

Zaenly

}
dimientos, p€ESto que se preC1san escasamente veinte minu- -

Ly

0
tos de registro por punto.

’

¢

b Ahe oy, pelhod Ay e
En el segundo método gé obtiene’el contenido es

pectral df%gggé%egzé e%‘cé%%%/lozégg ace dfgﬁlnu1r consi-
o poto by dm ol b ey ),

derablemente el nuamero de puntoszzgr dia aunque permlte en

> A have  cortirt

ove-
todo momento tener control scbre el registro.

The  pivd poilbiily o g a Y A
7w¢auﬁkuﬂpv La tercera posibilidad esy desde un punto de’vis .

AAs WﬂM S ﬂ%mz'; W&y&
ta tebrico, la mas avanzada) %ﬁ?é%gwﬁue permite utlllzar el
n\_ocf WW

. gt il > - For %%4avagd&¢@/M
tratamiento numérico mds complejo. Para ello se debe dispo
O pywmer of 3 o S St loons L,cﬂac,saw..-,),cc/
ner de un minimo de tres o cinco estaciones sincroniZadas

T g 0.5 doplacer. st
me jor que 0.05 é., dgzgﬁgggas egularmente alredeﬁ%étﬁg la
to (e han N
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Z dg{estudié reglstrando 51multaneamente dﬁ%ante varias
//\oww The, /\m% e dpptcialidy

horas. Los resultados son aprec1ablemente mejores dunque” 1i

A ey C o LAy W NM A
mltados a una superf1c1e muy pequena, lo que hace que la a-
. v Ao

plicacién a grandes exten51ones sea prohlbltlva,_ en cuanto -

po A0l pafer - ;
a economia se reflere. ;

o Hhe | ofaﬁq e ;/ﬁ@%%mﬁ dii%pd
Eﬁhia zona estudlada se. ha g%lllzado el prlmer -

N to -
método ya que la campana se coggTblo como’ de reconoc1m1ento

i

by g ‘
general y por. ello Optlmlzarel reddimiento fue prlmordlal

o ! 4SO painie 00 pff seryadomm
Pagz'e 1o @e planlflco una malla de 150 untos de registro

“que- cﬁkgfz’la totalldaghgé/la zotia, JZ los cuale§m128 ‘han -
‘ e el o aTipr.  fio Prap o, -
fes #¢g;/gi Mapa 2. _’J_.'

resultado utilizables. Su situacidbdbn se da
’ ctobtons L gms

NSTRumEW TAL AA/D,,METHM OF /}/V/H,YS/S
3.4. INSTRUMENTAL Y METODO DE ANALISIS.

e

_ ”“W : ééz/ P
y j@% Para la obtencid gi datos en o se df%;@%%— ‘
p’?ﬁz% N ggﬂ?y;q‘ L JW W%W{Zﬂ,{,ﬁ-,/ ,{z;@;
de dos est301onesoge reglstrofggsmlco en c1nta magnetlca -
gg p% utlllzado ég?%?g del Proyecto Geodindmico Interna
DW ettt comprnr? drapy o 2 He W£~43M
c10nal equi adas con sensgres de componente vertlcal de
42 ( :
- Hz (Mark 2-4) y 1 Hz (Geotec)
A ‘ N ’ o P '
Jhe ﬂw&m ' A dinggding m‘z,‘m;
EL angT%2f§;Z% laboratorfg4:g szllzé medi ante
ot Apry~d 22
analizadog de especfuzs analoglco de 32 canales con monl—-

of Leavery
tor de rayos égzﬁhlcos v sal dlrecta a reglgg?gﬁg?Jgra—

fico.

AWMLM@W WWMO/MM

En la flg 2 se presentan los diagramas bloque

Ao oppapmert ond- sin Aeotle 2 The calibglipra
de lé@ﬁgaulpos y ga'la tabla 2 las . recuéﬁ%fﬁé de calibra-

. -] a/” ()
cién de los canales del analizddor.
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ﬁb M g—mﬁ/ 20 - pw;vu;&o
o Se reglstro un campo durante veinte mlnutos por
P Aol 5 —

W
puntd, repltlendose aquellos puntos en los que el operador

-consideraba haber detectado perturbac1ones reglstrandose
-~ L80 T
un total de 150 puntos.f

'
I

A‘y\/ Ahe P‘Wzﬂm W wd;vy A@M :
;,  En el proceso éf demodulacionen laboratorio se
4 ’ A~ ar A
r?chazaron una veintena,de puntos aprox1ma22?ente, por pro
- fpratlanmo @J%mq , ool e Se) s
.~ blemas de arrastre én éébmagnetofono ggz:ble saturacioén o
- tmgrdBid ot lovel o e o ” ,(Zf Q”m/»w Of Aba rast

nlvel 1nsuf1c1ente en la senal de entrada‘ Del resto se han

obtenldo lzj corresp0nd1énte espectrogwﬁgg%?iendose aque-

llos que no presentaban*una buena coheren01a a lo 1argo de
o4 b: A/t\:‘J QYVWMZ/
odo el perlodo de reglstro. En el Anexo 2 se han recoplla

e

do todos los espectros . obtenldos.

P

ﬁa\,/ay"-ﬁt&ww hare

, Para la 1nterp etacidén se *han agrupado las fre-
Vs Mf\/ ~
cﬁﬁﬁgﬁ§§“en cinco bandas centradasmgh 1 -2-4 -8y 16 Hz
m\wm/,‘/nq Ahe  prnpimmpin Yy '
mldlendose las amplltudes de Sus-maximos en.cada punto.'
| QZEsoLLTs o BTAINED e 3 ¥
.. .. 3.5, RESULTADOS OBTENIDOS - ‘
/16 PGN [l ’a,V"'P(' h“{ﬁg In %‘/‘ Pah’l'f ';'0” JJL&
as maximas amplitudes. en cada punto para las - :
5\ bW} of ';feuemoi os. n u//u L dW,JJ fhe ectrum
cinco bandas de frecuinggas en que se ﬁa dividido el egEec
wairVzed. Table
d;o se>€g§umén gﬁ la Tabla 3.
70 e#&of/ f/\,e \/uul,(('ouﬂ(,sh 'TAQS::\ IreSLL/{J Lm'ﬂ. )ﬂb‘w\
. bt ») A efectos de Vl?uallzai estos resultados se ha
ela oy Y W vt W al«np/”’t Gt i{-,aA d’fa' £ i byl
elaborado un méﬁg de lsd%mplltudéé pg?é cada bﬁﬁﬁﬁ de f;g? e
Maps 3 + 2 QMQM}A,, S fre e . bve readized
cuencias (Mapas 3 al 7) y al mismo tiempo se ha realizado
o frodysiy 5/”’*51\7(» of fthe sama plé\wre/ﬁ > o v with
un anallSlS estadistico de las mismas (figuras 3 a 12) con
1he end  of Jez‘ﬁhﬁu, the e obhom«u{fcs Wi th T goat b bund
el fin de definir 10s vzlores anbémalos dentro de cada ban-
e W'('%'l.h o Azt bubron Loy - Aovinad 4"4’ /W{"V/i/\/f@ n\/

da, segin una distribucién log-normal que se patentiza en
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los correspondlentes histogramas. En ellos queda bien paten
hok withih (}_o)m bavd  coentsts T by g less  dwd Formilres
te - que dentro de cada, banda coexisten por lo menos dos fami
dis frwel b vlives  wrend T e covrobers #py e
lias distintas de valores hecho que gqueda corroborado en -
} Co rres poiv A/r T o revp hS CLCQ‘VV""‘/ w‘(’c% Ona c¥ 1
Ta% corresp0nd1entes gréaficas acumulativas. Una de ellas en
,hc Mdtf %}l@ Mww% UOG/ M hg ¥ I/.-}uyt5l”\1 ( vfl,\m/ aye. re,q,k \ j
globa los valores de menor intensidad (que son mgyorla da
o . (o e kation )e-gf‘h,o/vaw( g{/nwﬂ/l{,’ 6/60"( hﬂt
do wuna correlacibén log-normal generalmente buena, mientras
o Second comprise \/Mmes Mvvi’ VU ”‘WM!’&V g f wm rWulvté/”(
a segunda engloba valores punta en nuimero mucho mas reduci
o w1 h o« c,cfr“l-»“lc‘*'{*”)k "“OY'O IFéeqy m/(a/\/' __For- the ba,nA o # LEE
do'y con una correlacidn més lrregular. Para la banda de 1
bhis stcm\,é drowp 5 \C Vidnes ‘rerLa,lL dovid  adand put

Hz, este segundo ', grupo de:valores practlcamente no, se dibu-
SR P ﬁ/f'ma';"p ? \/‘@»élﬁ—b’if P ,r rﬁ-é‘ﬁ@ﬁ\,&» }v d""‘w et S/ﬁa—a’fkfba?"’
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Se desconoce ‘totalmente el significado de los -
two gvowys ?ffW“‘ the great, frobth o€ \&W(/IL thet Fhewvpre able
dos gruposg~ dada la gran variedad de factores que pueden con
lo & hrer Ty 9%5:3 ewcaa»u(/ o f- f/cz ? S/inece
currir en §U génesis, espec1almente de tipo antréplco, pues

{had— e zene 7 ‘LM‘O""’ - wshasheen < aded pevt o @ ot 0.6
to que la zona en cuestidn se halla situada Junto una Bran
WAy O Bacedona) ard i Wﬂw&? }9/4/41—64» ' g Impov fant el ¥
urbe (Barcelona) y en ella se a51enta un importante cintu-
(s Pl god ban

rén industrial y urbano (Rubl Terrasa Sabadell- Granollers)
bt$’7ra¢$,_a\?/ fh/ﬁm/f’ O0— aotab | L, exp ‘»ﬁ m,w! wre ov"“ + b‘(,
ademéds de presentar un notable desarro lo agrlcola, y estar

Cl’tv,p(/L(/ /7y [/ Qrc‘b L fwv‘o#"af w“vY§ o [ &Wm:n?whéhe)/ le,\/‘v]lui
cru?ada por un gran nimero de vias de comunicacién de eleva
yeds e

. do tréansito.
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A los mapas de 'isoamplitudes se les ha supuesto
O 13 Lo'}* r’/;a’ Vies. M/#W//" IR a’# ’1/}\/‘{‘ <o €s ﬂnw Q.‘»( i (&"'{(’(
en color- 12 representacién de las zonas anbmalas calculadas
Eor o+ [/\,m "’hﬂ :' wOYe . hitimLvous rhat /9\( v dnpr ihdeis -y
para familia m&s numerosa, que por .su menor intensidad -

Sippose. RS /&é)lo -/'o ﬂ«utu“vt the poss a/b?’l’th‘af hgre o o ona.m QQO{/AAKM%(
se supone podria englobar los posibles. ruidos de origen geo
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termlco.
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Por la distribucidén de las anomalias se supone
ﬂmf The niise V‘&jfj ered- T PR pere s hnm(ﬂ)%’/y 0 ovigin
que el ruido reglstrado en la zona es principalmente de ori

anis:Frpp je (e ‘*’*’rﬂ\ 4 (1//¢~¢"1 all flhe  mags oz A
gen antroplco, ‘to e ,todos.los mapas _presentan unos -
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: ) 2 ohe C,&r\/’f_/’ﬂ/( T owltheyn
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P dewresdsl]  en peialf P Fhe ands o4, Bt ig Hy
de 1a dep;gsiénﬁj espgéial£énte en las bandas de 4, 8 y 16

Hz. . . . 3 )
M % " maid sAwWs &/ rome Gnoily

En todos los;mapas se manifiesta ura zona anéma
Vo dhe  Scchr endls 0 Jhe depress o _ .

‘la-éﬁ el sector egfe de'la depresiénv(Sn. Celoni - Breda)
h\mp av i nel whle o g u/:.”")\‘;‘f ‘ by, an  a ul_’)"\f.y"}g W‘lﬂa/h, A_mata/; Arwsd
que no puede justificar$e por una actividad urbano-indus

Vwigorbasnt | plready that the zone 13 Felatvvety Frung uil)

trial impértante, ya que la zona es relativamente tranqui-

esp egla //‘/ i~ fhe V%Qf%f/é of m”‘"o/séh;/ b rgher portA
la, espécialmente en las faldas del Montseny’ (borde norte
oF VPR T hey B, fut regfspered Ve lnes  geomem ¥
de la fosa) Jonde 8¢ van regfstrado valores ggneralmente--
SpperioY  Fs pre i i dle ' ‘
superiores a la media.

The arne ryles 500}7«("/&’%@‘/ dx,zﬂ«wz' h Fhe Zone gty
~ Las anomalias geotérmicas definid§s en la zona a
. TR etner mugay | provrede L, o flec & ¢ fearty
través de otros medios prospectivos no se reflejan claramen
ot pon< o IRE pays o fraces Bhus, 8 Fhe  fhree "”’?Lo/?”"//'
te en ninguno ?e los mapas trazados. Asi, de las tres prin-
‘ arnoprtlbfes  geofh®rmal @ Praiwialrec ) Ao
cipales anomalias ggoteymicas cok6es as,%I% de Papiol (sec-
: remg fh Comnrige s M Lése 0]0 294;;5%2/1.(,9 IR Fhe
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Sh’oW) _mwb%wl, y P4 noyoe sowpr( P ﬂubll W A }4, Huc/ ‘wwo%a/[}%

fuerte anomalia de ruido centrada en Rubi, mientras las ano
. o Culder 3¢ Mo whrl pd La Garvige - g phws Lo not present
malias de Caldes de Montbui y La Garriga~Samalds no presenij?

- he pise  aramaly or 9 soa give valmes  onl =Ty h)
tan. ningan ruido anémalo o t?ien, dan valores solg ligera’fneyﬂ/—
Swperior fp Jhe misd (e especiatly b Ph ppnd p€ A He

‘te superiores a la medid, especialmente en la banda de 4 Hz.
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Las resStantes anomalias /conocidas podrian quedar perfecta
Spread wi dhin Phe hk grivvel 8 NP e anpralles

mente difuminadas dentro del fondo’de ruido anbmalo.
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3.6. VALORACION DE LOS RESULTADOS.
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pevs g}f& . _ 2
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del proyecto, lo desaconse jaron.  Ademéas, VlStaS las carac—
6¥ Fhe one ab Mary & deb¥ 4 pgh s
terlstlcas de la zona, el fondo antrbépico debe ser alto aun
hoprs  Hrin-gwi ) or duybrok ok Biled blooke kil ol
en horas tranfuilas de madrugada y se desconoce hasta que -
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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 Reference Desk. Consult the
Interlibrary Lloans (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 -
COS 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.
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SERVIGES

LEVEL THREE LIBRARY GUIDE 3-12 581-7702
WHEN A FAST COMPUTER SEARCH CAN HELP:

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 funded
research?

THE

SERVICE If the answer to these or similar questions is

"yes'", the Marriott Library COMPUTER-AIDED

REFERENCE SERVICES (C.A.R.S.) may be what you want.

Anyone needing a bibliographic search for a current

research topic has immediate access through the 1library

computer terminal to almost 200 databases covering most
subject areas. Many of the databases available correspond

directly to the printed index/abstracting services (e.g.,

Psychological Abstracts, E.R.I.C., FEngineering Index,

Chemical Abstracts, etc.).

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 nced for you
to search the literature manually.
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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,
many years of an index or abstract.
The computer-produced bibliography can be tailor

in a matter of seconds,

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 down 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 1life 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 1level). Most of the major abstracts and
indexes in the Library and many not found in the Library,
are searchable by computer.
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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 :
COMPUTER 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. FEach 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 engineeﬁng databases available for online searching in
the Marriott Library. The databases are arranged alphabetically by title 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 articles appearing in the Academic
American Encyclopedia, including the titles and texts of entries, 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 title, this database
provides names, addresses, and detailed biographical information on more than 130,500 preeminent U.S.
and Canadian scientists. Included are personal statistics, 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 statistical publications of
the U.S. Government. Publications with scientific and technical data are covered and include statistics
on population, economics, agricultural production, yield, prices, etc. 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, state,
regional, local, and trade 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 b10graph1ca1 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 titles of source books that provide complete biographical information on the
" person.
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BOOK REVIEW INDEX, 1969-présent, three updates per year.
DIS (137) :
! References ‘to ‘more than one million reviews of approximately 500,000 distinct book and
periodical titles 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 title 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) . : T
The online equivalent of the well-known Bowker indexes, this database offers timely access
to the book trade, providing information on books in print or about-to-be-published titles 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 updat‘es.
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 (CULP), current, monthly updates.
BRS ,
Produced by the California Library Authority for Systems and Services, CULP is a finding
list for periodicals and serials held by over 600 special, public, community college, private, academic,
state 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.

|
CAREER ITLACEMENT 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 PERSONI »JEL 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.
sSDC ‘

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 serial name changes, or identifying titles 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 committees and
subcommittees of the U.S Congress: Hearings, Committee 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 trade, prices, agronomic and cultural
aspects, processing technology, and physiological effects.

CONFERENCE PAPERS INDEX, l973-present, monthly updates.
BRS, DIS (77)

Over 1,000 major scientific and technical meetings held worldwide and over 100,000 papers
presented at 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, l976-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; committee and subcommittee
reports; public laws; schedules of committee 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 Internatxonal (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 estate,
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 part, 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 Cifice. It covers Congressional documents, Senate and House hearings on
private and public bills and laws, as well as documents from other government agencies and departments
on every major issue.

GPO PUBLICATIONS REFERENCE FILE, 197 1-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, state and local governments, commercial organizations, and associations in
over 88 academic disciplines. Its print counterparts are Grant Information System (GIS) and Faculty
Alert Bulletin,

LC/LINE, 1968-present (MARC), 1969-present (MET), weekly updates.
SDC

This file covers the monographic literature, 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/title) records created by 3-M Corporation, and covers English, French, German,
Portuguese and Spanish literature. MET records cover English-language records from 1968-date plus
Roman-alphabet and transliterated 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 biographical 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, blmonthly 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 prlmarlly 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, 197 5-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 Times, 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.
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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, state and local nature. Coverage is the same as the printed newspaper indexes.

NUC/CODES, curr.ent,‘ 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 literature of science, technology and medicme,
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 literature.

SSIE, 197 4-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 €arlier 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 characteristics 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 controlied
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 transmitted. 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.
sSDC

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, etc.

USPA/USP77/USP70, 1970-present, weekly updates.
SBC _ .

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 architectural engineering, distributors, plant engineering, transportation and materials
handling, medical equipment and supplies, construction and building products, electrical 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 John Wiley & 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 Agnculture, 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, l978-present, monthly updates.
DIS (44)

The publications Aguatic Sciences and Fisheries Abstracts; Part l: 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 abstracts, this file provides
comprehensive coverage of the literature 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 chemlstry, organic chemistry, physical and
analytlcal chemistry.
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CHEMICAL EXPOSURE, 1974-present, annual updates.
DIS (1338) :
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, state agricultural experiment stations, state forestry
schools, and other cooperating state 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; textiles 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
literature 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 literature 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 abstract 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
literature 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 literature 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 literature 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 abstracting journals.
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MEDLINE (MEDLARS), 1966-present, monthly updates.
BRS, DIS (152, 153,154)

Corresponds to the print Jndex Medicus, Index tc Dental Literature and the Internatmnal
Nursing Index and covers all types of medical sciences literature.

MEDOC, 1976-present, quarterly updates.
BRS

This file provides access to government documents in the health sciences.

NAL SERJALS, 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 information related to biotechnology and genetic engmeermg
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 literature on tropical and subtropical agriculture. Topics covered include crop production,
protection, processing, and storage; soils and fertilizers; plant nutrition; agricultural techniques; and -
sociological, economic, commercial, and statistical information. Also covered are such areas as animal
husbandry, iniand fisheries, forestry, human nutrition, and public health. Special attention is paid to
applied, local information of use to agricultural development workers.

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, pollution, and other water-related subjects.

ZOOLOGICAL RECORD, 1978-present, blmonthly .updates.

DIS (185)
Provides extensive coverage of the world's zoological literature 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 articles 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 literature. 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 literature of chemistry. Patents, books, conference proceedings and government
research reports are included. Subject divisions are: 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 abstracts of scientific and technical literature on all aspects of
chemical engineering. Mechanical, civil, electrical, and instrumentational areas of chemical engineering
are included. The database corresponds to the printed publication of the same title 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 articles
which cover the following chemical industry areas: production, pricing sales facilities, products and
processes, corporate activities, government activities, and people in the chemical industry.

CHEMICAL REGULATIONS AND GUIDELINES SYSTEM (CRGS), current file, monthly updates.
DIS (174)

CRGS is an authoritative index to U.S. federal regulatory material relating to the control
of chemical substances, covering federal statutes, 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, petrochemlcals, pharmaceuticals, and
transportation.
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CHEMLAW, current and final regulatlons, 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, processmg, 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 each 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 times 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 f{ile, 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 literature.

CLAIMS COMPOUND REGISTRY, 1950-present, annual updates.
DIS (242) :

This is a dictionary-type, non-biblicgraphic 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 terms.

COMPENDEX, 1970-present, monthly updates.
DIS (8), SDC

This machine-readable version of the Engineering Index provides information from the
world's significant literature 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 treatment; 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, [98[-present, monthly updates.
PIL '

This database contains information from the literature 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.

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 state studies,
thermodynamics and reaction kinetics.

*PAPERCHEM, |968-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
literature 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, |975-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 Jnitial 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. x '

*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
literature 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 X '

This {file gives summaries of the literature in electronic publishing and information
technology. In particular it covers the machine readable input, transmission, storage, and retrieval of
text and images as an alternative to the publication of printed documents.

*INSPEC, 1969-present, monthly updates.
BRS, DIS (12,13), SDC 4

The online INSPEC f{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 literature in physics, electrical 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 articles 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 critical review 1nformanon 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 literature of chemistry, including energy chemistry literature 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 s1gmf1cant literature 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, electric 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
material 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; alternative energy sources, power plants and transmission
systems; .and economic, political, environmental, and statistical aspects of energy-related issues and
activities.




-16-

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 electric power industry. Included are
approximately 8,500 research projects conducted by EPRI member utilities, EPRI contractors, and other
utilities. Major subject areas include hydroelectric power, fossil fuels, nuclear power, customer
utilization, general R & 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, 197 5-present, five updates per year.
SDC

Formerly called INFORUM, EPIA is produced by the Atomic Industrial Forum's technical
information service. Jt provides access to the literature on environmental aspects of new power plants
and related facilities. Literature covered includes technical reports and studies by electrical utilities
and consultants; reports prepared by Federal and state agencies, siting commissions, and control boards;
and selected journal articles, 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 quarter'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 contacts, and a narrative description of the organization's goals and activities.

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 EJA is responsible for collecting and
publishing statistical data on actual and projected energy resource reserves, energy productlon 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
literature in physics, electrical and electronics engineering. Journal articles, government reports,
patents, technical reports, books, conference proceedings, and theses are included.

ISMEC, 1973-present, monthly updates.
DIS (14) ~

ISMEC (Information Service in Mechanical Engineering) covers leading international
journals and conferences on mechanical engineering subjects, including mechanical, nuclear, electrical,
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, Platt's Oilgram 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
literature 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 abstracts of scientific and technical literature on all aspects of
chemical engineering. Mechanical; civil, electrical, and instrumentational areas of chemical engineering
are included. The database corresponds to the printed publication of the same title 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 Antarctic Bibliography and the
Bibliography on Cold Regions Science and Technology, provides coverage of areas affected by freezing
temperatures, as they related to such fields as civil engmeermg, 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 literature. 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 temperature 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 INTERNATIONALVSTANDARDS, active standards, bimonthly ubdates.
BRS C

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
Eiectronics Abstracts, Computer and Control Abstracts, and IT Focus and provides coverage of the
applied energy literature in physics, electrical and electronics engineering, journal articles, 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 literature on the science and
practice of metallurgy. Six basic categories of metallurgy are covered: materials, processes, properties,
products, forms and influencing factors. The print versions are: 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, l961-present, monthly updates.
DIS (1£8)

This database, which corresponds to; the printed BNF Non-Ferrous Metals Abstracts,
provides coverage of the international literature relevant to metallurgy; metal finishing, corrosion,
extraction, production, properties, fabrication, : uses, and processing; metallography; company
information; economics, analysis, and testing.

PIRA, 197 5-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 testing.

ROBOTICS INFORMATION, 1980 (1970) - present, monthly updates.
BRS

Th1s database offers coverage of Engllsh language and selected foreign literature on the
technical and business aspects of robotics.

SAE, 1965-present, quarterly updates.
SBbC : :
' 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 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.
*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.
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*WORLD TEXTILES, 1970—present, monthly updates.
DIS (67) ,

This is the >mach1ne-1-eadab1e version of World Textile Abstracts and indexes world -
literature 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 Cadmiurm 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 abstracts
journal WRC Information and additional supplementary material including conference papers and items
of specialized interest, Areas of subject interest include water resource development and management;
water quality and treatment; distribution and sewage systems; sludge disposal; groundwater pollution;
water monitoring, sampling, and analysis; environmental protection.

*ENVIROLINE, 197 -present, monthly updates.
BRS, DIS (40), SDC :

' Environment Abstracts is the printed title 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,. l974-present, bimonthly updates.
DIS (68)

The Env1ronmental Periodicals Bibliography is the printed version of this hle, which
'indexes over 150 periodicals to provide information about general human ecology, atmospheric studles,
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 literature
pertinent to the entire wood products mdustry, 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, l964—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

Thls is a multidisciplinary database providing information on the Pacific lslands in
Polynesia and Micronesia under U.S. jurisdiction. Primary topics are'the biological, ecological, phy51ca1
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, blmonthly updates.
BRS, DIS (41)

Pollution Abstracts is the printed pubhcatlon correspondmg 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 1ntemat1onal 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.
WATERNET, 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 admmlstratlon, etc.
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GEOSCIENCES -

*CHEMICAL ABSTRACTS 197 6-present, biweekly updates.
BRS, DIS (308,309,310,311 320), PIL, SDC '

This file corresponds to the prmted Chemical Abstracts and provides access to the
. technical literature for chemistry and chemical engineering, geochemistry and related fields.

GEOARCHIVE, 1974-present, monthly updates. %
DIS (58) T ‘
Geophysics, 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, Geoscxence Documentatxon, and the Bibliography of Vertebrate

Paleontologx !

GEOMECHANICS ABSTRACTS 1977-present bimonthly updates.
‘PIL

This database covers the published literature on rock mechanics, soil mechanics, and
engineering geology. - Corresponding to the printed publication of the same title, it covers such subjects

. as properties of rocks and soils, rock and soil masses, mining, tunnelling, support, slope stability,

comminution, rock and soil improvement techmques, site 1nvest1ganon, and laboratory and field tests.

Z QZ/M’ 4 yab/l-i-v\g
GEOREF, 1929-present, monthly updates. "T‘g W 39& /wu l/&/ki
Di(w):soc R o i S A

This geological reference database, produced by the American Geological Institute,
provides coverage of the literature in about 30 different geoscience areas, including extraterrestrial
‘geology, petrology, marine geology and geophy51cs. The file corfesponds 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); Blbhography of Theses in
Geology (1965- 66); and Blbhograohy 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 abstracts for the most important meteorological and geoastrophysical research
published in. worldwide literature  sources. The  subjects of physical oceanography,
hydrosphere/hydrology, environmental sciences, and glaciology are covered as well.

OCEANIC ABSTRACTS 1964-present, bimonthly updates.
DIS (28) _

" This database, as does its print counterpart, covers the literature of oceanography‘and
marine related subjects, mcludmg geology, pollution, meteorology, coastal resources, mlmng, and law
and regulatlons.
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HEALTH SCIENCES

ALCOHOL USE AND ABUSE 1968-present, monthiy updates.
BRS

This database provides an index to literature covering alcoholism and the effects of alcohol
on the body. It deals primarily with the evaluation of treatment, and chemically dependent female,
family therapy, and the MMPI, with minor emphasis on the elderly and the adolescent. No print
counterpart. o . .

DRUG INFO, 1968-present, monthly updates.

BRS

: The literature 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 lncludes the complete text of prominent reference works, textbooks, and journals in
" the flelds of emergency, mternal, and critical 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 l945-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 convulsmns as well as clinical diagnostic
and treatment information.

EXCERPTA MEDICA, 1974-present, weekly updates.
BRS, DIS (72,73,172, 173)

This file covers, as does the printed title, the biomedical hterature. Nursing, dentistry,
psychology, and the paramedical professions, such as podiatry and optometry, are excluded, but coverage
of articles 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 treatment; 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 Chio 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 title, covers information on the
pharmaceutical profession and the development and use of drugs. Coverage ranges from clinical,
practical and theoretical to the economic and scientific aspects of the literature.

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 literature, 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, [983-present, bimonthly updates.
DIS (218) _ A

: 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 mdustry 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 Letter.

POPULATION BIBLIOGRAPHY, 1966 -present, blmonthly 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
literature appear in PRE-MED within 10 days of their arrival in MEDLINE until 4-12 weeks following
their publication. The PRE-MED f{ile closes this 1nformanon gap. -

TELEGEN, 1973-present, monthly updates.
DIS(238)

This file provides access to information related to biotechnology and genetic engineering.
It corresponds 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, englneermg, nuclear science, science
and technology.

*CLAIMS/CLASS, current file, annual replacement.
DS (124) 1 L '

Intended for use in conjunction with the CLAIMS/CHEM and CLAIMS/U.S. PATENTS files,
this database is a classification code and the title 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—blbhographlc file containing records for specific chemical
compounds. Jt 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 terms.
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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 electrical patents issued since 1963, and all design patents issued since 1980. ,

*CLAIMS/U.S. PATENT ABSTRACTS WEEKLY, current month only, weekly updates.
DIS (125)

These databases contain chemical, electrical, mechanical, and de51gn patents announcedin
the Official gazette of the U.S. Patent Office. Foreign equivalents from Belgium, France, Great Britain,
West Germany, and the Netherlands are included.

*CLAIMS/U.S PATENT ABSTRACT:, l97l-present, monthly updates.
DIS (24,25)

*CLEMM)S/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 Gazette 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, [968-present, weekly updates.
PIL - Lo

: 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-‘pre_sent, semiannual u.pdates.
BRS : :
A companion file to PATSEARCH, this file is used to retrieve U.S. Patent Classification
Classes and Subclasses which appear together, or to determine what class and subclass codes have been
assigned to a parncuiar patent

*PATDATA, 197 5-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.
FIL

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, trademarks, copyrights, and unfair competition. PATLAW contains the USPQ cxtatlons 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 serv1ces
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 literature for chem1stry, 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 literature 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 apphed physics, is the machine-readable
counterpart of three abstracting journals: Physics Abstracts, Electrical and Electronics Abstracts and.
Computer and Control Abstracts. Journal articles 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 particle 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 state 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,
atomic 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

FOCODS 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 statistics. 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
literature 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 estimates, R & D sources sought, and advanced planning procurement
information for the engineered systems market. It covers fields such as aircraft, 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 literature 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 characteristics 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, etc.

*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 dlssertatlons 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 Magn.eto-telluric Method in Geothermal Exploration:

the M.T.-5-E.X.

Louis MusSE *

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 95406

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 rendérs 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 whatever the depths 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

e
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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.

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), THiIKONOV (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 ¢. If the harmonic
sheet flows along x, the components of the Hertz vector
Il (f) along y, z are nil. Furthermore, II (t) depends
only on z and on ¢.

where t is time.

And therefore the electric and magnetic fields are

The factor e7®* 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

42

Vil + 4a00ill, = 0 (1

In general, the electric field &(fjand magnetic field
A (t) are expressed by:

&ty = grad div I1 (5 — VAL .
2)
GO = 4no curl T1(f)

N

and in the present case by

E, = 4nooill, E, = E, =0 )
om, (3)
HY =. 43‘(0 az Hx = Hz = O g

As in this case E, is proportional to II;, we can choose
Ex as the Hertz vector, so that

8°E,
Y + 4now 1 E, = 0 2
4

_ i bE
== dz )

Owing to (4), Ex and Hy must be in the form

E. = Ae *V? 7 +Be /

. . ave 2 —avez
H, = e % V20T |—Ae . + Be

A and B representing two arbitrary constants and a
being defined as

a

a =2 —— (1 — i)
vV T

In the case of a half space the terms with positive
exponents equal zero, so we have

E, = Be aVe z )
(6)
a Cayes 8
Hy =Be' 4 25T e 2V° ?
At ground level (z = 0)
E, = B )
n o))
1= .
Hy = Be 4 V26T



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

s k/'n t/a,'f/ﬁ'

1
p P V10T

Layered half space

The half space now has to be considered as being
divided up into homogeneous layers by planes z; =

2’;=1 h; (where z = 0 is the ground level), h; is the
thickness of the j-th layer, while the thickness of the
deepest layer is assumed to be 0. By ¢ (j = 1,2, ...n)
we denote the conductivity of the media forming the
layer (oj = 61_)
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 E, and H:
at ground level

E, = Me '©

)

) i ( —:— — A
H, = 4/26T Ne
where M, N values and angles ¢, ¢ are suitably eval-
uated. ‘

Note that the phase shift of H, with respect to E,
s (ot
is (7 te—v)

The well-known relation is obtained for the appar- .
ent resistivity :

]
|

t
{

®)

Qa = Ql (W

However, we can agree that the modulus of the ratio '

is equal to — in which g, would be'
y . V'20,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

3
i

. 1
quantity g« = o is, by definition, the apparent con—l‘-
a .
ductivity, and !

E,
H,

0. =0.2T‘

The pratical units are as follows

| . ‘
p=_"is expressed in ohm - meter (Q m);

T, is expressed in seconds (s);

E., 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-

telluric signals, the modulus of the ratio%i

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

and the phase

ratio Ex
H,

value of the corresponding phase shift. Unfortunately,
as experience shows, the precision offered by any har-

for a given period T is sufficient to obtain the

Ex
monic analysis for obtaining moduli of the ratio N
Yy

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-

y
isfactory accuracy, particularly when noise affects re-

cordings.
//q
L. T. signals

hatever the

Loyt % M‘a/m 2 b, Fllonpl-
P= .Lﬁv’,‘é;—? = _/_- VPO?/,p
A |ay be, then
P =403 ’[/ “ y given lo-
ations with
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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

: *
iy = fle®, H({H = He™

it
<

, E(t) = Ee

in which 1 is real and positive. The time constant t 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

Vil — 279 @1 <o (11)
and
I, L
Hy = 4=no 35 H, = H, 0
2 (12)
E, = — —% q, E, = E, =0

'

Owing to our exponential solution scheme we
obtain

Ex=Aea‘/°Z+Be_a‘/°Z
— e z —av o 2
Hy= 2Vmor| — ae® ° % 4B U °

44

with
a=2YV<

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

i V=
L=

and

_2‘\,/12.2
e T

We find the resistivity in practical units

H;, = 2 Vase

) 2
g=0.4nt’f_l’

¥

while for the depth of penetration p one has

1
P_Q‘.T‘\IOQ\:

=-Z.1/—-;‘—7/’7= .g92 VR

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

Layered half space

- E, |2
0a= 04 nx [ H, ]

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 ¢ but function of the time constant
t. The same expressions are obtained (10) as in the
harmonic hypothesis, but E., E,, Hs, Hy, H;, 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 © be the
angle at the surface between the parallel OX’ to the



cylindrical or near-cylindrical structure axis and the OX
axis (Figure 1).

After rotation ©, we can write
E, = E,, cos ® — E,, sin ©

E, = E, sin ©® + E;, cos ©

0 ‘ X
®)
Yl
xl
Y
VZ
FiG. 1

and, by remembering (10), we obtain H,

H, = E, [géos O+ hsin O] + E, [Vlzcose —gsin@]

If the telluric sheet is parallel to the axis of the
cylinder, H, generally does not equal zero (except for
symmetrical cases which do not happen in nature) but
the contribution of E, equals zero. Consequently we
obtain

gsin ® = f cos 8

In other words, the direction of axis OX' is given by

tan 8 = . (13)
g

Knowing 8, as mentioned above, it is easy to com-
pute the various following apparent resistivities after
rotation of the axis. The direction given by © 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’)

E!’ 2 0 g‘.’ -+ h'! ]2
=04 nt H, = 04 nx ' —bh* + (d—a) gh

apparent transversal resistivity (along the axis OY")

Ey |2 e+ 2
= 04 ny ~

H, bg*—ch* + (d—a) gh

=04 m[

apparent longitudinal residual resistivity

E, ]2 g+ r 2
=04 nx H,. - 0.4 ax ag*+dh* + b+c) gh

apparent transversal residual resistivity

E, ]2 0 g+ h 2
=04 nv H, = 04 ar 2z’ +dk* — (b+o) gh

apparent vertical resistivity

E, |2 04 nt
H, g+ r

=04 :n:t{

Thus, the use of the quantitative variations of the
vertical magnetic component is very important since it
enables to determine the longitudinal direction ® 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 H, 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

d:i i cHAh
— Ly, = — )
LECdt + (ERC+L) iz +(R+8) | 3
(14)
with
X = NS
. = apparent permeability of the core;
N = number of turns of the coil;
S = surface of the mean turn of the coil.
R L R
UL ,—’mﬁ——"u JESEEAY
|
c | c ‘
[ ooy | S—— !
Fie. 2 FiG. 3

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=ti
the constant K of amplification being understood.

Instant ¢ being taken as time origin until which
i equals zero, we write

el Cted

E I is the Laplace transform of the tension E i, function
of time t. Now, | is expressed by
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(t=o)[ Lgc (ERC+L)} +rgc
_ d‘t—O)
l - —

Lo 3

- —— ¢H ¢
E /e T St dt
c
by taking
z = LtC {ERC+L R+

one has

Now, we go back to Maxwell’s equations to find out
: - :

the conditions under which expression Ie * is a Max-
well’s solution. Being any electromagnetic magnitude,

X should verlfy the equation

vex— 4% 2X _ (15)
) ot

being understood that X = (x, y, z, t).
Let’s consider the expression

LTl oy
= T T emerrenen
Y e [e Y d¢

The requirements for Y to be a solution of (15)
are now considered from

Loy [t
Y=Ct[—r—/e T Xdf —
s

X «=o>]

Thus
tog oot
V2Y=e‘[_;./ e TVXdi—V X'(t:o)]
.0

On the other hand

@
<
]
alo
d‘-\
T
(b 8
|
al~
(9
Ped
o
~



If one brings V?Y and

Y
37 into (15), the latter‘ be-

comes
Lot
e‘[?/ e TVXdt-VX,_g
°
-} __t-
SR
0 T 2
°
or briefly
t A
[V —=(o- 4z oX . _
e T [T’e "(V'X'—T W) d¢ -—V X(t=0) =0
‘o
47z X

The term V’X - —Q— 37

the integral symbol, equals zero by definition, since X
is an electromagnetic magnitude. In this particular case
it becomes necessary that

which is present under

or otherwise, since (15) must be verified, that

oX

L2 =0
St (t=0)

¢

In other words, the expression £ e * will be a Maxwell’s

solution, provided that ) is equal to zero.

X
ot (t=0

Besides, equation (14) gives the relation

. di d
(R +E) l(t==0) + a——t(tzo) ( ERC + Ly + LEC —d—t—,'- (t—0)
AU

Otherwise, if to the two conditions already expressed
above

dé
f=0) = 0 Ty O )
one adds (16)
d*{
e t=0)

¢

all the requested conditions are met and Ie © actually
is a solution of Maxwell’s equation (15) since then
aH

X
37 t=0) equals zero according to the conditiona—

If(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), H: (1),
respectively. Besides, the telluric recordings [Ex (t), and
E, (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.

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 Ei 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 (f),
by the following relation, with an approach at least
equal to 10— in the used spectrum

dsi di o

QE (B
ot

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 t considered is large

enough with respect to the time spacing_defined_by_the
sampling rate.

On the records six arbitrary instants t,, t,, t,, t,,
t,, ts, are selected: in practice it may be advantageous
to tic up the order of magnitude of the time intervals
.determined by the instant t;, to the considered 7. On
each component of the record, each instant f; cor-
responds to a sample labelled with an index n;. Five
arbitrary constants are then determined q,, a,, a,, a,, a;,
so that on each component X (¢} a relation of the follow-
ing type is verified.

Xt + a,X(t) + a,X(t) + a,X(t) + a X (2,

+ 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 f, as the
initial time, that is

Uity = X(t) + a, X(t+¢t) + a,X(t+12)

+ @, X(t+t) + a, X({E+L) + a, Xt+1) (18)

the function U (¢) =0 for t < ¢,

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

corresponding respectively to the samples expressed
above '

r, n, n, n, n; n

and are expressed by taking instant to, as initial time

Ui, U (t+ 1), Uit tt,), Ut+h), Ui+,
U, (t+ 1),

Let us now consider the instant set defined on
each component by the samples with the indexes

Riyy Moy Ry Ry Reyy R,

corresponding to instants that are respectively expres-
sed by

foprp Tty fogrp fopp fogpp fogyy

The five constants «, 8, v, 8, n are now introduced
in order to satisfy the following condition for each
component

U, ( ) + al,(t

oy, T BULIE

)+ yU, (¢

to,,H 0344 °4+1)

+ dU, (¢ + U4, ) =0

Ity =y

Now, by taking instant ¢, , as the initial time, we
construct a function of the following type for each
component

Y4 = U + al, (tt4) + U, £+ 4)

+ YU e+ 4) + 3U(t+8) + aU, e+ (19

Functions of type (19) equal zero for t<t, . . We

by by by by by b, shall call them « linear second order combination ».
SOUNDING 83 . C.N.R. - TRAVALE - ITALY - 3.7.1973
z < % o e
= < T e e < o
2 - £ e £ & £ S g & : & x =
P> Zz @ < = = ) < < 2 E 2> S 9
Z a o = @ & & o o <
& &
116, 6370. 11111 8000 —1 O 327 0. 105.7 156.4 10505.7 1421.1 3299 578 2826
116, 6370. 11111 701 —1 0 336 0. 904 135.1 18703.2 13415 296.5 48.6 2470
116, 6370. 11111 6.000 0 o0 334 0. 737 108.4 84484  1276.7 238.1 392 1979
238. 9550. 11111 5.000 0 0 346 0. 65.6 959 39315 3463.6 281.0 385 1817
238. 9550. 11111 4000 11 9 339 —1. 51.6 67.6 26453 12773 1811 29.0 126.6
235. 9550. 11111 3162 28 16 345 -1, 40.8 48.9 23205 25858 157.8 221 920
250. 9820. 11111 2.646 41 21 2.7 —1. 38.2 49.5 11923 22634 109.0 20.7 87.2
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SOUNDING 62 - C.N.R. - TRAVALE - ITALY - 1.7.1973

z < b4 § B
& < T 4 < x
2 w < g.o- z = = .C_:> [cf- (o) e g x [y
£ z 2 < g B 0 < < 2 = 2 Q o
z & z z b o o < < = &
e =, 2 z & S o S
ki & . p 5t o Gav. x & v, A
NG v \ov es, vas, Qu\ﬂ(t. C/NaL Q. T
228. 6041, 1 8000 —1 0 56.9 0. 453.1 489.5 107918.3  37573.7 1976.2 7109 3153
228. 6041, 11111 7.071 —1 0 56.4 0. 3824 405.4 52967.3 38051.5 1710.4 569.3 284.0
228. 6041, 11111 6000 —1 O 554 0. 299.1 314.7 56171.6 36962.5 13677 432.6 246.7
250. 6411. 11111 5.000 1 1 56.7 1. 2770 284.6 88086.7 531064 1126.4 356.9 220.6
249, 6401. 11111 4.000 9 6 56.7 1. 2049 211.3 31009.2 11293.0 820.0 2492 175.7
249, 6401. 11111 3.162 35 23 54.8 1. 160.0 164.7 16801.3 20508.0 689.0 183.9 143.8
250. 6691. 11111 2646 36 23 577 1. 1439 1524 88027 523174 500.6 204.5 1229
231. 6681, 11111 2.000 89 46 55.6 1. 125.6 131.1 118949 60343 460.1 - 1858 119.1

Provided that enough functions of the type U (f)
have been computed, it becomes possible at the outlet,
after some calculations, to obtain a function Q (¢) for
each component from a linear K-order combination.

We can then write
Q) = 0 for ¢t < to, 4+ Ky

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
tre
e‘fe Q4 de

[~

The following in practice may substitute the ex-
pression of the preceding type '

t o Lt=5T t
e‘j e T Q (¢ de

=

After having constructed enough sets of five solu-

tions of this type it becomes possible to operate sey-

eral statistical calculations. Threefore, we obtain the
longitudinal direction defined by the angle value « ® »
(13) and, after rotation of the axis, the various ap-
parent resistivities versus the time constant t 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

7= $900 e,

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 * 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 ® between the longitudinal direction and the OX
axis'in the coordinate system described above.

The column « SIGTH » shows the sign of THETA,
with respect to the OX axis: «1» indicates a positive
value; « —I1 » indicates a negative value; « 0 » indi-
cates indetermination of sign. The values of ® 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 apparen
vertical resistivities, which are defined on page ,%'{t&
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
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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 may

be obtained from them. In areas with geothermal anom-
alies, the computed longitudinal directions vary very

| little as a function of t 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 longltudmal 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 resistivities
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
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is a case of cylindrical symmetry. Sometimes, the values
of ROAVERT are also somewhat dispersed.
Only their order of magnitude is used. Small nu-

Elerical values of ROAVERT indicate the proxim@

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 1ast’seven years, In addition to numerous studies in the western
United States we have completed geophysical fje)d 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 geothérmaf 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 geophysiéal methods in sedimentary basins, volcanic areas and granitic

areas.



STATEMENT. OF WORK

The ESL/UURI will compliete 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
hajor computer data base files which are currently avaj]aﬁle. 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.

A comprehensivé bibliography will be compiled which will document the

relevant technical papers and reports resulting from the literature

. search described above.

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.

An evaluation of the spatial resolution, ambiquity, limitations, and
generq] éffectiveness of the various geophysical methods will be
completed and supported by technical discussions or references to the
published Titerature.

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

N

may be appropriate.

An exploration strategy will be developed (see attached example) for
three different geothermé] resource geologic occurrence models:
sedimentary basins, volcanic areas, and granitic areas. The exploration
strapegy will include a discussion and critique of method applicabililty

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, | ‘

A final report documenting method evaluations and applications and
exploration strategies for geothermal areas in Spain (in Spanish).
UURI will submit one copy each of approximately 15 technical reports
documenting geophysical work in geothermaT areas in the Uhited
States .in which UURI has been difect]y involved. These detailed
studies are not available in the published 1iteréture. /

UURI wili_submit on computer tape copies of three geophysical data
interpretation prograﬁs. 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



o BUDGET

The Earth Science Laboratory/UURI proposes to complete this project for
the fixed price cost of 2,312,000 pesetas. The principal cost items are

identified below:

Sélaries, Wages and Benefits : $13,280
Phillip M. Wright and/or 20 man-days.
Howard P. Ross
. Advanced geophysical student 32 man-days
Secretary ) days
Computer Bibliographical Search ‘ _ 220
Publications and Reproductions - 60
Total $13,560

Total 2,312,000 pesetas



LETTER OF TRANSMITTAL
December 19, 1984

The following items are submitted in partial fulfillment of the
deliverables required for the Geophysical Portion - Geothermal Study,
Instituto Geologico Y Minero De Espana.

Qutline of final report

Qutline of bibliographical report

Expanded project status report

ESL/?URI and UUGG geothermal exploration reports (18) (see attached
list

5. ESL/UURI geophysical computer program user guides and program
documentation (3) (see attached 1ist)
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SPAIN IGME - REPORT FORMAT

EXECUTIVE SUMMARY

INTRODUCT LON

GEOLOGIC OCCURRENCE OF GEOTHERMAL RESOURCES

A. Resource Types

Convective hydrothermal

. Geothermal gradient

. Deep sedimentary basin

Geopressured

. Radiogenic

. Hot-dry rock

Magma

B. worldw1de distribution of resource type (Tabulation and Map
presentation)

\lO\U‘l-b(»)Nr—l
o .

GEOTHERMAL RESOURCES OF SPAIN
A. Sedimentary Basins

B. Igneous Areas

" C. Vo]canic Areas

PHYSICAL PROPERTIES ASSOCIATED wITH GEOTHERMAL SYSTEMS
Dens1ty

Magnet1c Suscept1b111ty

Electrical Resistivity

Temperature

Fluid Flow

Seismic.velocity

Seismicity
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GEOPHYSICAL~METHODS APPLIED TO GEOTHERMAL EXPLORATION
(Description, applicability, critique)
1. Introduction
2. Thermal ‘Methods
3. Electrical Methods
a. Introduction
b. Magnetotelluric (and CSAMT)
c. Electrical resistivity
d. Electromagnetic soundings
e. Induced polarization
f. Self-potential
4, Seismic Methods
a. Introduction
b. Passive seismic
i) *Seismic emissions
i1).Microearthquake
Magnet1c methods
Gravity methods
Well logging
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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)

EXPLORATION STRATEGY FOR SPANISH RESOURCES - GEOPHYSICS
1. Introduction

2  Sedimentary Basins

3. Igneous Areas

4., Volcanic Areas -

5. Cost effectiveness of Geophysical Surveys
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SPAIN - IGME GEOPHYSICS IN GEOTHERMAL
Bibliographical Search

INTRODUCTION

PRINCIPAL LITERATURE SOURCES

A. Technical Journals

B. Published Reports and Open File Data
C. Computer based bibliographies - GEOREF
DISCUSSION AND CRITIQUE

KEY FINDINGS - SUMMARY
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Project Status Report

GEOPHYSICS IN GEOTHERMAL EXPLORATION

The bibliographic search of the GEOREF computer base has been completed.
More than 1200 1istings 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.

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. |

Chapters describing the geologic occurrence types'of geothermal resources:
are being prepared.

The project should be completed prior to January 25, 1985,

Hboare/ 7ot

Howard P. Ross
Section Head, Geophysics
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LIST OF REPORTS AND REPRINTS TRANSMITTED

Resistivity, Induced Polarization, and Self-Potential Methods in
Geothermal Exploration, by S. H. Ward and W. R. Sill1 (ESL-108).

Detection of Conductive Bodies in a Layered Earth Using the Magneoté]]uric
Method: Application to Silicic Magma Bodies, by G. A. Newman, P. E.
Wannamaker, and G. W. Hohmann (ESL-113).

Controlled Source Electromagnetic Methods in Geothermal Exploration, by
S. H. Ward (ESL-114).

Results of a Detailed Gravity Survey in the Alamosa Area, Alamosa County,
Colorado, by C. E. Mackelprang (ESL-126).

A Thermal Resistance Method for Computing Surface Heat and Subsurface
Temperatures with Application to the Uinta Basin of Northeastern Utah, by
D. S. Chapman and T. Keho (DOE/ID/12079-79).

Controlled-Source Audiomagnetotellurics in Geothermal Exploration, by
S. K. Sandberg and G. W. Hohmann (DOE/ID/12079-5).

Interpretation of a Dipole-Dipole Electrical Resistivity Survey, Colado
Geothermal Area, Pershing County, Nevada, by C. E. Mackelprang (ESL-41).

Thermal Studies at Roosevelt Hot Springs, Utah (and two accompanying heat
flow studies), by W. R. Wilson and D. S. Chapman (DOE/ID/12079-19).

Geophysical Investigations of the Baltazor Hot Springs Known Geothermal
Resource Area and the Painted Hills Thermal Area, Humboldt County, Nevada,
by R. K. Edquist (ESL-54).

Two-Dimensional Modeling Results of Telluric-Magnetotelluric Data from the
Tuscarora Area, Elko County, Nevada, by C. E. Mackelprang (ESL-63).

The Cove Fort-Sulphurdale KGRA - A Geologic and Geophysical Case Study, by
H. P. Ross, J. N. Moore, and 0.:D. Christensen (ESL-90).

The Effects of Regional Groundwater Flow on the Thermal Regime of a Basin,
by L. Smith and D. S. Chapman (DOE/ID/12079-65).

Self-Potential Effects Due to Hydrothermal Convection-Velocity
Crosscoupling, by W. R. Sill (DOE/ID/12079-68).

Documentation and Analysis of the Schlumberger Interactive 1-D Inversion
Program SLUMB, by S. Samberg (ET/27002-2).

Bipole-Dipole' Interpretation with Three-Dimensional Models (Including a
Field Study of Las Alturas, New Mexico) by G. W. Hohmann and G. R. Jiracek
(ESL-20).

Geophysical Study of the Monroe-Red Hill Geothermal System, by C. W. Mase,
D. S. Chapman, and S. H. Ward (ID0/76-1601-77-17).



17.

18.

Roosevelt Hot Springs Geothermal System, Utah - Case Study, by H. P. Ross,
D. L. Nielson, and J. N. Moore (Bull. AAPG reprint).

Exploratioﬁ Strategy for High-Temperature Hydrothermal Systems in Basin
and Range Province, by S. H. Ward, H. P. Ross, D. L. Nielson (Bull. AAPG
reprint).

COMPUTER PROGRAM DOCUMENTATION

Interactive Dipole-Dipole Resistivity and IP Modeling of Arbitrary Two-
Dimensional Structures (IP2D Users Guide and Documentation), by T. J.
Killpack and G. W. Hohmann (ESL-15).

GRAV2D: An Interactive 2-1/2 Dimensional Gravity Modeling Program (User's
Guide and Documentation for Rev. 1), by C. Nutter (ESL-42).

GM3D: Interactive Three-Dimensional Gravity and Magnetic Modeling Program
(GM3D Rev. 1 User's Guide), by J. Maurer and J. Atwood (ESL-44).

Note: Magnetic tape computer code for these programs will be transmitted in a

later shipment.
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USAGE OF GEOPHYSICAL METHODS IN GEOTHERMAL

by area/country and geologic occurrence type

Thermal Methods
1. Shallow Temp (0-6 m)
2. Thermal Gradient
3. Heat Flow
4, Infra-red

Electrical
Magnetotelluric (MT)
Audio MT (AMT)
CSAMT
Electromagnetic (shallow, mid-hi freq)
TDEM
Other EM
MT-5-€.%.
Electrical Resistivity
a) bipole-dipole (total field)
b) dipole-dipole
Schlumberger VES or profiles
pole-dipole
other arrays
induced polarization
self-potential

Magnetics
a) aeromagnetic

b) ground magnetics

QG —H@® QAo
e N e e

Gravity
Regional and general

Very detailed reservoir scale (0-10 km)

Seismic Methods
Active: Refraction
Reflection, deep (d > 1000 m)
Reflection, shallow (0 < d < 1000 m)

Passive: Regional earthquake data base
Microearthquake surveys
Seismic noise
Seismic emissions

Well Logging
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TOURS IN SPAIN

Madrid to Granada - 14 days .
Madrid to Toledo - | to 3 days

Madrid to Barcelona/ Andorra 2| days
Madrid to Valladolid - 4 to 5 days

Madrid to Valencla - 7 days

Madrid to Bilbao - 7 days s
Madrid to Santander - 7 days -

Madrid to Santiago de Compostela 7 days
Madrid to Badejoz - T days - 1=
Seville to Hielva-3days - = ™~
Palma to Alcudia/Manacor - 3 dayx

TOURS IN PORTUGAL

km 100 - Lisbon to Sintra - | to 2 days’
i — o Lisbon to Tomar - 2 to 3 days

mi oy 3 Lisbon to Evora - 4 to 5 dave

o Approximate distance
between towns in
kilometers

a Site or place of interest
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FOREWORD

This monograph details research and development of geotherpal
energy resources in the USSR, describes ge;logic 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 ! and 4 deal with where the geothermal
industry has come from, the problems it faces, and where it 1is going.
‘Chapters 2 and 3 detail the how and where of geothermal production, and
include estimates of reserves.

State~wide suppgrt 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 product;on 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 eﬁergy and its economic viability. Both were demonstrated. The

vi
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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 A,SCO apartments,
hot water for 300,000 people, heated 50 heétares 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 m3 of hot water. Steam production, which occurred
onl& at the Pauzhetka power station, was 250-300 thousand tons annually
in the period 1968-1980. Although they fell short of plan targets,

: 1
these figures represent but a fracsion of hypothetical Soviet thermal
and superheated water reserves. Estimates of hypothetical thermal water
reserves show ghe 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 mag;a soufrces because technology is insufficient. But -
then again, there exists no place in the world a technology for the
production of energy from HDR. Two Basic types of GWFs afe exploited:
stratal 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-
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

vii
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systems, wells are in the 40Q—600 m depth range, and special precautions
are taken during their construction. Geophysical techniques used in
fissure-vein exploration include DC electro-profiling (bilateral di-
polar), and correlative refractive wave profiling methods. In the US,
essentially ;imilar 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. Flo& tests on wells in the USSR are Varied but are
similar to U.S. techniques; these may last several days or moanths, and
Iideally 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 ente?’into calculations aime& at the 25-year forecast. These
analytical methods varyglittle 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, ére generally non-Darcian inflow behavior,
and their explorable reserves exceed natural discharge by a factor of 3
to more than 3Q. Well tests in fissure-veins systems usually last at

least a year to allow impact of the seasonal hydrologic cycle to be

seén.

Formulas for determining static and dynamic pressures from well-
heaé data, heat conductivity within the open borehole, and impact of
drawdown are presented. All of the evaluation methods presume a gushing

well production mode. Exploitation by pumping is currently economically

viii
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unféasible in the USSR, but studies are continuing with the aim of devel-
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 féund.

Geothermal resources are widely spread across the Soviet Union in
eleven geologic provinces. Structural, tectonic, and stratigraphic set-
-tings,dwell 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
eléctric energy per ton of water at 150°C.

Even so, geothermal electric plants are on the periphery of
expected Soviét enefgy production. Because:more 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 geothermal 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
déveloped an installation fof 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 géothermal
energy has been developed. Exploratory efforts for thermal water are
still carried out by two ministries: the Ministry of Geology and tﬁe
Ministry of the Gas Industry, while extraction and sale of thermal Qater
is conducted solely by the latter. Tﬁé lack of an independent organiza—.
tion hinders geothermal development and results in irregularities in

planning, distribution of resources, and allocation of materials and

equipment.

Robert G. LaFleur
Department of Geology
Rensselaer Polytechnic Institute’
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FIGURE 11

DISTRIBUTION OF PROMISING THERMAL WATER AREAS IN THE USSR

regions

Note: Numbers correspond to chapter III subsgections.

Source: Mavritskiy, B. F., et al. Resursy termal'nykh vod SSSR.
Moscow, Nedra, 1975.

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 circulétion 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 Talskiy é
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 Geothermal Waters

Thermal waters in the USSR are distributed in 1l 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
vt :

Tien Shan and the Pamirs in Central Asia.

A promising target for thermal water is the regionally distributed
Sarmatsko-Levantinian water-bearing complex (Miocene) in the Chop-
Mukachevskaya intermontane basin in Carpathia. Water—-bearing strata §
include terrigenous and pyroclastic fragmental rocks (gandstones,

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 i

flow iate of 545 1/s, and the thermal potential is estimated to be *
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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 df 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 géo]ogic

and tectonic settings.



PRINCIPAL LITERATURE SOURCES

A computer-aided Bib]iographic search was conducted using the GEOREF data
base of Dialog Information Services, Palo Alto, California. This search
resulted in an extensive listing of fechnica] 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 mdst
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 receng'listings.

The 200 additional referencés 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 permif a compiete reorganization of the reference |
material. Because of the awkward method of 1i$ting 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 pub]ished 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 meetihgs provide a greater wealth of information about
exploration techniques than do technical journals which tend to emphasize
theoretical advancements.

| Those referenceé 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 geophysicai surveys in areas where very
‘Tittle was known about the subiurface geology. Usually a limited suite of
geophysical methods were utilized and little driiling information was avail-
able to confirm the interpretation of the geophysical data. In many of these
articles, a development in a particular technique is i]lustratéd by the éppli-
cation of the technique in a geothermal area. Again, this type of aftic]e
rarely presents an fntegrated 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‘common1y used for geothermal exploration can be
divided into ten basic categories: passive seismic, active seismic, passive
e]ectrohagnetic, 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 énd are shown in Table II with their designafed
abbreviations and acronymns.

The geologic and tectonic settings of the geothermal areas that were
reviewed were divided into five basic types in Table IIl: rift valley, basin
and range, intrusive volcanic, extrusive volcanic and basin settings. Thé 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 geophyﬁica] 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 w?th
generally low- to moderate-temperature geothermal resources that are a resuit
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 generél category.

Information regarding the application of the geophysical methods in
various géo]ogic settings and temperature regimes iﬁ 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 1istings-
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-femperature classifications (L, M,
H), respectively. This classification is similar to the generally accepted
" temperature c]assif%cation 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), fhe 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
fs 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 methéds 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 forlthe

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 Qas 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: wutilization > 50%, 25% <
utilization < 50%, utilization < 25% and 0% uti]ization./ This summary (Table
VI) of the percent utilization of geophysical methods graphically delineates
those Qeophysica] methods pppular]y 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'artic1es 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 1ists 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 exp]ofation 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
aréas. Even so, there are 20 separate resource areas in the USA that are
listed in Table III.

Another observafion regarding this study is thét 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 stat%stical
findings of this study are obtained directly from Tab]es IV to VI and these
results will now be introducgd.

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 geoiogic settings because of deficiencies in the published
literature. These are referred to as the 'unclassified category' in Table
ITI. 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 eaéh
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 exfrusive 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
indiqa;ed 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 sétting‘contains the most documented resource
areas (47) as compared to fewer than 14 areas for each of the other four
settingsT

Tables V and VI are used to determine the most popular geophysical
methods for the different geologic settings and temperature regimeg. Table VI
ié 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%, Tow (< 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. fhé 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-



dipole, bipole-dipole and heat flow and TG methods
B and R: significant and moderate - all of the methods with the
| exception of geomagnetic soundings, CSAMT, HEP, SP and
BG (borehole geophysical) methods
IV: significant - gravimetric, magnetic, VES, and
temperature'gradient methods
moderate - reflection seismology, AMT, MT, dipole-
dipole and heat flow methods
EV: significant - gravimetric and VES methods
moderate - MEQ, reflection seismology, magnetic MT,
dipole-dipole, bipole-dipole, SP, heat flow, 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
popU]ar 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
gxtensive 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 aﬁ 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 ofiginal success of
the technique in outlining the boundaries of the Broadlands Fie]d; 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 Qeothermal 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 Sbrings and Raft River) and concluded that: a) none of
the varioﬁs 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 Qsefu] 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 reliéb]e
indicator of a high quality geothermal resdurce.

A variety of techniques, including CSMAT, VES, SP, gravimetric, magnetic,
CSFEM, dipole-dipole, bipole-dipole, heat fiow 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 elep-
trical resisfivity 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 thé western US for more detailed
studies. |

in the Olkaria area, shallow TG and dipole-dipole profiling provided the
most useful information and the bipole-dipo]e 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 invthe same area.

The existence of low resistivities ié’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 densfty that are associated with dense cap
rocks that form as a result of the hydrothermal activity. Horizontal electri-
cal profiling also delineated ]ow 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
therma1'manifestatiohs 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_Fie]d 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 ione (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)

(9)

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;

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; |

An average of 6 different geophysical methods were utilized in each
of the 88 resource areas;

An average of 5, 5 and 8 geophysical methods were used in low-,
moderate- and high-temperature resource areas, respectively;

The number of reported resource areas for a particular geologic
settfng increases with increasing resource temperature, excepf in
the case of basin geo]ogic settings;

Most of the reported geothermal areas worldwide occur within the
extrusive volcanic category;

The VES, gravimetric and TG methods are used in over half of all
resource areas and the heat flow, magnetic, MT, dipole-dipole
reflection séismo]ogy, MEQ, remote sensing and bibole—dipo]e are
used in 25% to 50% of all resource areas;

The least-popular documented methods are the CSAMT, IP, pole-dipole
and geomagnetic soundings which were used in less than 7% of the
areas;

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;

The performance of the various geophysical techniques are vefy
difficult to evaluate in the various geologic settings becauge of a
lack of comprehensive case studies in the 1iterature;‘

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; |

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, ﬁhe specific geologic model determines which
physical parameter has the best correlation with the geothermal

reservojr and has the highest signal-to-noise ratio.
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TABLE I

PRINCIPAL LITERATURE SOURCES
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Abbreviation

SN
MEQ
k

RFL
RFR

GRAV
MAG

AMT
MT
TEL
GEOM

CSAMT

TEM
CSFEM

VES
HEP
DD
BD
PD
IP
SP
RAD
HF -
STG
BG

RS

TABLE Il

Method

seismic noise
microearthquake
teleseism

reflection seismology
refraction seismology

gravimetric
magnetic

audiomagnetotelluric
magnetotelluric
telluric

geomagnetic sounding

controlled-source AMT

transient EM (time domain)

controlled source frequency
domain EM

vertical electrical soundings
horizontal electrical profiling
dipole-dipole (polar)
bipole-dipole

pole-dipole

induced polarization

self-potential

radiometric

heat flow

temperature gradient

shallow temperature gradient

borehole geophysics

remote sensing

GEOPHYSICAL METHODS APPLIED TO GEOTHERMAL EXPLORATION

bGeophysical Category

passive seismic

active seismic
potential .field

passive EM

active EM

electrical
resistivity

self-potential

rédioﬁetric

temperature
gradient

borehole geophysics

remote sensing
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TABLE IV

UTILIZATION OF GEOPHYSICAL METHODS BY GEOLOGIC OCCURRENCE AND RESOURCE TEMPERATURE

ROW
TOTALS

o

(%2 o

—

jm ol W N

x <t O

(4]

(4>}

(4]

(e oW

b

o

[aalm]

oo

o

> v

(87, N FEREE]

—w =

ONC E -

Cw O
- w
=

< =
=<
o<
o L

o L.

= uw O

(%2

RESOURCE

RESOURCES

o

(]

=

=
-
—
—
(4]
>
[~ 4

-

z

TEMP
LOW

OCCURRENCE

70

O—ANOC
OCOOWN
O O N W
— M — O
oM mMmO
[ NerReniap)
O—NO
0.000
OO oW
— NN <
— O MM
O — NP~
— MM~
OO —
O OO
OO0 O
OOOWN
O O NW
ONMO
OO O
— — QWO
— O\ O —
OO —M
- O QN —
OO =0

—.ON M N

OoOoOoOWNM

1

1
MOD 7
HI 5
SUBTOTAL

RIFT

VALLEY

-t <}

-t — N <

OoONANM

O~ M

O N

OO —~O

[e> N ev R a4

O e~ M <t

O =M~

O~

— - <

- — O\ QN

O =t = —

1o O —t e

O—0Om

O~ NW

— NN

— — O\ <

— —~ N

~— M

COCONM

O — NN

oo N<

Ot

O — WO

1

2

3
SUBTOTAL

LOW
MOD
HI

BASIN AND
RANGE

O NN
™
OO NN
oONO O
o OO ©

— < O WO

O .~
— O -t O
O OO~
OO~
O O N <
O — )
— oo~

—t M M AN

JO O N~

o O —~ O
O OO
o~ OO
OO oM
O =N
O — N WO
22.,26
— D N —
OO M
OO~ N

O - -

O~ O N

1

2

7

3
SUBTOTAL

LOW
MOD
HI

INTRUSIVE
- VOLCANIC

66

— ™M —

295

01 2 0 0 113
1 9 7 1 1 8104
21012 1 2 8178
2 32021 2 317

1

O~ w0~
OO =N
O e — —
O ™M O W

—

—~ w0 oM
—t

N — WD~
—
— O O M~
oM<t O
OO O
O - OO
O M WO <t

—

O <t O —
P
O WO W O
—

O < <+ <t
— N

— O D i
— =

— W O WO
—

2685

O — < 1D
~—t

O M AN Oy
T

0
2
7
47

i
19
24
SUBTOTAL

LOW
MOD
HI

EXTRUSIVE
VOLCANIC

— < 0O O
oL

51

N < W O
et O
‘o> Neaw e Jan)

O O O

M <+t O O
OO O~
o — O O
o O O O

OO

b~ — O —
O =t O W
f—t 0 —
et —t O —
o — O O
OO O N

0204

O T O <

ot O~
o —~ O N
O~ — D
= O

oO— O

IO 1 O

O = O

o O o

1

3

6

1
SUBTOTAL

LOW
MOD
HI

BASINS

o — o w0

oY O~

o—~o o

ﬁln/._ll.

1 0 58 1 0 251
10 32117 3 3 10208
10 516 19 4 3 13303

1 00
7 1 0
5 2 2

1

™ O 00
—

N WO —
Ot LO
NN
MO
i

O WO W
oo
o wn o
O 00 O
-t

— N~
4 =i
— Oy OO
<t Oy vt
LO M~ <t
— N
—~ O O
w0 O <
~— —
O N oo

— CO OO

1
4
12

11

41
36

LOW
MOD
HI

TOTAL

28 10 29 16 46 34 19 31 18 5 112 16 52 19 29 23 3 221 8 42 44 '8 6 25562

17

- 88

COLUMN TOTALS



TABLE V

PERCENT UTILIZATION OF GEOPHYSICAL METHODS BY GEOLOGIC OCCURRENCE AND RESOURCE TEMPERATURE
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TABLE VI

SUMMARY OF THE PERCENT UTILIZATION OF GEOPHYSICAL METHODS BY GEOLOGIC OCCURRENCE AND RESOURCE TEMPERATURE
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TABLE VII

LOCATION

ALGERIA
AUSTRALIA
BRAZIL
CANADA
CARIBBEAN SEA .
CHILE

CHINA

COSTA RICA
CZECHOSLAVAKIA
DENMARK
EAST GERMANY
EGYPT -
EL SALVADOR
ENGLAND
ETHIOPIA
FIJ1

FRANCE
GREECE
HUNGARY
ICELAND
INDIA
INDONESIA
IRAQ
ISRAEL
ITALY

JAPAN

KENYA
MEXICO -

NEW GUINEA
NEW ZEALAND
NICARAGUA
PERU
PHILIPPINES
PORTUGAL

REPUBLIC OF DJIBO

ROMANIA
SPAIN
SWITZERLAND
TATWAN
THAILAND
TURKEY
UGANDA

USA

USSR

WEST GERMANY

YEMEN ARAB REPUBLIC - .

YUGOSLAVIA

uTI

HFOPNWHFARNEFEROONNEN

~ DISTRIBUTION 0? ARTICLES AS A FUNCTION OF COUNTRY

NN N W
O

—
o

O
o



) -0“,5

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
"TCELAND 13 2

NEW ZEALAND 12 2
ELSEWHERE 113 20
TOTAL 575 100

* Based on the GEOREF b1b11ography and the articles from Geoe]ectrlc and
Geothermal Studies (Adams, 1976).
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