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El campo geotermico de Los Azufres representa 
para el estado actual de Mexico el segundo campo de desarro
llo, debido a ello se han hecho necesarios estudios mas deta 
llados para conocer el modelo conceptual de este. Se"reali
zaron estudios en areas bien precisadas que ayudaron a efec
tuar observaciones en el basamento relative y cubierta. 
Ellas fueron: Tzitzio, Sierra de Santa Ines, Tlalpujahua, Cd. 
Hidalgo-Zitacuaro y Cuitzeo, de este ultimo se obtuvieron da_ 
tos trascendentales en la evolucion estructural. 

Basamento geologico 

Se emplea el termino de basamento relative de 
bido a que a pesar de constituir el basamento del campo geo
termico de Los Azufres, la posicion actual de este, se debe 
aun proceso de aloctonia (Campa et al., 1975; Tardy M. 1981; 
Campa y Coney 1981; Israde y Martinez, 1986, etc.). Este ba 
samento aflora en tres de los sectores estudiados: Tzitzio, 
Tlalpujahua y Zitacuaro. 

Basamento relative de Tzitzio 

Se compone de una secuencia sedimentaria te-
rrigena metamorfizada a veces afectada por metamorfismo de 
contacto. El protolito de esta secuencia corresponde a un 
paquete tipo flysch intensamente deformado, y petrografica
mente corresponde a un metamorfismo a facies de esquistos -
verdes y clase quxmica cuarzo feldespatica, evidenciando ade 
mas metamorfismo regional. "" 

Basamento relative de Tlalpujahua-Zitacuare 

Corresponde a una secuencia vulcano-sedimenta 
ria metamorfizada, dentro de la cual se pueden observar pro
ductos andesiticos en forma de derrames o bien ferman(3o "Pi
llow-lavas", "calcoesquistos, intrusives y rocas terrigenas -
con influencia volcanica metamorfizadas. Este paquete co
rresponde a la secuencia granitizada y metamorfizada prove
niente de las zonas internas. 



Este basamente relative contiene una cubierta 
sedimentaria, mesozoica y/o terciaria. El paquete mesozoico 
se constituye en su base por una secuencia volcanico se(3imen 
taria de edad neecomiense y que pasa progresivajnente a una -
alternancia sedimentaria donde se desarrollan bancos de cali. 
zas del Albiano-Cenomaniano. 

Cen las edades obtenidas por Israde y Marti
nez (1986) y por las Amenitas reportadas por Camta et al•, 
197U; la secuencia del basamente relative se le asigna una 
edad Jurasico Tardio-Neocomiano. 

En el sector de Zitacuaro^Israde y Martinez -
(op. cit.) reportan un intrusive dieritice que puede relacio 
narse con el magmatismo del Cretacico Medio-Inferior? 

Capas Rojas (Molasas) Pest-Cenomanianas 

En los tres sectores donde aflora el basamen
to relative se encontraron descansando sobre este, una serie 
de Capas Rojas, que reposan siempre en forma discordante so
bre las unidades del Cretacico-Jurasico. En Tlalpujahua las 
molasas sole estan representadas por un paquete muy "timido" 
de elias; ne asi, en las areas de Zitacuaro y Tzitzio (Fig. 

). 
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En el area de Zitacuaro dentro de los clastos 
de las Capas Rojas, se encontraron fragmentos del intrusive 
dioritico datado del Cretacico Medio. En Tzitzio, en fragmen 
tos de caliza del conglomerado somital se encontro fauna del 



Albiano-Cenomaniano. Por le anterior se ha considerado que 
la edad de las Capas Rojas es del Pest-Cenomaniano. El esp£ 
ser de las molasas no fue nunca superior a les 500 m. Ade
mas, hacia el norte su espesor es muy reducido y tienden .a -
ser mas arcillosas. 

Complejos Volcanicos Terciarios 

Sebreyaciendo a las rocas mesozoicas y a las 
molasas Post-Cenomanianas, se encuentra un paquete andesiti
co cuya base se compone de eonglomerados, brechas y derrames, 
ellos descansan en discordancia angular sobre las Capas Ro
jas. Este paquete andesitico se considera come la prelenga-
cion del magmatismo de la Sierra Madre Occidental hacia el -
oriente, la cual tiene una migracion en espacio y tiempo que 
la hace mas joven hacia el oriente. 

En el sector de Tzitzio se encontro un derra
me que se corrio sobre las Capas Rojas y que fue datada del 
Miocene Inferior (20 m.a.). Este paquete andesitico fue di
vidido en dos secuencias; la inferior, constituida de bre
chas, derrames, tobas y eonglomerados de cemposicion andesi
tica y la superior, de la misma cemposicion pero de caracter 
mas acido. 

El espesor de ambas llega a sobrepasar los -
3,000 metres y su edad se queda dentro del Miocene, es de
cir, de 20 a 5 m.a. 

Entre 4 y 3 m.a., se detecto un hiatus volca
nico que separa el magmatismo de la Sierra Madre Occidental 
(S.M.O.) y del Cinturon Vulcano Mexicano (C.V.M.). Este -
hiatus se hace mas antiguo al occidente y mas joven hacia el 
oriente. 

Vulcanismo del Cinturon Vulcano Mexicano 

En el sector de estudio este fenomeno se en
cuentra concentrado dentro de la Caldera de Les Azufres y el 
colapso de Cd. Hidalgo. Ellos'instalados en la intersecdon 



de dos sistemas estructurales regionales NW-SE y E-W, 

Caldera de Los Azufres 

La estructura de la caldera fue propuesta por 
vez primera por Robin y Pradal (1985), de la cual, per sus -
consideraciones la clasifican del tipo resurgente. Per otro 
lado Pasquare (1986) tambien apoya la idea de esta caldera, 
solo que con geometria y edad diferente. 

Durante el desarrollo de este trabajo se con
cluyo que dicha caldera es de edad pleistocenica, ne resur
gente y cuyo borde sur se enmascara por el sistema de fallas 
regionales activas E-W. 

Los eventos volcanicos que podemos separar -
son los siguientes: 

Vulcanismo de volcanes y macizos andesiticos 
que van de 1 a 3 m.a. 

Vulcanismo ante-caldera: Representado per de
mos rioliticos de Zinapecuaro y Agua -
Fria, cuya edad varia entre 1.6 y 1 -
m.a. 

Abombamiente, explosion de ignimbritas, cola^ 
so y depdsito de lacustres: Elevacion 
de los productos lacustres del colapso 
de Cd. Hidalgo y salida de las ignim
britas de Santa Ines y Maravatie tipo 
plineane. 

Vulcanismo post-caldera: Domos daciticos y -
rioliticos con edades menores a 1 m.a. 
y que llegan hasta 28 mil anos (Dome 
El Guangoche). Flujos plinianos acerripa 
han el nacimiente de estos domes. 

Contemporanees a los ultimos domes rioliticos 
(La Yerbabuena, Carpintero, Guangoche, etc.) se produce un -
vulcanismo de tipo basico que da lugar a cones cineriticos y 



compuestos con explosiones vulcanianas. Estos aparatos son 
gobernados por los principales sistemas de fallamiento qiie -
afectan al basamento. 

Al sur de la Caldera de Los Azufres de edad -
pleistocenica, se encuentra el Colapso de Cd. Hidalgo donde 
se instala el domo riolitieo mas joven de los existentes en 
este sector. Este colapso se relaciona cen las ignimbritas 
que afloran en Mil Cumbres y que fueron cortadas en les po
zes de Los Azufres debajo de los mil metros sobre el nivel 
del mar. Este paquete explosive se considera del Plioceno y 
se encuentra descansando sobre el Complejo Volcanico Supe- -
rior (5 m.a.) en forma discordante. 

Geologia Estructural 

Los estudies efectuados en relacion a este te 
ma solo han tenido un enfeque local que ha evitade tener un 
conocimiento regional de evolucion y formacidn de fracturas. 
Son tres los sistemas principales, del mas antiguo al mas re 
ciente: 

Sistemas de Cuencas y Sierras NNW-SSE y NW-SE 

Este sistema es el que provoca el Graben de -
Cd. Hidalgo y los bloques escalonados de Mil Cumbres. En el 
Graben de Cd. Hidalgo se alinean una serie de aparatos volca 
nicos obedeciendo a esta direccion. Algunas de estas estru£ 
turas, en el sector de Tzitzio, se encuentran afectando al -
pliegue de fondo con movimiento de tipo lateral dereche. 

Dentro del campo geotermico de Les Azufres es_ 
te sistema afecta a las andesitas de'1 a 3 m.a. y eventual
mente a les domos rioliticos de Agua Fria. Este fenomeno se 
erigina debido a que las estructuras antiguas sen reactiva-
das cuando se generan las fallas NE-SW y E-W. 

La edad de nacimiente de- este sistema corres
ponde al Mioceno y Pliocene Inferior. i 



Sistema NE-SW 

Se encuentra muy marcado en el sector del La
go de Cuitzee provocando un escalonamiento hacia el NW. Es
te mismo sistema da lugar a el Corredor Tarasco donde se em
plaza el vulcanismo cuaternario de Michoacan y Guanajuato. -
El fracturamiento de este se encontro cuande se realizo el -
analisis estructural del campo geotermico. 

En Cuitzeo las fallas conjugadas otorgaron -
una compenente lateral izquierda, que fue corroborada con a.1̂  
gunas fallas que afectan a lacustres e ignimbritas. 

Sistema E-W 

Es el sistema de fallas mas importante que go 
gierna las estructuras y que provoca un minimo regional gra
vimetrico con esta direccion. 

El borde sur de la Caldera de Les Azufres y -
el borde norte del Colapso de Cd. Hidalgo, se encuentran seg 
mentados, provocando que ambas estructuras sean enmascaradas. 
Dentro del campo de Les Azufres el sistema E-W es el que ge-
bierna el termalismo, el cual tiene una direccion E-W y un -
posible sentido del oeste hacia el este. 

Los mecanismos focales de este sistema, el pa 
leemagnetisme y las microestructuras traducen tambien un mo
vimiento lateral izquierdo que parece ser heredado de les -
primeros movimientos de las microplacas actuantes. 

La fase distensiva que erigina a estas estru£ 
turas no pudo quedar ajena a las estructuras antiguas, por -
ello, estas rejuegan con esta tectonica y afectan al paquete 
cuaternario, llegando hasta dividir en dos a los aparatos an 
desiticos. 

Al oeste y este dela caldera existen alinea
mientos de aparatos de afinidad basaltica que guardan 
reccion de las estructuras mayores E-W 

la di-



Condicienes de Yacimiento 

Los estudios realizados revelan que el yaci
miento se encuentra aiejado en un medio donde se combinan • 
las siguientes caracteristicas fisicas: 

Contactos de coiadas (discordancias) 

Niveles de brechas. 

Diaclasado. 

Fracturamiento y 

Matriz 

Esto provoca la presencia de un yacimiento -
con permeabilidad que puede ser superior al 12%. No asi, -
en los casos en que la alteracion intervenga. 

El yacimiento se localiza en el Compleje Vol
canico de Sierra Madre Occidental con una edad que puede ir 
desde los 20 a los 5 m.a. Con un espesor de mas de 3,000 m 
y que en los pozos Az-20 y Az-44 estuvieron a punte de atra
vesar. 

El sistema estructural E-W controla el compor 
tamiente del flujo geotermico. Los estudios de Geofisica, -
Geoquimica, Minerales de alteracion y vulcanologico revelan 
que este tiene dos posibles caminos de circulacion del oeste 
hacia el este y del norte al sur o del sureste al noroeste, 
cen un area de descarga en la zona norte (Az-4) y en la zona 
sur (Az- ) ayudados por las fallas Maritaro y Agua Fria re£ 
pectivamente y les sistemas antiguos NW-SE. 

El yacimiento geotermico es producto de la ca 
mara magmatica de la Caldera de Los Azufres, que aprovecha -
las zonas'debiles del occidente del campo; permitiendo el em 
plazamiente de los ultimos domes rioliticos y en fin, aprove 
chande las fallas E-W y NW-SE, el fluje y descarga del yaci
miento. 
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GERENCIA DE PROYECTOS GEOTERMOELECTRICOS 
SUBGERENCIA DE ESTUDIOS GEOTERMICOS 

TAREA 1 : GEOLOGIA 

1 . 1 GEOLOGIA 

QUE SE ESPERABA PARA LA 4a. REUNION: 

Haber terminado el levantamiento geologico regional. 
Haber terminado el modelo conceptual del campo. 
Tener dataciones de algunas unidades en el campo y sus 
alrededores. 
Contar con los resultados de UURI relacionados con los 
analisis de elementos y tierras raras constituyentes de 
las rocas del subsuelo muestreadas en pozos. 
Haber iniciado parte del reporte preliminar. 
Tener la carta geologica actualizada. 

QUE SE HIZO:. 

Se termino el levantamiento geologico regional incluyen
do el reporte correspondiente.' 
Se elaboro la carta geologica actualizada del campo. 
Se termino el modelo conceptual del campo. 
Se obtuvo parte de la informacion de geoquimica de rocas 
(pozos AZ-28, AZ-48 y AZ-51), por UURI. 
Se obtuvieron las dataciones de rocas, por UURI. 
Se inicio la elaboracion del reporte preliminar. 

QUE SE PRETENDE PARA LA PROXIMA REUNION: 

Tener la' tarea completa integrada. en un reporte. 

1.2 INTERACCION AGUA-ROCA 

QUE SE ESPERABA PARA LA PROXIMA REUNION: 

Haber identificado los minerales secundarios en muestras 
de tres pozos. 
La identificacion de venas de minerales y su relacion --
con las temperaturas. 
Haber identificado en inclusiones fluidas las temperatu
ras de formacion y el contenido salino en las mismas pa
ra tres pozos. 



GERENCIA OE PROYECTOS GEOTERMOELECTRICOS 
SUBGERENCIA DE ESTUDIOS GEOTERMICOS 

Cfcjmparar e integrar en el estudio los datos de minerales 
secundarios e inclusiones fluidas, obtenidos previamente 
por el IIE para la CFE. 

QUE SE HIZO: 

Se efectuaron los estudios de inclusiones fluidas en las 
muestras de los tres pozos, obteniendose las temperatu--
ras de formacion y contenido salino. 
Se inicio la comparacion de las temperaturas de forma 
cion en inclusiones fluidas y las actuales calculadas en 
los pozos. 
Se inicio la interpretacion del modelo de flujo hidrote£ 
mal en el campo, tomando en cuenta cuatro pozos (AZ-28, 
AZ-48, AZ-51 y AZ-3). 
Se inicio el informe. 

QUE SE PRETENDE PARA LA PROXIMA REUNION: 

Haber terminado los estudios y tener integrado el repor
te final. 



OCRCNCIA o e pnOYECTbS eEOTERMOeUECTBlCOS 
SUBGERENCIA DE ESTUDIOS OEOTEPMICOS 

TAREA 2 ; GEOFISICA 

2.1 INTERPRETACION DE DATOS GEOFISICOS.. 

(P.Wri ght (UURI), F.AP e1lano y G.Ga rei a E.(CFE) 
(antes O.Campos E-) 

QUE SÊ  ESPERABA PARA LA 4a. REUNION: 

1.1 En base al modelado bidimensional, sin cOxr.ecc'ion, :t_op_pgr:aif-̂  
ca5 de dos lineas E-W y una N-S, haber procesado los datos 
de resistividad en UURI con programas" de dicho instituto. 
Esta se iba a realizar en la visita programada en mayo de 
1988 a- Salt Lake City. 

1.2 En base a los resultados, hacer una interpretacion estruc
tural y tener el reporte preliminar.. 

QUE SE HIZO: 

Debido a que el personal de CFE encargado de la tarea (0-
Carapos) salio de la institucion y por falta de tiempo, el 
procesado de la informacion de resistividad en UURI no se 
realizd durante la visita que llevo a cabo el personal de 
la CFE a UURI en el mes de agosto ppdo.. 

Sin embargo si obtuyo de UURI copia del programa para el -
procesado en 2 dimensiones de los datos de resistividad --
con correccipn topografica, no fue posible obtener el de 3 
dimensiones. 

QUE SE PRETENDE PARA LA 5a.REUNION EN MARZO: 

Con el Software puesto a disposieion de la CFE y el proce-
,:sado de interpretacion preliminar bidimensional de tres li_ 
ne'as de resistividad en Los Azufres, se pretende que pre--
via adaptacion de los programas en la coraputadora de la --
GFE, procesar nueyamente los resultados, efectuar una in--
terpretacdon estructural del campo y tener el informe a --
tiempo para su impresion antes de la proxima reunion en 
marzo de 19:88. 



GERENCIA OE PROYECTOS GEOTERMOELECTRICOS 
SUBGERENCIA DE ESTUDIOS GEOTERMICOS " 
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2.2. VUELO AEROMAGNETICO. 

(P.Wright UURI),.G.Garcia y F.Arellano (CFE) 

QUE SE ESPERABA PARA LA 4a. REUNION: 

Haber realizado un vuelo aeromagnetico bajo con helicog 
tero de CFE y un vuelo aeromagnetico alto en avioneta. 

Tener el procesado de los vuelos, haber realizado su in̂  
terpretacion preliminar y tener un reporte tambien pre
liminar. 

QUE SE HIZO: 

Del 4 al 9 de mayo se efectuo el vuelo aeromagnetico b£ 
jo, utilizando un helicoptero de CFE. volando. a una altu, 
ra promedio de 70 m, en 47 lineas de orientacion N45W y 
5 lineas E-W, con las que se cubrio un area de 72 Km2. 

Del 10 al l6 de mayo se efectuo el vuelo alto, a una al_ 
tura promedio sobre el nivel del mar de 3,500 m, levan-

• tandose 34 lineas N-S y 3 lineas E-W, para cubrir una -
superficie de 2,000 Km2. 

CON ELLOS SE OBTUVO Y ENTREGO A UURI: 

Los registros magneticos originales. 
Las cintas de video para el control de las lineas aero-
magneticas. 
Un fotomosaico con las lineas del vuelo bajo. 
Un fotomapa con las lineas programadas para el vuelo b£ 
jo (Escala 1:10,000). 
Un mapa base a escala 1:50,000 del area del vuelo a^lto. 
Copias de los registros de campo con las variaciones — 
del campo magnetico monitoreado en Los Azufres entre el 
19 de abril y el 26 de mayo de 1988. 
Una copia del reporte del levantamiento de susceptibili^ 
dad magnetica en 23 sitios de Los Azufres y de las mues^ 
tras de canal de 2 pozos. 
Cuatro hojas topograficas a escala'1:10,000. 
Un piano topografico a escala 1:20,000. 



O EH EN CIA DE PROYECTOS GEOTeRMOELECTRICOS 
SUBGERENCIA DE ESTUOIOS aEOTEBMICOS 

CON LA INFORMACION DE LOS VUELOS AEROMAGNETICOS, DE LOS 
CUALES RETUVO COPIA LA CFE, SE EFECTUO: 

El trazado de lineas y ubicacion de estaciones de los -
Vuelos bajo y alto, para su analisis y comparacion con 
el trabajo realizado por UURI en Salt Lake City. 

DURANTE LA VTSISTA DE PERSONAL DE LA CFE A UURI EN EL -
MES DE AGOSTO PPDO." SE EFECTUO^ 

La comparacion de los pianos eon las lineas de vuelo y 
se hicieron algunas rectificaciories de tra'yectorias. 
Se acordo que en la 43- ReuniGn CFE presentaria una ve£ 
sion def in it-iva del piano con las trayectorias y esta — 
clones del vuelo bajo. Para despues de. octubre. se en--
tregara la del vuelo alto. 
CFE r.^cibip varios programas para pro.cesados de datos -
magnet.icos, gravimetricos y magnetoteluricos. Posterior 
niente UURI .enyio mas informacion de datos aeromagneticos 
grabaidos en cinta. 

QUE SE ESPERA PARA LA PROXIMA REUNION: 

Completar el procesado de. los datos de campo, realizar -
los pianos de anomalias magneticas, interpretar y elabo
rar el reporte final. 
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GERENCIA DE PROYECTOS OCOTERMOELCCTRlCOS 
SUBeERENCIA DE ESTUDIOS GEOTERMICOS _ 

TAREA 9 : INTERCAMBIO DE INFORMACION 

9.1 LEVANTAMIENTO DE POTENCIAL NATURAL EN GERRO PRIETO 

QUE SE ESPERABA PARA LA'4a. REUNION: 

Presentar un rieporte del levantamiento de SP en Cerro 
Prieto. 

QUE SE HIZO: 

Se efectuo el levantamiento de 95 Km lineales distribui
dos en 7 lineas, que deberah ser las mismas del levanta
miento de CorWih en 1978. 

•J 

Se elaboro un reporte preliminar con los datos de campo, 
sefialando las diferencias con respecto, al levantamiento 
previo. 

Q.UE SE PRETENDE PARA LA PROXIMA REUNION: 

Revisar los datos de campo, configurar las lineas de SP, 
de contar cori un modelo, intentar el modelado del campo, 
correlacionar los datos Con la infarmacion geologica y -
geotermica, interpretar y elaborar el informe final. 



Dear Berardo, 

The files writ-fceifi on this tape Are the high and 
low altitude magnetic files from the VHS tapes. The first six 
files Are: named HIGH#.DflT, the # refers to the tape numbers 1 thru 
6. The next three files a r e the low survey and are named LOW#. DfiT, 
whei-e # at-^s. tape numbers 1 thru 3. The tape was written on a PRIME 
S&55, supermirii computer, the tape is formated as fiSCIIj 1600 tapi, 
with riG blocking. The record length is variable for each file, 
arid the following table should be used to read each file 
on the tape. 

HIGHl 
HIGHE 
HIGH3 
HIGH4 
HI6H5 
HIGH6 

LOWI. 
LO.W£. 
LaW3. 

.DAT 

.DfiT 

.DAT 

.DAT 

.DAT 

. DAT 

DAT 
DAT 
DAT 

CORD LENGTH 
lEl 
1S7 
96 
65 
96 
46 

144 
145 
144 

I hope that you can read this tape, if not, 
I have sent along the hardcopies from each tape 
titled with the same names as those on the tape. 
Thank you for your patience, airtd it was a pleasure 
w or king with you and your co1 leagues this past week. 

Sincerely, 

R. Douglas Ramsey 
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F i l e l a s t m o d i f i e d : 8 8 - 0 9 - 0 2 . 1 1 : 5 6 ; 4 0 . F r i 

Spbo1ed; 8 8 ~ 0 9 - 0 S . 1 2 : £ 7 : 0 8 . F r i 
S t a r t e d : Q 8 - 0 g ~ 0 £ . 1 2 : £ 7 : 0 6 . F r i 

I S p o D l e r r e v 19 .4 .53 
o n : AMLC b y : PR0 



D,K, 

a 
OK, 
magnet 
[MAGNET Rev, 13.4.5 Copyright (c) Prime Computer, Inc. 19853 
•) w. 

MTU # " 0 
File # = 1 
Logical record length - 121 
Blocking factor = 1 
RSCII, EBCDIC, BCD or BINARY? a 
Pisk file: highl.dat 

name 
name 
name 
name 

$DUMMYE 
^DUMMVE 
$DUMMY1 
SDUMMYl 

1001 
1001 
1001 

Object 
Object 
Object 
Object 

> w 
MTU # == 
File # = a 
Logical record 
Blocking factor = 1 
PSCII, EBCDIC, BCD or BINARY? a 
Disk file: high2..dat 

Operat ion complete. 
Logical records read. 
Physical blocks writtei:i. 
Logical records written. 

0 

length = 157 

$DUMMY2 
* D U M M Y S 

*DUMMY1 
$ D U M M Y 1 

length = 95 

BINARY? a 

Object name = 
Object name = 
Object name = 
Object name = 
> w 
MTU # = 0 
File # = 3 
Log ical record 
Blocking factor = 1 
ASCII, EBCDIC, BCD or 
Disk file: high3'.,dat 
Object name = $DUMMY2 
Object name = «DUMMY2 
Object name = $DUMMY1 
Object name = iDUMMYl 

> w 
MTU # = 0 
Fi le # s= 4 
Logical record length = 35 
Blocking factor = 1 
ASCII, EBCDIC, BCD or BINARY 
Disk file: high4.dat 

0 pera tion com p1et e. 
998 Logical records 
990 Physical blocks 
998 Logical- records 

Operation complete. 
977 Logical records 
377 Physical blocks 
977 Logical records 

Object name = 
Object name == 
Object name = 
Object name = 
> w 
MTU # = 0 
File # - 15 
Logical record 

*DUMMY2 
*DUMMY2 
*DUMMY1 
*DUMMY 1 

Operat ion comp1ete. 
951 Logical records 
951 Physical blocks 
951 Logical records 

96 length = 
Blocking factor = 1 
ASCII, EBCDIC, BCD or BINARY? a 
Disk file: high45,dat 
Object riBtiie = *DUMMY2 : Operation complete. 
Object name = *DUMMY2 : 986 Logical records 
Object riBtae = *DUMMY1 : 986 Physical blocrks 

read, 
written, 
writ ten. 

read. 
written. 
written. 

read. 
written. 
written. 

read, 
written. 



• : • • ' . "i*.-..-,. 

OK, 

= *DUMMY1 : 966 Logical records written. Object name 
> w 
MTU # = 0 
File # = 6 
Logical rec€>rfi length = 52 
Blocking factor =, i 
ASCII, EBCDIC, BCD or BINARY? a 
Disk file; high&.dat 
Object name = *DUMMY2 
Object name = *DUMMY£ 
Object name = ,$DUMMY1 
Object name = SDUMMYl 

> w 
MTU # = 0 
File # = 7 
Logical record length = 
Blocking factor = 1 
ASCII, EBCDIC, BCD or B 
Disk file: 1owl.dat 
Object n&me- = *DUMMY2 

name 
naitne 
name 

Operation complete. 
919 Logical recoirds read. 
919 Physical blocks written. 
94 9 Logical records written. 

144 

INflRY? a 

$DUMMY2 
*DUMMYl 
*DUMMY! 

Object 
Object 
Object 
) w 
MTU # = 0 
File # = 8 
Logical record length = 145 
Blocking factor = 1 
f^SCII, EBCDIC, BCD or BINARY? a 
bisk file: low£.asdat 
Object name = *DUMMY£ 
Object name = $DUMMY2 
O b j e c t nanie = *DUMMY1 
Ob jec t name = *DUMMY1 

> w 
MTU # = 0 
F i l e tt = 9 
Logical record length = 
Blocking factoi" =• 1 
ASCII, EBCDIC, BCD or B 
Disk file: low3.dat 
Object name = *DUMMY2 

name = $DUMMY£ 
name - iDUMMYl 
name = $DUMMY1 

Operation complete. 
1068 Logical records read. 
1068 Physical blocks written. 
1068 Logical records written. 

0perat i on comp1et e. 
1192 Logical records read. 
1192 Physical blocks written. 
1192 Logical records written. 

144 

I NARY? a 

O b j e c t 
O b j e c t 
O b j e c t 

OK, un 

0 p^ra t ion complete. 
i386 Log ica1 records read. 
1386 Physical blocks written. 
1386 Logical records written. 

mt0 
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HOTEL VILL ACAP^ i 

MOTCL « t * C VICTORt» 

HOTEL CAS<MO 

HOTEL VISTA PRESIOCMTC 

HOTEL MANSION OC LA CAU.C REAL 

HOT CL V I L L A OCL SOL 

HOT EL TORRCyOLINOS 

rONOA LOS CORRALES 

L A S yORCUIANAS RESTAURANT 

UOTCL POSADA V i S T A f l C L L * 

HOTCL V ILLA U O N T A D A 

LOS CARRIZOS 

H O T C L L A S AMERICAS 

TRATTORIA LA PASTA NOSTRA 

CArETCRIA LA OIOCONOA 

KLOSTER HAUS 

' L A R I 3 0I5C AO 

C E R A M I C A T R E C e 

CL CHURRO 

TRATTORIA LA PASTA NOSTRA 

C A F E L E MOUSE 

SCNOR TACO 

AOENCIA OE V I A J C S ERANOEHI 

TRAMSPORTAOORA TURISTtCA VALLAOOLIO 

- R E S T A U R A N T BAR L A C A L E S A 

- M R . U U U 

- CL IMVERNAOERO 

• L A P O S t A OC QALLO 

- ARTE FIMO 

' KAWBUROTCJAS 

- A T Z t M B A ( Z inopacoero ) 

- C A B A N A S OC T Z I N T Z U N T Z ' A N 

A.-CATEORAL 
B.-PALACIO OE GOBIERNO-
C.-CASA NATAL —CASA MUSCO DE MORELOS 
D.-TCMPLO OC LA MERCED 
C.-HCRCADO DC DULCES Y ARTE SAM! AS 
F.-BIBLIOTECA PliBUCA 
C C C N T R A L CAMIONCRA 
H.-CX-CONVENTO OCL CARMEN C CASA OC LA CULTURA ) 
I .- TEMPLO OE SAN JDVC 
J.-FUENTE DE LAS TAfTOSCAS 
K.-CALZAOA F .J . DC SAN MIGUEL 
L.- 'EL CABALLITO'.eLORICTA MORELDS 

M.-TEMPLO OC SAM OtEOO 
N. .LOS ARCOS 
O. 'PLANETARIO 
P.> ORO Ul DIARIO 
Q.-TEATRO JOSE MARIA MORELOS 
R.-CSCALINATA DC STA. MARIA 

' ° **•;« 

OESTINOS OE MEXCO 
Tel.4-89-28 Lodo45l 

Gtt.Grol. Joseph A.Cdthttin 
DiseAo: Ano S. de GoUstein, lflg.AlbGnD Z.Scaedm 

Imprtso en kn. taUe^e* linolipoqrolicos <*e lo fipogKifio meicantil, Morelio, Mich, 
TeL 2-02-24 Ml 
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H. MEXICO 
X 

l i E S t A U R A N T U A R JARDIN " L A CAI.E.SA " 

„ STEAK HOUSE ••,, MCI Nrt I NIERNflCIONflL,, 
tO MEJOR EN'Cflif«ES-PARA EL N A S E X I C E N T E •'.'.l.'AJjliR, 
HilSlCA Elt ViVO A BlARIO. 

STEAIt.HODSE,, INTEBHATIONAL CUISINE 
•THE'EESt MEATS'FOR THE MOST QEHANOIHG-PALA.. 
L' IVE HDSIC EVESr Oki . . .... , ^ . . , 

SERVICIO BE ..13 A.2S-.30 
OONIRGO-DE 13 A,19 HORAS 
NABTES DESCAN5AK05, ' 

fl \ m CU«DRA DEL flCUEDUCTq 
TEL. 4-97-80 

EENVENUTI AL AUTENTICO SABOK J T A L I ANO, 
T U T T f l PASTA E P l J J A , 
V ALGO MAS - . 

WELCOME t O T H E AUTHENTIC I T A L I A N TASTE. ' 
ALL PASTA AMB PIZZA, 

SOMETHING M O R E . . . . . . B U O N A P P E T I T O 

flV. LAZARO CflRDEMSIJO. 2276 
T E L , > i i 9 ^ 4 6 DE' ; 2 A 12; R i t i 

., r EN PLAZA .LAS AMERICAS-
i ( EffiLUSlVAMEHTE PIZZAS'- I 

• HE : I I A 10 P.M, 

REST*t lR»WT 
•AUTEHTIEAS CARNES-ASADAS 
AL CAREOn. 
BAKRA'^llE'EKSAlADA DE J.KETROS' 
KUESIRO.SISTEMA'WHOVACOB^DE 
BUFfETE-.T CARTA CONMNAM.' 
5ERMD0.DEL AKAfRE A'StJ PaADAH, 
HASTA SATISFAEER-SU.APETITO. ' 

AUTHENTICCHARBROIUED KEATS, 
3'MTfi.,-SALA0 BAR" ' • 
KEH SrStEH -OF BUFFET AHC, 
A LA-CASTE COMBINED 
SERVED fROn THE PORTADLE STOKE 
TO YOUR PALATE. , UNTIL tOU ARE 
EULLf SATISFIED-: "' ' "• 

LA P O S T A 
D E 

C A L L 0 

B L V D . CARCIA DE LEON 103S 
OE 13-A 23 HORAS 
TEL. , l lra9-35 

Y LA SEGUim^. HALIENUO 
, ..AND WE ARE'STILL MAKING-!T| 

b l S F R U T E ' D E L MEJOR MENU Df i 'MORELl f l 
L O M A S N U E V O . E N DIVERStON V EL 
M E J O R ' A M B I E N T E . 

ENJOV THE BEST MENU OF-MORELIA, 
THE LATEST IN, FUN AND THE SEST 
A,fMpSPHe"fiE, 

IWFOIWES V-RESEEVACIONES'EL RETAJO HO. 90, tO. iltSiAOELLA TELS. i -«6-94 4-3?-5d 
4-08-Sl A 5'f i iW,' DEL 'CEHTRO DE CONVEriClOflES, 

L E M 0 : U S S E 
i.j,zf,Ro''(-ARn£NAi i m 

•DLSITRUTE SLt.CAFE FAVOR] TO TCOH -NUESTRA 

DELICiOSA'REP'OSTEHIA FR/irJCESA 

EIIJO.T TOUR FAVOUR ITE.LOF FEE HTTH 

OJR:DELie' lOlJS FRENCH PflSiTRIE. 

ESPECTALIDAD EN FAST'AS SECAS 
•OUR SPECIALTY SWISS'BUTTER'COOKIES-

^y>;i ^ i . i fpc i i^na-a 

SABOR CALIDAD 1 PRECIO , 
FLAVOUfi:-, quALfT'K'ANb PRICE, 

-^^' 
a / «3 AM., TO- 10 P.M. 

: , E M I C e N . l A Q , - L ' A i M I E R t C X i L O C A L - l i t a l . 0-6 

1 HF,STAURANT - BAH 

Lo. 
Carfizaf 

•TEL I7ID-.47 

PLAIILLOS NACIONALES*, TIPICOS E IWTERIIACIONALES, EN UN 
AfiBIENTE FA-lllLlAD, ( PARASU DELEITE. AriE10;,Ei: MEJOR BABj 
iiE I*3EL1A, t on SU KARIEDAC OE BDTAflAS 1 GRATIS ,! 
VISITENOS ,DE LAS-5Z AM.A '23 PM. 

; NTE'RNATIONAL AND, I I P ICAL ' O! S'HES , • ENJOY .OUR-HOME 

ATIiOSPHERS AND FOB tOUfi ENJO»MENT , A N N E V Hi HAÎ E THE 

BEST BAR IN'MORELlA.uiTH'FREE COCKTAIL SNACKS.. 

OPEN FROM IZ-TO IT PlV. 

FasLlUfc'S- UE CARNE V OL'ESO 

MEAT ANO-c f l t 'ESE FONUUE ^S 

CHAMQRRO T lPO! A L E . M A N 

GHAMORRO 
(JEHMAN S T Y L E 

CORJESjAMERICANOS. 

AMERICAN CUTS-

MARISCOS 

SEA FOOU 

PARA BANQUETES V RE UN I ONES ESPEC IA LES , N U E ' S T R O SALON - S.C N (J C A 
HESEHVe A l . TEL . a*8q-02. •" " , -

a r i i l l e r p r del 1*7 I 1520 c^ntt-p gastr-anomco serv, cen t ro los om^VLcas. 

LO MEJOR DE LA jCOCINA NORTENA 
C A B H I T d AL PASTOR 
CAHNES H E R F , 6 R 0 
C O C I N A INTERNACIONAL 

I j i d r a Huar te^r io . ^S-'A 

Co l . VcniuV^ P j E i i t t 

TEL , 3-1I9-B7 

THE BEST OF MEXICO'S NORTHERN C U I S I N E | 
ROASTED KID 
HERFORU CUTS 
IHTERNATIONAL CUISINE 

i fcal i l ISS lu i ta dt iputs del cint 

LAZARO CARDENAS 

M.'lWTAWMS NO, 

I^L, 4-17-30 

T (JATALLOK 

50 

V l S m T E W KOfSTRA WSitOAB Pt PiATUtOS V PASf UN IWTO ACIWMBLE. 

COM iiOESTRO I'I PEfl TACO, UN(CO EM MOREUA. ' 

tmov oun VARIETY OF v m i s - m . n m A awp TIME IN duE-'i/iptii-iAco, UMBUE TM MW-UA. 

AMPLIO SURTIDO EN ARTESANIA DE C O B f t E / R U S t l C b , PULIDO Y DECdRAEJO J£K 
LAMINA DE ORO. TRABAJOS SOBRE DISENO, SURTIMOS lyiAYOR'tO V MENUDEO 
AMPLE ASSORTMENT OF RUSTIC , D E C O ' R A T E D . .AND POLISHED COOPER CRAFTS. 
LAMINATED GOLD'DECORATIONS. MADE TO ORDER WORK; WHOLESALE AND R E T A I L . 

BLVD, GARC'ifl'DE LEOI-t UO. 1556 

-TEL, i-ra-oi: 
DE l b A 8 B',M. 
DOHIMGOS - SUNDAYS--9 A 2 P.M. 

J/itininie. 7 ^ 

BALNEARIO 
CAMPAMENTO 
HOTEL 

GRlSr-At iAfAS A G U ' A S .TERMALEi Oe MANANTIAL (-IS-JO'CI 
GICANTi ;SCAS-ALBER'CAS. B E L L O i JAP.DINE5. , TdBOCAi\-£S 

'C'A'NCN'Ai- Oee.OATIVAS.. . 
UN VERDAOERd PARAISO 7ERRENAL . 

C m i T A L I t l E . M I H E R - A L TI IEHi lAL WA-TERi ( a ^ . i i ^ k . a ' i ; ) . 
C IGANTtC POOLS , BEAUTIEUL O A R M N S , U A I E R SHOES 
, PLAy COURTS. 
TRUE TER' l ieNAL.PARAUISC. 

A 3S WIN, DE KORELIA TEL. 91-155-50050 DE |J"A 19 HRS-. 

Ageneia de Viajes Erandeni, S. A. tie C, V. 
A v . LSzaro C l r d j n a s No. 136ii-3» piso 
t e i . 5-<is-l6 

NUESTRq LE,MA ATEN'CION .Y EFI CACIA 
:OUR THE.ME , S E ' R V I C ' E AND EFF jC iENCV' 

LA UNIEA AGENCIA DE'VIAJES P RSMD TOGA'DEL-.ESTADDDE HJCHOACAN E(i'EI(c(JRS10NES Y^PASEOS, 
ASI COMO ORGAHIMION OE C0HVENC-10HES , CONGGESOS, .JDRHADASfETC. UN SER»(CID I-iTERCRAL 
PARA SUS EVEHIOS.Y CDNVENCIONES. " ' ' • ' ' - -

THE OKLY-TRAVEL AGEilcY TMT PGOllDflS'THE-'ETAlt D F , . H I : H 6 A C A « , THGOUCH EXC-URSIONS-, AtlD 

TRIPS UE OFFEH-YOU DOR.FULL SERVICE FOR Y'DUR COniENTIONS, CONafiESSES, JOUfiliElS ETC. 

CESAMICA ALTA TEMPERATURA STONEWARE 
VAJTLLA PARA HOT'ELERIA - VAJILLA PAW, EL HOWS; 
LSilMEAS ,,fL03ER0S, ESCULTURAS EN CERARICA . 
N0Cdt(TIEN£PL6« [ Y'ES.REFBACTARlO. 
ACCES0R[OS-DE COCIM. 

SrONElJAGE,, " HOTEL CROCKERY 'HOME tR'aCKERf, LAMPS 
.VASES. CERAMIC SCHLPTUGES-,-
DOESN'T CONTAIN LEAD AND IS.APPROPR!AIE FOG DtEN 

.AND MICROWAVE IISE. 'KITCHEN ACCESORiES. 
J 'ABIERTO OE, lO-Z V 1-S 

^ OESCAHSAMOS DOM I NCOS 
WE'REST SUNDAYS ,-,„ 

-TEL. • - S j - B l 

LAZARO CARDENAS !31« 

PIFiS 
d J LJ 

ART IN GIFTS; 

A n r ^ erJ REGAL-CIS 

™SA SAT IS FACES/so KUE'N GlVSTfl VE .OESEOUIAR 

muEHLES>'Ttl«'ncOS."'C(Jl.0«IAIES lA^lFARiU!: E^ . fK* , l l iC4 ' 
V MIGUEL.. CSISrACEGiA ESPEJcllTO V At>Ce,Vl«, " ' 
Nf^JUEiADOS:--" • ' • ' • 

TCI .•;AnsFV VOUK COBB TASTE IW CIFFS 
-KUSTI'C CllHW'lAL FUBMirOSE , lAUPS IM CCSA'.iif-A,\'!l 
Mratrei , , MISUOKtU'̂ GSAS'Sii-Ai;!;, A«P Mi'OLlEl. 
OEraaririM. ' LAZARO CAROENAS z i i i 

DE 10.30 A ! ,Y a.30 A.5^30- CHAPULTEPEC-_.N0R!E 

OTSCANSAtfOS • obW tIEDS ^ % • - f - ^ S - 5 | ; 

LAZ.AIVp;CAHDli\AS; Ko.-1E66 i ! : ,F iSO. TEL : tjTS-ei 

_..,-,-;UH SERl/ICIO TURlSIlCOi-ESPECIALIZADO,, ABRE SUS 
FOERTSST PARA I A COMOOtDAD DE SU VlSJt TURl'STl'cO, DE RtCREO.O OE HEGOClOSi EN,EL 
ESTADO•» E« TOOO EL P A I S ' . . , , , . , 

A TDDRiSlLCAL SPEC IAI I ZED-.'SERV ICE. THAT THANKS TO •YOUR PREFERENCE OPENS-
I-TS-DdORS, FOR (OUR.CONFORI, WETHER YOU WISH A'GECRtATlONAL , TOURISTIC OR ' 
liHSINESS'IRIP. IN 'THE ' -STATE OR 1« IHE'.MONTRY. 
lODRS At PATICUARO PREHISPANICO , MORELIA ^COLONIAL. , DRUflPAN'r DEkEZAi MTIIRAI-ES 

E IHIfiWALABLES; 



HOTELESr -HOTELS, HESTAURANTES—RESTAURANTS, SERVICfOS—SERVICES. 

GOBiSRHO DG 
HECHETARIA 
t e i , 2 T 3 7 - I 0 

M I C H O A C A N 
TuAiaHO-

, EL T U R I S T A ES I 1 EN MICHOACAN 

THE TOURIST 15 I M IN i l l C H O A C A N 

^lJiIJuQ3iuiM^ 
Ui:.l.3iiiit\W\-}.l.-79'67 

50 babi tdcione^ dobles con teterono 
T V . s color y T=.M. 
Elevador 
RciStaurBnte "t>Qn Quixote" 
Bsr "Santha P a m a " 
CaTeteris "Los Portales! ' 
Neveria 

HOTEL CASINO 
PORIAL HIDALGO 1 » ttL'3'tMni>DAflS,*ai 

S& double rcBcns wi th ' ' te lephone 
tolor- T . : v . anci F ;M. 
.Elevator 
•• Don Qui jote " Restaurant 
" Sanc^w Panta " Bar ' ' 
'' ljo& Portales " CaTcteria 
Ice Cream Parlor 

IS H A B I T A C i O N E S ' T l P O 
H HABI TAC IONES JR. 
TELEVIS ION 
TELEFONO 
RESTAURANTE 
BAR-
TABAQUERiA 
CAFETERIA 

gicid (a. ^ j 
16 MODEL ROOMS 

TTvericos. fl JR. SUITES 

T,V.' 
1 - > S ^ Av, Cim.Il™2i'ea Tcl. M I M f i tELEp'HONE 

/ ! ? « , Mi l t l I . . ,Mi< i , RESTAURANT 
. . BAR , 

TABACO SHOP 
CAFETERIA 

SU AMIGO 

MUSiCA PARA 6 A I L A R 
SHOW DE 2.-3« A.S Y a 

LOS INV ITA 

JUEVES VIERNES Y SABADO, 

Hotel Monsloft 
l« lo Colle n«ol 

I12E 65 LliJOSAS HABITACICNE'S 
TV. A COLORES, 
ANTENA PARA60L1CA 
RESTAURANT " RlfiCOtl REAL" 
BAR " LA LUC'lERNAGA'' 
ESTACIONAMIEilTO CUBIEGTO 
SALA,:DE- COnvEHCIONES 

A V . M A D E R O O T E , 7,tt ESpUINA .ISIDRO HUARTE 

'TELS-. 1 - 2 B T 5 6 3-29.S6 3-13-23 

65 LUXURIOUS ROOMS 
COLOB.'T'.V. 
PARABOLIC-ANTENA 
RE'STAURANT AND: BAR 
COVERED PARKING LOT 
CONVENTION ROOM 

^ i MQTELPQSADA 
VISTA BELLA 

• CAM LNQ A STA. H AR IA S^N • 
APIX). POSTAL 135 
MORELIA, MICH, 

TEI.S,4ji!-M¥ 4-03-36 

HABITACIONES.CON TSLEEONO, F .M. 
Y T . V . COLOR- ' RESTAURANT BAR , 
PIANO BAR , A L P ^ ^ R C A CUN JARDINESi 
SAL0NE5 PARA FIESTA'S, BANQUETES 
Y SESt lNAk ldS . 

. M i 

ROOMS WITH TELEPHONE, F .M, AND 
COLOR T , V . RESTAURANT BAR , ' 
,='IA^O BAR , POOL AND GARDENS ,) 
FACIL IT IES FOR CONVENTIONS, 
BANQUETS, AND SPECI AL 'EVENTS, 

Disfllili taSalisfa£tii intit . 
Oimlvi fcqn ia Ntiiumlfza 

. y Si^nla laConcipi ldnt i i '^ 
UJrWuf k) Eililo 

HABITACIOHES GON: TERRAZA 
T.'V., TEL'EFOIIO, F.M." 
RESTAURAtlT , BAR, t CAFEIERiA 
SALOtl DE JUNTAS ( AUDIOVISUAL ) 
ESTACIONANIEHTO, AREAS JARDINADAS 
ALBEfiCA CCiw CALEFACCION. 

hold 

tdrferaolmos 

R]^£RVAC1dN£S AL 
TEL; 9r(45T) H B - t l pSn 311. 

HOHeLIA. HICH. 

;SU CASA-EW LA CIUDAD DE MORELIA 
YOUR,'ROME IN MORELIA ; 

ROOMS WITH:; TERRACEr T.V,---'F;H..-AHO-PHONE 
HESTAURAtIT, EAR, ANU CAFETERIA. . j . , . 
PRIVATE-,PAHKIHG ; GARDENS,-HEATED'POOL 

'CONVENTION FACILITIES-! AtlOlOVISilAL) 

UDffi villo copri 
• 19 HABlTACIOJiES' 
•* T.'v. COLOR,: Y F.̂ M, 
• ttESTAURA-IT -HAB, j i ^ O ^ H Q f.^^^ j o j g 
• BAH'CON VABIELiAEs^LloA A CUACALAJARA 
' ALIiE-ECB RESERV. 3-72-93"' 
* ESTACiONAMIEMO - 2-52-37 
* JAttDlBEE 
' SM,6N£S' . I )E fONVEiClOSES V lH:JqUi;THS'. 

VR/. HOTEL 
REAL VICTORIA 

il. tSTRRLLAS 
l i a KdVfllTAGIOHES*' 

•" T.V. COLOR Y r > l . , 
GESTAUPAriT CUADALUPE VrCTORIA 2^5 

^UJBEY BAR HESl iRV. ^3-23-Op 
• PlAWO HAfl 5 r 2 \ - n 
'̂ CEMTHO KOCTUEUm ^ ESTACTOHAM E, ENTO 
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ABSTRACT 

Detailed and regional aeromagnetic 
surveys v/ere completed over the Los 
Azufres geothermal area in central Mexico. 
Many mapped faults are clearly expressed 
in the detailed magnetic data because 
these faults penetrate to the surface and 
many are reflected in the topography. 
East-trending faults are often cut by 
younger north- to -northwest trending 
structures which can be interpreted from 
the magnetic data. A large zone of mapped 
hydrothermal alteration is apparent in the 
magnetic data as an area of unusually low 
(0-50 nT) magnetic relief. Interpreted 
structures trend MW into this area and are 
weakly expressed within the alteration 
zone. The regional survey records several 
major volcanic - intrusive complexes as 
large, positive magnetic anomalies, 
including the Los Azufres area. The 
source of the Los Azufres magnetic high 
appears to be bounded by northwest- and 
north-trending regional structures. 

RESUMEN 

Levantamientos detailados y regionales 
aeromagneticos fueron completados sobre el 
sistema geote'rmico Los Azufres en la parte 
central de Mexico. Muchas fallas de las 
cuales se han hecho mapas estan claramente 
expresadas en los datos magneticos, pues 
estas fallas penetran la superficie y 
muchas se reflejan en la topografia. Las 
fallas con direccidn al oriente suelan ser 
cortadas por estructuras mas recientes con 
orientacidn norte a noroeste, las cuales 
se pueden interpretar atravez de datos 
magne'ticos. Hay cerca de 13 faccidnas 
magneticas que estan correlacionan con 
fallas ubicadas en mapas y otras 
estructuras probables. Varias fallas 
ubicadas en mapas pueden ser extendidas 
con una interpretacion de los datos 
magneticos y ademas mas de 12 estructuras 

que no han sido ubicados en mapas. 

Una zona amplia de alteracidn 
hidrotermal y ubicada en mapas aparece en 
los datos magneticos como una zona de bajo 
(0-50 nT) relieve magnetico.. • Estructuras 
interpretadas en esta area son de-
direccidn Noroeste y aparecen poco dentro 
de la zona de alteracid'n. Los datos 
indican la posible relacidn del complejo 
volca'nico Los Azufres con la intersection 
del sistema estructural Noreste-Sureste 
(Basin and Range?) con estructuras Este-
Oeste. El levantamiento regional registra 
varios complejos de volcanicos-intrusivos 
mayores corao anomalias magneticas 
positivas que incluyen el area de Los 
Azufres. El origen del alto magnetismo de 
Los Azufres pareciera se limitado por 
estructuras regionales orientadas por el 
norte y el Noroeste. 

INTRODUCTION 

As part of a cooperative agreement 
between the United States Department of 
Energy (DOE) and the Mexico Comision 
Federal de Electricidad (CFE), two 
aeromagnetic surveys were completed over 
the Los Azufres geothermal area in 
Michoacan, central Mexico. The goals of 
this work were to determine the 
effectiveness of specialized aeromagnetic 
surveys for determining structural control 
and alteration areas in geothermal 
resources related to fractured volcanic 
systems. Other data obtained in support 
of the aeromagnetic surveys included the 
collection of magnetic susceptibility data 
for geologic units at Los Azufres and 
recording the diurnal variation of the 
earth's magnetic field. 

DATA ACQUISITION 

The aeromagnetic surveys are classified 
as detailed (low-altitude survey) and 



regional (high-altitude -survey). The 
detailed survey vfas completed over the Lojs 
Azufres s'edtK&rmal area using a Llama 
helifcbp.ter o.perated by CFE, ' Apprax.ircateiy 
527 lin§-km were flown in -an. area of 96 :sq 
kni, fo-r' an average line spacing of 0.18 
km. Survey' lines- we're flown 'northwest-
southeast :at an .attempt,ed terrain 
clearance of 100 m. The recording 
equipment included a (Geometries Model G-
SOj- Airborne (proton) Magnetometer, a 
Bpnzar Hark TOX radar altimeter,' a 
Pa-nasonic color TV camera, and .-a. Panasonic 
VHS Portable Video Cassette Recorder. 
Both analog and digital magnetic and 
a 1 timet er d at a were r ̂e c or ded , 

The high-altitude survey covered ari 
area of appnoximately 1500 sq km in -which 
the Los Azufres geotherinal field wa:s 
ceritrall.y located. Approximately 1590 
line-km were flown north-south 'at a nearlj^ 
constant altitude of 11,300 ft (B.itMil m)' 
except over parts of San Andres volcano 
w her e a 1 t.i tu de. reached 12,5 00 ft (:3, 810 
m) , .Thl'S surve'y was flown -i-n- a' Pi'p'e.r 
Cherokee fixed-wing airp.lane chartered by 
GFE. Dense smoke and haze resulting from 
numerous fire's restric't:ed flying arid 
complicated n-avigation, resulting in no.n-
unifbr'm -survey dat-a- coverage. 

Both surve y,s • w e re com p.l e-t e d in i'l ay , 
1-938 by a four man-crew which inclu.d-s.d ;a 
pilot an?d navigator from EFE, and a 
m = 5 n e t p me ter opera t'.oT 3 n d vi d e o 
system/recorder operator from UURI, The 
variation bf the earth's* magnetic- field 
was recGrde,d with a Scrntrex Base-Station' 
Magnatometer , ,Model MBS-2 for the D,erio,d 
19- April to 26 May 19:88.. "These 
variations, which have a normal 
distribution, have a mean value of 42,TM; 
:gammas. The goal of this magnetic fiel.d 
mbhitoring was to' determine the diurnal 
corrections to be applied in the reduction 
of the aeromagnetic, data. Signifi'G;ant, 
diurnal variations did occur dur irig? the 
low- a 11 it ude 3 ur ve.y. 

DATA COMPILATION AND PROCESSING, 

The flight-path reeovery utilized VHS 
tapes ,p,f the flight path "which were 
replayed many times to locate points 
ide'njt if iable on aerial photos, 
-phatomosaics, and topographic maps." The^ 
•predominance .of for est cover and 
incomplete photographic coverage limited 
the number bf recovered points on both 
surveys, 

.A first-gene rat ion magnetic map of the 
low-altitude data was .compLeted by 
removing a base lê vel of 42,000'n ano tes las 
(nT) from all observed values and applying 

diurnal corrections to- each flight- line.. 
The, diurnal adjusts all recorded data to 
the "normal" value of 42,,?4 0 nT observed 
at the CFE monitor station 'during the 
survey peribd, (Campo's E. and Herrera 'B. , 
19;38)- The final magnetic map. includes 
additional correct ions to entire lines or-
portions of li'des based on tie-line 
intersections and altitude variations-. 
This map of total magnetic Intensity also 
iricorporstes smoothing -to reduce flight-
line effects arid to emphasize geologic 
iriformation. 

During the initial. -qualitative 
interpret.ation ' it became evident that 
additional computer processing would 
reduce the effects of terrain clearance 
variation, reraaining flight position 
errors arid bther high-frequency noise. 
The aeromagnetic .map Was manually 
digitized by CFE for a square grid of -250 
IT) iriter'val,- With digital data the 
foil owing . prbcess'es could later be 
employed: reductipn to the pole; upŵ ard 
cbritinuatibri ;. second vertical derivative ;: 
,and downward cpntiriuation. Depending pn 
the results obta'i'ned two-ditnensioriai and 
three-dimensional • modeling will be 
completed • at a. later date. ' • 

Gompilation of the high-altitude data 
included diurnal correotipns (generally 
less than 10 nT according, to Campps E. and 
Herrera B.., I9.SB) and removal, of a 42,000 
riT bas'e level.' Because ths diurnal 
phanges .were small an'd we 11-located tie-
line intersections were .generally less 
than •*;/- TO nT, no. further tie-line 
.adjustments' were made. Npnconfprming data 
for poorly located portions- of -several-
flight lines were ignored in cbntouring 
the final map. 

INTERfRETATION - LOW^ALTITUDE SURVEY 

An Initial qualitative interpretation o f 
the low-altitude map was ic'ompleted, by the 
correlation of .geological-and geophysieal 
data, including,; lithology, structure, 
susceptibiiity samples, palepmagnetic 
data, gravity, and ground magnetics. 
Linear magnetic trends and .dipolar 
magnetic anomalies resulting frotn distinct 
sources .with induced magnetization were 
1de nt i f i ed from these dat a, I n 'g en e r a1, 
the detailed map (Plate, I) shows well-
defined regional trends with an E-W 
prierttatlbn which predominate in the 
northern sector, and WW-SE trends which 
predominate in the south and west port-ions 
bf the area. Other trends df minpr 
impbrtahbe;^ with an appr p,x imate N-S 
orientation, occur in the e*astern sector. 
These magnetic trends correspond to 
orientations associated with a system of 



structures observed at the surface. The 
NW-SE trends may be of major importance as 
they coincide with trends observed in the 
regional gravity map. The detailed 
(1:10,000) geologic mapping (CFE, 1986) 
provides a basis for evaluation of the 
magnetic data. Figure 1 illustrates the 
form of magnetic anomalies for two 
characteristic models as computed for the 
magnetic-field parameters of the Los 
Azufres area. 

Inspection of the low-altitude survey 
map, Plate I, reveals several interesting 
features. 

1 . Numerous short-wavelength highs and 
lows, less than 0.5 km in long dimension, 
occur on portions of the periphery of the 
surveyed area. Many of the small closed 
anomalies result from data acquisition or 
compilation problems (i.e. terrain 
clearance variation, flight path recovery 
inaccuracies). Terrain clearance 
variations are most severe when the 
magnetometer is less than 100 m above the 
ground surface. Many anomalies result as 
the irregular topography rises to, or 
falls away from, the smoother flight path. 
Anomalies of this type can be evaluated by 
correlation with topographic maps and 
review of the radar altimeter data. 

2. There is - a northwest-southeast 
elongation of contours, some of which may 
result from flight-line position and data 
leveling errors. Manual smoothing has 
reduced these compilation effects. Much 
of the remaining NW-SE elongation results 
frora the topographic grain and 
magnetization contrasts due to northwest-
trending faults, fractures, and geologic 
contacts. Discrimination between 
compilation errors and valid geologic 
contrasts is difficult, and interpreted 
NW-SE structures must be regarded as 
somewhat uncertain. 

3. Magnetic field variations of 300 nT to 
more than 1200 nT per kilometer are common 
along all borders of the survey. An area 
of perhaps 5 km (N-S) by 1-3 km (E-W) in 
the center of the survey, and largely 
coincident with the zone of hydrothermal 
alteration between the north and south 
production zones, is characterized by only 
long-wavelength .variations between 640 nT 
and 750 nT. This limited variation 
indicates very minor . magnetization 
contrasts in near-surface rocks (0-1000 m 
depth) which may arise from different 
geologic models. 

4. Numerous positive anomalies are 
associated with the San Andres dacite 
(Qdp) to the east, the Mil Cumbres 

andesites (Tma) and dacite cinders (Qvc) 
in the north. 

5. Several negative anomalies occur 
over rhyolitic rocks (Qrf). The near-
surface depth estimates to the source 
rocks along with correlation with hilltop 
topography and reduced terrain clearance 
(from the radar altimeter) suggest 
reversely polarized units within these 
Quaternary rhyolites. Several of these 
reversed sources are identified by (R) on 
the interpretation map, Plate II. 
Additional reversely polarized volcanic 
sources may be present but have not been 
positively identified. Flux-gate 
magnetometry measurements, by Dobson and 
Mahood (1985) document reversed 
magnetizations in "basement rocks" and in 
the Agua Fria rhyolites at Los Azufres. 

Interpretation of the low-level data to 
date has focused upon: 1) an evaluation 
of the utility of this detailed, low-
level survey in helping to map this 
volcanic-hosted, fracture-dominated 
geothermal system; and 2) a preliminary 
magnetic/geometric model of the 
production zones and adjacent areas of 
the geothermal system. A more complete 
interpretation of the survey will result 
from subsequent CFE processing and 
numerical modeling. The results of the 
present interpretation are summarized on 
Plate II, an overlay to the magnetic data 
or geologic maps, and are discussed 
below. 

Fault and Fracture Delineation 
The magnetic contour map is dominated 

by the expression of faults and 
fractures. These structures are well 
expressed, for several reasons. Many 
-faults penetrate to the surface and are 
reflected in the surface topography. The 
faults place volcanic rocks of different 
magnetization in lateral contact, 
providing the necessary magnetization 
contrasts. Magnetic susceptibility 
contrasts within the Los Azufres area 
have been documented by Campos and Abad 
(1938) and confirm a substantial range of 
susceptibility variation (10 E-6 to 2047 
E-6 cgs for individual measurements). 
The variation in remanent magnetization 
is probably greater. The low level of 
the helicopter flight provided a small 
distance between the magnetization 
contrasts and the sensor, enhancing the 
anomalies. 

Major portions of more than 18 mapped 
faults and several second-order 
structures are expressed in the magnetic 
data (Plate II, Table I). The faults and 
fractures are expressed in various ways. 



Falla 

Table I 
Magnetic Expression of Known Faults 

Magnetic *Type of Length(Km) Trend 
Expression Expression Expressed Direction 

Falla Fio Agrio 
Falla Maritaro 
Falla Nopalito 
Falla Espinszo del Diablo 
Falla Los Coyotes 
Falla La Presa (N) 
Falla Laguna Verde (N) 
Falla La C u m b r e 
Falla La Hiobba 
Falla La Presa (S) 
Falla Dorads 
Falla El Chino 
Falla Laguna Larga 
Falla San Alajo 
Falla Agua Fria 
Falla El Vampiro 
Falla El Viejon 
Falla Ejamaniles 
Falla Los Azufres 
Falla Agua Ceniza 
Falla El Chinapo 
Falla Laguna Verde (S) 

Magnetic expression type: GR = 
discontinuities 

Weak 
Strong 
Weak 
Kone 
Moderate 
Moderate 
Moderate 
Weak 
Moderate 
Strong 
Hone 
Weak 
Moderate 
Weak 
Moderate 
Weak 
Moderate 
Moderate 
Moderate 
Moderate 
Strong 
Moderate 

e: GR = 

GR 
GR 

GR 
GR 

GR 

GR 
GR 

GR 
GR 
GR 
GR 
GR 
GR 

+ AD 
-t- AD 
AD 

AD 
+ AD 
+ AD 
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GR 
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Figure 1. Characteristic magnetic model responses, Los Azufres, 
Michoacan area. Rectangular bodies 1 x 1 .5 km trending N20W and N50E. 
Susceptibility contrasts 0.002 cgs, depth to top 200 m, thickness 600 
ra. Declination 9°E, inclination 48°, TF = 42,740 nT. Contour interval 
20 nT. 



A linear gradient 0.5 to several km long 
(e.g. Falla La Presa, Falla Maritaro) is 
the most obvious expression. More common 
in these data are the truncation of 
magnetic highs and lows and changes in 
anomaly amplitudes along a linear 
alignment. Many known faults are revealed 
by combinations of the above. 

Not all faults are well expressed in 
the magnetic data, and only rarely can the 
entire fault be interpreted from the 
magnetic data. Because the surface 
geology has been mapped in detail and many 
drill holes have been completed, the 
opportunity for identifying major new 
features from the magnetic data is 
somewhat limited. Usirig the criteria 
discussed earlier, and in conjunction v/ith 
the CFE geologic map, several mapped 
faults may be extended with some 
confidence based on the magnetic .data. 
These include Falla Laguna Verde,, Falla La 
Hiobba, Falla El Chinapo, and other 
unna.med features. 

More than 12 previously unmapped 
structures are also interpreted from the 
magnetic data, as shown on Plate II. 
Several of these interpreted structures 
trend N60W to N20W, at a relatively small 
angle to the flight lines and hence could 
arise from compilation problems in areas 
of poor flight path recovery, or a 
coincidental alignment of magnetic 
gradients of anomalies. Perhaps the most 
important of these trends northwest near 
the eastern margin of the South Production 
Zone. The recognition of these NW-SE 
structures is a useful contribution to the 
knowledge of Los Azufres at this stage of 
qualitative interpretation. These 
interpreted features should be verified by 
geological mapping or surface geophysical 
surveys before being accepted as faults. 

Los Azufres Geothermal System 
A preliminary interpretation of the 

Los Azufres area is shown on Plate II. 
This interpretation, supported by 
numerical modeling of the high-altitude 
survey, Figure 2, indicates that a large 
body of relatively uniform bulk 
magnetization extends from Falla El 
Chinapo on the south to Falla Los Coyotes 
on the north. The body is truncated by 
Falla Laguna Verde and Falla La Presa on 
the east, and extends west beyond Presa 
Laguna Larga. This broad, positive source 
appears to be the 1000 m plus thickness of 
andesites contrasting with San Andres 
dacite and La Yerbabuena rhyolite domes on 
the east, and La Yerbabuena rhyolite domes 
on the west. Superimposed on this domin
antly low-relief feature are minor 
anomalies due to topographic effects, 

faulting, and locally, reversely 
magnetized rhyolites v/hich may outcrop. 

Figure 2. Preliminary magnetic model for 
Los Azufres geothermal area, from high 
altitude data. Major source body with 
susceptibility contrast 0.001 cgs, 
outcropping, with thickness of 2300 m. 
Body borders are probably defined by 
regional structures. Contour interval 10 
nT. 

Thin, layered rhyolites overlie 
andesites in the central portion of the 
positive source body. A broad area of 
hydrothermal alteration is expressed by 
subdued magnetic variations, and appears 
to be oriented along the trend of two 
poorly defined structures interpreted from 
the magnetic data. We do not observe a 
detailed correlation betv/een the diverse 
lithologic units and the magnetic 
contours, except that in the areas of high 
susceptibility (andesites and dacites) the 
magnetic relief is much more irregular 
than where the surface cover are tuffs, 
rhyolites and altered rocks, even though 
the average value of the field is 
approximately the same. 

The structures indicated may have some 
significance as controls for the South 



Production Zone. The significance of 
structures and magnetic sources near the 
North Production Zone is unclear at 
present. 

INTERPRETATION - HIGH ALTITUDE SURVEY 

The high altitude residual magnetic 
intensity map is presented as Plate III. 
The interpretation of this survey will be 
somewhat limited by flight-path recovery 
problems, principally in the southern 
third of the survey area, and by several 
wide gaps, in flight line separation. In 
four areas, the spacing beti/een flight 
lines exceeds three km. In these areas 
the frequency content of the mapped data 
is lower than that of the true magnetic 
field at this elevation, and anomaly 
shapes may be somev/hat incorrect. 

Several major west and west-northwest 
trending structures can be inferred from 
the contour map. Positive magnetic 
sources, 4 to 2.0 sq km in aerial .extent, 
suggest major volcanic-intrusive 
complexes. Some of the more prominent 
sources occur at the eastern end of Laguna 
Cuitzeo, north of Presa Pucuato, near Mesa 
El Cantor, and at Uripitio. Geothermal 
fields are associated with tv.'o of these 
large sources: Araro, southeast of the 
Cuitzeo source, and Los Azufres. The 
volcano San Andres, less than 400 m below 
the flight altitude, occurs as a positive 
magnetic anomaly with amplitude 300 nT 
above background. The inferred source 
position includes an area of approximately 
1.2 sq km, much of which is above 3000 m in 
elevation. 

The low-frequency magnetic anomalies, 
and the magnetic sources which can be 
inferred from these anomalies, form a 
large somewhat-circular area perhaps 25 km 
in diameter in the southeastern portion of 
the survey area. Any interpretation 
relating this near-circular appearance to 
a caldera complex will require more 
interpretation and considerable geologic 
input. 

The only specific interpretation of 
the high-altitude data reported here is 
first-pass modeling of a low-amplitude 
positive anomaly which encompasses 20 sq 
km and is centered pver the Los Azufres 
geothermal area. A simplified model of 
this source (Figure 2) corresponds to the 
broad magnetic source identified from the 
low-altitude survey which includes the Los 
Azufres geothermal system. The 
interpreted susceptibility contrast for 
this body, contrasted with bordering, less 
magnetic blocks, is approximately 1000 E-
6 cgs, assuming a finite depth extent of 

the order of 2300 m, for this 
magnetization contrast. This may relate 
to a thicker section of andesites 
downfaulted with respect to surrounding 
dacites, rhyolite domes and other rocks 
and/or intrusive rocks beneath the 
andesite units. 

CONCLUSIONS 

The high-altitude aeromagnetic survey 
maps an arcuate area of over 500 sq km 
which -includes several large magnetic 
sources suggestive of volcanic-intrusive 
complexes. One of these sources includes 
the entire area of the Los Azufres 
geothermal system. This source is 
bordered on three sides by major mapped 
faults. The positive magnetic source may 
correspond to a thicker section of Mil 
Cumbres andesites, and/or intrusives at 
depth, and contrasts with rhyolite and 
dacite domes to the west and east. 
Several regional structures may be 
inferred from this survey but they have 
not yet been studied in detail. 

On the basis of the preliminary 
interpretation, it appears that the low-
altitude , survey is only partially 
successful for reflecting the known 
geologic characteristics at Los Azufres, 
but contributes indications of a regional 
kind which shed new information and permit 
making hypothesis for later studies. The 
most important are the possible relation 
of the Los Azufres volcanic complex with 
the intersection of a NW-SE structural 
system (Basin and Range?) with more recent' 
E-W structures. These data also suggest 
that the hydrothermal alteration 
observable at the surface is largely 
restricted to shallow units and decreases 
notably with depth. 

The detailed, low-level magnetic survey 
shows numerous linear magnetic trends and 
discontinuities not present on the high 
altitude data, at least 18 of which 
correlate with mapped faults and other 
probable structures. Several mapped 
faults may be extended with an 
interpretation of the magnetic data, and 
more than 12 previously unmapped 
structures are interpreted from these 
data. Some of these structures may be 
important to a better understanding of 
structural controls for the South 
Production Zone. With more study, this 
structural information will lead to a 
better understanding of this fracture-
controlled geothermal system. The cost-
effectiveness of the regional survey is 
still being evaluated. 



ILLUSTRATIONS IN FOLDER 
Magnetic surveys of similar 

structurally controlled volcanic Plate I. Residual Magnetic Intensity, Los 
geothermal systems should utilize a close Azufres Geothermal Area. Detailed 
flight line spacing (200-300 m) and a helicopter survey, scale 1:20,000. 
smoothly draped flight path somewhat 
higher than the minimum and mean terrain Plate II. Structural Interpretation, Los 
clearance of this survey. Depending on Azufres Geothermal Area. Scale 1:20,000. 
local relief and helicopter performance, a 
mean terrain clearance of 100 to 200 m Plate III. Residual Magnetic Intensity, 
should be considered. Acambaro-Ciudad Hidalgo Area. High 

altitude regional survey, scale 1:100,000. 
Further interpretation of the detailed 

survey may benefit from low-pass digital 
filtering to reduce noisy data due to 
varying terrain clearance and flight-line 
position errors. Additional numerical 
modeling of the geothermal area should 
then be completed. Numerical modeling and 
structural interpretation of the high-
altitude survey can be completed on a 
lower priority basis. 
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ABSTRACT 

Detailed and regional aeromagnetic 
surveys were completed over the Los 
Azufres geothermal area in central Mexico. 
Many mapped faults are clearly expressed 
in the detailed magnetic data because 
these faults penetrate to the surface and 
many are reflected in the topography. 
East-trending faults are often cut by 
younger north- to -northwest trending 
structures which can be interpreted from 
the magnetic data. A large zone of mapped 
hydrothermal alteration is apparent in the 
magnetic data as an area of unusually low 
(0-50 nT), magnetic relief. Interpreted 
str-jctures trend NW into this area and are 
weakly expressed within the alteration 
zon-;. The regional survey records several 
major volcanic - intrusive complexes as 
large, positive magnetic anomalies, 
inciuding the Los Azufres area. The 
source of the Los Azufres magnetic high 
appears, to be bounded by northwest- and 
north-trending regional structures. 

RESUMEN 

Levantamientos detailados y regionales 
aeromagneticos fueron completados sobre el 
sistema geote'rmico Los. Azufres en la parte 
central de Mexico. Muchas fallas de las 
cuales se han hecho mapas estan claramente 
expresadas en los datos magneticos, pues 
estas fallas penetran la superficie y 
muchas se reflejan en la topografia. Las 
fallas con direccidn al oriente suelen ser 
cortadas por estructuras mas recientes con 
orientacidn norte a noroeste., las cuales 
se pueden interpretar atravez de datos 
mag.neticos. Hay cerca de 13 faccidnas 
magneticas que esta'n correlacionan con 
fellas ubicadas en mapas y .otras 
estructuras probables. Varias fallas 
ubicadas en mapas pueden ser extendidas 
con una interpretacidn de los datos 
magneticos y ademas mas de 12 estructuras 

que no han sido ubicados en mapas. 

Una zona ' amplia de alteracidn 
hidrotermal y ubicada en mapas aparece en 
los datos magneticos.'como una zona de bajo 
(0-50 nT) relieve magnetico. Estructuras 
interpretadas en esta area son de-
direccidn Noroeste y aparecen poco dentro 
de la zona de alteracio'n. Los datos 
indican la posible relacidn del complejo 
volca'nico Los Azufres con la intersection 
del sistema estructural Noreste-Sureste 
(Basin and Range?) con estructuras Este-
Oeste. El levantamiento regional registra 
varios complejos de volcanicos-intrusivos 
mayores como anomalias magneticas 
positivas que incluyen el area de Los 
Azufres. El origen del alto magnetismo de 
Los Azufres pareciera se limitado por 
estructuras regionales orientadas por el 
norte y el Noroeste. 

INTRODUCTION 

As part of a cooperative agreement 
between the United States Department of 
Energy (DOE) and the Mexico Comision 
Federal de Electricidad (CFE), two 
aeromagnetic surveys were completed over 
the Los Azufres geothermal area in 
Michoacan, central Mexico. The goals of 
this work were to determine the 
effectiveness of specialized aeromagnetic 
surveys for determining structural control 
and alteration areas in geothermal 
resources related to fractured volcanic 
systems. Other data obtained in support 
of the aeromagnetic surveys included the 
collection of magnetic susceptibility data 
for geologic units at Los Azufres and 
recording the diurnal variation of the 
earth's magnetic field. 

DATA ACQUISITION 

The aeromagnetic surveys are classified 
as detailed (low-altitude survey) and 



regional (high-altitude survey). The 
detailed survey was completed over the Los 
Azufres geothermal area using a Llama 
helicopter operated by CFE. Approximately 
527 line-km were flown in an area of 96 sq 
km, for an average line spacing of 0.18 
km. Survey lines were flown northwest-
southeast at an attempted terrain 
clearance of 100 m. the recording 
equipment included a Geometries Model G-
803 Airborne (proton) Magnetometer, a 
Bonzar Mark IOX radar altimeter, a 
Panasonic color TV camera, and a Panasonic 
VHS Portable Video Cassette Recorder. 
Both analog and digital magnetic and 
altimeter data were recorded. 

The high-altitude survey covered an 
area of approximately 1500 sq km in which 
the Los Azufres geothermal field was 
centrally located. Approximately 1590. 
line-km were flown n.orth-south at a nearly 
constant altitude of 11,300 ft (3,.444 m). 
except over parts of San Andres volcano 
where altitude reached 12,500 ft (3,810 
m). This survey was flown in a Piper 
Cherokee fixed-wing airplane chartered by 
CFE. Dense smoke and haze resulting from 
numerous fires restricted flying and 
complicated navigation, resulting.in non
uniform survey data coverage. 

Both surveys were completed in May, 
1933 by a four man-crew which included a 
pilot and navigator from CFE, and a 
magnetometer, operator and , video 
system/recorder operator from UURI. The 
variation of the earth's magnetic field 
v;as recorded with a Scintrex Base-Station 
Magnetometer, Model MBS-2 for the period 
19 April to 26 Hay 1988. These, 
variations, v/hich have . a normal 
distribution, have a mean-value of 42,740 
gammas. The goal of this magnetic field 
monitoring was to determine the diurnal 
corrections to be applied in the reduction 
of the aeromagnetic data. Significant 
diurnal variations did occur during the 
low-altitude survey. 

DATA COMPILATION AND PROCESSING 

The flight-path recovery utilized VHS 
tapes of the flight path which were 
replayed many t.,imes to locate points 
identifiable ' on aerial photos, 
photomosaics, and topographic maps. The 
predominance of forest cover and 
incomplete photographic coverage limited 
the number of recovered points on both 
surveys. 

A first-generation magnetic map of the 
low-altitude data was completed by 
removing a base level of 42,000 nanoteslas 
(nT) from all observed values and applying 

diurnal corrections to each flight line. 
The diurnal adjusts all recorded data to 
the "normal" value of 42,740 nT observed 
at the CFE monitor station during the 
survey period, (Campos E. and Herrera B. , 
1983). The final magnetic map includes 
additional corrections to entire lines or 
portions of lines- based on tie-line 
intersections and altitude variations. 
This map of total magnetic intensity also 
incorporates smoothing to reduce flight-
line effects and to emphasize geologic 
information . 

During the initial qualitative 
interpretation ' it became evident that 
additional computer processing would 
reduce the effects of terrain clearance 
variation, remaining- flight position 
errors and other high-frequency noise. 
The aeromagnetic map was manually 
digitized by CFE fbr a square grid of 2-50 
m interval. V.'ith- digital data the 
following processes. could later be 
employed: reduction to the pole; upward 
continuation; second vertical derivative; 
and downward continuation. Depending oh 
the results obtained two-dimensional and 
three-dimensional modeling will be-
completed at a later date. 

Compilation of the high-altitude data 
included diurnal corrections (generally 
less than 10 nT according to Campos E. and 
Herrera B. , 1988) and removal of a 42,000 
nT base level. Because the diurnal 
changes were small and well-located tie-
line intersections were generally less 
than +/- 10 nT, no further tie-line 
adjustments were made. Nonconforming data 
for poorly' located portions of several 
flight lines were ignored in contouring 
the final map. 

INTERPRETATION LOW-ALTITUDE SURVEY 

An initial qualitative interpretation of 
the low-altitude map was completed by the 
correlation of geological and geophysical 
data, including; lithology, structure, 
susceptibility samples, • paleomagnetic 
data, gravity, and ground magnetics. 
Linear magnetic trends and . dipolar 
magnetic anomalies resulting from distinct 
sources with induced magnetization were 
identified from these data. In general, 
the detailed map (Plate I) shows well-
defined regional trends with an E-W 
orientation which predominate in the 
northern sector, and NW-SE trends which 
predominate in the south and west portions 
of the area. Other trends of minor 
importance, with an approximate N-S 
orientation, occur in the eastern sector. 
These magnetic trends correspond to 
orientations associated with a system of 



structures observed at the surface. The 
NW-SE trends may be of major importance as 
they coincide with trends observed in the 
regional gravity map. The detailed 
(1:10,000) geologic mapping (CFE, 1986) 
provides a basis for evaluation of the 
magnetic data. Figure 1 illustrates the 
form of magnetic anomalies for two 
characteristic models as computed for the 
magnetic-field parameters of the Los 
Azufres area. 

Inspection of the low-altitude survey 
map, Plate I, reveals several interesting 
features. 
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2. There is a northwest-southeast 
elongation of contours, some of which.may 
result from flight-line position and data 
leveling errors. Manual smoothing has 
reduced these compilation effects. Much 
of the remaining NW-SE elongation results 
frora the topographic grain and 
magnetization contrasts due to northwest-
trending faults, fractures, and. geologic 
contacts. Discrimination between 
compilation errors and valid geologic 
contrasts is difficult, and interpreted 
NW-SE structures must be regarded as 
somewhat uncertain. 

3. Nagnetic field variations of 300 nT to 
more than 1200 nT per kilometer are common 
along all borders of the survey. An area 
of perhaps 5 km (N-S) by 1-3 km (E-W) in 
the center of the survey, and largely 
coincident with the zone of hydrothermal 
alteration between the north and south 
production zones, is characterized by only 
long-wavelength v.a'riations between 640 nT 
and 750 nT. This limited variation 
indicates very minor magnetization 
contrasts in near-surface rocks (0-1000 ra 
depth) which may arise from different 
geologic models. 

4. Numerous positive anomalies are 
associated with the San Andres dacite 
(Qdp) to the east, the Mil Cumbres 

andesites (Tma) and dacite cinders (Qvc) 
in the north. 

5. Several negative anomalies occur 
over rhyolitic rocks (Qrf). The near-
surface depth estimates to the source 
rocks along with correlation with hilltop 
topography and reduced terrain clearance 
(from the radar altimeter) suggest 
reversely polarized units within these 
Quaternary rhyolites. Several of these 
reversed sources are identified by (R) on 
the interpretation map, Plate II. 
Additional reversely polarized volcanic 
sources may be present but have not been 
positively identified. Flux-gate 
magnetometry measurements by Dobson and 
Mahood (1985) document reversed 
magne.tizations in "basement rocks" and in 
the Agua Fria rhyolites at Los Azufres. 

Interpretation of the low-level data to 
date has focused upon: 1) an evaluation 
of the utility of this detailed, low-
level survey in helping to map this 
volcanic-hosted, fracture-dominated 
geothermal system; and 2) a preliminary 
magnetic/geometric model of the 
production zones and adjacent areas of 
the geothermal system. A more complete 
interpretation of the., survey will result 
from subsequent CFE processing and 
numerical modeling. The results.of the 
present interpretation are summarized on 
Plate II, an overlay to the magnetic data 
or geologic maps, and are discussed 
below. 

Fault and Fracture Delineation 
The magnetic contour map is dominated 

by the expression of faults and 
fractures. These structures are well 
expressed for several reasons. Many 
faults penetrate to the surface and are 
reflected in the surface topography. The 
faults place volcanic rocks of different 
magnetization in lateral contact, 
providing the necessary magnetization 
contrasts. Magnetic susceptibility 
contrasts within the Los Azufres area 
have been documented by Campos and Abad 
(1938) and confirm a substantial range of 
susceptibility variation (10 E-6 to 2047 
E-6 cgs for individual measurements) . 
The variation in remanent magnetization 
is probably greater. The low level of 
the helicopter flight provided a small 
distance " between the magnetization 
contrasts and the sensor, enhancing the 
anomalies. 

Major portions of more than 18 mapped 
faults and several second-order 
structures are expressed in the magnetic 
data (Plate II, Table I). The faults and 
-fractures are expressed in various ways. 
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Table I 
Magnetic Expression of Known Faults 

Magnetic ''Type of Length(Km) Trend 
Expression Expression Expressed Direction 

Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 

Fio Agrio 
Maritaro 
Nopalito 
Espinazo del 
Los Coyotes 
La Presa (N) 
Laguna Verde 
La Cumbre 
La Hiobba 
La Presa (S) 
Dorada 
El Chino 
Laguna Larga 
San Alejo 
Agua Fria 
El Vampiro 
El Viejon 
Ejamaniles 
Los Azufres 
Agua Ceniza 
El Chinapo 
Laguna Verde 

Diablo 

(N) 

(S) 

•' Magnetic expression 
discontinuities 

Weak 
Strong 
Weak 
None 
Moderate 
Moderate 
Moderate 
Weak 
Moderate 
Strong 
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Moderate 
Weak 
Moderate 
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Moderate 
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Figure 1. Characteristic magnetic model responses, Los Azufres, 
Michoacan area. Rectangular bodies 1 x 1 .5 km trending N20W and N50E. 
Susceptibility contrasts 0.002 cgs, depth to top 200 m, thickness 600 
m. Declination 9°E, inclination 48°, TF = 42,740 nT. Contour interval 
20 nT. 



A linear gradient 0.5 to several km long 
(e.g. Falla La Presa, Falla Maritaro) is 
the most obvious expression. More common 
in these data are the truncation of 
magnetic highs and lows and changes in 
anomaly amplitudes along a linear 
alignment. Many known faults are revealed 
by combinations of the above. 

Not all faults are well expressed in 
the magnetic data, and only rarely can the 
entire fault be interpreted from the 

faulting, and locally, reversely 
magnetized rhyolites which may outcrop. 

magnetic data. Because the surface 
geology has been mapped in detail and many 
drill holes have been completed, the 
opportunity for identifying major new 
features from the magnetic data is 
somewhat limited. Usirig the criteria 
discussed earlier, and in conjunction with 
the CFE geologic map, several mapped 
faults may be extended with some 
confidence based on. the magnetic data. 
These include Falla Laguna Verde, Falla La 
Hiobba, Falla El Chinapo, and other 
unnamed features. 

More than 12 previously unmapped 
structures are also interpreted from the 
magnetic data, as shown on Plate II. 
Several of these interpreted structures 
trend N60W to N20W, at a relatively small 
angle to the flight lines and hence could 
arise from compilation problems in areas 
of poor flight path recovery, or a 
coincidental alignment of magnetic 
gradients of anomalies. Perhaps the most 
important of these trends northwest near 
the eastern margin of the South Production 
Zone. The recognition of these NW-SE 
structures is a useful contribution to the 
knowledge of Los Azufres at this stage of 
qualitative interpretation. These 
interpreted features should be verified by 
geological mapping or surface geophysical 
surveys before being accepted as faults. 

Los Azufres Geothermal System 
A preliminary interpretation of the 

Los Azufres area is shown on Plate II. 
This interpretation, supported by 
numerical modeling of the high-altitude 
survey. Figure 2, indicates that a large 
body of relatively uniform bulk 
magnetization extends from Falla El 
Chinapo on the south to Falla Los Coyotes 
on the north. The body is truncated by 
Falla Laguna Verde and Falla La Presa on 
the east, and extends west beyond Presa 
Laguna Larga. This broad, positive source 
appears to be the 1000 m plus thickness of 
andesites contrasting with San Andres 
dacite and La Yerbabuena rhyolite domes on 
the east, and La Yerbabuena rhyolite domes 
on the west. Superimposed on this domin
antly low-relief feature are minor 
anomalies due to topographic effects. 

Figure 2. Preliminary magnetic model for 
Los Azufre.s geothermal area, from high 
altitude data. Major source body with 
susceptibility . contrast 0.001 cgs, 
outcropping, with thickness of 2300 m. 
Body borders are probably defined by 
regional structures. Contour interval 10 
nT. 

Thin, layered rhyolites overlie 
andesites in the central portion of the 
positive source body. A broad area of 
hydrothermal alteration is expressed by 
subdued magnetic variations, and appears 
to be oriented along the trend of two 
poorly defined structures interpreted from 
the magnetic data. We do not observe a 
detailed correlation between the diverse 
lithologic units and the magnetic 
contours, except that in the areas of high 
susceptibility.( andesites and dacites) the 
magnetic relief is much more irregular 
than where the surface cover are tuffs, 
rhyolites and altered rocks, even though 
the average value of the field is 
approximately the same. 

The structures indicated may have some 
significance as controls for the South 



Production Zone. The significance of 
structures and magnetic sources near the 
North Production Zone is unclear at 
present. 

INTERPRETATION - HIGH ALTITUDE SURVEY 

The high altitude residual magnetic 
intensity map is presented as Plate III. 
The interpretation of this survey will be 
somewhat limited by flight-path recovery 
problems, principally in the southern 
third of the survey area, and by several 
wide gaps in flight line separation. In 
four areas, the spacing between flight 
lines exceeds three km. In these areas 
the frequency content of the mapped data 
is lower than that of the true magnetic 
field at this elevation, and anomaly 
shapes may be somewhat incorrect. 

Several major west and west-northwest 
trending structures can be inferred from 
the contour map. Positive magnetic 
sources, 4 to 20 sq km in aerial extent, 
suggest major volcanic-intrusive 
complexes. Some of the more prominent 
sources occur at the eastern end of Laguna 
Cuitzeo, north of Presa Pucuato, near Mesa 
El Cantor, and at Uripitio. Geothermal 
fields are associated with tv/o of these 
large sources: Araro, southeast of the 
Cuitzeo source, and Los Azufres. The 
volcano San Andres, less than 400 m below 
the flight altitude, occurs as a positive 
magnetic anomaly with amplitude 300 nT 
above background. The inferred source 
position includes an area of approximately 
12 sq km, much of which is above 3000 m in 
elevation. 

The low-frequency magnetic anomalies, 
and the magnetic sources which can be 
inferred from these anomalies, form a 
large somewhat-circular area perhaps 25 km 
in diameter in the southeastern portion of 
the survey area. Any interpretation 
relating this near-circular appearance to 
a caldera complex will require more 
interpretation and considerable geologic 
input. 

The only specific interpretation of 
the high-altitude data reported here is 
first-pass modeling of- a low-amplitude 
positive anomaly which encompasses 20 sq 
km and is centered over the Los Azufres 
geothermal area. A simplified model of 
this source (Figure 2) corresponds to the 
broad magnetic source identified from the 
low-altitude survey which includes the Los 
Azufres geothermal system. The 
interpreted susceptibility contrast • for 
this body, contrasted with bordering, less 
magnetic blocks, is approximately 1000 E-
6 cgs, assuming a finite depth extent of 

the order of 2300 m, for this 
magnetization contrast. This may relate 
to a thicker section of andesites 
downfaulted with respect to surrounding 
dacites, rhyolite domes and other rocks 
and/or ' intrusive rocks beneath the 
andesite units. 

CONCLUSIONS 

The high-altitude aeromagnetic survey 
maps an arcuate area of over 500 sq km 
which includes several large magnetic 
sources suggestive of volcanic-intrusive 
complexes. One of these sources includes 
the entire area of the Los Azufres 
geothermal system. This source is 
bordered on three sides by major mapped 
faults. The positive magnetic source may 
correspond to a thicker section of Mil 
Cumbres andesites, and/or intrusives . at 
depth, and contrasts with rhyolite and 
dacite domes to the west and east. 
Several regional structures may be 
inferred from this survey but they have 
not yet been studied in detail. 

On the basis of the preliminary 
interpretation, it appears that the low-
altitude survey • is only partially 
successful for • reflecting the known 
geologic characteristics at Los Azufres, 
but contributes indications of a regional 
kind which shed new information and permit 
making hypothesis- for later studies.. The 
most important are the possible relation 
of the Los Azufres volcanic complex with 
the intersection of a NW-SE structural 
system (Basin and Range?) with more recent 
E-V/ structures. . These data also suggest 
that the hydrothermal alteration 
observable at , the surface is largely 
restricted to shallow units and decreases 
notably with depth. 

The detailed, low-level magnetic survey 
shows numerous linear magnetic- trends and 
discontinuities not present on the high 
altitude data, at least 18 of which 
correlate with mapped faults and other 
probable structures. Several mapped 
faults may be extended with an 
interpretation of the magnetic data, and 
more • than 12 previously unmapped 
structures are interpreted from these 
data. Some of these structures may be 
important to a better understanding of 
structural controls for the South 
Production Zone. With more study, this 
structural information will lead to a 
better understanding of this fracture-
controlled geothermal. system. The cost-
effectiveness of the regional survey is 
still being evaluated. 



ILLUSTRATIONS IN FOLDER 
.'-lagnetic surveys of similar 

structurally controlled volcanic Plate I. Residual Magnetic Intensity, Los 
geothermal systems should utilize a close Azufres Geothermal Area. Detailed 
flight line spacing (200-300 m) and a helicopter survey, scale 1:20,000. 
smoothly draped flight path somewhat 
higher than the minimum and mean terrain Plate II. Structural Interpretation, Los 
clearance of this survey. Depending on Azufres Geothermal Area. Scale 1:20,000. 
local relief and helicopter performance, a 
mean terrain clearance of 100 to 200 m . Plate III. Residual Magnetic Intensity, 
should be considered. Acambaro-Ciudad Hidalgo Area. High 

altitude regional survey, scale 1:100,000. 
Further interpretation of the detailed 

survey may benefit from low-pass digital 
filtering to reduce noisy data due to 
varying terrain clearance and flight-line 
position errors. Additional numerical 
modeling of the geothermal area should 
then be completed. Numerical modeling and 
structural interpretation of the high-
altitude survey can be completed on a 
lower priority basis. 
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ABSTRACT 

Detailed . and regional aeromagnetic 
surveys were completed over the Los 
Azufres geothermal area in central Mexico. 
Many mapped faults are clearly expressed 
in the detailed magnetic data because 
these faults penetrate to the surface and 
many are reflected in the topography. 
East-trending faults are often cut by 
younger north- to -northwest trending 
structures which can. be interpreted from 
the magnetic data. A large zone of mapped 
hydrothermal alteration is. apparent in the 
magnetic data as an area of unusually low 
(0-50 nT) magnetic relief. Interpreted 
structures trend NW into this area and are 
weakly expressed within the alteration 
zone. The regional survey records several 
major volcanic - intrusive complexes as 
large, positive magnetic anomalies, 
including the Los Azufres area. The 
source of the Los Azufres magnetic high 
appears to be bounded by northwest- and 
north-trending regional structures. 

RESUMEN 

Levantamientos detailados y regionales 
aeromagneticos fueron completados sobre el 
sistema geote'rmico Los Azufres en la parte 
central de Mexico. Muchas fallas de las 
cuales se han hecho mapas estan claramente 
expresadas en los datos magneticos, pues 
estas fallas penetran la superficie y 
muchas se reflejan en la topografia. Las 
fallas con direccidn al oriente suelan ser 
cortadas por estructuras mas recientes con 
orientacidn norte a noroeste, las cuales 
se pueden interpretar atravez de datos 
magne'ticos. Hay' cerca de 18 faccidnas 
magneticas que estan correlacionan con 
fallas ubicadas en mapas y otras 
estructuras probables. Varias fallas 
ubicadas en mapas pueden ser extendidas 
con una interpretacidn de los datos 
magneticos y ademas mas de 12 estructuras 

que no han sido ubicados en mapas. 

Una zona amplia de alteracidn 
hidrotermal y ubicada en mapas aparece en 
los datos magneticos como una zona de bajo 
(0-50 nT) relieve magnetico'. Estructuras 
interpretadas en esta area son de-
direccidn Noroeste y aparecen poco dentro-
de la zona de alteracidn. , Los datos 
indican la posible.relacidn. del complejo 
volca'nico- Los Azufres con la intersection 
del sistema estructural Noreste-Sureste 
(Basin and Range?) con estructuras Este-
Oeste. El levantamiento regional registra 
varios complejos de volcanicos-intrusivos 
mayores como anomalias magneticas 
positivas que incluyen el area de Los 
Azufres. El origen del-alto magnetismo de 
Los Azufres pareciera se limitado por 
estructuras regionales orientadas por el 
norte y el Noroeste. 

INTRODUCTION 

As part of a cooperative agreement 
between the United States Department of 
Energy (DOE) and the Mexico Comision 
Federal de Electricidad (CFE), two 
aeromagnetic surveys were completed over 
the Los Azufres geothermal area in 
Michoacan, central Mexico. The goals of 
this work were to determine the 
effectiveness of specialized aeromagnetic 
surveys for determining structural control 
and alteration areas in geothermal 
resources related to fractured volcanic 
systems. Other data obtained in support 
of the aeromagnetic surveys included the 
collection of magnetic susceptibility data 
for geologic units at Los Azufres and 
recording the diurnal variation of the 
earth's magnetic field. 

DATA ACQUISITION 

The aeromagnetic surveys are classified 
as detailed (low-altitude survey) and 



regional (high-altitude survey). The 
detailed survey v/as completed over the Los 
Azufres geothermal area using a Llama 
helicopter operated by CFE. Approximately 
527 line-km were flown in an area of 96 sq 
km, for an average line spacing of 0.18 
km. Survey lines were flown northwest-
southeast at an attempted terrain 
clearance of 100 m. The recording 
equipment included a Geometries Model G-
803 Airborne, (proton) Magnetometer, a 
Bonzar Mark IOX radar altimeter, a 
Panasonic color TV camera, and a Panasonic 
VHS Portable Video Cassette Recorder. 
Both analog and digital magnetic and 
altimeter data v/ere recorded. 

The high-altitude survey covered an 
area of approximately 1500 sq km in which 
the Los Azufres geothermal field was 
centrally located. Approximately 1590 
line-km were .flown north-south at a nearly 
constant altitude of 11,300 ft (3,444 m) 
except over parts of San Andres volcano 
where altitude reached 12,500 ft (3,810 
m) . This survey was flown in a Piper 
Cherokee fixed-wing airplane chartered by 
CFE. Dense smoke and haze resulting from 
numerous fires restricted- flying and 
complic'a"ted -navigation, resulting in non
uniform survey data coverage. 

Both surveys were completed in May, 
1933 by a four man-crew which included a 
pilot and navigator from CFE, and a 
magnetometer operator and video 
system/recorder operator from UURI. The 
variation of the earth's magnetic field 
was recorded with a Scintrex Base-Station 
Magnetometer, Model M3S-2 for the period 
19 April to 26 May 1983. These 
variations, which have a normal 
distribution, have a mean value of 42,740 
gammas. The goal of this magnetic field 
monitoring v/as to determine the diurnal 
corrections to be applied in the reduction 
of the aeromagnetic data. Significant 
diurnal variations did occur during the 
lov>/-altitude survey. 

DATA COMPILATION AND PROCESSING 

The flight-path recovery utilized VHS 
tapes of the flight path which were 
replayed many times to locate points 
identifiable on aerial photos, 
photomosaics, and topographic maps. The 
predominance of forest cover and 
incomplete photographic coverage limited 
the number of recovered points on both 
surveys. 

A first-generation magnetic map of the 
low-altitude data was completed by 
removing a base level of 42,000 nanoteslas 
(nT) from all observed values and applying 

diurnal corrections to each flight line.. 
The diurnal adjusts all recorded data to 
the "normal" value of 42,740 nT observed 
at the CFE monitor station during the 
survey period, (Campos E. and Herrera B., 
1938). The final magnetic map includes 
additional corrections to entire lines or 
portions of lines based on tie-line 
intersections and altitude variations. 
This map of total magnetic intensity also 
incorporates smoothing to reduce flight-
line effects and to emphasize geologic 
information. 

During the initial qualitative 
interpretation ' it became evident that 
additional computer processing would 
reduce the effects of terrain clearance 
variation, remaining flight position 
errors and other high-frequency noise. 
The aeromagnetic map was manually 
digitized by CFE fbr a square grid of 250 
m interval. V,'ith digital data the 
following processes could later be 
employed: reduction to the pole; upward 
continuation; second vertical derivative; 
and downward continuation. Depending on 
the results obtained two-dimensional and 
three-dimensional modeling will be 
completed at a later date. 

Compilation of the high-altitude data 
included diurnal corrections (generally 
less than.10 nT according to Campos E. and 
Herrera .B., 1988) and removal of a 42,000 
nT base level.- -Because the diurnal 
changes were small and well-located tie-
line intersections were generally less 
than •+/- 10 nT, no further' tie-line 
adjustments were made. Nonconforming data 
for poorly located portions of several 
flight lines were ignored in contouring 
the final map. 

INTERPRETATION - LOW-ALTITUDE SURVEY 

An initial qualitative interpretation of 
the low-altitude map was completed by the 
correlation of geological and geophysical 
data, including; lithology, structure, 
susceiptibility samples, paleomagnetic 
data, gravity, and ground magnetics. 
Linear magnetic trends and dipolar 
magnetic anomalies resulting from distinct 
sources with -induced magnetization were 
identified from these data. In general, 
the detailed map (Plate I) shows well-
defined regional trends with an E-W 
orientation which predominate in the 
northern sector, and NW-SE trends which 
predominate in the south and west portions 
of the area. Other trends of minor 
importance, with an approximate N-S 
orientation, occur in the eastern sector. 
These magnetic trends correspond to 
orientations associated with a system of 



structures observed at the surface. The 
NW-SE trends may be of major importance as 
they coincide with trends observed in the 
regional gravity map. The detailed 
(1:10,000) geologic mapping (CFE, 1986) 
provides a basis for evaluation of the 
magnetic data. Figure 1 illustrates the 
form of magnetic anomalies for two 
characteristic models as computed for the 
magnetic-field parameters of the Los 
Azufres area. 

Inspection of the low-altitude survey 
map, Plate I, reveals several interesting 
features . 

1 . liumerous short-wavelength highs and 
lows, less than 0.5 km in long dimension, 
occur on portions of the periphery of the-
surveyed area. Many of the small closed 
anomalies result from data acquisition or 
compilation problems (i.e. terrain 
clearance variation, flight path recovery 
inaccuracies) . Terrain clearance 
variations are most severe v/hen the 
magnetometer is less than 100 m above -the 
ground surface. Many anomalies result as-
the irregular topography rises to, or 
falls away from, the smoother flight path. 
Anomalies of this type can be evaluated by 
correlation with topographic maps and 
review of the radar altimeter data. 

2. There is a northv/est-southeast 
elongation of contours, some of which may 
result from flight-line position and data 
leveling errors. Manual smoothing has 
reduced these compilation effects. Much 
of the remaining NW-SE elongation results 
frora the topographic grain and 
magnetization contrasts due to northwest-
trending faults, fractures, and geologic 
contacts. Discrimination between 
compilation errors and valid geologic 
contrasts is difficult, and interpreted 
NW-SE structures must be regarded as 
somewhat uncertain. 

3. Magnetic field variations of 300 nT to 
more than 1200 nT per kilometer are common 
along all borders of the survey. An area 
of perhaps 5 km (N-S) by 1-3 km (E-W) in 
the center of the survey, and largely 
coincident with the zone of hydrothermal 
alteration between the north and south 
production zones, is characterized by only 
long-wavelength variations between 640 nT 
and 750 nT. This limited variation 
indicates very minor magnetization 
contrasts in near-surface rocks (0-1000 ra 
depth) which may arise from different 
geologic models. 

4. !(umerous positive anomalies are 
associated with the San Andres dacite 
(Qdp) to the east, the Mil Cumbres 

andesites (Tma) and dacite cinders (Qvc.) 
in the north. 

5. Several negative anomalies occur 
over rhyolitic rocks (Qrf). The near-
surface depth estimates to the source, 
rocks along with correlation with hilltop 
topography and reduced terrain clearance 
(from the radar altimeter) suggest 
reversely polarized units within these 
Quaternary rhyolites. Several of these 
reversed sources are identified by (R) on 
the interpretation map, Plate II. 
Additional reversely polarized volcanic 
sources may be present but have not been 
positively identified. Flux-gate 
magnetometry measurements by Dobson and 
Mahood (1985) document reversed 
magnetizations in "basement rocks" and in 
the Agua Fria rhyolites at Los Azufres. 

Interpretation of the low-level data to 
date has focused upon: 1) an evaluation 
of the utility of this detailed, low-
level survey in helping to map this 
volcanic-hosted, fracture-dominated 
geothermal system; and 2) a preliminary 
magnetic/geometric model of the 
production zones and adjacent areas of 
•the geothermal system. A more complete 
interpretation of the survey will result 
from subsequent CFE processing ' and 
numerical modeling. The results of the 
present interpretation are summarized on 
Plate II, an overlay- to the magnetic data, 
or geologic maps, and are discussed 
below. 

Fault and Fracture Delineation 
The magnetic contour map is dominated 

by the expression of . faults and 
fractures. These structures are -well 
expressed for several reasons. Many 
faults penetrate to the surface and are 
reflected in the surface topography. The 
faults place volcanic rocks of different 
magnetization in lateral contact, 
providing the necessary magnetization 
contrasts. Magnetic susceptibility 
contrasts within the Los Azufres area 
have been documented by Campos and Abad 
(1933) and confirm a substantial range of 
susceptibility variation (10 E-6 to 2047 
E-6 cgs for individual measurements). 
The variation in remanent magnetization 
is probably greater. The .low level of 
the helicopter flight provided a small 
distance between the magnetization 
contrasts and the sensor, enhancing the 
anomalies. 

•Major portions of more than 18 mapped 
faults and several second-order 
structures are expressed in the magnetic 
data (Plate II, Table I). The faults and 
fractures are expressed in various ways. 



Falla 

Table T 
Magnetic Expression of Known Faults 

Magnetic *Type of Length(Km) Trend 
Expression Expression Expressed Direction 

Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 
Falla 

Fio Agrio 
Maritaro 
Nopalito 
Espinazo del 
Los Coyotes 
La Presa (N) 
Laguna Verde 
La Cumbre 
La Hiobba 
La Presa (S) 
Dorada 
El Chino 
Laguna Larga 
San Alejo 
Agua Fria 
El Vampiro 
El Viejon 
Ejamaniles 
Los Azufres 
Agua Ceniza 
El Chinapo 
Laguna Verde 

Diablo 

(N) 

(S) 

Weak 
Strong 
Weak 
None 
Moderate 
Moderate 
Moderate 
Weak 
Moderate 
Strong 
Hone 
Weak 
Moderate 
Weak 
Moderate 
Weak 
Moderate 
Moderate 
Moderate 
Moderate 
Strong 
Moderate 

GR 
GR 

GR 
GR 

GR 

GR 
GR 

GR 
GR 
GR 
GR 
GR 
GR 

•f AD 
-f- AD 
AD 

AD 
H- AD 
+ AD 

-1- AD 
GR 

AD 
AD 
+ AD 
+ AD 
AD 
+ AD 
+ AD 
+ AD 
+ AD 
•1- A D 

•*• A D 

1 
6 
0. 
--
3 
3 
3 
1 
1 
3 
-. 
0 
2 
0 
3 
0 
2 
2 
0 
1 
2 
1 

5 

7 
5 
7 
5 
3 

3 

5 
7 

NNW 
E 
NE 
E 
E 
NNW 
NNW 
E 
N;NHE 
NNW 
NE 
E 
E 
E 
E 
HE 
NE 
SE;E 
E 
NE 
E 
NNW 

Magnetic expression type: GR 
discontinuities 

gradient; AD = alignment of 

Figure 1. Characteristic magnetic model responses, Los Azufres, 
Michoacan area. Rectangular bodies 1 x 1.5 km trending N20W and N50E. 
Susceptibility contrasts 0.002 cgs, depth to top 200 m, thickness 600 
m. Declination 9°E, inclination 48°, TF = 42,740 nT. Contour interval 
20 nT. 



A linear gradient 0.5 to several km long 
(e.g. Falla La Presa, Falla Maritaro) is 
the most obvious expression. More common 
in these data are the truncation of 
magnetic highs and lows and changes in 
anomaly amplitudes along a linear 
alignment. Many known faults are revealed 
by combinations of the above. 

Not all faults are well expressed in 
the magnetic data, and only rarely can the 
entire fault be interpreted from the 
magnetic data. Because the surface 
geology has been mapped in detail and many 
drill holes have been completed, the 
opportunity • for identifying major new 
features from the magnetic data is 
somewhat limited. Usirig the criteria 
discussed earlier, and in conjunction with 
the CFE geologic map, several mapped 
faults may be extended . with some 
confidence based on the magnetic data. 
These include Falla Laguna Verde, Falla La 
Hiobba, Falla El Chinapo, and other 
unnamed features. 

More than 12 previously unmapped 
structures are also interpreted from the 
magnetic data, as shown on Plate II. 
Several of these interpreted structures 
trend N60W to N20W, at a relatively small 
angle to the flight lines and hence could 
arise from compilation problems in areas 
of poor flight path recovery, or a 
coincidental alignment of magnetic 
gradients of anomalies. Perhaps the most 
important of these trends northwest near 
the eastern margin of the South Production 
Zone. The recognition of these NW-SE 
structures is a useful contribution to the 
knowledge of Los Azufres at this stage of. 
qualitative interpretation. These 
interpreted features should be verified by 
geological mapping or surface geophysical 
surveys before being accepted as faults. 

Los Azufres Geothermal System 
A preliminary interpretation of the 

Los Azufres area is shown on Plate II. 
This interpretation, supported by 
numerical modeling of the high-altitude 
survey. Figure 2, indicates that a large 
body of relatively uniform bulk 
magnetization extends from Falla El 
Chinapo on the south to Falla Los Coyotes 
on the north. The body is truncated by 
Falla Laguna Verde and Falla La Presa on 
the east, and .extends west beyond Presa 
Laguna Larga. This broad, positive source 
appears to be the 1000 m plus thickness of 
andesites contrasting with San Andres 
dacite and La Yerbabuena rhyolite domes on 
the east, and La Yerbabuena rhyolite domes 
on the west. Superimposed on this domin
antly low-relief feature are minor 
anomalies due to topographic effects. 

faulting, and locally, reversely 
magnetized rhyolites which may outcrop. 

Figure 2. Preliminary magnetic model for 
Los Azufres geothermal area, from high 
altitude, data; Major source body with 
susceptibility contrast 0.001 cgs, 
outcropping, with thickness of 2300 m. 
Body borders are probably defined by 
regional structures; Contour interval 10 
nT. 

Thin, layered rhyolites overlie 
andesites in the central portion of .the 
positive source body. A broad area of 
hydrothermal alteration is expressed by 
subdued.magnetic variations, and appears 
to be oriented along the trend of two 
poorly defined structures interpreted from 
the magnetic data. We do not observe a 
detailed correlation between the diverse 
lithologic units and the magnetic 
contours, except that in the areas of high 
susceptibility (andesites and dacites) the 
magnetic relief is much more irregular 
than where the surface cover are tuffs, 
rhyolites and altered rocks, even though 
the average value of the field is 
approximately the same. 

The structures indicated may have some 
significance as controls for the South 



Production Zone. The significance of 
structures and magnetic sources near the 
North Production Zone is unclear at 
present. 

INTERPRETATION - HIGH ALTITUDE SURVEY 

The high altitude residual magnetic 
intensity map is presented as Plate III. 
The interpretation of this survey will be 
somewhat limited by flight-path recovery 
problems, principally in the southern 
third of the survey area, and by several 
wide gaps in flight line separation. In 
four areas, the spacing between flight 
lines exceeds three km. In these areas 
the frequency content of the mapped data 
is lower than that of the true magnetic 
field at this elevation, and anomaly 
shapes may be somewhat incorrect. 

Several major west and west-northwest 
trending structures can be inferred from 
the contour map. Positive magnetic 
sources, 4 to 20 sq km in aerial extent, 
suggest major volcanic-intrusive 
complexes. , Some of the more prominent 
sources occur at the eastern end of Laguna 
Cuitzeo, north of Presa Pucuato, near Mesa 
El Cantor, and at Uripitio. Geothermal 
fields are associated with two of these 
large sources: Araro, southeast of the 
Cuitzeo source, and Los Azufres. The 
volcano San Andres, less than 400 m below 
the flight altitude, occurs as a positive 
magnetic anomaly with amplitude 300 nT 
above background. The inferred source 
position includes an area of approximately 
12 sq km, much of which is above 3000 ra in 
elevation. 

The low-frequency magnetic anomalies, 
and the magnetic sources which can be 
inferred from these anomalies, form a 
large somewhat-circular area perhaps.25 km 
in diameter in the southeastern portion of 
the survey area. Any interpretation 
relating this near-circular appearance to 
a caldera complex will require more 
interpretation and considerable geologic 
input. 

The only specific interpretation, of 
the high-altitude data reported here is 
first-pass modeling of a low-amplitude 
positive anomaly which encompasses 20 sq 
km and is centered over the Los Azufres 
geothermal area. A simplified model of 
this source (Figure 2) corresponds to the 
broad magnetic source identified from the 
low-altitude survey which includes the Los 
Azufres geothermal system. The 
interpreted susceptibility contrast for 
this body, contrasted with bordering, less 
magnetic blocks, is approximately 1000 E-
6 cgs, assuming a finite depth extent of 

the order of 2300 m, for this 
magnetization contrast. This may relate 
to a thicker section of andesites 
downfaulted with respect to surrounding 
dacites, rhyolite domes and other rocks 
and/or ' intrusive rocks beneath the 
andesite units. 

CONCLUSIONS 

The high-altitude aeromagnetic survey 
maps an arcuate area of over. 500 sq km 
which includes several large magnetic 
sources suggestive of volcanic-intrusive 
complexes. One of these sources includes 
the entire area of the Los Azufres 
geothermal system. This source is 
bordered on three sides by major mapped 
faults. The positive magnetic source may 
correspond to a thicker section of Mil 
Cumbres andesites, and/or intrusives at 
depth, and contrasts with rhyolite and 
dacite domes to the west and east. 
Several regional structures may be 
inferred from this survey but they have 
not yet been studied in detail. 

On the basis of the preliminary 
interpretation, it appears that the low-
altitude survey is only partially 
successful for reflecting the known 
geologic characteristics at Los Azufres,' 
but contributes indications of a regional 
kind which shed new information and permit 
making hypothesis for later studies. The 
most important are the possible relation 
of the Los Azufres volcanic complex with 
the intersection of a NW-SE structural 
system (Basin and Range?) with more recent 
E-V/ structures. These data also suggest 
that the hydrothermal alteration 
observable at the surface is largely 
restricted to shallow units and decreases 
notably with depth. 

The detailed, low-level magnetic survey 
shows numerous linear magnetic trends and 
discontinuities not present on the high 
altitude data, at least 18 of which 
correlate with mapped faults and other 
probable structures. Several mapped 
faults may be extended with an 
interpretation of the magnetic data, and 
more than 12 previously unmapped 
structures are interpreted from these 
data. Some of these structures may be 
important to a better understanding of 
structural controls for the South 
Production Zone. With more study, this 
structural information will lead to a 
better understanding of this fracture-
controlled geothermal system. The cost-
effectiveness of the regional survey is 
still being evaluated. 



ILLUSTRATIONS IN FOLDER 
Magnetic surveys of similar 

structurally controlled volcanic Plate I. Residual Magnetic Intensity, Los 
geothermal systems should utilize a close Azufres Geothermal Area. Detailed 
flight line spacing (200-300 m) and a helicopter survey, scale 1:20,000. 
smoothly draped flight path somewhat 
higher than the minimum and mean terrain Plate II. Structural Interpretation, Los 
clearance of this survey. Depending on Azufres Geothermal Area. Scale 1:20,000. 
local relief and helicopter performance, a 
mean terrain clearance of 100 to 200 m Plate III. Residual Magnetic Intensity, 
should be considered. Acambaro-Ciudad Hidalgo Area. High 

altitude regional survey, scale 1:100,000. 
Further interpretation of the detailed 

survey may benefit from low-pass digital 
filtering to reduce noisy data due to 
varying terrain clearance and flight-line 
position errors. Additional numerical 
•modeling of the geothermal area should 
then be completed. Numerical modeling and 
structural interpretation of the high-
altitude survey can be completed on a 
lower priority basis. 
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Michoacan area. Rectangular bodies 1 x 1.5 km trending 
N20U and N50E. Susceptibility contrast 0.002 cgs, 
depth to top 200 n, thickness 600 m. Declination 9''E, 
inclination 48*. TF=42,740 nT. Contour interval 20 nT. 
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Michoacan area. Rectangular bodies 1 x 1.5 kra trending 
N20U and NSOE. Susceptibility contrast 0.002 cgs, 
depth to top 200 m, thickness 600 cn. Declination Q^E, 
inclination 48°. TF=42,740 nT. Contour interval 20 nT. 
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inclination 48". TF=42,740 nT. Contour interval 20 nT. 
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Figure 2. Preliminary magnetic moclel for Los Azufres geothermal 
area, from high altitude data. Major source body with 
susceptibility contrast O.OOl cgs, outcropping, with 
thickness ot' 2300 ro. Body borders are probably defined 
by regional structures. Contour interval 10 nT. 
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Figure 2 Preliminary magnetic model for Los Azufres geothermal 
area, from high altitude data. Major source body with 
susceptibility contrast 0.001 cgs, outcropping, with 
thickness of 2300 m. Body borders are probably defined 
by regional structures. Contour interval 10 nT. 
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F i gure Characteristic magnetic model responses, Los 
Michoacan area. Rectangular bodies 1 x 1.5 km trending 
N20 W and N50 E. Susceptibility contrast 0.002 cgs, 
depth to top 200 m, thickness 600 m. Declination 9 E, 
inclination 48 , TF = 42,740 nT. Scale 1:20,000. 
Contour interval 20 nT. 
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Michoacan area. Rectangular bodies 1 x 1.5 km trending 
N20 W and N50 E. Susceptibility contrast 0.002 cgs, 
depth to top 200 m, thickness 600 m. Declination 9 E, 
inclination 48 , TF = 42,740 nT. Scale 1:20,000. 
Contour interval 20 nT. 
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TO: 

FROM; 

M E M O R A N D U M 

Ing. Antonio Razo M. 
Jefe, Del Depto. De Exploracion 
Gernecia De Proyectos Geotermoelectricos, CFE 

Howard P. Ross 
Earth Science Lab/UURl 

SUBJECT: Aeromagnetic Survey Data Items 

Transmitted herewith are the digital aeromagnetic data from 
the Los Azufres high altitude and low altitude aeromagnetic 
surveys. We have delayed in shipping these items until now so 
that I could identify the line numbers for the data that Douglas 
Ramsey has blocked out, and so that I could perform a comparison 
of analog records and the digital data. 

Due to occassional noise encountered during the survey there 
are some gaps in the time record (seconds) and corresponding 
digital magnetic data values. These have been identified in the 
data printout. The data can be recovered from the analog records 
in most cases. 

Identification of magnetic maxima and minima values along a 
flight line, and comparison of the analog fiducial numbers (1 
fid.ucial/2 seconds) indicates a shift effect of a few seconds for 
the digital values with respect to the analog record. The 
relationship between the magnetic data samples should be: 

Digital sample no. = 2 x analog no. (seconds), 

or, D = 2 X A. 

Instead of this the relationship varies from 

D = 2 x A + 0, to D = 2 x A - 4 . 

Approximately 75 % of the time the comparison is 

D = 2 X A - 3, 

which seems to apply for the entire line unless there are gaps in 
the digital data. 



Since the flight path recovery is based on the analog 
fiducial number the digital data must be adjusted to correspond 
to this position. Most commonly the adjustment of the digital 
sample number to the analog position number is 

A = (D + 3)/2. 

We have completed our low altitude flight path recovery, 
gaining many more points with the better quality 1:10,000 scale 
photo mosaic. We must rely on CFE for the positions of bordering 
areas where we only have topographic coverage. A copy of our 
present Low Altitude Flight Path map is enclosed. 

We have revised our flight path recovery for the high 
altitude survey using the preliminary (unnumbered) flight paths 
which CFE personnel had completed using photographs. With this 
assistance we have recovered many more specific points have have 
identified the line numbers. A copy of this map is also 
encIosed. 

UURI is looking forward to the meeting in Mexicali where we 
can discuss the flight path and aeromagnetic maps in detail. We 
are beginning to post the low altitude magnetic data. We will 
then contour the map in a preliminary manner and determine 
additional leveling corrections. 



IL 

t ^ 

t 

^^^•\7 ^ ' ' ^ ^ ^ ? 3 J^^^'^yf^*^'^ - S Sriy^yi' ^ ls>l^ "lf^''~l^' 

~ '" ' f ' -^/ '^ ' ley^/f^^/-- -1^3^p^~¥^/44 ^̂ ^̂ ^ \ v 
\ -

j ^ - ^ / Q y 
/ v o / J - - i / 7/<3M'fcyp • s > ^ u / o ^ y ^ ^ 





^ / 2 ^ S ? 

V2^2^ y ^ y y / P . ^ ( / a Cc^criy^y ZJS>>7 -:, A-O, '>JAZL. 

73a u y 7=̂ /3 
/ S - S £ - Jl'/ly 1 

/ /y^A/ - ^(?^-i2 

/ 7 ' 5 ^ - ^ ^ 3 

/ ? V ^ ' 7<!7̂ 1̂ 

f 9 s S ' - ^ 3 - 5 

^ii'/l/H/ - f̂C 6 

2/s<5- ' lS'/i7 

D.:^Muf- lll'''^^ 

Z ^ S S ' ^ ^ ' i ' 
•2.4-^/111)- IT-th^ 

- > ^ ^ ^ - 35'ii ' 
7/,A/i!!/ - /2<''^2 

5 - 7 5 ^ ' ^ 2 - ' 3 

2-&AJUJ 3 ^ ^ ^ ^ 

I " ! 9 ^ - 5^415 

3 C M U - - I^O'H'' 

P i l S E " Aihfy 

. B A A ; / . < / - /7>>i8 

3 3 S i S - - ^okJ9 

S+zViv' llt'l^o 

3 S . 9 ^ 41V' 
3 6 S.-. b^ " 
3 7 A / U / - "1 23 

5 B ^ S • -^3 2^ 

3 ' ^ K M - \h " 

40/UM/- i^A" 
^ / 5 - ^ ~ '7'\W 

^ 2 / / i l / - (SI 28 

^?>UT ' 4-4-29 

4+/ .y • "?« °̂ 
4.?S^ - 4oVi' 

TC5PS FORM 3t.r . ' . 

77^., Z/>>e, 

it '«<'• 3 i a r f u l •• 

W / /%?<? 

377 - 7/ / ; 

/ 73 - 7<io 

IS3 - -nllff 

2.32. -<t.fcf 

/ /3 -(^^7 
f2(» - 7 o i 

l i b - V/4 
I ' i / , - 141 

i z 3 ~n<̂ v 
T-Sl - ^41 

/ n '~7M 

1 3 5 " ^40-

l o 7 ' '^OS 

3 G 6 - S 3 I 

T.o'/ - 7 3 3 

Ll.4 - T-yl 
SSI - ^ f 4 

7f7 - 6 5 / 

*54- ' &/y4 

h o - ^9(> 

l o - ( . S S 

lAZ - /,S4^ 

7 « 0 -SSO 

f S o - i o S 

4-08 -S-<1l 

i 2 . | - 4 5 3 

\%7. - 4 3 7 

9 2 3 - 4 0 ^ 

3 2 0 - i » 3 

- — 

?%?. ^ / / 

6 7 ' 4 - I S / 

(>!(. - /So ' 

6 7 4 - / f o 
6 7 0 - / / g 

7 / 3 - / / ^ 

7 / 7 - / ' 7 7 

7 7 0 - 3 3 f 

-7-74-&4S 

7 / 0 - 5 3 1 

( ' I S - 5 2 1 

g ' « 4 - 3 S l f 

"^cioO^isJfio 

7 / / _ 4 ^ 0 

l f l - -KAS 

•746- 1-^4 

74-S- 3 9 s 

/y,oi - 330 

f>3C - 4 S S 

11-2- ' 147 
b Z l ' 1 0 / 

S V 3 - u s 

S 4 S - 424-

5 1 4 - -Jzl 

4 S S .--hSo 

-4A2'J.o5_ 

4 J ^ - /A^ 
3 9 9 - I'^S 

Z9/=l'>. " l y l 

---

%'. I 'F/ l 
/ o / ' c ^ 

I ' / 'A^ 

-fy 

"Jc? 

9/ 
ti'f-,y 

7 $ 

7 7 < 

6 ^ 

6^ 
^ 7 
3$ 
n'7^ 

• ^ 7 y ' / l ' 

47'f7, 
4-0 

33 
3 / 

•2-7 

Zd 

0 / 1 

o/S 
Di-b 

..2JJZ 

O o i ? 
C103 ? 

OOI ? 

C' o a i ) ? 

--

/ - s^ 

l->ie37/)r) 

4 C^ Ĵ A 
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/ f , r ^ £o/c/4j^>i5 ssy'i: 



51^ -WU 

3. /^ -IW-s. 

S/^'fr,, 

^U~ .Frl, 

S/7-Scit 

^ - - ~ - - L D ^ '/IZU/^7^^^ 
^Su/^y<sy Ff^ot>oc:.rzGzi7^e.c<:>te.(3^ 

'C>«ytj8-._ Co w>•wve^|^\- 5. -

I^^s•l-oi/^^ V.VA^6,j'^s^-fl^(C^;-»A<^t>j) o_f-tj roX^ crve<r-Los A7L,«*'tr«.\ 
«f <:i.,C/ Zy'/vi-S S 7 -n , -y , i ^c /o . f l 

f I. ̂  CM-t T i : L . ^ ' ^ . ^ S ^ S 8 j . ^ 3 -. c oS3\^. f\ y m ^ @ S + S "6" ^w:^^ 

. J S ! ^ /Sc/Z5ff7^: L - s ^ S t -

^ " ^ ^ ^ " ^ '^^'<7>^7-^S'- L ~ l ^ ^ ^ • S/fOVM 6<^?®«^^-^ 

k)o\sy ^ 

^/fo. cctes. 

s/zz k/̂ d. 

S / f Z TRiyyS, 

1̂  

Zl/Ctc/^ s f^ J^ / ' / t iC f 

^SL 

Piioi- <^a}--<s,cyrfj-.u/ij^ .̂ k/ fOi3o37? -fujil, 

S e ^ y y y ^ A S 3 7 J 5 0 / o CantpQ.yre f < ^ c > o ^ 
Oy^cf Z a o ̂  s ^ ^ ^ c = ^ / ? ^ o S 

L-T- \ -Vo 

£ 2 0 
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Michoacan area. Rectangular bodies 1 x 1.5 km trending 
N20W and NSOE. Susceptibility contrast 0.002 cgs, 
depth to top 200 m, thickness 600 m. Declination Q^E, 
inclination 48", TF=42,740 nT. Contour interval 20 nT. 



Figure 2, Preliminary magnetic model for Los Azufres geothermal 
area, from high altitude data. Major source body with 
susceptibility contrast O.OOl cgs, outcropping, with 
thickness of 2300 m. Body borders are probably defined 
by regional structures. Contour interval 10 nT. 
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N20W and NSOE. Susceptibility contrast 0.002 cgs, 
depth to top 200 m, thickness 600 m. Declination Q^E, 
inclination 48", TF=42,740 nT. Contour interval 20 nT. 
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Figure 2. Preliminary magnetic model for Los Azufres geothermal 
area, from high altitude data. Major source body with 
susceptibility contrast 0.001 cgs, outcropping, with 
thickness of 2300 m. Body borders are probably defined 
by regional structures. Scale 1:60,000. Contour 
interval 10 nT. 



Figure Characteristic magnetic mode 
Michoacan area. 
N20 W and N50 E. 
depth to top 200 
i ncI i nat ion 48 , 
Contour interval 

responses Los 
Rectangular bodies 1 x 1.5 km trending 
Susceptibility contrast 0.002 cgs, 

m, thickness 600 m. Declination 9 E, 
TF = 42,740 nT. Scale 1:20,000. 
20 nT. 
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MAIL DOE4418 'M. REED' AR 

SUBJECT: Biographical Sketch for Drs. P.M. Wright & H.P. Ross 

Dr. Phillip M.Wright 

Dr. Phillip M. Wright is Director of the Earth Science Laboratory 

and Technical Vice President of the University of Utah 
Research Institute. In this capacity Dr. Wright provides 
technical and programmatic guidance to scientists working on the 
U.S. Department of Energy's Geothermal Programs as well as other 
governmental and private projects. Dr. Wright is a recognized 
authority on the application of geophysical techniques to 
geothermal exploration and in the numerical modelling of 
geophysical data. 

Dr. Wright will serve as coordinator of joint U.S. - Mexican 
scientific teams studying the geophysical characteristics of the 
Los Azufres and Cerro Preito geothermal fields established under 
the recently signed U.S. - Mexico cooperative geothermal program. 

The purpose of the trip is two fold. 1) Dr. Wright will prepare 

detailed plans with Mexican scientists for an aeromagnetic survey 

of the Los Azufres geothermal field. The purpose of this survey 
is to test the applicability of using aeromagnetic data as an 
exploration technique and as a method of developing a better 
understanding of the fault distributions in mountainous volcanic 
terrains. 2) Wright will also review existing geophysical data 
from Los Azufres and Cerro Prieto, and formulate specific plans 
for numerical modelling of the data. He will obtain copies of 
the data for distribution to other members of the working groups 
and for the initial modelling efforts. 

The results of the joint research will be published in the U.S. 
literature where it will be available to the U.S. geothermal 
industry. The results of these studies will be of particular 
importance to the U.S. geothermal industry currently involved in 
exploration of volcanic systems which occur in the northwestern 
U.S. 

Dr. Howard P. Ross 

Dr. Howard P. Ross is Section Head, Applied Geophysics of the 
University of Utah Research Institute. In this capacity Dr. Ross 

manages and directly participates in geophysical studies which 
are part of the U.S. Department of Energy's Geothermal Programs 
as well as other governmental and private projects. Dr. Ross is 
a recognized authority on the application of geophysical 



techniques to geothermal exploration and in the numerical 
modelling and interpretation of geophysical data. 

Dr. Ross will assist Dr. Wright in the design, preparation for, 
and in-flight completion of an aeromagnetic survey of the Los 
Azufres geothermal field. The purpose of the trip is to assist 
in the installation and testing of the aeromagnetic survey 
equipment, and in the in-flight data recording during the 
aeromagnetic survey. Dr. Ross will supervise the data recovery 
and compilation operations. The purpose of this survey is to 
test the applicability of using aeromagnetic data as an 
exploration technique and as a method of developing a better 
understanding of the fault distributions in mountainous volcanic 
terrains. Dr. Ross will also review existing geophysical data 
from Los Azufres and Cerro Prieto, and formulate specific plans 
for numerical modelling of the data. He will assist team members 

in data interpretation efforts. 

The results of the joint research will be published in the U.S. 
literature where it will be available to the U.S. geothermal 
industry. The results of these studies will be of particular 
importance to the U.S. geothermal industry currently involved in 
exploration of volcanic systems which occur in the northwestern 
U.S. 

Timing: Intended travel dates - 1 March to 11 march, 1988 

.end 
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