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La morfología y los parámetros de la zona de Wadati-Benioff fueron identificados a base de la 
distribución de los focos de terremotos en la región de México. la existencia de la zona inter­
mediaria asísmica, que está claramente relacionada con la cadena de los volcanes andesítkos 
activos centroamericanos, fue verificada en aquellas partes de la zona de subducción, las cua· 
les alcanzaron las condiciones necesarias para la fusión parcial de la placa hundida. Las diferen­
cias en la profundidad de la zona de subducción de la placa de Cocos fueron correlacionadas 
con el efecto de frenaje de la zona fracturada de Orozco y de la cresta submarina de Tehuante­
pec. Cinco profundas zonas de fracturas sísmicamcnte activas, genéticamente relacionadas con 
el proceso de subducción, fueron identificadas en la placa continental. Estas zonas pueden ju­
gar el papel de posibles canales de alimentación para los volcanes activos del eje volcánico 
transmexicano. 

ABSTRACT 

The morphology and parameters of the Wadati-Benioff zone were established on the basis of 
the distribution of earthquake foci in thc region of Mexico. The existence of an intermediate 
aseismic gap related clearly to the Central America belt of active andesitic volcanoes was con­
firmed in those parts of the subduction zone where thc conditions necessary for partial 
melting of thc downgoing slab were reached. The non-uniform rate of subduction of the Cocos 
plate could be correlated with thc hampering effect of the Orozco fracture zone and Tehuan­
tcpec Ridge. five deep seismically active fracture zones, genetically connected with the process 
of subduction, were identified in the continental platc as possible feeding channels for active 
volcanoes of thc Transmexican volcanic belt. 

* Profesores visitantes, Instituto de Geofísica UNAM, México; on leave from Geological Insti-
tute and Gcophysical Institute, Czechoslovak Academy of Sciences, Prague. 
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l. INTRODUCTION 

Thc tectonic and volcanic pattt~rn of thc region of Mcxico S<~<~ms to be 

suhstantialJy infhwnecd by active subduction of the Cocos platc 

bcneath the ~orth American eontin<~nt. Th(' proximity of thc l·:ast Pa­

cific l{isc with thc Middle /\merica treneh anrl the complicatt~d bathy­

mdry of the Cocos plate appear to he thc main factors govcrning the 

process of suhduction and determining the morphology of thc Wadati­
Benioff zonc in thiH region. 

The prcsent paper deals with thc study of thc geométry of rlistrihu­
tion of t'arthquakc foei bdwt:en thc paraHels 15°-20oN in rdation Lo 

thc occurrenet~ of active vokanism and main struetural featun·s of the 
subdueting Cocos plate. Special attcntion was paid to thc. detaikd 
strueture of the Wadati-Benioff zonc~ to the possible existente of an in­

Lermediate aseismie gap in thc downgoing slab, and to the distribution 
of carthquakc foei in the adjacent continental wedge. 1\ similar study 
for the rcgion of Cent raJ A meriea will be pubjjshcd in a separa1 e paper. 

2. D.ATA AND METHOD 

Since thc comprehcnsive study of Vlolnar and Sykes (1969) on t.hc tec­
lonics and st~ismicity of tht~ Caribht>an and Mi<ldlc America region~~ an 
cxtcnsive body of tH'\f rdiabl<~ st~ismological data has aceumulatcd. 

For Lhe construetion of thé Wadati-Benioff zone in thc rcgion of \le­

xico thc ISC <lata (KegionaJ Catalogue of ~~arthquakes) for thc twdve 

y<~ars' period 1964-75 wt~re used. ln sorne areas "~th low seismicity the 
data of Molnar and Sykt>s ( 1969) from l 950-63 wt·re aJso induded. Al­
togethcr 2590 carthquakes wt~rt'. used in th<~ pres<~nt study. 

Thc region investigated was divided into a system of sections !\15-

l\137 approximately perpendicular to the axis of the Middle America 
treneh (sec Fig. 1, where the system of scctions M38-M53 in Central 

Amcrica is also given). The area considered in the present paper is 
roughly limited by 11°-21 oN and 90°-l10°W. 

The general pieturc of the scismicity was obtained by constructing a 

figure of thc \Vadati typc (Wadati 1935) plotting the epicenters of 
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shallow, intermecliate and deep earthquakes on a suitabJe geographic 

map. This map of t->picenters also hdpt'd us to construct the appropriate 

sdwme of sections with reasonabic~ density of earthquake foei (Fig. 1). 
The map is not publishcd in lhc present paper becausc it docs not give a 
pi<..:Lurc diffning, in prin('ipk, from the results of :Ylolnar and Sykes 
(J 969). Tht'n thr graph.s giving thc dcpth distribution of carthquak<~ 
foei in dt·pcndenec on the distanee from the trench axis were constnu:­
t< ~d for cvc·ry se<.:tion considering thc magnitud(~ of earthquakes. 

3. VERTICAL SECTIONS ACROSS THE TRENCH AND MORPHOLOGY OF 

THE WADATJ-BENIOFF ZONE 

Thc depth distrihution of earthquake foci rdative to the distance from 
thc. Middlc Amcriea trench axis is givcn in ~3 graphs shown in Figs. 2-
:)4. For t-·asier underslanding of thc spatial corrdation of diffcn~nt 

phcnom•:na with the morphology of the Wadati-Benioff zonc, thc 
posüion of the axis of thc Middle America trench (arro\<vs) anrl. acti­
ve volcanoes ( fulJ triangles) is also given; thc Wadati-Benioff zom~ is de­
noted by full-line contours and fracture zoncs in the continental 

wedgc by a hatch pattern. 

Thc position of main struetural d<~mcnls is shown in Fig. l. The 
Jargc-scak g<~omorphological and tectonie units of the ocean floor were 
obtainf'd on the basis Óf the bathymetric chart of the North Pacific 

(Chase el al.; 1970) and active voleanoes -we re taken from Mooser et 
al. (1958). 

Thc gt~netaJ pietun~ shown by the s<~quenct· of thc Vf:rticaJ seetions 
1:onfirms thc existt·nee of a wdl-defined Wadati-Benioff zone bf~ginning 
in thc vicinity of the ~lirldlc Amcrica trench (see Figs. 2-34). Th<~ sub­
duetion ~one starts in thf~ srction M8, 'vhile thr seismic aetivit y shown 
i11 thc scdions MS-M7 hdongs to thc f{ivcra fractun~ zone and to the 
nortlH·rnmost part of the East Paeific Rise (s<~ction MS). Thr st~ismicity 
of thc H ivera fracture zone can be also obscrved southwest of the ~.r ada­

t.i-Benioff zone in the srctions l\18-Mll. Thc dip of thc \Vadati-Benioff 
zont' vari<'s bct ween 26o and 43o wit h thc pn~vailing valut-~ of 38°-40° to 
the northeast, its dcpth, manifcst<~d by the deept~st carthquakes m 
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individual sections, changes along the trench betwecrí 80 and 245 km 
(sections M9 and M34, 36). The thickness of the Wadati-Benioff zonc, 
measured perpendicularly to thc dircction of subduction, varíes be­
tween 55 and 90 km with the prevailing value of 70 km in the northcrn 
part and 90 km in the southcrn part (starting with M28). 

In sections M10-M12 and M23-M27 the thickness of the Wadati-Be­
nioff zone increases up to 160 km. The detailed distribution of earth­
quakes gives an impression that hte Wadati-Benioff zone is composed of 
two slabs, denoted as A and B in this paper; slab A has the usual 
position in relation to the trench, whereas slab B is shifted w~stwards 
beginning 100-150 km in front of the trench axis. This structure, 
called double-slab structure, seems to be a new phenomenon in plate 
tectonics. 

The intermediate aseismic gap, found previously irí the Wadati-Be­
nioff zone of Andean South America (Hanus and Van&, 1976, 1978a) 
and in the Tonga-Kermadec island are (Hanus and Vanek, 1978 b, e), 
can be clearly identified in the southern part of Mexico (see sections 
M28-M37) and in the whole region of Central Amcrica (Hanus and 
Van;k, in preparation). The gap is again closely related to the occur­
rence of andesitic volcanism. However, only two volcanoes of the 
Central American volcanic belt (Tacana and Tajumulco in section 
M 37) are situated in the region investigated in the present paper. 
It seems that in sections M12-M18 the intermediate aseismic gap 
occurs in the initial stage of development (see also Fig. 35). The active 
volcanoes Colima, Paricutín and 1 orullo can be spatially coordinated to 
this gap. However, its lower limit is only poorly defined by scarce 
intermediate shocks indicating the upper boundary of the solid lower 
part of the slab. 

Beginning at section M13 practically through the whole system of 
sections (excepting sections M20, 25, 27, 29) isolated intermediate 
and deep earthquakes occur southwest of the active Wadati-Benioff 
zone lying in an approximately-parallel strip below the present zone of 
subduction. In analogy with our interpretation of deep Andean shocks 
(Hanus and Vanek, 1978a) and a part of deep Tonga and Kermadec 
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shocks (Hanus and Van(i<~ J 978 b, e) thesc t-:arthquakes secm to mani­

ft-~st the rxistence of a paleoslab bclonging to the foregoing cycle.. of 
subduction. HowP.ver, the seismicity connected with the assum< ~d 

palt~osubduction is relatively wcak, the maximum depth of t-~arthquakP.s 
being about 500 km (seP. sections M24 and M32). 

SimiJarly as in 1\ndean South Amcrica ( Hanus and \~ an~k, l978a) an 
increa~t-:d seismicity can be ohserved in thc continental platc northt~ast 
of thc Warlati- Beniof :~;one (se<-~ :VIl3-M37) This seismicit y .appears to 
L<~ conncctc(l with a syste.m of inclincd · fracture :~;ones, which an: 
gcnetieally rdated to the process of subduction; this problem will bt~ 

rliscussrd in paragraph 5. 

4. VEHTIC>\L SECTION ALONG THE THEl\CH A~D COCOS 
PLATE STH UCTl! I{E 

The sequencc of the vertical sections in Figs. 2-34 indicates that the 
dcpth of p(~nctration of thc active subducted plate varíes along thc 
~1iddle A.merica trench. It was shown in our previous papcrs on Andcan 
South America (Hanus and Vanr.k, 1978a) and on thc Tonga-Kermadec 
region (Hanus and Vanek, 1978 b, e) that such a lateral variability 
was very probably caused by the hampering effect of main structural 
units of the suhducting oceanic plate. In order to correlate the depth of 

pcnetration of the Middle American subduction zone with thc physiog­
raphy of the Cocos plate, a vertical section of the W adati- Benioff zont: 
along the MiddJc America trench was constructed in Figs. 35 and 
36. Jn the latter scction all thc earthquake foci belonging to thc rcccnt­
ly subducted zonc are plotted, allowing us to contour thc position of 
the intermcdiate aseismic gap and the lower limit of thc Wadati-Benioff 

zone. Thc position of active andesitic volcanocs is also indicated. 
The scheme of main structural clements of thc Cocos platc is given in 

Fig. l. The following units charactcrizcd by clevations of thc ocean 
floor and tectonic fractures can be distinguished from northwest to 
southeast in the rcgion invcstigatcd: H ivera fracture zone, East Pacific 
rise, Orozco fracture zone, Oaxaca zone of elevations and Tehuantepcc 
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Ridge. The position of the above units is also indicated in Figs. 35 and 
36. 

The depth of the lower limit of the Wadati-Benioff zone gradually 
increases along the Middle America trench from northwest to southeast, 
showing local oscillations with an amplitude of about 50 km. Contrary 
to the well-defined zones of elevations separated by large oceanic plains 
on the surface of the Nazca and Pacific plates, the northwestern part of 
the Cocos plate is characterized by a dense, almost continuous scquence 
of submarine elevations and fracture zones. Therefore the variations of 
the lower limit of the Wadati-Benioff zone are not so expressive as, e.g., 
in Andean South America or the Tonga island are (Hanus and V anek, 
1978 a, b ). The hampering effect of the system of the ocean floor 
elevations seems to be one of the reasons that the lower limit of the 
Middle American Wadati-Benioff zone northwest of the Tehuantepec 
Ridge submerges only to shallower depths, varying between 70 and 
150 km, and the depth of penetration substantially increases to 250 km 
southeast of the Tehuantepec Ridge in the region of the Guatemala 
basin. Nevertheless, the local effect of the Orozco fracture zone and 
that of the Tehuantepec Ridge can be observed in the shape of the 
lower limit of the subduction zone (see sections M18-M20 in Fig. 35 
and M30, M31 in Fig. 36). 

In the areas where the East Pacific rise and the Oaxaca zone of ele­
vations disappear under the American continent (sections M10-M12 
and M23-M27) the double-slab structure of the Wadati-Benioff zone 
can be observed. It is very difficult to explain this phenomenon due to 
a poor knowledge of the deep structure of both the subducting· oceanic 
plate and the adjacent continental regions. According to our experience 
the double-slab structure can be caused by three different phenomena: 
(a) the subducting oceanic plate in this part is thicker than usual; (b) 
the subduction of A was stopped by sorne obstacle (in the continental 
plate ?) and new subduction of B started; (e) Bis a deep fracture zone 
running parallely to the trench in front of A. In a recent paper Dean 
and Drake (1978) found severa! strike-slip focal mechanisms for earth­
quakes pertaining to B, which may favour explanation (e); how-
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ever, further study is needed to darify the details of the double-slab 
structure. 

fn Fig~. 35 and 36 the foci of earthquakes coordinated to slab A 
and thc corresponding contour are given; the lower limit of Bis shown 
by a dashcd line. Thc morphology of B for both areas is prescnted 
in Fig. 37. 

A clearly pronounced aseismic gap begins in the section M28 and 
continues to Central America. The first active volcanoes associated 
with this gap are Tacana and Tajumulco. Jt is not clear why the part of 
the well-defined aseismic gap northwest of them is not accompanied by 
any andesitic volcanism. 

In the northcrn part of the subduction zone the only region whcre 
thc downgoing slab secms to reach thc state conditions nccessary for 
partial melting is situated betwccn scctions Ml2 and MlB. lt appears 
that in the Transmexican volcanic belt Colima, Paricutín and Jorullo 
are the only active volcanoes that can be directly connected with the 
subduction zone. 

5. DEEP FHACTURING OF THE CONTINENTAL WEDGE 
INDUCED BY SUBDUCTION 

t\ dctailcd analysis of the position of earthquake foci occurring in the 
continental wedge northcast of the Wadati-Benioff zone reveals that 
they are not distributed randomly showing a tendency to accumulate in 
wdl-separated zoncs, which dip to southwest and run parallely to the 
Middle America trench. These zones can be interprcted as a system of 
deep seismically active fractures induced in thc continental plate by the 
process of subduction. 

Jn the region of Mexico, five fracture zoncs of this type could 
be delineatcd. Going in the direction from southwest to northcast 
we attached the following na mes to the individual fracture zones: 
Churumuco-Ometepec F.Z. (ZX), la Huacana-Escuintla F.Z. (ZO), 
Los Azufres-Río Salado F.Z. (Zl). Tzindejeh - El Chichonal F.Z. (Z2), 
Tecolutla-Chiltepec F.Z. (Z3). The names are based on surface mani­
festations of hydrothermal activity related to the above fracture zones 
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(González and Molina, 1977). Their position on the surfélce as given 
by the associated shallowest earthquakes is shown in Fig. 38. The 
coordination of individual foci to respective fracture zoncs (ZO-Z3) 
is also indicated by hatching in Figs. 2-34. 

In the following a detailed description of individual fracture zones is 
giVcn. 

a) Churumuco-Ome.tepec fracture zone (ZX) J 

This fracture zone is characterized by very shallow scismic activity. lt 
can be traccd from 19~7N, 104~7W to 16~7N, 98~0W (see Fig. 39) run­
ning through the states of Jalisco, Colima, Michoacán and Guerrero. 
The length of the active part of the fracture zone is about 830 km, its 
average width on the surface being less than 25 km. The dip of this 
fracture zone could not be determined because the depths of foci did 
not excced thc convcntional value of 3 3 km. 

b) La llua.cana-Escuintla fracture zone (ZO) 

All the earthquakes associated with this fracture zone are shallow cx­
cepting two intermcdiate shocks in thc northernmost and southern­
most part. Therefore the dip of thc zone ZO could not be safely deter­
mined from transversc sections showing, however, a tendency of a rlip­
ping Lo southwcst. Thc fracture zone starts at 19~7N, 103~4W and can 
be traccd to 11 :'9 N, 85 ~1 W. Tt gocs through thc states o f Jalisco, Mi­
choacán, Guerrero, Oaxaca, Chiapas to Guatemala, El Salvador, Hondu­
ras and Nicaragua. The length of its active part is about 2250 km. The 
linear course of this fracture :t.one is interru pted in the region of the 
Tehuantcpee Ridge between 92° and 96oW showing a wedge-like bend 
to the north with apex near 94 ow. The width of the fracture zone on 
the surface in the northern part is between 80 and lOO km, in the area 
of the Tehuantepec Ridge between 30 and 50 km, and in the southern 
part it is between 80 and 90 km (see Fig. 40 A). The distribution of 
earthquake foci along the fracture zone is shown in the longitudinal sec­
tion given in Fig. 40 B. The active voléanoes Colima, Paricutín and Jo-
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rullo of the Transmexican volcanic belt are situated in the northern­
most area of this fracture zone. 

e) Los Azufres-Río Salado fracture zone (Z 1) 

Earthquake foci associated with this fracture zone are distributed from · 
the surface to the depth of 200 km. The fracture zone can be traced 
·from 20~0N, lóeow to 15~1N, 88~7W, ending at an intersection with 
the Motagua fracture zone. It runs through the states of Michoacán, Es­
tado de México, Distrito Federal, Puebla, Oaxaca, V eracruz and Chiapas 
to Guatemala. The length of the active part of the Los Azufres-Río Sa­
lado fracture zone is about 1470 km and its width on the surface varíes 
between 20 and 60 km (Fig. 41 A). The dip changes alongthe strike of 
the. fracture zone in a considerable range: it is 45o to southwest be­
tween O and 220 km from its beginning, 55o between 220 and 390 km, 
increases to its maximum value of 60° between 390 and 670 km with a 
gradual decrease to 52o between 670 and 890 km, 40o between 890 and 
1280 km and 35° in the southernmost part between 1280 and 1470 km 
(see transverse sections in Fig. 41 B). The shape of the lower limit of 
the fracture zone is shown in Fig. 41 C. Its depth reaches the maximum 
value of 200 km in the northern part, decreases considerably in the area 
of the Tehuantepec Ridge and increases again to 85 km in the southern 
part of the frac~ure zone. The active volcanoes San Andrés, Xitli and 
Popocatépetl are associated with this fracture zone, the volcano of Ce­
borneo being situated in a distance of about 300 km in its prolongation 
to the northwest. 

d) Tzindejeh -El Chichonal fracture zone (Z2) 

The fracture zone is characterized by shallow and intermediate seismic 
activity the maximum focal depth reaching 180 km. It starts at 20~7N, 
99~2W and ends at 15~7N, 89~5W with an intersection of the Motagua 
fracture zone, passing the states of Hidalgo, Puebla, Veracruz, Tabasco 
and Chiapas to Guatemala. Thc length of the active part of the frac­
ture zone is about 1220 km and its width on the surfacP varíes between 



GEOFISICA INTERNACIONAL 23 

40 and SS km (Fig. 42 A). Thc dip in the northern part is about 35°, 
in th<~ C<'ntral part about 55o and in thc southern part about SOo to . 

south west (se<'. transvcrse ~cetions in Fig. 42 B). The longitudinal scc­
tion in Fig. 42 C shows a considerable variation of th<~ lowcr ]imit of 
t.he fracture zom~ bctwccn 60 and 180 km. The active vo1canoes Oriza­
ha, San Ylartín, El Chichón and thc rniddle Quaternary volcano Cofre 
de Perotc are spatially rdatcd to this fracture zone. 

~) Tecolutla- C'hilteper fracture zune (Z3) 

Both shallow and intermcdiatc earthquakes determim~ the course of this 
fracture zone. The deepest shock belonging to this zonc has the focal 
depth of 170 km. The fracture zon<~ strctcht-~s from 20~1 N, 96?5W to 
J5~3:\, 87~4W ending, similarly as zones Zl and Z2, by an intersection 
with thc ~lotagua fracture zone. Jt runs through the GuJf of Mexico, 
thc states of Tabasco and Chiapas to Cuatemala. The lcngth of its a·cti­
vt~ part is about J 140 km, the width varying between 35 and 45 km 
(Fig. 43 A). Thc dip does not change significantly, being _about 55 o in 
thc northern part and about SOo to southwest in the southf-!rn part (sec 
transverse ~eetions in Fig. 43 B). The shape of thf' fracture zorw is 
shown in thc longitudinal section givcn in Fig. 43 C. No active volea­
nism is connected with this fracture zone in the continental region. 
Howt~ver, a northwest-trending belt of submarine volcanoes, founrl in 
thc Gulf of Mexico (M.oore and Del Castillo, 1974) may be related to 
the Tecolutla-Chiltepec fracture zone. 

Our intcrpretation of earthquakes occurring in the continental wedge 
as a manift-~station of deep fracture zones is supportcd by the available 
focal mechanism solutions (Molnar and Sykes, 1969; Jiménez, 1977). 
Normal fault solutions are given by Molnar and Sykes for their events 
146,14 7 and 148, which can be coordinated to thc fracture zone ZO. 
~ormal fault solutions are also given by .1 iménc~ for his cvents 1 and 2, 
belonging to thc fracture zone Z1, and for events 3, 4, 5 and 7, located 
at the fracture zone Z2. For the same event (numbered as 137 in Mol­
nar and Sykes, 1969, andas 6 in Jiménez, 1977) an invcrse fault solu-
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tion was obtained in both papers. The latter event occurred in the area 
of the fracture zone Z3. 

On the basis of the above scarse evidence any definite conclusions on 
the tectonic behaviour of the continental weclge would be premature, a 
greater number of reliable mechanism solutions Leing necessary. How­
ever, it seems that the continental wedge as a whole goes up along the 
Tecolutla-Chiltepec fracture zone, which is the last subduction-induced 
deep fracture zone in this region, whereas the blocks limited by fracture 
zones located nearer to the trench show a tendency of subsidence. 

It is interesting that all the active v·olcanoes of the so called Transme­
xican volcanic belt occur exactly in the area of the above fracture 
zones, . which seem to play the role of their principal feeding channels 
(see Figs. 40:42). This interpretation can explain the peculiar geometry 
of distribution of active Mexican volcanoes (see Mooser, 1972). A de­
tailed discussion of this striking phenomenon will be published in a sep­
arate paper (Hanus, ~ooser and Vanek, in preparation). 

In the region of the Tehuantepec isthmus the linear course of 
fracture zone ZO is strongly deformed and that of the zone Z 1 partially 
deformed (see Figs. 38, 40, 41). Moreover, a system of transverse 
scismically active ·fractures can .be deli:~J.eated in this area. Both pheno­
mena are undouhtedly connected with the hampering effect of the 
subducting Tehuantepec Ridge . and will be treated separately in a 
special paper. 

6. CONCLUSIONS 

The main results of the investigation into the geonietry of distribution 
of earthquake foci in Mexico can be summarized in the following five 
points: 

l. The subduction of the Cocos plate beneath the American continent 
was verified by the existence of a clearly defincd Wadati-Benioff 
zone with the following parameters~ prevailing dip of 38°-40° to the 
northeast, prevailing thickness of 70 km in the northern and 90 km 



GEOFISICA INTERNACIONAL 25 

in the southern part, depth of penetration varying along the trcnch 
between 80 and 245 km. 

2. The intermediate aseismic gap, connectcd with the Central American 
bclt of active andesitic volcanoes, was clearly identified in thc south­
ern part of Mexico; in the northern part of the subduction z9ne the 
aseismic gap may . exist only in the initial stage of development. 

3. A correlation between the depth range of the Wadati-Benioff zone 
and the major structural units of the Cocos plate implicates a non­
uniform rate of subduction along the Middle America trench due to 
the hampering effect of major ocean floor topographic features 
(Orozco fracture zone, Tehuantepec Ridge). 

4. In two areas of the subduction zone double-slab structure was found; 
this structure seems to be a new phemenon in plate tectonics. 

5. Five deep seismically active fracture zones induced in the continen­
tal plate by the proccss of subduction were found. These zones may 
play the role of principal feeding channels of active volcanoes of the 
Transmexican volcanic belt, thus explaining the peculiar geometry of 
their distribution. 
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·~ 4.0,04.14.5,04.6-5.0,1\7 5.1-6.0, \J~ 6.1; foci from Molnar and Sykes (1969) are denotcd 
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Fig. 3. Vertical section M6, distance measured from the point 1 S~ 8N; 11 O~ 6W. 
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. Fig. 4. Vertical scction M? , position of thc trcnch axis is denoted by arrow, distan ce measured 
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Fig. 1 O. Vertical section M 13. fracture zonc ZO dcnotcd by N\V-SL hatching, foci in thc Jert 
part belong to thc Fast Pacific risc. 
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Fig. 11. Vertical scction Ml4, foci in the 1cft part belong to thc East Pacific risc. 
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Fig. 14. Vertical section M17, fracture zone Z1 denoí.ed by vertical hatching. 
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Fig. 16. Vertical section M19, fracture zone Z2 denoted by NE-SW hatching. 
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Fig. 17. Vertical section M20. 
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Fig. 22. Vertical section M25, fracture zone Z3 denoted by horizontal hatching. 
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Fig. 23. Vertical section M26. 
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Fig. 24. Vertical section M27. 
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Fig. 25. Vertical section M28. 
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Fig. 30. Vertical section M33. 
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Fig. 33. Vertical section M36. 
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