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RESUMEN 

Las respuestas magnéticas de varias estructuras vokánicas muestran que los conos cincríticos 
presentan sistemáticamente las respuestas más intensas, mientras que los cráteres de explosión 
con bordes de ceniza volcánica parecen tener una débil magn etización. Las estructuras de 
colapso, que pueden o no estar asociadas a un origen explosivo, no muestran un comporta
mitmto ma¡,'llético sistemático. Los resultados presentes sugieren que aparecerá un cráter de 
explosión con bordes de ceniza cuando la explosión inicial sea superficial, míen tras que las 
explosiones profundas tenderán a producir estructuras superficiales de tipo colaps o. Se hace la 
inferencia de que el instrusivo riolíti<.:o conocido como Las Derrumbadas en la cuenca Oriental· 
Serdán puede ser una fu en te gcotérmica. 

ABSTRACT 

Thc magnetic responses. of various volcanic structures show that cindcr eo nes systematically 
prescnt the strongest ma¡metic responses. whilc explosion craters with ash rings appear to be 
wcakly magnctizcd. Structurcs that are or thc collapse typc, which may ornot bcassociated with 
an cxplosivc origin, do not show systematic magnctic bchavior. These rcsulls suggcst that ash 
rings appcar whcn thc initial cxplosion is shallow, whilc deep cxplosions tend to produce 
surfacc featurcs of thc collapse type. Thc infcrencc is madc that the intrusive rhyolitcs known 
as Las Derrumbadas in thc Orientai-Serdan Basin m ay be a geothermal source. 

* Instituto de G•·ujúica, UNAM 
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INTRODUCTION 

Phreatic explosions are known to occur whcn a nsmg magma encoun
tcrs a body of water at shallow dcpth; the details of the mechanism, 
howevcr , are largely unknown (McBirney, 1973). Furthermore, it often 
happens that cxplosion cratcrs and cindcr eones are intermingled in the 
same volcanic ficld, with separation bctween different structures being 
as low as a few hundrcd meters. Exampks of such coexistence are not 
uncommon in Mcxico, eithcr in the Mexican Volcanic Bclt or outside of 
it (Wood, 1974), and instances are found at many othcr locations in the 
world (Noll, 1967). 

Which parameters ultimatcly control thc surfacc manifestations of a 
rising magma? Such a qucstion ca nnot be given a d etai lcd answer at 
present, however it appcars to us that, given a magma, local physical 
propertics and physical conditions of shallow rock formations are the 
determining factors of thc nature o f the cruption. In this respect, Wood 
(1974) believcs that water availability is an all important factor, but 
finds it difficult to undcrstand thc processcs that quickly change water 
availability and hence the naturc of thc eruption. Few studies appear to 
havc tacklcd the probkm of dctcrmining thc physical property differ
cnces betwccn explosion cratcrs and volcanic eones, although gcophysical 
t echniques can be rcadily applied to it ( c.g., Civetta et al.. 1 974; Wood, 
1974). 

Thc prcscnt study originatcd in thc suggcstion that one of the rcport
cd cxplosion cratcrs (Tcpcxitl) was of mcteoritic origin (Maupomé, 
1974 ). Further study of this ancl similar structures in the area showcd 
that the crater was formcd by a phrea to-magmatic explosion (Maupomé 
et al.. 1975). Howcvcr. initial geophysical survcys yielded favorable 
results in suppo rt of an impact origin for Tcpexitl since its magnetic 
response differcd from the response of other structurcs in the a rea. 
Once the volcanic origin of thc cratcr was clarified, the problem redu
ced to de termining thc causes of diffcrent magnctic responses among 
volcanic featurcs that apparcntly originatc from the same magma sour

ce. 

THE VOLCANIC FIELD 

The arca survcyed is locatcd at the south-easlern portion of the Orien-
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tal-Serdan Basin ( l9°-05'N to l9 °-I5'N ancl 97°-25'W to 97°-33'W 
approximatcly), which in turn is located on the eastern limits of the 
Mexican Volcanic Belt ; Figure 1 shows the arca from an ERTS image. 
The basin mean altitude is 2400 m and its perimeter is de!imitcd by 
three important peaks: Naucampatepetl or Mountain With Four Sides 
(Cofre de Perote) with an elevation of 4282 m, Matlalcueyatl or Blue 
Slope (Malinche) 4461 m, and Citlaltepetl or Star Mountain (Pico de 
Orizaba), the latter being thc highcst peak in Mcxico (5700 m). Scattcr
cd throughout thc basin arca (5000 Km 2

) one finds numcrous quater
nary volcanic manifestations ranging from basaltic lava flows and cindcr 
eones to calderas and explosion craters. The latter were recognized by 
the early Mexicans and were generically designated as xalapazcos or 
sand pots if they did not contain water and axatarwzcos if they did 
contain a lake. Axalapazco is thus gencrally equivalcnt to the word 
maar (Ordóñcz , 1906). 

Bazán ( 1959) has made a general geomorphologic, geohydrologic and 
geologic description of the basin. He notes that the basin drainage has 
no exterior outlet and that rain water forms shallow lakes anda consi
derable groundwater system ; these factsunquestionablyfavor theoccur
rrence of phreato-magmatic explosions in the arca. Whether a crater 
has a lake in its interior depends only on the position of the local water 
table; a 1ake will appear when the crater's depth is greater than the 
depth to the water table. 

Near the surveyed area there are two rhyolite bodies that deserve 
special mention since they are each associated with an explosion crater. 
The structures are Cerro Pinto and Cerro Pizarra, the former about 1 O 
km north, and the latter about 26 km north of the survcyed arca. Cerro 
Pizarra has an altitudc of 3039 m and constitutes one of the highest 
elevations within thc Oriental-Serdan Basin. In both cases the rhyolitc 
intrusive appears to post-date the explosion era ter: in the case ofCerro Pi
zarra it is very obvious that the intrusive emerged after the era ter was form
ed, since today the intrusivepierces thecrater at itscenter(Figure2a ,2b). 
At Cerro Pinto (its associated c.:ratcr is known as Tepeyahualco, Maupo
mé et al.. 1975) the ryholite dome is located on the southcrn part of 
the rim of a 3 km diametcr explosion crater of complex characteristics: 
the southern part of the rim is known as Sierra Blanca, owing to the 
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abundancc of white pyroclastics in that arca. Although not as promi
nent as the intrusivc in Cerro Pizarra, the intrus ive in Tcpeyahualco 
constitutes its highcst elevation (approximately 2750 m). 

The association of intrusives and explosion craters discussed above 
makes it probable that other similar cases may occur or have already 
occurred, where the explosion crater is present but the intrusive has not 
yet outcropped. According to our observations, one would expect that 
the intrusives have been the heat sources that furnished the energy 
necessa ry for the explosions. 

AEROMAGNETIC RESPONSES 

Figure 3 shows the location of thc main structures, volcanic and 
otherwise, in the area of interest (~ompare to Figure 1). The structures 
over which aeromagnetic determinations wcre mad e can be divided in 
two groups: the northern group with (!) Tepexitl , (2} Campana, (3) 
Buenavista, (4) Volcán and (5) Hacienda and the so uthern group with 
(6) Tecuitlapa, (7) Aljojuca, (8) Zotoltepec Cones, and (9) Xalapazcos. 
Structures ( 1 ), (3), (5) and (9) are gcnerically known as xalapazcos (i.e. 
dry craters) , (6) and (7) a re axalapazcos (i.e. they have a lake), (2) is a 
limestone reef, and (4) and (8) are cinder eones. 

Whcn the survey was or iginally planned thc ma in interest was, as 
previously mcntioned, to discrimina te bctween the response of the pre
surned meteoritic crater Tepexitl (Maupome, 1974) and the responses 
of ncighboring volcanic structures. Owing to lirnitations in available 
tlying time a systematic covcrage of the whole arca could not be rnade 
and we had to restrict fl y ing lines to the vicinity of each structure . It 
will later beco rne apparent that in severa! instances additional data is 
req uired in order to m ake a n adequate interpretation of the anornalies 
obtained; a subsequcnt study should fill thc gaps left by thc present 
onc: in the mean tim e a qualitativc discussion of the rnagnetic anomalies 
will be made. 

Total magnetic field mcasurcmcnts werc made at elevations ranging 
from 100 m to 300 m; a ground magnctomctry (vertical component) 
was also made on Tepexitl for control purposes. Total field intensity 
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contours (in gammas) are plotted for each structure . Only altitude co
rrections werc made for the total intensity data. Flight lines and points 
where field valucs were read are shown for each plot. 

A discussion of thc magnetic response of each structure shall next be 
madt: following thc group subdivision and the ordering established 
above. 

The Northern Group 

l. Tepexitl 

Figure 4 is an aerial vicw of the t:xplosion crater Tepexitl and the 
limestone reef La Campana. Figure Sa shows the total field intensity 
map of the era ter. Tepexitl has been described by M aupomé ( 1974) and 
by Maupomé el al. ( 1975). Con tour interval is 1 O gammas, total field 
values are givcn by the contour value plus 43660 gammas. 

Thc general characteristics of Tcpexitl's magnetic response are: ( J) a 
magnetic low approximately coinciding in shape with the crater's shape 
and (2) showing a mínimum on the southern portian of the rim, (3) the 
field in creases radially outwards except for a small portian on the nor
thern part of the rim, (4) comparing the background field values at 
surrounding structures to the corresponding val u e ( 43660 gammas) a t 
Tepexitl , a regional tendency is shown suggesting that Tepexitl may be 
on top of a broad magnetic maximum. Whcther this is true should be 
confirmed by additional mcasurements north of Tepexitl. 

In Table 1 it can be appreciated that the magnetic signature associa
ted with Tepexitl is one of the smallest among the group: this fact as 
well as the young age estimated for Tepexitl according to erosiona! 
features (about 10 000 years, R. S. Dictz, 1975, personal communica
tion) suggest a possible association between a partially molten magma 
and Tepexitl. 

Figure Sb shows contours of the vertical component of the magnetic 
field obtaincd in a ground magnetometry over Tepexitl and its environs: 
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small circles denote reading stations. The most obvious features in Fi
gure Sb are a maximum coinciding with the crater's center, an elonga
tion of the central anomaly toward the W and· toward the NE, and two 
strong gradients NW of the crater lcading to what appear to be two 
maxima; whether these responses are associated with nearby intrusíves 
cannot be ascertained with the present data. 

Comparing Figures Sa and Sb one can see sorne correlations between 
the total field and the vertical componet values; (a) the two gradients to 
the NW of the crater in Figure Sb correlate with a single, broader 

T ABLE l. Surface Structure and Magnetic Gradient Data of the Sur
veyed Structures. 

APPARENT APPARENT 

NAME 
SURFACE SURFACE SURFACE 

STRUCTURE GRADIENT GRADIENT 
(GAMMAS/KM) ORIENTATIO N. 

Northern Group 

Tepexitl Xalapazco* 148 (? ) 
Campana Limestone Reef 1 15 N 
Buena vista Xalapazco 108 NNW(?) 
Volcán Cinder Cone 205 NNE 
Hacienda Xalapazco 661 NNE 
Southern Group 

Tecuitlapa Axalapazco** 1646 NE 
Aljojuca Axalapazco 396 NE (?) 

Zotoltepec: 

W estern Con e Cinder Cone 2380 NNE 
Central Cone Cinder Cone 1234 NNW 
Eastern Cone Cinder Cone 1346 E(?) 
Xalapazco Grande X ala pazco 56 NEE (?) 
Xalapazco Chico Xalapazco 174 NNW 

* Dry cruler 
** Crail'r with a lake. 
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tendency to in crease of the total fiekl( Figure 5a ), ( b) the maximum at 
the centcr of the crater (Figure 5b) disappears when measuring at low 
altitud e (Figure 5a) suggesting that the ground leve! response is clue toa 
small , shallow , magnctized body. Such a body might be the plug that 
obliterated the exhaust vent (Maupomé et al., 1975 ). Estima tes, based 
on the data of Figure 5b, for the depth of burial of such a magnetized 
body range from 125 to 175 m. (c) On the eastern side of the crater 
there is a tendency of the total field (Figure 5a) to increase, which 
cOITelates well with a similar trend in the vertical component data 
(Figure 5b). 

2. La Campana. 

La Campana (Figure 4) is a cretaceous limestone recf (Bazán, 1959) 
approximately 1.5 Km south of Tepexitl. Figure 6 shows its acromag
netic response. Total field is given by the contour value plus 43560 
gammas. Only two flight lines crossed this structure; they suggest a 
magnetic low associated with La Campana, in agreement with the ex
pected response for a limestone. We believe that a third flight line. 
crossing the central part of the structure, would have shown a better 
correspondence between the magnetic low and the shape of the struc
ture. In any event, one can expcct similar responses from other limes
tone fonnations within the basin. 

3. Buenavista. 

Although this explosion era ter (Figure 7) has thrcc tlight lines over 
its C-shaped structure (i .e., the rim disappears at the southern portion 
of the crater), the total field data are clifficult to interpret since no well 
defincd mínima or maxima appear in the map (Figure 8), thus retlecting 
a weak underground magnetization (compare with Tcpexitl's data). 

4. Voldn. 

Yo Id n is the largest struc tu re surveyed (Figure 7). It m ay ha ve had 
up to four vents, possibly due to succesivc obliteration: some of these 
vents show up in Figure 7. Conscqucntly various magnetized necks are 
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expected near the top of the volcano. However, the total intensity map 
(Figure 9) does not show much magnetic structure near the t"op of the 
volcano; rather, this response suggests the presence of a large, magneti
zed body at depth. Particu1ar1y interesting is the observation that Vol
cán shows no in tense magnetic gradients (see Table 1 ), contrasting with 
those observed in the other cinder eones surveyed. 

S. Hacienda 

This structure is calied Xalapasquillo de la Hacienda (Figure 7): its 
appearance suggests collapse rather than explosion; it has a very small 
rim (apparently not constructional) and has an approximate depth of 
25 m with respect to the tlat surrounding terrain. In a preliminary 
report Ohngemach (1973) dates the original profile of this xalapasquillo 
between 30 000 and 35 000 years old, on the basis of extrapolation of 
C 4 dates; this is apparently. the only attempt at dating a structure in 
the area considered herein. Ohngemach refers to this structure as "a 
maar filled up by sediments", probably to justify its shallow depth; 
however, he gives no further explanation for the use of the word maar. 

Figure 1 O shows the total intensity contours; a well defined maxi
mum approximately coincides with the center of the structure; how
ever, the existence of the corresponding mínimum to the south cannot 
be considered with certainty owing to the lack of values in the area. 

Summary for the Northern Group 

The structures in this group can be subdivided in three groups according 
to the relative intensity of its magnetic response: ( 1) La Campana 
shows no magnetization, (2) Tepexitl and Buenavista, the two explo
sion craters with constructional rims show small magnetic anomalies 
and (3) the Xalapasq uillo de la Hacienda and · the Volcán yield the 
largest anomalies. 

The interconnection between the last two structures is suggested by a 
similarity in magnetic responses and by the fact that both appear to be 
over the same geologic fault; if interconnection indeed exists, the pro-



GEOFISICA INTERNACIONAL 

posed collapse at Hacienda might well be due to pressure release 
through the Volcán vents from a common magma chamber. This geo
logic fault approximately trends in the SE-N E d irection and is quite 
evident in satellite imagery (not shown in this work); in fact it is this 
fault that appears to cut in two the rhyolite intrusives called Las De
rrumbadas. 

Las Derrumbadas. 

Las Derrumbadas are located 1.5 Km north of Volcán and 1.5 Km NW 
of tepexitl; with an altitude of approximately 3200 m they are the 
most prominent structures within the Oriental-Serdan Basin (see Figu
res 1 and 3). Together with Cerro Pinto and Cerro Pizarra they consti
tute a system of intrusives in the area; but unlike Pinto and Pizarra, 
Derrumbadas have no obviously associated explosion crater. It is tempt
ing however, to try to find remanents of a cratcr that might have been 
destroyed by the outgrowing of the intrusive, as may eventually happen 
to the crater at Cerro Pizarra if the rhyolite intrusive continues to grow. 
The possibility that such a crater once existed is strengthened by the 
presence of other explosion craters that exist in the periphery of De
rrumbadas (i.e., Tepexitl , Buenavista and one to the north named Atex
caqui). 

The intense activity around Derrumbadas implies that heat has been 
reaching the surface in anomalous quantities in that area for a period of 
tens of thousands of years (e.g. between Xalapasquillo de la Hacienda 
(Ohngemach, 1973) and Tepexitl (Dietz, personal communication) 
there is a tentative age difference of 20 000 years and it appears that 
Buenavista may have an intermediate age between the two). In addi
tion, vapors emanating from a place at the base of one of the Derrum
badas have been reported by Ordóñez ( 1905). Consequently the area 
around Las Derrumbadas is worth further study as a potential geother
mal source. 

The Southern Group 

6. Tecuitlapa 

Ordóñez (1905) describes this structure as an axalapazco (Figure 11 a), 
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therefore it contains a lake. The shape of this structure is that of an 
ellipse with a maximum diameter of 1500 m approximately and a mean 
depth of 95 m from the top of the rim to the water leve!. The lake 
inside the axalapazco is shallow (i.e., 1Om depth approximately) and it 
may eventually disappear owing to slumping from the structure's inner 
walls. A little offset from the crater's center there is a dome and three 
small craters (diameters from 25 to 50 m), al! of them clase together 
and that, according to Ordóñez ( 1905), represent the last active stages 
of this crater. 

Figure !lb shows the total magnetic intensity map of Tecuitlapa, 
contour interval is 50 gammas ; it represents the strongest magnetic 
response among the surveyed structures. It shows a magnetic low a little 
to the west of the crater's center, and a high is suggested SW of the 
structure, corresponding thus toa dipole-like response;magnetization in 
this case appears to be normal. Ordóñez ( 1905) describes the central 
dome as constituted by thick lavas, and relates this axalapazco to the 
nearby lava flows known as Malpaís (Figure 11 a). Malpaís appears to be 
associated with the same fault that links Hacienda , Volcán and Derrum
badas. Therefore, it is plausible that the ma terials giving rise to the 
anomalous responses at Tecuitlapa and Volcán originate from a deep, 
common magma source and consequently might have similar composi
tions. 

7. Aljojuca and Zotoltepec Con es 

Discussion of these four structures (Figure 12a) will be made together 
given their proximity to each other. For the Zotoltepec eones only two 
closely spaced fines were flown. Results are shown in the total intensity 
map of Figure 12b. The response suggests that magnetized plugs are 
responsible for the dipole-like signature of the two western eones. A 
similar response is assumed for the eastern cone , although contour lines 
do not define the dipolar response as clearly as for the western eones. 

Aljojuca is another axalapazco; Ordóñez ( 1905) describes itas having 
an almost circular lake with a mean diameter of 1 Km approximately. 
The lake coincides with the original shape of the crater, which after 
erosion beca me elongated in the NE side of the rim. The average depth 
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is of J 90 m for this strueture, although in places it reaehes only 1 OS m. 
Two lava flows are apparent on thc erater walls ; one is a black, basaltic 
lava with a tendeney to eolumnar structure, whieh may correspond to 
one of the oldest eruptions of the Zotoltepee eones, and the other, at a 
higher elevation, appearing only on the eastern walls. From these obser
vations it is clear that Ordóñez ( 1905) considered the eones older than 
the axalapazco. 

The total intensity map for Aljojuea appears in Figure J 2b; a low is 
located on the circular portion of the strueture. The total intensity 
contours also suggest the presenee of a high north of the structure and a 
low to the east; however, there is not enough information to delimit 
their actual,positions. In any event, there appears to be an alignment 
between the elonga ted (NE) portion of the rim and the total in tensity 
contours in that area. 

8. Xalapazcos 

The Xalapazco Chico and the Xalapazeo Grande (Figure 13a) are lo
cated approximately 4 Km east of the Zotoltepee eones. As the name 
implies they have no water, contrasting with the neighboring axalapaz
cos of Tecuitlapa and Aljojuca. Ordóñez (1905) also describes these 
structures and gives the following data for them: the Xalapazco Grande 
(north) has a 700 m diameter and a depth of 70 m; the Xalapazco 
Chico (south) has a diameter of 600 m and a depth of 1 50 m ; they are 
separated 1 Km from each other. The walls of these structures consist 
of gray tuffs containing basalt fragments and hornblendic and hypers
thenie andesite boulders, probably carried from alluvial beds locatecl at 
greater depths. Beneath these materials there are yellowish tuffs that 
are also found uniformly extended outside the Xalapazeos; the deepest 
observable beds consist of interbeded tuffs and alluvial lenses. 

Figure 13b shows the total intensity map for the two Xalapazcos. 
The northern structure shows a weak gradient while the southern one 
shows a definite anomaly . Notice, however, that the contour interval is 
JO gammas; consequenfly, the intensity of the anomaly is not compara
ble to those of the other structures in the southern group. 



74 GEOFISICA INTERNACIONAL 

Summary for the Southern Group 

The structurcs of the northern group showed three qualitatively differ
ent degrees of magnetization: ncgligible, weak and strong magnet
ization. The structures of thc southern group can also be divided in 
three degrees of magnetization: negligible for the Xalapazco Grande, 
weak for the Xatapazco Chico and strong for the rest of the structures. 
Itis not clear whether Aljojuca belongs in the strong category. Thus, 
with the cxception of Xalapazco Grande, there appears to be a correla
tion between surface structures and underground magnetized bodies. 

Xalapazco Grande does not show a magnetic anomaly; two posibili
ties shall be mentioned regarding its origin. As a first instance consider 
that a collapsc occurred at the site of Xalapazco Grande when an explo
sion produced Xalapazco Chico. In favor of this possibility one can cite 
the collapse that has becn observed in the vicinity of the site of an 
underground atomic explosion (e.g. Short, 1965). We may add that 
Ordóñez ( 1906) believed that the origin of the two Xa1apazcos was 
simultaneous and that they were formcd by a single exp1osion; if such 
was the case, and since there was little or no subsequent activity that 
could produce a constructional rim, one is inclined to believe that the 
explosion had to occur ata considerable depth. For Tepexit1 (Maupomé 
et al., 1975) we have estimated a depth of 150 to 200m for the center 
of the initial explosion; accordingly, we would expect a depth in excess 
of 400 m for the explosion that formed Xalapazco Chico. 

An alternative origin for these Xa1apazcos could be a common 
magma chamber underlying them and connected to the Zotoltepec 
eones; owing to pressure release through the eones, collapse without 
explosion occurred at the Xalapazco Chico. The collapse of the Xala
pazco Chico could have induced a smaller collapse creating nearby the 
Xalapazco Grande. A similar case involving a cone and two pit craters is 
found in the Ka u Desert, Kilauea Volcano, Hawaii (Fiske, 1971 ); these 
structures are smaller than the structures under discussion but are also 
supposed to be connectcd at depth by a lava tube. 
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CONC LUSIONS 

Aeromagnetometry flown over a series of volcanic structures in the 
eastern portian of the Mexican Volcanic Belt allow for the following 
observations: (1) Volcanic eones show the strongest magnetic respon
ses; they resemble the response of a magnetic dipole (Volcán, Tecui
tlapa, and Zotoltepec Canes), (2) explosion craters with an ash ring 
show weak magnetic anomalies (Tepexitl, Buenavista), a fact that corro
borates sorne of the results obtained by Wood (1974) at the Pinacate 
volcanic field, and (3) collapse structures with no obvious ash ring m ay 
show a strong ano mal y, a weak anomaly, or no anomaly at all (Hacien
da, Xalapazco Chico, Xalapazco Grande and Aljojuca). 

Comparing explosion craters with an ash ring and those without it, 
there is sorne evidence pointing to the possibility that the explosions of 
the former type are shallow (possibly 200 meters or less), while those 
of the latter type may originate on explosions occurring at greater 
depths, in such a way that little or no pyroclastics can scape from the 
pi t. 

Finally, an indirect analysis has been made of sorne intrusives of the 
basin that led us to propase Las Derrumbadas as a potential geothermal 
field. 
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Fig. 3 Area showing the structures studied (numbered) as well as other prominet structures. R. 
denotes intrusive rhyolites, L limestone, V volcano, LF lava Oows, EC explosion crater, S 
collapsed structures and C calderas. The dashcd line corresponds to an inferred section of the 
Transcontinental Fault (Aivarez and Del Río, 1 975). The rhyolites immediately north of struc
tures 1, 3, and 4 are. known as Las Derrumbadas. NNW of Las Derrumbadas are shown an 
explosion crater and an intrusive rhyolite: The former is known as Tepeyahualco and the latter 
as Cerro Pinto. The southern portion of thc rim of Tepeyahualco is known as Sierra Blanca. 
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Fig. 5 (b) .Vertical componen! map of the magnetic ficld (ground survey). Small circles denote 
reading stations; station interval is 300 m and line interval 600 m. Contour interval is 50 
gammas. 

!Km 

hg. 6.Total field intensity mar for La Campana. Total field values are obtaincd adding 43 560 
gammas. Only two lines wcre llown; the response of this structurc is a magnetic low. 
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N 

IKm 

hg. 5 (a) .Total ficld intensity map for Tcpcxitl. Con tour interval is 10 gammas. Total field 
valucs are obtaincd adding 43 660 gammas. Flight lines and points where readings were madc 
are shown by fiducials. Concen trie dashcd lincs dclimit thc rim of ·the structure. 
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fig. 8. Total field intensity map for Bucnavista. Con tour intcrval is 1 O gdmmas. Total ficld 
val u es are obtaincd adding 43 560 gammas. 
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h g. 11 (a) . Acri<JI vicw of Tccuitlapa. Thc sh<Jilow lakc , lava dome, and c ralcrs are clcarly 
discernible. Thc Malpa Ís lava llows are el ose lo !he NW limil s of Tccuitlapa. 

L____j 
1 Km 
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1 

Fig. 11 (b).Total field intens ity map for Tccuitlapa . Contour intcrv<JI is 50 gammas. Total field 
valucs are ohlaincd adding 43 360 gam mas. Dashcd fines ddimil thc rim o f thc s tructurc. 
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N 

ll<m 

Fig. 9. Total intensity map for Volcin. Contour intcrval is 50 gammas. Total ficld values are 
obtained adding 43 560 gammas. Thc dashed lines within the structurc denote surfacc features 
vi si blc on Figure 7. 
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fig. 1 O.Total intcnsity rnap for Xalapasquillo de la Hacienda. Con tour intcrval is 50 gammas. 
Total tield valucs are ohtaincd aJding 43 560 gammas. 
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N. 
70 

1 Km 
Fig. 13 (b).Total field intcnsity map for thc Xalapazcos. Contour interval is 10 gammas. Total 
field values are obtained adding 43 360 gammas. Dashed lincs represen t top and bottom perime
ters of these structures. A considerable diffcrencc in response is obscrved bctwecn the two 
Xalapazcos. 
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Fig. 13 (a).Acrial vicw of the Xalapazcos ; the Xalapazco Grande is located NW of the Xalapazco 
Chico. Thcir respective diamctcrs a re 700 and 600 m. 
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