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REGIONAL GRAVITY OF LOS HUMEROS VOLCANIC AREA 

M. MENA* and T. (;.ONZALEZ-MORAN* 

RESUMEN 

En el extrema este del Eje Volcanico Transmexicano se encontro una anomaHa gravimetrica ne· 
gativa. Tectonicamente,.dicha anomalia parece corresponder a un hundimiento en.el·que han.te· 
nido lugar varias. series de episodios volcanioo.s: el area considerada es un campo geotermico .po­
tencial, limitada al Norte, por el complejo litologico de Teziutlan, hacia el Sur, por las.llanuras 
de Tepeyehualco, al Oeste por la Sierra Madre Oriental y al Este por la cadena del Pico de Oriza· 
ba-Cofre de Perote. 

El estudio realizado incluye el mapa gravimetrico de las anomalias de Bouguer complefa, los 
mapas obtenidos de. la separacion regional-residual y un modelo bi~dimensional de la porcion 
central de la caldera de Los Humeros que contiene una anomalia central, positiva, aparentemen: 
te correspondiente a una obturacion central masiva. Ademas de una discusion e!quematica de la 
evolucion del area volcanica, se propane la existen.cia de una caldera localizada entre la de Los 
Humeros y la montafia Cofre de Perote, que esta totalmente rellena de material volcamco. 

* Instituto de Geofisica, UNAM. 
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ABSTRACT 

A negative gravity anomaly has been obtained on the eastern end of the Transmexican Neo­
volcanic Axis. Tectonically the anomaly appears to correspond to a sinking in which a series of 
volcanic episodes have taken place; the area is considered a potentially producing geothermal 
field .. The area is limited to the North .by the lith~logical complex of Teziutlan, to the South by 
the Tepeyehualco plains, to the West by the Sierra Madre Oriental and to the East by the Pico 
de Orizaba-Cofre de Perofo range. 

The study includes the gravimetric map of complete Bouguer anomalies, the maps resulting 
from the regional-residual separation, and a two-dimensional model through the central portion 
of Los Humeros caldera which contains a central, positive anomaly apparently corresponding to 
a massive central plug. In addition to a schematic dist:ussion of.the evolution of the volcanic 
area, the .existence is proposed of a caldera located between Los Humeros caldera and Cofre de 
Perote mountain, which is completely filled by volcanic materials. 

' 
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INTRODUCTJON 

The marked differences ofiI1tern:a.1 mass distribution ni;ike tM graviin:e­
. trfo niethod·useful ·forregionalstudies involcanie areas (Malahoff,·1969). 
The present study covers an area Iocated between 19Pl@'•and i 9~55 ~N, 
and 97°08! and 97°45'W on the eastetfr>end ofthe Transmexican Neo­
voicariic Axis· (TNA):. The TNA 'shows sharp, negative• gravimetric 
gradiertts, characteristic of regiol1s'withdeep•moimtaili :roots (Monges, 
1973). Figure 1 shows that the stuuied1 areaisfocated at the end of a 
regional alignment of simple Bouguer anomalies that decrease in 
magnitude in the NE.· directi~n; suchanomalies are associated with the 
orographic system of the. Sierra Madre Orienta! and the Teziutlan 
glianitic massiL Sl.lch an. alignm~ntbe11clsovertow;i.rds,the.So:uth owing 
to Jhe. presen,,ce ,oLthe Piep de Qriz~ba-Gofye. de P.er<:>te rl)_nge and the 
.calcl).Teous MeSQzoi~ complex that :limits· the .SE pertion · ()f the TNA 
(Demantelal., 1976). 

Field. data were obtained. with ... ;i · La.coste Romberg grayimeter, Mo-
. del G, aiming at a unifprm distrib,ution of stations; however; it was not 
always possible to reach the· best locations owing to access difficulties. 
0 bserved gravity. was computed· for each .• station afte.r conversions and 
instumental corrections, linking·the.obsecyations,to the Nation.alNet­
work of Gravity .Statfons thJ'o11gh~·stati6n K.10 in Per9te, City .. Sin.ce 
available•topographic.charts,.are.inadequ.ate for this,typeof ·work (i;e., 
50 ,m contour intervaJ), station .• altitudes were;, obtained; :through 
barometric ·measurements with ·two Wallace and .. Tierman altimeters, 
;making continuous closures onJ:he available level benches ofthe Secre­
tarfa.de. fa Defensa Nacional, and on the nearby railrod stations.whose 
altitudes• are. •weU established·' The. coordinates of the observed .stations 
were obtained from the 1 : 100 000 charts of the Secretaria de la De­
fensa Nacional; the .theoretical gravity values were obtained with such 
coordinates and the model described by the International Gravity For­
mula (Post.dam System, 1930). 

A density value of :2:67 g/cm3 was used i11 the calculation of the 
Bm1gucr. anomalies;. such· a v,all.le. is internationally ,accepted as the 
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average density of crustal rook.s. 'FhiS density choice will allow the new 
observations· to be linked to those previously obtained for the elabo­
r;ition ot.the gravimetric. m11P1Qf;t}ie rrN;A (Monges, 1973) .. Figure J 
shows. the •gravimetric; map of.the vort!onof T:NA C()rresponding to this 
study. [fhe .standard value of the verticaJ, gn1.vity gradientjs -0.3086 
mgal/m; ter.rain corrections. were<compµted with the method of rec­
t11ngular prisms with. 11· ~.40.gm/f,m3 .density (Herqandez, 1978). The 
. final . v;alu~s .. · yid~ed. the .• complete J3ouguer anomaly shown in the map 
of. Figure 2 (dots r:epresent stations). with an.. error of .l.5 :tngals . 

. G RA )l:IMETRIC ANOMALIES 

The d gravimetric map of complete Bc:ruguer anomalies of the area 
(Figure 2) p'artially showscthe alignments previously mentioned inrela­
tiori to Figure 1: Such aligiiments'begin to he. disturbed along longitude 
97°35 'W, which corresponds to the end of the Sierra Madre Oriental 
and the beginning of the andmalous area reported herein. In the central 
portion of such an area there is a complex distribution of maxima and 
minima that shall be .discussed in detail subsequently~ 

·Fidddata contain the effect.·ofall.sources producing the observed 
anomaly; in order to enhance features of geological interest it is neces­
sary to separate the deep iand• super.ficia.I contributions lo the anomaly. 
There are many methods toidetermine the regional contribution, from 
which tho residual is then: •computed (e. g., Agocs;..1951; Simpson, 
1953}. We have on served that the best fit of the regional to the measur­
ed data is obtained. with least $qµar,es fitting, asstiming•that the regional 
tendency can be approximated by a Ist order.polynomia.I. In the present 
wwk 292 observations are considered, localized in an approximate area 
of 4 700 km~~ c'Fhe equation 

(1) 

with xi andrx~ as geographieal orthogonal coordinates; represents the 
·lst order polyno:tnia.I for which optimum'values of the ·Coefficients· a0 , 
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a{, an<l 3i were computed: These •are\ao = -"-195.49, •<li· = 0.0686, 
3i• = 1.1503; Jhe. Y -valu~ f°:r each one of tlie 292 ohserva~fo~~ was 
cafouhifed. and the residual ob~ained .a~ the difference Yi-Yi where Yi 
is the gra,vity value. ~bservea· for each• sb1tion ~nd Yi is tlie computed 
gravity value for the s~me station. Figure 3: shows t~e resid1}al anomaly 
map; the percent acljus,tnient torthe r~gional tendency is of~0.6%with 
a niultiple correlation coefficient R = 0.898; we are thus dealing with a 
sllli>othly varying region~ tendency ( approXimately 1:2 mgal/k:m in the 
N~s direction); otherwise a higher order polynom.ial wollld he required 
to provide t1ie same fittib:g~ .. . .. 

DISCUSSION 

The. r~sidhal .anomaly.·maP .. (Figure ~) enhances\He .• gravimetric.eff~ct 
pr~duc~d by th~ main tect~nic 'and .•. yolcanicstr~ctµres ofthe.~ea'. 
Figure 5 shows the main te~tonic apd geologi~·~tmcture.~; the iJlterse~Hon 
bet~een. LQ~ •Humeros gr~en ofdire~ti~~NW (l~J),arid. t.he pne~tal 
grah~n. of direction NE (2~2) en~loses th~ llfea ofmain volcanic activity 
Wl!ish c~ta~ns JJ>sHumeros 'cald~~a, Te£eye~ualc°, voleapo ~the intrusive 
and explosion crater Pizllf~o 'and .theinferred. stm~ture ()f La, Gata cal­
dera. ·sw oftlle area. a horst· is' defillen byAlchicliicafault and Pico de 
Orizaba~Pachucafault; in this horst one fincls· the Sierra Blanca and 
l.as'Derriirnhadas intrusives; ictearly 'defined II1as8, deficiency is ohse~v­
ed in the eastern porlioll of Figure 3, prodticed by thdow density \rock 
of .Cofre d~ Perote volcano tI9°30'N, 97°IO'W);to the southwest· the 
main maximu~ is probable duet? the Sierra BlaI1caformatiol1(l9°25~N, 
97°32'W) ;'to the West and North, the effects produced by the meunfain 
roots'of'.th~ Sierra Madre O~ienfal and the ~eziutl~ngranitic massif are 

. mliiHtaine~ as in the. comp,lete Bougli~r anomaly map. In the central p~rt 
(Figure 3) the zero confoUf·delimitsa~egative al1~Ilialy.of elliptical 
shape, sµgge~ting t.he . existence. of. an area of low density prob~bly orig­
fuatfog \n the intersection· of the Los Humefos graben and the Oriental 

·· graben (Figure 5)'. 
. Within the limits of sutih a low denSity area it is possible to dif~ 
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fere11t.i11tt1 · fo1u aJ}qmalies of .annvlar.sli?!Pe {figure 3 ): .. (l) .Los Hui;r.ieros 
aJ1()mabrtO.Q

0

~6' ~!) 1Q
0

4 7'.N" and .9'(22' ,to .. 97".30'\V},. with a relati~e 
ma!fji;r.tll,i;r.i. ,at CO()fdinates. (19°4~'N, 9,'(29'W), wnjcli.is. P.1"0~111Jly. _Rl'.Q­

dl)~~d hy;
1

lP.s ~1'tru'sjy~. h~ciX ~}l~t.~Q~stityted.Jh~ b;i~t?.and.~!timn,~y.of 
the .o!i~n.ct1. volcan(). AI:t}iQug,11 th~;grayii;r.ietrh1 ~tatio,n,den~it~. isJow in 
tpe area, .the existe.nce of;.th~s ,maximvi;r.i is. c:;qilfiri;r.ie~ hy the m~~t­
pmetrie. ,dat1l (C. llore!'l.~t ttJ'.1 ~this issue) whiehiJ1ciiqat.e :t}ie.pi::esence oJ 
a. magnetizecipody in the. ~an;ie regio.n. $f{conf!aIJ; v:µlc~J1is¥l, ii;iterI1illto 
tlJ:e. c,aW~ra, prnduee~, a. series ofigravitx. ~inirria. jn t,he.s~1;1them. caldera 
rim; the most important is as~ociated to the Caidefitf,t.~olc~o (l 9°3.8'N, 
97°27'W. (2) The.existence of a buried caldera (La Gata) is suggested by 
the second anomaly (19°34' to.19~4l'N and .97°10' to 97°22'W), with 
possibly the remaining structure of avolc1lllo chimney, as suggested.by 
:the,J"el~ti:Ve i;r.i~xii;r.i11m obse~ved~t l9°~~·N, 9?°Hf\V· Alth()11:gh ~u~~a 
c:;ajdera .is cdmp,etely ?oy~red, gravii;r.ietry ancl LAND~AT s,atellite 
ii;r.ia~~s.~e.g'.,J!:-1306-1922.4{?1;,~;ll~(J-,16~2?-7. 01). sugge8:tits .. ex­
ist.epc~. (~) ~~()malY; (l,9°38'N.f1Il!f ,97°21

1
'\v,;) ~ssociated with.theintms­

ixe. hody . and · explosion .c:;~~ter kn()~~ 
1 
a~ ¢'er~o J~iza~() . (Alvarez ~t aL, 

·1~76),.jt~d (4 )1 /lnpi;r.ti!ly ~~sopj~t~P ~t~ J'ep~yehualc~ ~olc~°'l(l9°3I;.N, 
97°~Q;\V:, figure 3), fo<;~ted\betweeJ1.19°33' ~o. l.9°36,' a,~d .. 9'7°27'-97~32' . 
. ·In .o:uder to model the.main features of the anomalies a~soCiated to 

" ': ' ' '\ '', ,,, ' ' ' {< "'' ' } ' ' ~,'' ',, ' "'" ' ' " ' \' "' ,'' ' ' ' '\ '' 1: ~ ' '' \,, ,'' ' ; ,' \ '.' 

·:Lqs .HU,rrieros caldera a .sec;tio11.going thro11gh the.relatiye ma~irnµi;r.i was 
chosen, hisis. secti011.4\A'inJTigµr.e.?.Va)ues for.this sectionwe~e taken 
fr()m t~e ~ollt().~re Rv!3idual A~omaly, m~p,h.~t~tiU pr()ncie f1Il. est.imate 
of the pupsurf~.::.e structm;e that. can.he ~~rrel~t~d;with othergeo.physical 
dafa (Alv~rez, thjs.i~sue;.F}o:i;es,~t ·aL, thi,s)ss11et 9al£pl,atio1.1s ~ere 
rna~e .with the ~~orithm of Ta.lw~i et, al .. (1~$9) .witli. th~ Joll?wiJlg 
.densit~es: .2;.(),7 g/qrr/ for the sµrr.oundjngrocl\_s, 2.3.5 g/cm for py~o. -

3 . . . . . . . .. ·.. . .· . . . . . ····· ··. . 

elastics, 2.5~\g/cm .. forthe,centriJ.l body. The·Propo.)3Cd i;r.iodeli~ sh.own 
i11 Figure 5, where .it can he seen t~at ~QgMt\lres between o~serv~dand 
compute4 ano.m~lies do not ex,ceedl mgaL .. . . . 
; •The ;residµa,l ap.oi;r.ialy map coi~.cide,s ratnei: we)l wi,th tq~ i~9tpnies 0f 

the area proposed by Mooser and Soto (1979) (Figure 4), in w,hic}iJ_,ps 
> ~ 

Humeros graben of N,W 0directien interseqt~ the Or!tmtal gr.ah en ;<>f NE 
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dire~ti()n, prod~~ing~n·~~~a of. ~~tr~rrtt?weakll~~ .. •th~t· f~vors'the ·ap­
pearan~eof volc~ic activity. I~ the SE Ro~tion of the atea,the Alchi­
chica fault ~nd the Pico de Oriz®a-Pachuca fault delimit•a horst witliifr 
which ar~•conAined tHe '~ruttiit~s6f Sierra J31arita and tas Detrtlmhadas! 

Since no dating is yet avail®le for the rocks of the area, itis not pos~ 
sible· to precisely establi~~. t~e • s~qµence, of events that yielded the 
present day features. However,wJ of.fertentatively the following broad 

sch~:qie:. :. :/ · ... • ;•: . ; . . •. • ., : . . •. ··. •> .•• ·.··. .. . .. • • ·.. .. . . • • 
1) T:he sinking was produced By the"iritersection of Lo's Hunieros gra-
~ '\"",; ",'. <~"'"':<:>''''' :~\: ',1' ,\/ ''>,,"·,, :"' ~'.,,'·,~<\<' ,' ',·"':::'',,',:,,,',' ,', '\' '"\! ~ ,~,"""', '\,''.' ', ' ' ,; 

J:ien and. the Orientalgr®eil (Figure 4), probably in 'the Upper 
'Miocene. 

2) Within the area of this intersection a volcano wa~ 1urnied, whfoh 
after collapsing gave rise to La Gata caldera;the neck of the volcano 
collapsed as well and in such a process it was displaced from the 
center along the NE direction. 

3) The process of volcano formation was subsequently reactivated at 
a new, neighboring volcano formed to the West of La Gata. Alfter 
the magma chamber was partially depleted the new volcano 
structure collapsed forming Los Humeros caldera; the neck of the 
volcano was about 1.25 km wide and sunk to a depth of about 
500 m.(Figure 5). 

4) In the rim, and within Los· Humeros caldera a series of secondary 
volcanic structures erupted .lavas and pyroclastics, which covered 
the caldera and its surroundings with tuffs and ashes (Perez-Rey­
noso, 1978), producing the present.day structure. 

CONCLUSIONS 

The schematic sequence of events described above suggests that volcanic 
activity could have taken place possibly since upper Miocene and that 
migration of vulcanism would be a common feat11re in the area. The 
existence of a major, buried structure has been inferred on the basis 
of gravimetric results (La Gata caldera); its presence should be cor-



436 

rc:>,borated by <>ther geophy~caj meaJJ.S~. The prese11t. re~ults CaJJ.llOt, in 
its1 ()wn, de~i~~ qn,t\w ~aRiM~Y o(L<>~~µmeros ~aldera a~ .. !1 geotherll1al 
area~· ho'W;ver, :we think,t11at ~he.purpo~ of t}iis \\',~n:k l,,as }>ee~ f11lfilled 
i11aismuch as it has identifte!l: .. and.delimited, {lJ_e main structures in the 
area. 

"'; ,·,, ::, ;,, 

1-GKl~J)WJ:;ED~M,:ENTS 

We a,c.knQwl~dge t}ie •. geo~q~ca\ iQf Pl7IliJ.ti()n. fuJ;llis~ed by.~~· F~tl~fic~ 
1\1~Qser, ,the,critici~m~ and• pre~ipi~arylevie'f of this. ~<>l"~ '~y DJ .. Ro­
man Alvarez, as \\'"ell the calculations.fili.ddrafting from.Ra~ael Sanchez 
aJJ.d LorenzC>.Ferei;. 1 • •• 
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Figure 2, Complete.Bouguer anomaly; ofLos Humeros caldera and its vici11ity.The position Of 
·.the caldera rim and a few volcanic centers are shown for reference (see Perez"Reyn"oso, 1979.). 
Gravity values .are .in mgals, 
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Figure 3. Residual anomaly map of the anomalous area shown in Figure 2. Gravity values are 
.in mgals. Line AA' across Los Humeros caldera corresponds to the modeled cross-section in 
Figure 5. 
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18. Km A 

Figure 5 .. Modeled cross-section along Line AA' in Figure 3. Crosses represent values taken 
from the residua.I anomaly map and circles represent computed gravity values. A central body 
of anomalous density is necessary to fit the observations; most of the caldera volume is filled 
with pyroclastics. 
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