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ABSTRACT 

According t o  the geological  , geochemical , mercury 
t racers and thermometry surveys, the area o f  Los 
Humeros Derrumbadas i s  a good prospect t o  look f o r  
a commercial geothermal f i e l d .  

The heat source i s  probably provided by i n t rus i ve  
igneous rocks which under l i e  a t h i c k  layer of  
1 imestone. Th is  1 imestone cons t i tu tes  the  possible 
reservo i r  due t o  the f rac tu res  caused by f o l d i n g  
and fau l t ing .  

The cap rock i s  made of l acus t r i ne  sediments, 
ignimbri te and py roc las t i c  rocks, and the shaly 
sandy s o i l s  as well ,  which cover most o f  the area. 

I NTRODUCT I ON 

The survey area i s  located t o  the  east o f  Mexico 
C i t y  and includes a regional  area o f  probably 
7000 km2 w i t h i n  the s ta tes  o f  Puebla and Veracruz. 
The l i m i t s  of t he  area are: t o  the  east, the 
Pic0 de Orizaba volcano, which i s  t he  highest i n  
Mexico (5700 M.A.S.L.) and the  Cofre de Perote 
volcano (4282 M.A.S.L.), both being par t  o f  one 
range w i t h  trending north-south; t o  the west, the 
Tlaxco Range and the Malinche volcano (4461 M.A. 
S.L.); t o  the  north, Chignautla and Tezompan 
Ranges, and t o  the south there i s  a ser ies o f  
northwest-southeast ranges i n  the  neighborhood o f  
the  town of Tecamachalco (Fig. 1) .  

According t o  the  geothermal explorat ion methods 
proposed by OLADE (Organizacio'n Latinoamericana de 
Energ ;a) , a f i r s t  stage consisted o f  the col  l e c t  ion 
o f  a l l  t he  geological ,  geophysical, geochemical 
information, including topographic maps, a e r i a l  
photos, etc., o f  the area. A t  the second stage, 
a fotogeological  survey was made and then a 
regional geological reconnaissance. 

The geological study made i n  semi-detai 1 (1 :50,000 
scale) permitted the recogn i t ion  o f  the genet ical  
re la t i onsh ip  between the  thermal anomalies on the 
surface i n  regard t o  the subsurface. This led t o  
a proposal of a f i r s t  geothermical model O F  the  
area i n  order t o  plan add i t iona l  work. 

On the  basis o f  the f i r s t  geological  resu l ts ,  a 
water and gas geochemical survey o f  the  area was 

programmed i n  order t o  have knowledge o f  the area 
and a lso  w i t h  the  purpose o f  loca t ing  the most 
a t t r a c t i v e  zones from the  geochemical po in t  of 
view. A t  the  moment, t h i s  survey i s  i n  the  analy- 
s i s  and in te rp re ta t i on  stages. 

A mercury t racer  survey i s  now going on i n  the  
f i e l d ,  and w i l l  cover a complete regional area 
using a 5 km gr id .  Upon the  completion of t h i s  
g r i d ,  a 1 km one w i l l  be ca r r i ed  on over the  
anomalous area. The l a s t  survey o f  t h i s  regional  
geothermal exp lo ra t ion  includes the thermometry of 
the  lakes from volcanic o r i g in .  

S 

The purpose o f  t h i s  survey i s  t o  evaluate a pos- 
s i b l e  heat-f low anomaly. The caldera's lakes are  
60 m deep on the average. Where found, the 
deeper limestone aqui fers do not have a re la t i on -  
ship t o  the shallow lacus t r i ne  aqui fers located 
between 0-400 m below the surface. 

GEOLOGY 

A semi-detai led geological  survey revealed tha t  
igneous and metamorphic rocks from Paleozoic age 
make up the regional basement, from which outcrops 
i n  the  no r th  s ide o f  the area can be observed as 
a dome loca l l y ,  named "Macizo de Teziut lan." 
The b a t h o l i t h  rocks cons is t  o f  pink grani te,  a 
ser ies o f  andesite and r h y o l i t e  porphyries, and 
green sch is t  metamorphic rocks. 

Overlying the  basement rocks are t h i c k  beds of 
1 imestone o f  Jurassic and Cretaceous ages, which 
outcrop mainly i n  the  middle and i n  the  south 
par ts  o f  the  area; and seldom i n  the  nor th  side. 
Such limestone formations were subjected t o  
southwest stresses, producing northwest southeast 
f o ld ing  (S ie r ra  Madre Or ien ta l ) .  When t h i s  hap- 
pened, a ser ies o f  i n t rus i ve  igneous rocks of 
ac id i c  composition were emplaced i n  the middle 
pa r t  o f  the area, as can be shown by s ien i te ,  
a p l i t e  and granod ior i te  towards the nor th  side. 
The in t rus ion  produced metamorphism i n  the af fected 
limestone, recons t i t u t i ng  it, p a r t i a l l y  t o  marble 
and horn fe ls  (Fig. 2). 

During the  Miocene, an episode o f  very intense 
igneous a c t i v i t y  produced the outpouring of  lava 
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FIG. I: LOCATION MAP. 

PIC0 DE ORlZABA 
VOLCANO 

LAS DERRUMBADAS LOS HUMEROS 
DOYES I CALOERA 

L ~ c u m i M  S E D i N m n  Am AuViUM. s IxD9Tows Am SHALB. LimEsTorvEs. a RED BEDS. 

FIG. 2.- 
ISOMETRIC DIAGRAM OF THE HUMEROS-DERRUMBADAS GEOTHERMAL PROJECTS. 
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-and the  formation o f  a number o f  good sized vol-  
canoes, such as the  Cofre de Perote, then La 
Malinche, and f i n a l l y  t he  Pic0 de Orizaba, which 
i s  Pl io-Quaternary i n  age. 

These volcanoes have rocks o f  intermediate compo- 
s i t i o n ,  such as aug i te  and hiperstene andesites; 
on l y  the Mal inche rocks are hornblende andesites. 

Simultaneously the  va l ley  and depressions were 
f i l l e d  w i th  pyroc las t ic  rocks ( t u f f s ,  volcanic 
sand, and volcanic ashes) as we l l  as the  mater ia ls 
from erosion of  1 imestone. The r e s u l t  was a la rge  
lacus t r ian  basin a t  the  middle area, named Cuenca 
Libres-Oriental;  the  thickness o f  the  sediments 
are 400 m i n  some places, as can be seen a t  the 
northeast northwest, southwest, where the, topog- 
raphy consists o f  deep canyons on limestone rocks. 
During the Quaternary, t he  igneous a c t i v i t y  has 
continued vigorously i n  the  whole area, volcanoes, 
domes, cinder cones and col lapse and explosive 
calderas. The volcanic s t ruc tu res  such as Humeros 
caldera and Las Derrumbadas domes were formed 
dur ing t h i s  time. Those s t ruc tu res  bear surface 
thermal manifestat ions. 

The unusual amount o f  mater ia ls  der ived from 
c ra te r  explosions and the  presence of such c ra te rs  
i n  the  middle and southern par ts  of t he  area under 
study do suggest a near-surface magma. 
ingly,  the explosion c ra te rs  can partake o f  a 
d i f f e r e n t  nature: they can be phreat ic,  phreat ic-  
magmatic and magmatic. 

Accord- 

CONCLUSIONS 

The genera‘l cha rac te r i s t i cs  of the  area, so f a r  
studied, suggest t h e  p o s s i b i l i t y  o f  a good geo- 
thermal prospect: there i s  good evidence f o r  a 
source of heat deep and la rge  enough. Such an 
ind ica t ion  i s  confirmed by the  presence o f  young 
volcanoes, c inder cones and col lapse and explosive 
calderas. 

The reservoir  may be conceived as being formed 
w i t h i n  the limestone body. I n  s p i t e  o f  low poros- 
i t y  and permeabi l i ty  a t  t he  surface, i t  could, 
however, not iceably improve a t  depth because 
so lu t i on  c a v i t i e s  might have a tendency t o  increase 
w i t h  depth, a f a c t  supported by fo ld ing ,  f au l t i ng ,  
p lus the physical-chemical ac t i on  o f  hot  water. 

The impermeable cap o f  the  reservo i r  can be con- 
sidered t o  be made of  a d i v e r s i t y  o f  geological  
formations, mostly made up o f  we l l  consol idated 
sediments including py roc las t i c  rocks ( tu f fs ,  
volcanic ashes and volcanic sand); a lso  clays, 
conglomerates and so i l s .  
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A t  t he  present, t he  status o f  the  exp lo ra t ion  work 
covers geological,  geochemical and hydrogeologi- 
c a l  studies. A geothermic model o f  the  area i s  
being devised, and i t  w i l l  he lp  t o  program geo- 
physical  invest igat ions;  the  immediate main objec- 
t i v e  i s  t o  de l ineate  the zone, o r  the  zones 
in te res t ing  enough t o  j u s t i f y  d r i l l i n g  o f  res t  
we1 1 s. 
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