Torres-Alvarado et al.

AN OXYGEN-ISOTOPESTUDY OF HYDROTHERMALLY ALTERED
ROCKS AT THE LOS AZUFRES GEOTHERMAL FIELD, MEXICO

Ignacio Torres-Alvarado, Muharrem Satir, Steven Fortier and Paul Metz

Institut fur Mineralogie, Petrologie und Geochemie
Wilhelmstr. 56,72074 Tubingen, F. R. Germany

Keywords: Hydrothermal alteration, oxygen isotopes, "®0-shift, Los
Azufres, Mexico.

ABSTRACT

The 80 systematics of the Los Azufres geothermal field (Mexico)
were investigated on 44 whole rock samples and 18 authigenic
quartz and calcite samples from different depths from wells Az-26
and Az-52. The 80 values of the analysed whole rock samples vary
from +2.2%0 to +16.7%c. These values show a temperature-
dependent isotope exchange, shifting the rock isotopic composition
to heavier 8'%0 values at temperatures lower than =90°C and to
lighter values at temperatures higher than 90°C. The 3'*0 range of
the analysed quartz samples is +3.93%o¢ to +20.23%.. The analysed
calcite samples yield values between +3.38%o and +12.23%0. Some
of the analysed quartz samples have 8"%0 values that are not in
isotopic equilibrium with present thermal or meteoric water at in situ
temperatures. The majority of the analysed calcites have isotope
ratios close to or in isotopic equilibrium with present thermal or
meteoric water at in situ temperatures. Some of the analysed
minerals may have precipitated from waters significantly enriched in
B0 relative to present geothermal fluids.

1 INTRODUCTION

The Los Azufres Geothermal Field is located in central Mexico,
approximately 200 km Northwest of Mexico City. It is one of a
number of Pleistocene silicic volcanic centres with active geothermal
systems that lie in the Mexican Volcanic Belt (Fig. 1). This belt
extends from the Gulf of Mexico to the Pacific Coast, and comprises
Late Tertiary to Quaternary volcanics represented by cinder cones,
domes, calderas and stratovolcanoes, along a nearly East-West axis
(Aguilar y Vargas and Verma, 1987; Mooser, 1972; Robin, 1982).

Los Azufres has been intensively investigated and developed since
1970. Almost 60 wells have been drilled, and with a production of
98 MW it represents the second most important geothermal field in
Mexico.

Studies of hydrothermal alteration at Los Azufres have been carried
out by different authors using mainly petrographical techniques
(Cathelineau and Izquierdo, 1988; Cathelineau, et al., 1985;
Gonzdlez Partida and Nieva Gémez, 1989; Robles Camacho, et al.,
1987). These studies have shown that partial to complete
hydrothermal metamorphism with mineral paragenesis from
greenschist to amphibolite facies has occurred (Cathelineau, et al.,
1991). Various stable isotope studies on meteoric and geothermal
fluids from the field (Giggenbach and Quijano, 1981; Ochoa Pérez
and Meza de Luna, 1989; Ramirez Dominguez, et al., 1988; Tabaco
Chimal, 1990), indicate that the §"®*0 values of present day meteoric
and geothermal water are = -9%o = 1%o and = -4%o % 1%o,
respectively. Oxygen isotope systematics of altered rocks and
authigenic minerals, in contrast, have received little attention.

The purpose of the present study was to obtain a better
understanding of the waterhock interaction processes occurring in
the field and to investigate the state of equilibrium between water
and minerals in the active hydrothermal system from Los Azufres.

2  GEOLOGICAL SETTING AND SAMPLES

The volcanism at Los Azuftres is made up of two principal units (Fig.
1): (1) a silicic sequence of rhyodacites, rhyolites and dacites with
ages between 1.0 and 0.15 m.y. and a thickness up to 1000 m, and
(2) a 2700 m thick interstratification of lava flows and pyroclastic
rocks, of andesitic to basaltic composition with ages up to 18 m.y.,
forming the local basement (Dobson, 1984). The thermal fluids are
sodium-chloride rich waters with high C02 and H»S contents, pH 7-
8.

The samples studied were drill cuttings and cores from different
depths of the wells Az-26 and Az-52 (Fig. 1). The well Az-26 (1241
m in depth) includes the whole volcanic sequence, with the first 500
m an interstratification of rhyolites and dacites (from here on called
felsic rocks) overlying andesites which extend down to the bottom.
The well Az-52 (1936 m in depth), though completely drilled
through andesites (from here on called mafic rocks), shows a wide
range of hydrothermal alteration as well as interesting hydrothermal
paragenesis (Huitrén Esquivel, et al., 1987; Rodriguez Salazar and
Garfias, 1981).

For this investigation 44 whole rock samples and 18 hydrothermal
minerals (quartz and calcite) were analysed for their 5'%0
composition. The analysed whole rock samples showed
hydrothermal alteration to differing extents, varying with the amount
of hydrothermal alteration relative to primary minerals from O to
70%. The quartz and calcite separates were from fracture- or vug-
filling deposits or when present, complete fragments from drill
cuttings.
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Fig. 1. Geologic map of the Los Azufres area, simplified after
Dobson, 1984. Az-26 and Az-52 = studied wells.
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3 ANALYTICAL METHODS

Minerals were separated by mechanical methods, heavy fluids, and
finally by hand picking. Oxygen isotope analyses of whole rock and
quartz samples were obtained by the BrFs method (Clayton and
Mayeda, 1963). Oxygen and carbon isotope analyses of calcite were
obtained by the phosphoric acid method (McCrea, 1950). Oxygen
isotope ratios are reported relative to VSMOW (Vienna Standard
Mean Ocean Water) in the 8 notation, 8=[(Rampic/Rstantara)-1)% 1000,
where R is "0/7'°0. The precision of the 8'%0 measurements is better
than £0.2%o.

4 RESULTS AND DISCUSSION

The analytical results are shown in Figures 2 to 4, along with in situ
temperatures for each sample, measured by geophysical methods
(Huitrén Esquivel, et al., 1987; Rodriguez Salazar and Garfias,
1981). These in situ temperatures were derived by linear
interpolation ~ with depth between measurements obtained
approximately two months after drilling. The time delay is that
needed to achieve underground thermal stability, based on
experience in this field. The temperatures are considered accurate to
+5°C.

4.1 Whole rock samples

The relation of 8'*0 values for whole rock samples from Los Azufres
drill cuttings from wells Az-26 and Az-52 to depth and in situ
temperatures is shown in Fig. 2. The 8"%0 values range from +2.2%o
to +16.7%0. In well Az-52 8'%0 values decrease with increasing
depth, showing a continuous correlation with temperature. Az-26, on
the other hand, shows a different correlation: from the surface to 400
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m depth the 5"%0 values are around +9%. with a very small
variation; after this depth the 8O shifts abruptly to = +17%o,
decreasing after 400 m to values = +4%o, in continuous correlation
with temperature.

The initial 8'*0 value of the investigated rocks can not be measured
directly because of the hydrothermal alteration which has acted to
some extent in all samples. However according to the values
obtained from the least altered samples and from the relations
observed in Fig. 2, we can assume an initial SIBOka = +8 %o for
mafic rocks and = +9 %o for felsic ones. These values are typical for
fresh rocks from other volcanic systems (Hoefs, 1980).

Assuming this range for the initial 8"0r0ck » processes controlling
isotope exchange appear to be basically temperature dependent.
Thus in lower temperature regions (up to = 90°C, 600 m depth, Az-
26 and 300 m depth, Az-52) isotope exchange between rock and
thermal fluids causes a shift to heavier oxygen isotope ratios. At
higher temperatures the isotope exchange produces lighter 3o
values.

A color key is used in Fig. 2 to show the relation between the relative
amount of hydrothermal alteration observed microscopically and the
oxygen isotope ratios. Although Az-52 samples do not show any
. 18

apparent relation between 8O values and percentage of
hydrothermal alteration, samples from well Az-26 show a correlation
between lighter oxygen isotopes ratios, higher amounts of alteration,
and higher temperatures.

4.2 Quartz

The 80 values of quartz are shown in relation to in situ
temperatures in Fig. 3. Two coloured bars are also plotted
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Fig. 2. 3'0 values of whole rock samples vs. depth and in situ temperatures from wells Az-26 and Az-52.
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representing the area where theoretical quartz samples would plot if
they were in isotopic equilibrium with present meteoric or
geothermal water, respectively. For these calculations an
extrapolation of the 200 to 500°C quartz-water fractionation factors
of Clayton, et al. (1972) was used. The range of the analysed quartz
samples is +3.93%o to +20.23%o.

From the 10 analysed specimens, three appeared to be in or near
equilibrium with the present isotopic composition of local meteoric
water and three with the isotopic composition of present geothermal
fluids. The rest of the samples are not in equilibrium, suggesting that
changes in temperature and/or a'so.to have occurred since quartz
deposition. Considering that the samples in disequilibrium are from
the deepest (and thus from the hottest) zones of well Az-52, the
measured Slgoqmm can not be explained by an entirely temperature
dependent isotopic exchange. This could indicate the presence of a
geothermal 1luid enriched in O relative lo present thermal waters
for the deepest zones of well Az-52 at time of quartz deposition.
Gonzalez Partida and Barragdn (1989) measured homogenisation
temperatures of fluid inclusions in hydrothermal minerals from both
wells, obtaining temperatures on average 30°C higher than present
in situ temperatures, supporting our interpretation. The
corresponding range in 8"*Owuier for these quartz samples would have
been -2.3%o to +4.3%o, = 4%0 heavier than present thermal water.
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Fig. 3. 3"%0 values of analysed quartz samples vs. in situ
temperatures. The bars represent the areas of isotopic equilibrium

between quartz and present meteoric water (8"0 = -8 to -10%)
and thermal fluids ("0 = -3 to -5%o).

4.3 Calcite

The 80 values of calcite are shown in relation to in situ
temperatures in Fig. 4. Also shown in this figure are the areas
representing calculated 8'%0 for calcite in equilibrium with water
with the present isotopic composition of meteoric and geothermal
fluids (according to the calcite-water fractionation factors of ONeil,
et al., 1969). Calcite samples yield 80 values from +3.38%o to
+12.23%-~.

Most of the analysed calcites seem to be in or near equilibrium with
the present isotopic composition of local meteoric water or with the
isotopic composition of thermal fluid at in situ temperatures. This
agrees with the results of other studies showing that carbonate
minerals tend to equilibrate readily with fluids in zones with
relatively high waterhock ratios (Clayton, ef al., 1968; Clayton and
Steiner, 1975; Sturchio, et al., 1990; Williams and Elders, 1984).
One sample appeares to be enriched in 'O. It could have
equilibrated with a thermal fluid of an isotopic comgposition of
+1.6%o, possibly indicating calcite precipitation from ¥0-enriched
water and/or a region with small waterhock ratios (very low
permeability), explaining the disequilibrium with present thermal
water.

5 CONCLUSIONS

Temperature represents the most significant factor controlling the
8'%0 values of whole rock samples from wells Az-26 and Az-52 at
the Los Azufres geothermal field, with 8"%0 paralleling temperature
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over most of both profiles. Oxygen isotope exchange to heavier §'*0
values occurs under temperatures lower than 90°C. Some of the
analysed quartz samples have 'O values that are not in isotopic
equilibrium with present thermal or meteoric water at in situ
temperatures. On the other hand, most of the calcites analysed have
isotope ratios close to or in isotopic equilibrium with present thermal
or meteoric water at in situ temperatures. Minerals in disequilibrium
may have precipitated from waters that were significantly enriched
in "0 relative to present geothermal fluids. The inferred (o)
enrichment has been preserved in quartz better than in calcite,
presumably because of the resistance of the former to subsequent
oxygen isotope exchange with water.
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Fig. 4. 30 values of analysed calcite samples vs. in situ
temperatures. The bars represent the areas of isotopic equilibrium
between calcite and present meteoric water (8"™0 = -8 to -10%) and
thermal fluids (80 = -3 to -5%0).
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