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En este trabajo se estudian la composici6n isot6pica y la concentraci6n de gases inertes en 
muestras de fluidos hidrotermicos de ocho areas de descarga en la Republica Mexicana. 

Se ha encontrado que Xe, Dr y una gran proporci6n de Ar y Ne son de composici6n isot6pi
ca atmosferica. Una pequefia fracci6n de Ar es de origen radiogenico. Todos los sistemas hi-, 
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194 
drotermicos mexicanos bajo estudio contienen helio del manto (de 4 a 44% del hello total). 
Los valores de la raz6n 3He/4He var{an a lo largo ya traves del Eje Volcani.co Transmexicano, 
y son congruentes con el patron geoestructural as{ como tambien con las caractedsticas petro
qu{micas de los productos volcanicos del Pliocene tardio - Cuaternario. 

La porci6n maxima del helio del manto es caractedstica de los sistemas hidrotermicos mas 
calientes (Los Azufres y Cerro Prieto} y de los alrededores de la caldera de Los Humeros (ma
nantiales de Quateloluco}. Se observa un contenido anormalmente alto de Ne en las mismas 
areas. Teniendo en mente las peculiaridades aruilogas de otros importantes sistemas hidroter
micos del mundo, estas evidencias sugieren un alto potencial geotermico para esas areas. 

ABSTRACT 

Isotopic composition and concentration of inert gases in samples of hydrothermal fluids from 
eight discharge areas in Mexico are studied. 

Xe, Dr, and a large proportion of Ax and Ne are found to be of atmospheric isotopic com
position. A small fraction of Ar is of radiogenic origin. All of the Mexican hydrothermal ~s
tems under study contain mantle helium (from 4 to 44% of total He}. Values of the 3He/4He 
ratio vary along and across the strike of the Transmexican volcanic belt, these values being con
sistent with the geostructural pattern as well as with the petrochemical features of the Late 
Pliocene - Quaternary volcanics. 

The maximum portion of mantle helium is peculiar to the "hottest" hydrothermal systems 
(Los Azufres and Cerro Prieto} and to the vicinity of Los Humeros caldera (Quateloluco springs). 
Anomalous high content of Ne is observed in the same areas. Bearing in mind the analogous 
peculiarity of other powerful hydrothermal systems of the world, these evidences suggest a 
high geothermal potential for those areas. 

INTRODUCTION 

The hope of revealing a juvenile component in geothermal fluids has always stimul
ated their study. From this standpoint some features of the chemical composition 
of thermal fluids have been repeatedly analyzed, for instance, the composition of 
dissolved solids ( common predominance of chlorides, frequently higher concentra
tions of boron, lithium, potassium, heavy metals) and gases (presence of C02 , sul
phur containing and especially halogenic gases and H2 ). Yet, one can never exclude 
the possibility of the presence of these substances in thermal fluids as a result of the 
interaction of infiltrated and buried waters with the rocks of the Earth's crust. 

The possibility of direct determination of genetically different components (at· 
mospheric, crustal, mantle) in thermal fluids appeared only after study of the iso
topic composition of the Ar and He contained in them. Argon of abyssal origin, as 
compared to atmospheric one (40Ar/36Az = 295.5) is enriched with the heavy iso· 
tope 40 Ar formed in the Earth due to the decay of radioactive 40K. Such an en
richment is usually considered peculiar to crustal setting. However, recent data 
show that the argon from the mantle is also enriched with the radiogenic isotope 
thus the 40 Ar/36 Ar ratio in the mantle is about 500 (Tolstikhin, 1978). 
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Unequivocal evidences of the present-day supply of juvenile (mantle) material 
into the outer shells of the Earth ( crust, hydrosphere and atmosphere) were obtained 
only after studying of the isotopic composition of the He contained in fluids of 
continental volcanic regions (Mamyrin et al., 1969a), dissolved in oceanic waters 
(Clarke et al., 1969) and occluded into other geologic materials(Krylov etal, 1974; 
Kaneoka and Takaoka, 1978, 1980; Kaneoka et al., 1977). The results of these 
studies have been recently summarized by Tolstikhin (1978, 1980). As a result of 
these studies, two types of He were recognized in nature: primordial helium which 
is present in meteorites and is characterized by a value of(l.5-3) x 10-4for 3He/4He 
and radiogenic helium which is isotopically much heavier (in radioactive minerals 
these ratios approximate 10-10

). Primordial helium was captured by the Earth at 
accretion stage and then, during the subsequent geological evolution, was contin
uously diluted by radiogenic helium. Besides that, a constant withdrawal of He 
from the interiors took place. As a consequence of these two processes, the value 
of 3He/4He in the Earth decreased relative to the primary (cosmic) level. This dimi
nution was especially appreciable in crustal layer which during its melting from the 
mantle was simultaneously growing enriched in radioactive elements and impov
erished in helium with high isotopic ratio due to more complete degassing. As the 
newly-formed crust became older the generation of radiogenic helium (the loss of 
the remains of the primary one not being compensated) wiped off the initial mantle 
isotopic-helium mark. This mark has disappeared completely in continental Prebai
kalian structures where only purely crustal radiogenic helium with ratio 3He/4He 
~ .(2± 1) x 10-s is presently observed. 

In the mantle this decrease must have proceeded more slowly. Indeed, in recent 
volcanic and hydrothermal gases and other geologically similar objects with appar
ently minimal contamination with crustal material and atmospheric gases, the 3He/ 
4He ratio is higher by three orders of magnitude than that in the older crust, ranging 
(1-5) x 10-5 • 

Precisely this helium with isotopic ratio of 1 x 10-5 was recognized for the first 
time in the Kurile-Kamchatka region; i.e. on the Kuriles, Eastern Kamchatka and in 
the regions of Central Kamchatka affected by Quaternary volcanism (Mamyrin et 
al., 1969a; Tolstikhin et al., 1982; Kamensky et al., 1976). These are zones where 
the granite-metamorphic layer of the continental crust, enriched in radioactive ele
ments was formed in the Miocene. In some places its formation is still in progress 
today (Tektonics of the Northern Eurasia, 1979). In the volcanically non-activ-e 
regions of western and Central Kamchatka where the formation of this layer had 
been completed everywhere in Late Cretaceous, the 3He/4He ratio is at least one 
order of magnitude lower. This reflects the process of gradual substitution of man
tle helium by the radiogenic helium; this process is most effective in the crust (Polak 
et al., 1976, Fig. 2). · 
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The 3He/4He ratio measured in thermal fluids of Iceland had still higher values 
than those on the Kuriles and Eastern Kamchatka (Kononov et al., 1974). Here, 
the "mantle" value of this ratio characterized not only the present-day Median neo
volcanic zone, but the remaining regions of the island as well. It evidences the ab
sence of a granite-metamorphic layer (source of the radiogenic helium) throughout 
the whole territory of the island and thus testifies to the oceanic type of Iceland's 
crust. 

Later it became evident that the high (mantle) value of the 3He/4He ~ 10-5 is a 
global peculiarity of the present-day geothermal activity. Such values are observed 
in fluids of all the studied volcanic regions: on the Hawaiian Islands (Craig and Lup
ton, 1976); in Japanese and Marian sectors of the pacific island arcs system (Craig, 
et al., 1978a; Matsubayashi et al., 1979; Nagao et al., 1979, Wakita et al., 1978), 
New Zealand (Craig and Lupton, 1978), Italy (Polak et al., 1979a) in the Caucasus 
{Matveeva et al., 1978), West of the USA (Craig et al., 1978b, 1979; Welhan et al., 
1978a); as well as in the links of the global rift system: in Iceland (Kononov et al., 
1974), the Galapagos rift (Lupton et al., 1977), Gulf of California (Welhan et al., 
1978a), Red Sea {Lupton et al., 1977) and the African-Arabian (Craig and Lupton, 
1978) and Baikalian (Lomonosov et al., 1976) rifts. 

Regional correlation of the isotopic composition of helium in fluids with the 
value of terrestrial heat flow (Polak et al., 1976, 1979b ), and with the isotopic com
position of strontium in rocks {Polak et al., 1979a) has shown that the mantle heli
um inside the earth's crust is not, in general, transported by an autonomous flow of 
volatiles, but by silicates from which this gas subsequently emanates and passes into 
composition of underground fluids. 

Composition of other inert gases in various earth materials, including thermal 
fluids has been studied with the aim of searching for additional isotopic mantle "sig
natures" (Craig and Lupton, 1976; Phinney et al., 1978; Matsubayashi et al., 1979). 
The values of Ne, Kr and Xe isotopic ratios observed in fluids, as compared to those 
typical of the Earth's atmosphere, evidence the presence of an atmospheric consti
tuent in these gases. Yet, the genetic sense of deviations of these values from the 
atmospheric ones is considerably less distinct than in case of argon and the more so 
in case of helium {Tolstikhin, 1980). Therefore, a complete study of the isotopic 
composition of all inert gases in geologically related materials appears necessary. 
From this standpoint fluids of volcanic areas seem to be most interesting: the study 
of helium has shown that it is just in such areas where the probability of revealing 
mantl,e marks {if there are any) in the isotopic composition of other inert gases is 
rather significant. 
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Mexico, abounding in manifestations of volcanic and hydrothennal activity of
fers exceptional interest for such studies owing to the following reasons. First, in 
fluids of the Mexican volcanic belt the isotopic composition of inert gases is not yet 
known; their study would provide new regional data for evaluation of the homo
geneity of the mantle in this respect. Second, on the territory of Mexico the dif
ferent types of geotectonic regime (island-arc and oceanic-rift) took place in Late 
Cenozoic. Studies in the Kurile-Kamchatka region (Kamensky et al., 1976) and Ice
land (Kononov et al., 1974) showed that these types of regime result in appreciable 
differences in the characteristics of the distribution of the helium isotopes in under
ground fluids. Therefore, a corresponding investigation of the thennal manifesta
tions in various regions of Mexico is of importance in the solution of the problems 
of its tectonics. Third, exploration and search for geothennal energy resources in 
Mexico are intensively developed at present and data on the composition of inert 
gases in hydrothennal systems, their genesis being related to magmatic (mantle) 
activity, can provide an indirect evidence of their heat potential. 

With these aims in view, we analyzed the chemical composition of gases and the 
isotopic composition of He, Ne, Ar, Kr and Xe in fluids discharged in some geother
mal regions of Mexico. The work was carried out within the framework of the 
Soviet-Mexican agreement of scientific-technical cooperation on the problem "En
ergetics: geothennal sources". Specimens were collected by the Soviet and Mexican 
co-authors in November-December of 1979 and analyzed in the USSR. This paper 
is a result of joint discussions and interpretation of the data obtained. 

GEOLOGICAL SETTING OF THE SAMPLING REGIONS 

The distribution of the sampled thennal fields is shown in Fig. 1. Seven of the eight 
sites are within the socalled Transmexican Volcanic Belt (TMVB) and its closest 
periphery. Existence of this belt was recognized as far back as 1867 by Humboldt 
who studied the position of its active volcanoes. Menard (1955) related the posi
tion of the belt to the oceanic Clarion fracture zone but the hypothesis is no longer 
accepted. 

Several authors consider its origin as related to the subduction zone between the 
Cocos and the American Plate (Molnar and Sykes, 1969; Mooser, 1972; Urrutia, 
1975; Pal and Urrutia, 1977) or to the tectonics of the Gulf of Mexico (Robin, 
1975). Its genesis nevertheless remains still unclear. 

The structural-tectonic analysis of the distribution of volcanic rocks over the 
Territory of Mexico, their petrochemical study and radiometric dating (Cantagrel 
and Robin, 1979; Demant and Robin, 1975; Gunn and Mooser, 1970; Pal et al., 
1978) show that the history of Cenozoic volcanism in this region is rather 'compli-
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Fig. 1. Distribution of tested thennomanifestations over the territory of Mexico. 
1-3 - zones of occurrence (from Demant a. Robin, 1975) of: Ca-alkaline andesite series in the West Sierra Madre and California Peninsula (1), Alkaline-basaltic 
series in the Eastern province (2), Late pliocene/Quatemary basalts in the area of California Gulf (4); 5 - tested thennomanifestations (1 - Los Azufres de 
Quatt!lolulco, 2 - Cerro Prieto, 3 - Los Azufres, Agua Fria area, 4 - Los Azufres, Tejamaniles, 5 - Arar6, 6 - Ixtlan de los Hervores, 7 - Hervores de la Vega, 8 -
Comanjilla, 9 - San Bartolo), 6 - active volcanoes (10 - Las Tres Vfrgenes, 12 - San Juan, 13 - Ceboruco, 14 - Colima, 15 - Paricutin, 16 - Jorullo, 17 - Xitli, 
18 - Popocatepetl, 19 - Orizaba, 20 -Tuxtla- San Martin, 21 - El Chich6n, 22 -Taciuui), 7 - Extinct volcanoes (23 -Tequila, 24 - Nevado de Colima, 25 -Tan
zftaro, 26 - San Andres, 27 - Nevado de Toluca, 28 - Ajusco, 29 - Iztaccihuatl, 30 - Malinche, 31 - Cofre de Perote). 



B. G. Polak et al. 199 

cated. In the west of Mexico a thick calc-alkaline andesitic series, considered as a 
product of the island-arc geodynamic condition, has been accumulating, In the east 
of Mexico quite different petrochemically volcanic rocks, alkaline basalts of the 
"trap type", usually connected to extension conditions have been produced. Dis
placement of calc-alkaline volcanic manifestations eastwards, and that of alkaline 
basalts southeastwards resulted at the end of the Miocene in their interference in 
the Pachuca-Veracruz region (Cantagrel and Robin, 1979) (Fig. 4). West of this 
region the volcanic activity had weakened, or ceased by the middle Pliocene. At 
the end of the Pliocene it recommenced again in a narrower sublatitudinal zone 
forming the present-day Transmexican volcanic belt (TMVB). The secondary na
ture of the TMVB is emphasized by its other frequently used name: "neovolcanic 
axis" ( eje neovolcanico ). 

Appreciable differences were observed in the petrochemistry of TMVB Pliocene
Quaternary volcanics. In the western part of the belt their composition abounds in 
basalts and andesite-basalts, whereas in the eastern part it is rather andesitic and 
dacitic. Large poligenic stratovolcanoes produced mostly andesites inheriting pe
trochemical habitus of Pre-Pliocene volcanic activity over the territory of the TMVB. 
Most of its volcanoes are present in the eastern part of the belt gravitating towards 
its southern margin. Gunn and Mooser (1970) concluded that the contents of K, 
Al, Ti and ratios K/Rv, K/Si02 in the Quaternary volcanics increase along the 
TMVB strike from east to west, whereas the Mg/Si02 ratio decreases. These ten
dencies are considered as an evidence of increasing pressure in a zone of magma 
generation, i.e. a westward subsidence of the top of the magma formation zone. 
The more recent and detailed work of Pal et al. (1978) did not confirm the conclu
sion of Gunn and Mooser. On the contrary, this work found out the opposite trend 
of the contents of K and Ti in volcanics along the strike of TMVB. Such a trend is 
in a better accordance with an island-arc geodynamic environment commonly con
sidered to be responsible for the volcanic activity in this part of Mexico. 

The eight thermal manifestation studied by us was the hydrothermal system Ce
rro Prieto located in the extreme northwest of the country. The Pre-Pliocene vol
canic activity in this region was of the same island-arc character that along the en
tire Pacific coast manifest itself in an accumulation of calc-alkaline andesitic series. 
In the Pliocene-Quaternary time the volcanic activity consisted of the eruptions of 
alcaline basalts. In some places there are even basalts of"tholeiitic tendency" (Hawk
ins, 1970; cited by Demant and Robin, 1975) which are usually generated in the. 
zones of oceanic rifts. Such a change of petrochemical composition of volcanics 
reflects cardinal reconstruction of the geodynamic conditions in northwest Mexico 
caused by active rifting in the California Gulf zone during the last 4-6 M.y. (Atwat
er, 1970). 
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Considering the results of the studies of thermal fluids in other regions of the 
world, such geological history of the sampled regions is of interest in regard to the 
possible geotectonic interpretation of the peculiarities of the inert gas composition 
in Mexican hydrothermal systems. 

ANALYTICAL METHODS 

The specimens under study represent gases spontaneously emanating from springs 
or included in a steam-gaseous mixture. Specimens were collected by the routine 
replacing method used in similar investigations by other authors (Mazor and Wasser
burg, 1965; Kamensky et al., 1976). Single-neck 200 ml glass bottles were used as 
collector vessels. In most of the cases these bottles were filled up with water from 
the sampled springs (i.e., water saturated by the sampled gas) in order to minimize 
the possibility of contamination of specimens by air gases. The only exception is 
specimen No.4 representing gas from underground fluids captured in a drill hole; in 
this case water from the nearest spring was used after saturation by the sampled gas. 

Inert gases were extracted from the measured volume of a specimen by means of 
. absorption of active gases with two titanium getters in a vacuum installation. Vol
umes of fractions of the light inert gases {He+ Ne) and the heavy ones (Ar+ Kr+ Xe) 
were measured with McLeod gauges after separating these fractions on activated 

charcoal at a temperature of - 196°C. Both fractions were analyzed by mass spec
trometry. In doing so isotopic compositions of He, Ne, Ar, Kr and Xe and ratios 
He/Ne, Ar/Kr, Ar/Xe were determined. 3He/4He ratios were measured with mag
netic-resonance MI 9301 mass-spectrometry {Mamyrin et al., 1969b), other isotopic 
ratios were measured with MI-1201 and MS 10 mass-spectrometers. Content of all 
inert gases was estimated through results of volumetric and mass spectrometric meas
urements. 

In the determination of the isotopic composition and concentrations of the inert 
gases, artificial mixtures and atmospheric air that had undergone the s~e analyt
ical procedures as the specimens studied, were taken as standards. The resolution 
of the MI 1201 mass spectrometer provided complete separation of the ion currents 
of the inert gases from those of background organic radicals as well as separation of 
the 40Ar++and 20Nllines. The accuracy of the measurements is summarized in the 
tables. 

RESULTS 

The total chemical composition of the analyzed gases is presented in Table 1. 



Table 1 

General chemical composition of gases 

Concentration of component, 104 ppm 

No.of tsurf., oc 02 Ne2 
C02+Co+ 

H2 CH4 C2H6 C~s C,il-110 specimens* (tat depth) H:z8-I-S02 

2 3 4 5 6 7 8 9 10 

1. 19 0.0 1.3 98.5 0.0 0.16 0.061 0.001 0.001 
2. 84(347) 0.0 8.9 77.9 6.25 6.91 0.021 0.016 0.002 
3. 82(320) 0.0 not. det.** 100.0 not det** 0.001 0.001 0.001 0.001 
4. (320) 0.0 4.2 94.6 0.12 1.0 O.Q2 0.01 0.002 
5. 70 2.8 22.0 74.7 0.00 0.47 0.002 0.001 0.001 
6. 93 3.6 33.1 59.8 0.0 3.4 0.023 O.Q15 0.008 
7. 90 0.0 7.2 83.7 0.04 8.8 0.17 O.Q7 0.013 
8. 90 0.0 25.2 70.7 0.14 4.2 0.001 0.001 0.001 
9. 70 2.8 62.0 22.5 0.02 12.7 0.015 0.001 0.001 

--
* Sampling areas: 1 - Los Azufres de Quatelolulco, 2 - Cerro Prieto, 3 - Los Azufres, Agua Fria (spring), 4 - Los 

Azufres, Tejamaniles (hole A-6), 5 - Arar6, 6 - Ixt.lan de Los Hervores, 7 - Hervores de la Vega, 8 - Comanjilla, 
9 - San Bartolo. 

** Not determined. 
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Table 2 N 
0 
N 

Is::>topic CCl!p)sition of He, Ne and Argon (in brackets - nunber of measureients) 

N:l. N:l. of ( 311e/11e) x 10 - 6 
2~ 2~ 40Ar 36Ar 

spec:inens* measured corrected 
22tie ~ ~ ~ 

o'40Ar o'38Ar 

for air per cent per cent 
admixture 

1 2 3 4 5 6 7 8 9 

1. 8.5(3) 8.8 2.88(2) 9.86(2) 300(3) 5.27 + 0.08 (3) 1.5 1.5 - Cl 
2. 7.0(2) 7.1 2.92(1) 10.11(1) 303(1) 5.27 :!:_ 0.03 (3) 1.5 1.5 t'l1-

0 
'rj 

3. 7. 7(3) 2.89(1) 9.85(1) 306(1) 5.25 :!:_ 0.08 (3) 3.4 1.9 ... 
Cll 
() 

4. 8.3(2) 2.81(2) 10.10(2) 312(3) 5.27 :!:_ 0.04 (3) 5.3 1.5 > ... 
5. 6.2(2) 6.3 2.91(2) 9.85(2) 298(2) 5.34 :!:_ 0.07 (3) 0.8 0.2 ~ 

t,j 

6. 5.6(2) 2.93(1) 10.15(1) 301(2) 5.35 :!:_ 0.06 (3) 1.8 o.o ~ 
7. 1.85(2) 2.87(1) 9.86(1) 309(1) 5-_ 34 :!:_ o. 04 (3) 4.4 0.2 ~ 
8. 0.85(2) 2.90(1) 9.85(1) 297(1) 5.53 :!:_ 0.15 (3) 0.5 -3.4 5 

z 
> 

9. 2.3(2) 2.89(1) 9.85(1) 295(1) 5.45 + 0.10 (3) 1.2 -1.9 t"' 

ox/l(, % 4-8 4-8 0.5 0.3 0.5 0.5 1.4 
--

ox/X 2.5-6 2.5-6 0.3-0.5 0.2-0.3 0.3-0.5 0.3-0.5 0.8 

**** ~e 1.40 2.89 9.85 295.5 5.35 0.0 o.o 

• See note "x" to Table l. 
•• Relative mean-square error of one measurement. 

••• Relative mean-square error of mean value. -
•••• For He see Mamyrin et al., 1970; Ne see Schukoliukov et al., 1973; AI see Nier, 1950. 
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The 3He/4He ratio in the specimen studied varies within 0.85 - 8.5 x 10-6 (table 
2). Following the method described by Kamenskiy et al. (1976), the influence of 
atmospheric helium admixture on the isotopic composition of He in the specimens 
was determined. In most of the samples it is negligible. Only in three cases the 
values 3He/4He corrected for this factor differ slightly from the measured ones. 

Maximum values of this ratio were observed in gases on Los Azufres and Cerro 
Prieto fields, which are the "hottest" and most productive hydrothermal systems. 

In the vicinity of Cerro Prieto the isotopic composition of He was previously 
studied by other researchers (Welhan et al., 1978b). It was analyzed in gases of 
holes and seven natural thermal manifestations. In one of them · mud pot No.31 · 
a value of 3He/4He = 7.1 x 10-6 was determined. 

This value is the minimum on this thermal field whereas in other specimens it 
was within the range of (8.1 - 8.7) x 10-6 • We found a value of3He/4He = 7.0x 10-6 

in the spontaneous gas of a nameless spring situated at 30 m from the mud pot No. 
31 (sp. No. 2). Considering the analytical precision such a coincidence confirms a 
local minimum indicating a high reliability of the data on He isotopic composition 
in thermal fluids and its stability in time. 

The values of the 40 Ar/36 Ar ratio in all the samples exceeds the atmospheric one 
(Table 2), showing the presence of excess (radiogenic) argon. However, deviations 
do not exceed 5.3%; thus, the largest portion of argon (95-99%) is of atmospheric 
origin. Precise estimation of the contents of radiogenic argon and its ratio to radio
genic helium in such materials requires control of the effects of mass-fractionation 
by measuring the 38 Ar/36 Ar ratio as well. Unfortuhately, we failed to provide the 
required accuracy of the small deviations of the 38 Ar/36 Ar value. Therefore, the 
4He/40 Ar values in the specimens were estimated only roughly ( approximately 
0.7 - 3.5). 

The isotopic composition of Ne (Table 2) in six specimens does not differ from 
the atmospheric composition. The deviations of the 21Ne/22Ne and 20Ne/22Ne ra
tios from the atmospheric values are observed in three specimens only (No. 2, 4, 6). 
These deviations are similar to those previously obtained in some volcanic gases and 
rocks, where enrichment by 20Ne was found; possible causes will be considered be
low (see: Discussion of results). 

Ratios of Kr and Xe isotopes in all specimens do not differ significantly from the 
values of these ratios in the atmosphere (Tables 3 and 4). 
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Table 3 

Isotopic cnipositiori of . Kr 

No. No. of nunber of 82Kr 83Kr 84Kr 

specinens x: measurements 86Kr 86Kr 86Kr 

1 2 3 4 5 

1 2 0.663 0.658 3.280 

2 1 0.660 0.658 3.278 

3. 1 0.660 0.660 3.276 

4 2 0.659 0.659 3.281 

5 3 0.661 0.661 3.276 

6 1 0.664 0.669 3.267 

7 1 0.660 0.658 3.280 

8 1 0.664 0.663 3.278 

9 1 0.667 0.667 3.270 

ox/X, %xx: 0.5 0.5 0.2 

ox/X, %:xxx: 0.3-0.5 0.3-0.5 0.1-0.2 

atm:>sphere* 0.662 0.660 3.276 

See footrptes to Tables 1 and 2 

*See Nief, 1960. 



Isotopic <XlllpOSition of Xe Table 4 

No. No. of number of 128Xe 129Xe 130Xe 131,ce 132,ce 134Xe 

specimenir> neasurarents 136Xe 136Xe 136Xe 136Xe 136Xe 136Xe 

1 2 3 4 5 6 7 8 

1. 2 0.216 2.993 0.465 2.406 3.041 1.182 

2. 1 0.215 2.980 0.460 2.396 3.030 1.175 

3. 1 0.217 2.963 0.460 2.390 3.037 1.180 

4. 2 0.215 2.968 0.459 2.383 3.024 1.178 
~ 
p 

5. 1 0.216 2.971 0.459 2.396 3.042 1.184 
>,:j 

~ 
6. 1. 0.216 2.964 0.456 2.3Jl5 3.027 1.176 "' .. 
7. 1 0.215 2.970 0.456 2.383 3.023 1.173 

.. 
:--, 

8. 1 0.216 2.975 0.457 2.390 3.027 1.174 

9. 1 0.217 2.989 0.460 2.393 3.040 1.179 

ox;x, %xx 1 0.3 0.7 0.3 0.3 0.4 

crx/X, %)00{ o. 7-1.0 0.2-0.3 0.5-0.7 0.2-0.3 0.2-0.3 0.3-0.4 

Atnosphere* 0.216 2.981 0.458 2.394 3.0312 1.1764 

See footnotes to Tables 1 and 2 
N 

*See Podosek et al., 1971. 
0 
Vt 
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Concentrations of all the inert gases in the samples analysed are presented in Table 
S. The fifth column of this table shows atmospheric argon content estimated from 
data on the isotopic composition of this gas in a given specimen. Inspection of 
Tables S and 1 shows that the fluids under study differ appreciably in concentra-
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lion of components. For instance, He con~es from 1.8 to 1100 ppm (a 
factor over 600), whereas the concentrations ther inert gases vary by factors of 
100 to 200. 

The concentrations of various inert gases are interrelated in most of the cases, 
and are also consistent with the N2 content (Table 6). Such a relationship is known 
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to be typical of underground fluids. There is, however, a certain difference between 
fluids discharged inside and outside of the neovolcanic zones (TMVB and Cerro 
Prieto area). In the "volcanic" samples consisting of specimens No.1 to 6 the con
centrations of all inert gases (excluding Ne) are correlated at the 95% probability 
level. The content of Ne correlated only with that of Ar. Furthermore, in the 
whole set of samples, the concentration of Ne is correlated with those of Ar, He, 
and N2 but there are no correlations between Xe content and N2 contents. 

DISCUSSION OF RESULTS 

a) Isotopic composition of helium 

The values of the 3He/4He ratios found in all specimens clearly indicate the pre
sence of He of present-day mantle. The somewhat smaller values of this ratio in 
the fluids studied as compared to the mantle level (see Introduction) are due to a 
certain admixture of crustal radiogenic helium. 

Given the values of 3He/4He in the crust and mantle, ii) its value in the studied 
specimens and iii) the negligible content of atmospheric helium, one can estimate 
the relative portion of mantle helium "M" contained in them. This portion is de
duced from the expression: 

cHe 
M = _.!!!__ 

cHe 
sp 

_ (3He/4He )sp - (3He/4He )er 

- (3He/4He )m - (3He/4He )er 

where cHe and cHe are the concentration of mantle helium and total He content 
in the specimen respectively. Assuming that the values of 3He/4He in the crust and 
mantle denoted by symbols "er" and "m" are 2.18-sand 2.10-5 respectively*, we 
find that in the fluids under study M = (4 - 44)% of the total He content in the 
specimen. 

The data on He isotopic composition (Table 7, Fig. 2), as well as on the con
centration of the inert gases show that the hydrogeochemical environment in the 
zone of Late Pliocene-Quaternary volcanics somewhat differs from that outside this 
zone. In fluids of the TMVB and the Cerro Prieto system (sp. Nos. 1-6) the por
tion of mantle helium M is inversely proporcional to the total content of active gases 
(C02 , CO, CH4 , H2 , H2S, S02 ), carbon dioxide always prevailing. Such relation
ships do not contradict the common concept on the composition of magmatic (man
tle) emanations, though do not exclude the possibility of supplying of one or an
other portion of the active gases from shallower sources into the thermal fluids. 
There is no correlation between M values in these fluids and concentrations of H2 

and CH4 • Yet, a relatively high content of these two gases in fluids of the Cerro 
Prieto system in association with their presence in underwater man~festations of 
hydrothermal activity on the bottom of the Gulf of California (Welhan and Craig, 

* The use of other values of the same order will not. significantly alter our conclusions. 

• 
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Table 7 

Correlation of a mantle helium portion, M, 

with concentrations of different gases 

Gases 
* Coefficient of linear correlation, r , with M 

in a sample of TMVB in a total sample 
** **) (specimens No.No. 1-6 (specimens No.No.1-9 

He 

Ne 

Ar 

!Cr 

Xe 

co2+CO+CH4+ 

+H2+H 2s+so2 

-0.863 

Ir[ <r i m n 

-0.929 

-0.926 

-0.897 

-0.958 

+0.921 

• Minimal significant values rmin• at 0.05 confidence level in 
Samples of size are given in the column 3 of Table 6. 

•• See note "*" to Table 1. 

I rl <rmin 

I rJ <r i m n 

-o. 861 

-0.939 

-0.969 

I rl <r · min 

I rl <rmin 

+0.691 

••• Data on sp. No. 3, in which concentration of N2 is not determined are not taken into 
consideration. 

Addition of the data on three thennal manifestations lying outside the contour 
of the newest TMVB volcanics (sp. Nos. 7-9) abruptly deteriorates correlation be
tween M values·and concentrations both of He, Ne and all active gases;i.e. the cor
relation becomes statistically insignificant (Table 7). Concentration of CH4 · in all 
specimens proves to be in inverse dependence with the portion of mantle helium. 
Such relationship may result from increasing mixing with nonmagmatogenic, i.e. 
crustal (metamorphogenic, biogenic and radiogenic) gases with distance of the sam
pling area from the TMVB. This fact, along with the position of dita in Fig. 2 
shows that fluids of the San Bartolo system, are more similar to fluids of the TMVB 
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than the fluids in sp. No. 7 and 8. Such conclusion is supported by the similarity 
of the total composition of gases, as well as the high deep temperatures estimated 
from geochemical thermometers in the vicinity of San Bartolo (Templos, 1980, a, 
b; Templos and Palomares, 1980) and the hydrothermal TMVB systems (Los Azu
fres, La Primavera, and others). 

Thus, certain irregularities in the spatial distribution of the values of 3He/4He or 
M fn deep-seated gases over Mexican territory can be outlined. The maximum values 
of these parameters are fixed in fluids of the high-temperature hydrothermal sys
tems of Cerro Prieto (associated with oceanic rifts) and Los Azufres, as well as in 
gases of Quatelolulco field situated not far from Los Humeros caldera, this last con
sidered as one of the largest manifestations of hydrothermal activity in the TMVB., 
West of Los Azufres region along the TMVB the 3He/4He values somewhat decreas
es, especially when the Hervores de la Vega thermal field is included into the TMVB 
(sp. No. 7). This tendency if it really exists, can be explained by an increase of-the 
depth of the magmatic source i.e., the sources of fluids carrying mantle helium. As 
these fluids migrate up to the surface they should be more contaminated by crustal 
gases than fluids emanated from shallower foci. It is also possible that the mecha
nism of contamination of mantle matter by crustal gases is of another type. For 
example a similar trend in the change of the 3He/4He values was observed in ther
mal fluids discharged along the Apennine peninsula and is consistent with the dis
tribution of the 87Sr/B6sr values in recent volcanics and is explained by participa
tion in the volcanic process both of mantle matter and crustal one in proportion 
changing regularly along the strike of the volcanic zone (Polak et al., 1979). 

In addition to the decrease of the 3He/4He values in the latitudinal direction 
there is also a decrease with distance from the belt (1'MVB) northward, for instance 
in fluids of the San Bartolo region, as compared to Los Azufres and Araro hydro
thermae discharging within the TMVB. The minimum value of 3He/4He was re
corded in the Comanhilla thermae, Guanajuato (sp. No. 8). When judged by stud
ies of fluids in Kamchatka, decrease of the values 3He/4He in the back of island-arc 
volcanic belts is a peculiar feature of such structures. Manifestation of the same 
tendency in Central Mexico can be considered as evidence of certain analogy in the 
geotectonid structures of both regions. More reliable conclusions of regional pecul
iarities of the He isotopic composition in thermal fluids of Mexico, especially along 
the strike of TMVB, require the study of a greater number of geothermal areas. 

b) Concentration of inert gases 

The isotopic studies showed that in the specimens studied He is e~tirely or 
largely of non-atmospheric origin, whereas on the contrary, argon is almost com-
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pletely atmospheric. The other inert gases (except, perhaps, a certain part of Ne in 
sp. No.4) are of atmospheric origin as well. However, the concentration ratios of 
these gases in the specimens concerned do not correspond to those observed in the 
atmosphere (see Table 5). Differences can be related to peculiarities of the interac
tion on the inert gases with water. These, in general terms are: 

Atmospheric gases, including inert gases, penetrate into the interior of the Earth 
mostly due to the infiltration of meteoric and surface waters and burial of sedi
ments. These are saturated with air components in quantities corresponding to the 
partial pressure of these components in the atmosphere and their solubility at a giv
en temperature. Due to the differences in the solubility coefficients of the various 
gases the composition of water dissolved air differs from the atmospheric one. Dur
ing subsequent degassing Cif waters caused by the appearance of non-atmospheric 
gases (CH4 , C02 , etc.) and/or rise of temperature, air components will separate as 
a gas phase in ratios different from those existing in the liquid phase owing to the 
same variations of the solubility coefficients. The solubility varies with tempera
ture but with different coefficients for each gas (Fastovsky et al., 1972; Potter and 
Clynne, 1978). If water is degassed uncompletely, the composition of the free gas
eous phase should be determined as well as the differences in solubility by. the de
gree of degassing. Repeated degassing (this phenomenon appears to be frequent 
under natural conditions) will make the real picture still more complicated. 

For interpretation of the experimental data it will be more convenient to pre
sent the concentration of each inert gas in the specimen under study as a relative 
value Rf= (Cf' : Ck) : (Cf : C,t), where Cf' and Cf, are the concentrations of 
the i-th inert gas in a specimen and atmospheric air respectively, CZ: and Clr are re
spectively the concentrations of argon with atmospheric isotopic composition in 
the specimen and in air. 

The values Rf in the gaseous phase estimated for various theoretical models of 
degassing of water and degassing history (Prasolov et al., 1981) are presented 

graphically in Fig. 3. These values were obtained taking into account the effects of 
temperature. The horizontal A-A line in all diagrams corresponds to atmospheric 
air, the solid inclined B-B line shows air dissolved in water at 20oc (close to the 
climatic conditions of Mexico). 

In Fig. 3a the area of possible values Rf in the gaseous phase being in equilib
rium with water at 20°c and different degree of single stage degassing is shaded; the 
1-1 line corresponds to a degree of water degassing (after a normalizing component -
argon) equal to f/ = 0.5. Two other lines in the same figure express the values Rf 
corresponding to the two stage (II-II) and three stage (III-III) degassing at the same 
temperature 20°C and a degree of degassing f/ = 0.5 in each event (stage}. 
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Fig. 3. Theoretical (calculated) ratios of inert gases in gas phase (RiY) for different models of 
degassing of water, saturated with air under 20°c (explanations in the text). 
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Fig. 3b shows the estimated values RY in a case of complete (11 = 1.0) one stage 
degassing of water saturated with air at 20°c (the B-B line) when the degassing tem
perature is 50°, 1000 and 3oooc. 

Fig. 3c gives the change of Rf ratios under conditions of partial degassing of in
filtrated water and simultaneous rise of temperature and number of degassing stages 
{degree of degassing in each stage 11 = 0.5). Line 1-1 in this Figure corresponds to 
one stage degassing at t 1 = 50°, line 2-2-to two stage degassing at t 1 = 50° in the first 
stage and t2 = 100° in the second stage; line 3-3 - three stage at t 1 = 50°, t2 =100° 
and t 3 = 150°. 

Data displayed in Fig. 3 shows that the value RY depends on temperature, num
ber of degassing stages and degree of degassing in each stage. In addition, mixing of 
gases separated during the various stages of degassing is likely to take place in na
ture. This facts will result in appreciable differences of the real situation versus the 
models considered. Nevertheless, the results of theoretical estimations limit a set 
of possible values Rf and give a general idea of the mutual behaviour of inert gases 
in the system "gas-water". They enable judgement on the degree of conformity be
tween the results of the measurements and any of the models and to establish, in 
some cases, the presence of excessive (non-atmospheric) gases. 

Proceeding from these models, we analyzed relative concentrations of inert gases 
. (Rf values) in the sampled hydrothermal systems of Mexico. Fig. 4 shows that in 

all fluids under study the He content is hundreds and thousands times higher than 
possible in any model of degassing of waters saturated with air. Such a fact has al
ready been established in many hydrothermal systems (Mazor and Wasserburg, 1965; 
Kamensky et al., 1976; Mazor, 1979) and is, in general, typical of underground 
fluids. It indicates the non-atmospheric origin of the largest portion of helium in 
these fluids, this in complete agreement with data on its isotopic composition. 

Relative concentration of other inert gases (combination of Rf values) in the an
alyzed specimens are diverse. In four specimens (Nos. 6-9) these combinations cor
respond to the concept of an atmospheric origin for all these gases and to models of 
equilibrium degassing of meteoric waters. In Sp. No.6 and 9 these combinations 
may be approximated by a model in which almost complete one stage degassing of 
waters saturated with air is considered. Repeated degassing of such waters can be 
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Fig. 4. Measured ratios of inert gases in gas phase of thermal fluids in Mexico (Rf, standard
ized by concentration of atmospheric Ar). 
Lines A-A and B-B- are the same as in fig. 3, numbers of sites correspond to fig. 1 and the first . 
column of Tables 1-5. "Typical" sites NN3, 7 and 9 are connected by lines. 
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assumed in the systems characterized by Sp. No. 7 and 8. In the remaining speci
mens (No. 1 to 5) the combinations of Rf values do not correspond to the models 
under consideration. If Ri and R~e values in these specimens agree with the mod
els of repeated degassing of waters saturated with air, the R~ values are too high 
for these models. Such an excess of Ne* cannot be explained by different altera
tion of solubility coefficients of various gases depending on temperature. That is 

3 
4 
4 
6 

8 
6 
7 
3,7 

5 

7 

-:;f:::========-~~~::::::::::µ~~---+A 
Xe 

Fig. 5. Measured ratios of Ne, Ar, Kr and Xe in gas phase for the fluids of the Yellowstone and 
Lassen parks, USA and hydrotherms of Lardercllo, Italy (data by Mazor a. Wasserburg, 1965 
Mazor 1979). 
Lines A-A and B·B correspond to fig. 3, 3-4- fluids of Larderello with "normal" (3) and exces
sive" (4) concentration of Ne, 4-6 -fluids of the Yellowstone park with "normal" and "exces
sive" (5) concentration of Ne, 7- fluids of the Lassen park (with "normal" concentration of N). 

* The idea of excess of Ne (compared to th!) model) is certainly relative. In these cases one 
can assume that the content of Ne is "normal", and Kr and Xe arc excessive. Besides, these 
gases, contrary to Ne, are characterized by purely atmospheric isotopic composition (see 
tables 3 and 4) and can hardly have other noticeable sources. · 
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probably why there is no correlation between concentrations of Ne and heavy inert 
gases (Table 6). These specimens contain the highest content of mantle helium 
(though no appreciable correlation between the Ne content and values "M" is ob
served, Table 7). 

Relative enrichment of thermal fluids with Ne has been recognized in other re
gions of the globe as well. This can be evidenced, for instance, by results obtained 
through studying geothermal regions of Yellowstone Park, USA (Mazor and Wasser
burg, 1965) and Larderello, Italy (Mazor, 1979). These values are displayed as the 
value Ry in Fig. 5. A similar picture is also observed in the region of Matushiro, 
Japan (Nagao et al., 1980), where in 1966 an earthquake, supposedly associated 
with magma intrusion into the uppermost horizons of the crust, took place. Inter
esting enough is the fact that a high value of 3tte/4He = (0.2 - 2.0)x 10-5 (Craig et 
al., 1978b; Polak et al., 1979a; Wakita et al., 1978) was recognized in gases of all 
three regions. Thus, the excess of Ne in thermal fluids of Mexico is not unique.This 
can be due to: i) the existence of a non-atmospheric source of Ne, isotopically sim
ilar to air; ii) the inadequacy of theoretical models to describe the real situation 
( for instance, in the case of the absence of equilibrium in the system "gas-water". 

Regardless of the reasons for the anomalies in the Ne content, it is worth notic
ing that the hydrothermal systems with excess Ne both in Mexico (Cerro Prieto and 
Los Azufres) and outside (Yellowstone and Larderello) are characterized by very 
high underground temperatures and extensive geothermal resources. Therefore, 
presence of excess Ne in the thermal fluids seems an indication of especially high 
geothermal potential of such areas. This peculiarity of fluids is worth using as a 
tentative indicator of the most favourable areas for prospection and exploitation of 
geothermal energy. 

The high 3tte/4He ratio in such fluids underlines their close relationship to pre
sent-day degassing of the mantle. Therefore the isotopic composition of Ne in 
these materials is of interest, more so because in three of the thermal manifestations 
studied, as mentioned above, the ratios of Ne isotopes differ from those in the at
mosphere. 

c) Isotopic composition of Ne 

The isotopic composition of Ne in present-day mantle remains obscure. Study 
of the isotopic composition of Ne in thermal fluids containing, as it is known, man
tle He started with the work by Mazor and Wasserburg (1965) in Yellowstone 
Park, USA, where this composition was found to be similar to the atmospheric one 

(accuracy up to 2%). Further studies in the same geothermal area(Mazor and Four
nier, 1973) as well as the study of hydrothermae of Lardere}Jo, Italy (Mazor·, 1979) 
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provided similar results. However, hydrotliennae of the Kuril-Kamchatka region 
(Anufriev et al., 1976) and of Japan (Nagao et al., 1979), as well as gases of the Ki
lauea volcano on the Hawaiian Islands (Craig and Lupton, 1976) revealed an enrich
ment of 2°Ne as compared to air. Appreciable enrichment of 20Ne was observed in 
the C02 gas of a well in Harding County, New Mexico, USA. This gas contains an 
excess of 129Xe assumed to be of mantle origin (Buttler et al., 1963; Phinney et al., 
1978). 

Data on the isotopic composition of Ne in rocks and minerals (tentatively of a 
mantle origin) are also conflicting. Though all the samples studied contain mantle 
He and some of them have abnonnally high concentrations of inert gases, the Ne 
isotopic composition in most of these materials do not differ from the atmospheric 
one (Hennecke and Manuel, 1975; Kaneoka et al., 1977; Kaneoka and Takaoka, 
1978, 1980; Saito et al., 1978). The exception are some oceanic basalts (Anufriev 
et al., 1976; Craig and Lupton, 1976) in which an excess of20Ne is sometimes ob
served. 

Thus, the Ne isotopic composition frequently is "nonnal" (atmospheric) in such 
materials where the probability of its anomalies Qudged, in particular by the He iso
topic composition) would seem maximum. In addition, samples with an excess of 
20Ne are characterized by strong variations of the 3He/20Ne ratio, by four orders of 
magnitude, even when a hypothetical juvenile neon with the 20Ne/22Ne ratio ob
served in the solar wind (Tolstikhin, 1980) is considered. In rocks these variations 
could have appeared in the process of capture of inert gases or their subsequent los
ses. It is known, however, that during the degassing of the Earth's crust no separa
tion of He and Ne took place, and it is also possible that such separation did not oc
cur during the degassing of the mantle either. Therefore, it would be more correct to 
use, in the genetic interpretation, the data on materials in which the ratio 4He/21Ne 
~ (1 - 3) x 107 

, this corresponding to the rates of generation of these radiogenic 
isotopes in rocks (Verkhovsky et al., 1976, 1977, 1980). 

If the mantle is homogeneous in the 3tte/20Ne value (this is the most reasonable 
assumption on the basis of the general considerations; therefore the opppsite as
sumption is not considered in this paper), and if no separation of He and Ne occurs 
during its degassing, the following expression will be true for gases in which 3He is 
of mantle origin and 20Ne consists of mantle and atmospheric 20Ne: 
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The indices "sp", "m" and "a" in this expression designate the gas under study, gas 
of the mantle, and atmospheric air respectively. This expression is the equation of 
a straight line in co-ordinates (22Ne/2°Ne) and (3Hef20Ne). 

If the excess of 20Ne is purely of mantle origin, the points on the diagram should 
be arranged along one and the same straight line. However, data on hydrothermal 
systems of Mexico and other thermal manifestations show that such a universal trend 
is not observed (Table 8, column 5). Scattering of experimental data is a serious ar
gument against the assumption of an identical (mantle) origin of excess 20Ne in the 
specimens studied. In addition, the idea of a higher 20Ne/22Ne ratio in the mantle 
as against its value in the atmosphere causes serious difficulties in explaining the iso
topic composition of atmospheric neon (Craig and Lupton, 1976). 

In the light of the available data, anomalous 2°Ne content in underground gases 
by mass-fractionation of atmospheric Ne in its redistribution in the system 'melt
rock fluid-atmosphere' (Nagao et al., 1979; Kaneoka, 1980) seems a better explana
tion. The data obtained in Mexico (Fig. 6) correspond to this model. Two of the 
three specimens, in which isotopic composition of Ne differs from the atmospheric 
one, lie exactly on the mass fractionation line (sp. No. 2 and 6). Deviations of the 
third specimen (No. 4) from this line can be related to an exaggerated concentra
tion of 22Ne because of superposition of 22Ne+ and co2++ lines in the mass-spectro
meter, as just in this sample the ratio of ffii/Ne concentrations is maximum(2 x 107 

in comparison with 6 x 106 to 4 x 104 in other cases). 

The above mentioned presence of abnormally high Ne concentrations in some 
specimens is accompanied by the isotopic effect in two cases only. This effect is 
observed in one of the specimens (No.6) where the Ne content corresponds to the 
model of degassing of water saturated with air. This means that the total excess of 
neon and that of 20Ne is of a different origin. Assuming a juvenile nature of the 
entire excessive Ne leads to a conclusion of identical isotopic composition in man
tle and atmosphere and does not explain the causes of broad variations of the 3tte/ 
20Ne ratio in rocks. Thus, the question of presence of juvenile, mantle Ne in ther
mal fluids remains a problem and requires further study. 



Table 8 

Isotopic composition of He and Ne in some gases containing an excess of 
20

Ne 

Sampling area 
1

11e x 105 

4He 

1 2 

'l'UnC)or area, Sakhalin Isl. , 

USSR 0.7 

J:!arding Co\lllty I New MexiOO I 

USA 0.44 

Kilauea volcaro, Hawaii 

Isl., USA 2.1 
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Isl., Japan 1.0 
, , 

Ixtlan, Mexioo (Sp. It>. 6) 0.56 

IDs Azufres, ~oo (Sp. It>. 4) 0.83 

Cerro Prieto, ~oo (Sp. 

It>. 2) 0.71 

Solar wind 30(-10?) 

Atmosphere 0.14 

* tg = 122Ne;20Ne)M-( 22Ne;20Ne)a 

(3He ; 20 Ne) m 

3He x 105 21\ie 

21\ie 2~ 

3 4 

6000 9, ll 

20000 11,6 

3800 10.3 

280 9.95 

73 10.15 

200 10.9 

16 10,l 

24500 13.6 

0.45.10-11 9.85 

*t g 

5 

~0.018 

-0.075 

-0.12 

-0.36 

-4.1 

-5 
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Fig. 6. Isotopic composition of Ne in the studied fluids of Mexico. Numbers of sites correspond 
to fig. 1 and the first column of Tables 1-5, atmospheric value is shown by a triangle, fine lines 
show the 95% probability limits (±2), dotted line shows the trend in mass-fractionation, dashed· 
dotted line expresses an influence of co/+ contribution in sp. No. 4 on isotopic composition 
of Ne. 

CONCLUSIONS 

The investigation carried out is the first experience of studying the isotopic compo
sition of all inert gases in hydrothermal fluids of Mexico. Such an analysis enables 
us to draw important conclusions on the origin of these gases and opens up the pos· 
sibility of interpretation of the data obtained for solution of problems in tectonics 
and magmatism, as well as the use of these data for the tentative evaluation of geo· 
thermal resources. 
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In the light of the data obtained, Xe, Kr and the large part of Ar and Ne do not 
differ in isotope composition from those in the atmosphere. The rest of Ar is radio
genic. The He isotopic composition indicates the presence of about 4 to 440/o of man
tle He in which the 3He/4He ratio is (2±1) x 10-5 • The admixture of rur He in the 
analyzed specimens is negligible. The spectrum of values 3He/4He = (0.85 - 8.5) x 
10-6 is explained by a different admixture of crustal radiogenic helium. The por
tion of mantle helium is maximum in the eastern part of TMVB (in the vicinity of 
Los Humeros caldera, in the hydrothermal system of Los Azufres, etc.), as well as 
in the rift zone of the Gulf of California (Cerro Prieto). 

In the western part of the TMVB (in Hervores de la Vega thermal springs) the 
proportion of the mantle helium is less. These agrees well with petrochemical data 
of greater depth magmatic foci in this part of the TMVB, but is badly conformed 
with previous ideas on the morphology of the zone of magma generation in the in
terior of the TMVB resulting from typical "island-arc" models. The portion of 
mantle helium in fluids decreases as the distance of sampling area from the TMVB 
increases northwards (thermal fluids of Comanjilla and San Bartolo). Such a de
crease is usually observed on the periphery of other volcanic belts as well and is ex
plained mostly by obliteration of a mantle isotopic-helium mark by means of gener
ation of radiogenic helium within the crust. 

The la,rgest values of 3He/4He are observed in thermo-manifestations, where an 
excess of Ne was recognized as compared with the model of degassing of infiltra
tion waters saturated with air. These manifestations are the highest-temperature 
hydrothermal systems of Cerro Prieto and Los Azufres, as well as fluids of Quatelo
lulco. An excess of Ne and high values of the 3He/4He ratio are peculiar to some 
other powerful hydrothermal systems of the world (Larderello and Yellowstone). 
Therefore, the combination of these features appears to be an indicator of the ex
istence of appreciable hydrothermal resources in the interiors of such regions. 
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