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Helium isotope measurements in six major basins in the Gulf of California show that the deep Guaymas Basin
has *He/*He 65-70% higher than atmospheric helium, clear evidence of mantle helium injection. Smaller 3He
excesses observed in the Carmen and Farallon basins may be derived from this Guaymas Basin anomaly. The
3He concentrations in the Mazatlan Basin in the mouth of the Gulf of California are similar to average eastern
Pacific values, indicating that the Gulf does not provide a significant flux of 3He into the general Pacific circula-
tion. On the basis of temperature and salinity measurements an upper limit of 0.28°C can be placed on the
amount of geothermal heating observed in any of the basins. The isotopic ratio of the injected Guaymas Basin
helium is found to be *He/*He = (1.10 = 0.06) x 10>, almost identical to the helium signature observed at the
Galapagos Rift but somewhat lower than the average ratio in oceanic basalt glasses.

INTRODUCTION

It is now generally accepted that the Gulf of California is the
result of tectonic activity along a series of spreading centers and
transform faults which link the East Pacific Rise to the south
with the San Andreas system to the north. Thus the Gulf is
bisected by the junction between the Pacific and North American
plates, and it has been the subject of many investigations describ-
ing its bathymetry, hydrography, and geology [Roden, 1964; Lar-
son et al., 1968, 1972]. In particular, the bathymetry is charac-
terized by a series of deep basins which coincide with and are
thought to be produced by the zones of spreading activity.

Scripps Institution of Oceanography’s (SIO) Expedition Hypo-
gene was an extension of these previous studies and a search for
hydrothermal features and metalliferous sediments in the basins
of the Gulf. Although no hydrothermal features were discovered
[Wilde et al., 1973], heat flow measurements gave high and irreg-
ular heat fluxes in the Guaymas and Farallon basins [Lawver et
al, 1973]. When combined with earlier results [Von Herzen,
1963], these data were interpreted as evidence for recent active
intrusion coupled with hydrothermal circulation. A subsequent
more detailed study of the Guaymas Basin yielded even higher
heat flow values, leading these authors to conclude that the
Guaymas Basin should be given serious consideration as a geoth-
ermal resource [Lawver et al., 1975].

Numerous studies have shown that *He is an extremely sensi-
tive geochemical tracer for detecting mantle-derived volatiles at
major oceanic spreading centers [Lupton and Craig, 1975; Craig
and Lupton, 1976], at subduction zones [Craig et al., 1978a], and
at several hot spots [Craig and Lupton, 1976; Craig et al., 1978b;
Polak et al., 1976]. Mantle helium is apparently characterized by
He/*He ratios about 10-20 times the atmospheric ratio. The
Red Sea Brines, for example, are 300 times enriched in helium
relative to air saturation with a >He/*He ratio 8.6 times
atmospheric [Lupton et al., 1977a]. At the Galapagos Rift, actual
hydrothermal vents were found for the first time in the open
ocean using the Deep-Tow vehicle of the SIO Marine Physical
Laboratory [Weiss et al., 1977, Lupton et al., 1977b]. This initial
survey was followed by detailed submersible exploration of the
hydrothermal systems in this area [Jenkins et al., 1978]. These
Galapagos vents discharge water of normal salinity containing
excess helium with *He/*He = 7.8 x (*He/*He),;,, showing that
spreading center hydrothermal systems need not involve the high
salt enrichments which result in stable brine pools such as those
found in the Red Sea.

In this context, the Gulf of California is an ideal location for

detailed helium isotope mapping. The highest open ocean 3He
concentrations are found in the deep eastern Pacific, indicating
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that a significant flux of *He is being injected into the Pacific cir-
culation by the spreading activity of the East Pacific Rise system
[Clarke et al., 1969, 1970; Craig et al., 1975]. In the Gulf of Cal-
ifornia, helium injection at spreading centers should produce
even higher concentrations because of the confined geometry of
the basins. In this paper I present the results of an initial survey
of *He, “He, and neon concentrations in six basins of the Gulf,
using water samples collected during leg 2 of Hypogene Expedi-
tion (1972) and leg 6 of F Drake 77 Expedition.

ANALYTICAL METHODS

Water samples for dissolved gas analysis were collected in Nis-
kin hydrographic bottles and immediately sealed into 40 cc
copper tubing samplers. The gases were later extracted in a
high-vacuum line, split into known fractions using a calibrated
gas splitter, and sealed into 1720 glass breakseal tubes. The
extraction procedure [Lupton, 1976] yields >99.9% of the He,
Ne, and Ar in the sample. The system blank is ~ 107 cc of He,
which is <0.1% of the sample.

SHe/*He ratios were measured on a 25-cm radius, dual-
collector *He mass spectrometer [Lupton and Craig, 1975; Craig
and Lupton, 1976]. The isotope measurements were standardized
by analyzing air aliquots and assuming
(*He/*He),;; = 1.4 x 107%. The average spectrometer precision
of 1o is 0.7%.

For the Guaymas and Mazatlan basin samples (stations H29
and FD4), breakseal splits were analyzed for absolute helium and
neon amounts on a separate rare gas spectrometer by isotope
dilution. With this method, samples are spiked with known
amounts of *He and 22Ne, and measurements of the *He/‘He
and ?°Ne/?’Ne ratios of the mixture then give the absolute He
and Ne amounts for the sample. The internal precision for both
He and Ne is ~ 0.3%, which is considerably better than the peak
height method. The error is somewhat higher when uncertain-
ties in the sample weight and gas-splitting procedure are
included. However, values for the He/Ne ratio, which are
immune to errors in sample weight, etc., are accurate to ~ 0.3%.

A certain fraction of the copper tubing samplers develops leaks
when stored for several years before extraction [Lupton, 1976].
The average storage time in the copper tubes was 4.7 years for
the Hypogene samples, and some samples were indeed lost.
Because of the long storage time and because the Hypogene work
was one of the first trials at sea with copper tubing samplers, the
possibility of leakage must be considered even for apparently
valid samples. The Hypogene *He/*He values should thus be
assigned errors of about 5%, even though the analytical precision
is much higher. The F Drake 77 Expedition samples were stored
only 135 days before extraction, so that the leakage problem docs
not affect these data in any way.
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RESULTS AND DISCUSSION

The station locations are summarized in Table 1. Eight hydro-
graphic stations were occupied during Hypogene Expedition, and
samples were collected for helium analysis at five of these (H20,
H29, H37, H44, and H51). On F Drake 77 Expedition samples
were collected at station FD4 in order to extend this section into
normal Pacific water outside the Gulf. As shown in Figure 1,
these six stations provide a sampling of the water column in each
of the major basins in the Gulf of California.

3He/*He Results

The *He/*He results are shown in Figure 2, in which 8 CHe),
the percentage deviation of *He/*He from the ratio in air, is plot-
ted versus depth for all stations. The isotopic and isotope-
dilution concentration measurements made on samples from sta-
tions H29 and FD4 are listed in Table 2. All 8(*He) values have
been corrected for the increase of *He due to tritium decay dur-
ing sample storage to give corrected values which represent the
actual *He/*He ratio in the sample at the time of collection.
These tritium corrections are significant only at depths of less
than 1000 m; they were made by assuming that the tritium
profile at station H29 (Table 2) is representative of the tritium
distribution throughout the Gulf. With the exception of the
near-surface sample, these Guaymas Basin tritium results were
measured in the laboratory at SIO by the *He regrowth method
[Clarke et al., 1976]. The shallowest of these samples was lost by
leakage, and the surface tritium value at station H29 was
estimated using tritium concentrations measured at San Felipe
and at Concepcion Bay (R. Michel, personal communication,
1978). In every case the difference between the observed and
corrected 8(®He) values is <5%. The hydrographic and dis-
solved gas data for all of the Gulf of California stations discussed
here are on file at the Physical and Chemical Oceanographic Data
(formerly GEOSECS Operations Group) Facility of the Scripps
Institution of Oceanography.

Although rather large errors are associated with most of these
3He results, the profiles in Figure 2 show a very clear He excess
in several of the basins. Station FD4 in the Mazatlan Basin, col-
lected to provide an open-ocean boundary profile, has a max-
imum 8(*He) = 34% at 2500 m depth and is essentially identical
to other profiles measured in the eastern equatorial Pacific [Craig
et al, 1975]. This represents the regional *He excess due to the
injection of primordial helium associated with the general spread-
ing center activity in the eastern Pacific, and thus the input water
from the eastern Pacific into the Gulf. Using this Mazatlan Basin
profile as a baseline, the Guaymas, Carmen, and Farallon basins
all show clear enrichments of 3He, the S. Pescadero Basin profile
is very close to the ambient level, and the Sal Si Puedes Basin is
actually deficient in 3He.

The Guaymas Basin profile (station H29) confirms the expec-

TABLE 1. Hydrographic Stations in the Gulf of California

;Zﬁz(:l;)g.{, Basin Latitude  Longitude Derf] i
H207t Sal Si Puedes 28°42.4'N  113°00.3'W 1588
H297 Guaymas 27°23. TN 111°26.4W 2043
H32 Guaymas 26°59.8'N  111°24.6'W 2012
H37+ Carmen 26°46.8'N  110°55.7W 2788
H41 Farallon 25°35.6'N  109°46.7W 3185
H447 Farallon 25°31.7N  109°50.6'W 3229
H48 Pescadero 24°41. TN 109°08.6'W 3326
HS1+ Pescadero 23°58. 7N 108°50.3'W 3784
FD4} Mazatlan 22°56.0N  108°05.9°W 3435

*H denotes Hypogene Expedition and FD denotes F Drake 77.
THelium analyzed.
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tation that helium injection associated with spreading center
activity should cause elevated *He/*He ratios within the confined
geometry of the Gulf of California. With the exception of the
actual hydrothermal emanations sampled in the Galapagos Rift
[ Weiss et al., 1977; Lupton et al., 1977b; Jenkins et al., 1978], the
very high helium isotope enrichments in the Guaymas Basin of
3(He) = 68% at 1600 - 1900 m depth are the highest *He/*He
ratios so far reported for seawater samples. Specifically, this water
contains helium with *He/*He about 30% higher than normal
deep Pacific water at this depth, suggesting that hydrothermal cir-
culation exists up to the sediment-water interface.

What fraction, if any, of the excess *He in the Gulf can be
attributed to in situ tritium decay? In the northern hemisphere
most of the oceanic tritium is the product of thermonuclear test-
ing conducted in 1961 and 1962 [Fine and Ostlund, 1977]. The
natural steady-state tritium levels due to cosmic ray production
are estimated at 0.2 - 0.6 TU for surface seawater [Craig and Lal,
1961]. Thus the concentrations of 3 - 8 TU observed in the sur-
face waters of the Gulf (R. Michel, personal communication,
1978) are due to bomb-tritium; and as indicated by the Guaymas
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Fig. 1. Location of hydrographic stations in the Gulf of California
(H: Hypogene Expedition; FD: F Drake 77). Shading indicates the
approximate extent of the six major basins.
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TABLE 2. Tritium, Helium, and Neon Data for the Guaymas and Mazatlan Basins, Gulf of California

gl
epth, o Ao, 5CHe), % ACHe/Ne), % A(*He/Ne), %
m TU
H29 Guaymas Basin
16 4.3)F -1.4% 0.9 0.9

305 0.74 4.8% 1.7 1.3

811 0.31 16.3% 22.1 35
1115 <0.06 27.0 357 5.3
1421 43.7 56.6 Ty
1696 <0.06 66.8
1934 68.3 91.9 124

FD4 Mazatlan Basin
0 -1.1% 0.7 0.4

803 15.2 20.9 35
1007 19.8 26.8 4.4
1210 22.0
1413 23.8 3247 5.7
1615 28.0 36.8 5.4
1818 29.3 38.9 5.9
2020 30.2 40.9 6.7
2223 32.8 43.4 6.5
2427 339 449 6.7
2529 33.8 44 4 6.4
2631 32.8 43.0 6.2
2734 317 41.6 6.0
2837 30.9 41.3 6.4
2940 28.4 384 6.3
3043 29.4 38.5 5.5
3251 27.6 36.4 5.4
3351 25.6 34.5 5.6

The lo error in the analytical precision is 0.7% for 8 *He) and 0.3% for A(*He/Ne) and A (*He/Ne).

See text for discussion of the errors.

*Measured at SIO by the mass spectrometer regrowth method; 1 TU = 10'® x mole fraction of

(H/'H).

tSurface tritium sample leaked. This value was estimated from other Gulf of California data (R.

Michel, personal communication, 1978).

$These values were corrected for *He increase due to tritium decay during storage. Tritium for
Mazatlan Basin is assumed to be identical to the Guaymas Basin profile. The corrections to & CHe)
were respectively 4.5%, 0.7%, and 0.3% for the samples at 16, 305, and 811 m depth in the Guaymas
Basin and 0.4% for the surface sample in the Mazatlan Basin.

Basin profile (Table 2), this artificial tritium has not penetrated
below 1000 m. It is reasonable to assume that the vertical distri-
bution of tritium at other locations in the Gulf is very similar to
the Guaymas Basin profile. The contribution to *He by tritium
decay at depths below 1000 m can be estimated by assuming that
the upper limit of 0.06 TU (Table 2) observed in 1972 is a 10-
year-old remnant of bomb-tritium injected in the early 1960’s.
This requires an initial tritium concentration of 0.1 TU and gives
0.2% as the change in 8(*He) due to tritium decay. Alterna-
tively, one can consider the unlikely possibility that the deep
water initially contained ~ 0.5 TU of natural tritium. A period
of 38 years would be required for this to decay to the observed
0.06 TU level, producing a 2% increase in 8(*He). Finally, the
effect of Colorado River water, with an estimated pre-bomb tri-
tium content of ~ 5 TU [Kaufinan and Libby, 1954; von Buttlar
and Libby, 1955], can also be neglected, since a simple calcula-
tion based on salinity shows that the deep waters of the Gulf
cannot contain more than a few percent of this river water.
Some insight into the overall effect of tritium decay on the *He
in the Gulf can be gained by comparison with open-ocean obser-
vations at similar latitudes. In the North Atlantic, where the pri-
mordial helium input can be neglected in the shallow waters,
3He/*He profiles at 20° to 30°N latitude show a peak at ~ 500 m
which can be clearly attributed to tritium decay [Jenkins and
Clarke, 1976; Lupton, 1976]. This peak averages 8§ CHe) = 6 -
8% at the maximum, with no evidence for radiogenic *He input

below 1000 m depth. In summary, one can conclude that tritium
decay may have elevated §(*He) by ~ 5% in the shallow waters
of the Gulf, but for the deep water this effect is certainly < 2%
and probably negligible.

Bathymetry in the Gulf has a strong effect on the helium dis-
tribution. In Figure 3, 8(P*He) is contoured in a section through
the major basins, showing that the Guaymas is the only basin in
which 8(*He) increases significantly below the sill depth, indicat-
ing a flux of *He out of the basin. This is not the case for the
Carmen and Farallon basins, and it is quite possible that the *He
enrichment observed in these basins is due to overflow from the
Guaymas Basin. This section also indicates that there is no input
of anomalous helium into the Sal Si Puedes Basin and that the
deep water in this basin with 5(He) = 10% is supplied entirely
by flow over the sill at 500 m depth. In the same way, the deep
water in the S. Pescadero Basin could be derived from an input
of ambient Pacific deep water over the sill at ~ 2500 m without
invoking any supply of primordial helium within the basin itself.

From the standpoint of using *He as an oceanographic tracer it
is important to determine whether the Gulf of California pro-
vides a significant input of *He into the deep Pacific circulation.
Although there is an obvious *He source in the Guaymas Basin
in the central Gulf, the lack of any significant lateral gradient in
8(°He) in the southern end of the Gulf indicates that any flux of
3He from the Gulf is not significant compared to other sources in
the eastern Pacific. (This conclusion could be altered in the
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Fig. 2. The 8(He) profiles in the Gulf of California. The profiles
are corrected for “He formed by tritium decay during sample
storage.

unlikely possibility that some *He-rich water leaves the Guif by a
route completely isolated from the Mazatlan Basin profile.)

Bathymetry and Temperature Relationships

One of the major findings of Hypogene Expedition was to deny
the existence of hot brines in the major basins of the Gulf of
California [Wilde et al., 1973]. In the light of the large *He

GULF OF CALIFORNIA
STATION

H37

excesses reported here and considering the recent discovery in
the Galapagos Rift of *He-rich hydrothermal fluids with normal
salinity [Weiss et al., 1977; Lupton et al., 1977b; Jenkins, 1978], it
seems appropriate to take a closer look at the Hypogene hydro-
graphic data in an attempt to delineate possible temperature
anomalies.

The relationship between temperature and bathymetry is
shown in Figure 4, in which the Hypogene and F Drake 77
potential temperature data are contoured in a section through the
axis of the Gulf. The figure shows that the deep water is approx-
imately isothermal within each basin but varies considerably from
basin to basin at the same depth. To first order these deep-basin
temperatures are controlled by the sill depth for each basin. The
fact that deep Guaymas Basin water is ~— 0.3°C warmer than Car-
men Basin water at the same depth is due largely to this sill
effect, and additional tracers are required to determine whether
any geothermal heating has occurred.

The Galapagos Deep-Tow investigations [Weiss et al., 1977]
showed that a very sensitive method for detecting small tempera-
ture anomalies is to first carefully define the potential tempera-
ture versus salinity relationship for a given region and then to
search for deviations from this relationship. This technique
serves to remove the effects of mixing which can result in water
masses of different temperature at the same depth without any
addition of heat. In Figure 5, potential temperature is plotted
versus salinity for eight stations in the Gulf. These data fall
within a linear band with a width of 0.28°C in potential tempera-
ture (or 0.025 %, in salinity). Within this band there is no corre-
lation of the potential temperature with *He excess, as one might
expect if hydrothermal processes are important. In fact, the deep
Guaymas Basin samples which exhibit the highest He/*He ratios
have potential temperatures somewhat lower than the mean.
This scatter, which is probably due to salinometer drift, means
that one can only place an upper limit of about 0.28°C for the
temperature increase due to geothermal heating in the basins of
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Fig. 3. A 8(*He) section from NW to SE through the major basins of the Gulf. Bathymetry is from Fisher et al. [1964].
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Fig. 4. Potential temperature section from NW to SE through the major basins of the Gulf.

the Gulf. It should be noted that Wilde et al. [1973] reached a
similar conclusion on the basis of the Hypogene temperature data
alone.

What magnitude of temperature anomaly would be expected in
the deep Guaymas Basin based on previous experience with the
Galapagos hydrothermal fluids and with the Red Sea brines? For
these two examples the ratio of heat/>He falls in the range of 2-8
x 1078 cal/atom of *He (6-21 x 10''°C- g/cm® STP 3He). The
deep Guaymas Basin contains 5 x 107'* cm? STP/g of *He in
excess of solubility (1.4 x 10° atoms *He/g), yielding an expected
temperature anomaly of 0.03-0.10°C. This is too small to be
detected using the Hypogene hydrographic data (Figure 5).
However, careful measurements to + 0.001 % in salinity in each
of the basins of the Gulf would allow heating effects as small as
0.01°C to be detected as deviations from the T-S relationship.

ISOTOPIC RATIO OF THE INJECTED HELIUM

Previous isotopic measurements of mantle derived helium
have yielded *He/*He values ranging from 9 x 10~ for conver-
gent plate boundaries [Craig et al., 1978a] up to 2.2 x 1073 for
hot spots such as Kilauea [Craig and Lupton, 1976], Yellowstone
National Park [Craig et al, 1978b] and Iceland [Polak et al.,
1976]. In particular, the *He/*He ratio in midocean ridge basalt
glasses varies from 1.2 x 107 to 1.7 x 107>, averaging 1.4 x
1073, or about 10 times the atmospheric ratio [Lupton and Craig,
1975; Craig and Lupton, 1976]. In this context the determination
of the isotopic ratio of the helium actually injected into the
Guaymas Basin is very important for the evaluation of radiogenic
versus mantle helium input.

For the Gulf of California this injected helium is a relatively
small component superimposed upon the dissolved atmospheric
and deep Pacific background helium, and any estimate of the
3He/*He ratio of the injected fraction requires very accurate
measurements of both the He/“He ratio and the absolute He

concentrations in the water. Isotope dilution measurements of
absolute helium and neon concentrations have been made for the
Guaymas and Mazatlan basin profiles. These results are listed in
Table 2 as A(*He/Ne) and A (*He/Ne), which are the percentage
deviations of *He/Ne and “He/Ne from the solubility ratios.

Thus
SHe |, _ | CCHe)/SCHe)
A[Ne ]%"l CNey/sS(Ne) | ¥ 199

where C(x) is the measured concentration of species x, and S(x)
is the expected concentration for air saturated water at the poten-
tial temperature and salinity of the sample. Because neon in
these samples is essentially entirely of atmospheric origin,
A(He/Ne) and A(*He/Ne) are sensitive indicators of the abso-
lute excesses of *He and *He above the dissolved atmospheric
component. As shown in Table 2, the deep Guaymas Basin is
~92% enriched in absolute °He concentration and ~12%
enriched in “He concentration.

The *He/*He ratio of the actual injected helium is probably
best determined from the slope of A(*He/Ne) versus
A(*He/Ne). This technique normalizes the results to neon and,
to first order, eliminates errors in sample weight, variations in
original atmospheric components, etc. In Figure 6, A(*He/Ne) is
plotted versus A(*He/Ne) for the Guaymas Basin (H29) and
Mazatlan Basin (FD4) and for the Galapagos Rift Deep-Tow
samples. The Galapagos results provide comparison with the
only other open-ocean submarine hydrothermal system in which
mantle-type helium has been detected. Although He/*He ratios
and approximate *He amounts for these Galapagos samples were
reported previously [Lupton et al., 1977b], this is the first discus-
sion of the high-precision isotope dilution measurements of abso-
lute helium and neon concentrations for these samples (see
Table 3).

As shown in Figure 6, both the Guaymas Basin and Galapagos
Rift samples plot on a line of slope 8.0, indicating that the
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Fig. 5. Potential temperature versus salinity for eight hydrographic
stations in the Gulf. At depths below 1500 m the data all fall within
a band 0.28°C wide, which probably represents errors in the salinity
data of +0.025 %,. Within these broad limits, there is no evidence
for geothermal heating correlated with the observed 3He enrich-
ments.

injected helium in both these localities has an isotopic ratio 8
times the atmospheric ratio, a very clear confirmation of the
mantle origin of this helium. Separate linear regression fits to
the data give slopes of 7.84 + 0.40 for the Guaymas Basin and
8.16 + 0.22 for the Galapagos samples (errors are 20), indicat-
ing that estimates of the He/*He ratios from these two areas
agree within precision estimates. A fit to the Mazatlan Basin
profile alone has a distinctly lower slope of 6.95 + 0.72, which
may be characteristic of general oceanic injection as opposed to a
specific hydrothermal system. Note that Jenkins et al. [1978]
found *He/*He = (1.08 + 0.02) x 107> for a suite of hydrother-
mal waters collected at the Galapagos Rift using ALVIN, in
agreement with my estimate.

In order to estimate the *He/*He ratio of the injected helium
for the Gulf of California samples, I have compared the concen-
trations of 3He, *He, and Ne in deep versus shallow samples.
This procedure may be inaccurate because the shallow waters
have a different origin from the deep samples and have therefore
undergone different histories in terms of temperature, atmos-
pheric pressure, air injection, etc. That is, the shallow waters do
not represent the input or ambient water for the entire profile
before the addition of the anomalous helium. Although in prin-
ciple it is possible to correct for this effect using additional stable
conservative gases (e.g., Ar, N,, etc.), these data are not avail-
able for the samples discussed here. However, for the Galapagos
samples, which were all deep collections, the normal bottom
waters do accurately represent the input water before helium
addition, and the above concern does not apply. The fact that
the Galapagos and Guaymas Basin helium isotope ratios are
indistinguishable supports the conclusion that this ratio of 8
times atmospheric is typical for spreading center hydrothermal
systems in general.

The best estimate for the Guaymas Basin injected helium is
He/*He = (1.10 % 0.06) x 10~°, some 20% lower than the
average for helium contained in the glassy rims of oceanic basalts

from worldwide localities. If this helium is derived from spread-
ing center basalts, then one must explain this significant
difference in the helium isotopic signatures. One explanation is
simply that Guaymas Basin basalts contain helium with an isoto-
pic ratio lower than the global average. Although no helium iso-
tope results are available for Guaymas Basin basalts, a recent
measurement in this laboratory of a Galapagos Rift basalt glass
gave *He/*He = 1.19 x 10~ (R. Poreda, personal communica-
tion, 1979), one example of a spreading center basalt with lower
than average *He/*He. Another explanation for the discrepancy
is that while the basalt glass represents the pure upper mantle
component, the helium formed in submarine hydrothermal sys-
tems is a mixture of this mantle component with radiogenic
helium derived from U and Th in both the basalts and the over-
lying sediments. If this is the case, one would expect significant
variations in the *He/*He signatures of hydrothermal waters
depending on the relative strengths of the mantle and radiogenic
inputs, and it is difficult to explain why the Guaymas Basin and
the Galapagos Rift have identical helium signatures. However,
results for the Mazatlan Basin (*He/*He = 9.7 x 107°) and for
the Red Sea Brines (CHe/*He = 1.20 x 107°) indicate that
helium injected into the deep oceans does exhibit some isotopic
variability. The question of the variability of *He/*He at
different injection sites must remain unanswered until additional
studies of ridge-crest hydrothermal systems are completed.

SUMMARY AND CONCLUSIONS

The results of this helium isotope study of the Gulf of Califor-
nia can be summarized as follows:

1. The water at 1600 to 1900-m depth in the Guaymas Basin
contains dissolved helium 68% enriched in *He/*He relative to
atmospheric helium. The absolute concentrations of ’He and
4He in this water are respectively 92% and 12% enriched relative
to air solubility. The presence of this anomalous helium com-
ponent indicates that mantle volatiles are being injected into the
deep Guaymas Basin, associated with extensional effects and for-
mation of new oceanic crust. The helium isotopes thus provide
direct evidence for an active spreading center in the Guaymas
Basin.

2. In addition to the Guaymas Basin, the Carmen and Farallon
basins also show *He excesses relative to average eastern Pacific
deep water. However, careful inspection of the controlling
bathymetry shows that the excess *He in these basins may well
originate in the Guaymas Basin.

3. The absence of any large *He excess in the Mazatlan Basin
profile relative to average eastern Pacific profiles implies that the

TABLE 3. Helium and Neon Isotopic Data for Galapagos Rift
Deep-Tow Samples

3 3 4He/N
Sample No.* 5( ‘;l)e), Al H:;)/Ne), A( H;D/ e),
Hydrothermal Plumes
7-0 99.3 137 17.6
8-3 35.7 46.2 6.2
8-6 42.6 55.8 13
Normal Bottom Waters
7-1 27.8 36.6 5.4
8-1 28.6 37.6 8.3
8-2 30.2 39.3 &5
8-5 334 43.3 5.9
8-7 32'3 41.9 5.8

The lo error in the analytical precision is 0.7% for &(He)
and 0.3% for A(CHe/Ne) and A (*He/Ne).

*Tow number, bottle number, Positions are given in a
previous paper [ Weiss et al., 1977].
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Fig. 6 ACHe/Ne) versus A(*He/Ne) for Guaymas and Mazatlan
basin samples and for hydrothermal plume and background water
samples collected with Deep-Tow on the Galapagos Rift [Weiss et
al., 1977, Lupton et al., 1977b]. The Guaymas Basin and Galapagos
samples fall on a line of slope 8.0, corresponding to injection of
helium with *He/*He = 1.1 x 10™° (8 times the atmospheric ratio)
in these areas.

Gulf of California does not provide significant input of *He into
the general Pacific circulation.

4. The hydrographic data show that any geothermal heating
which has occurred must have a magnitude <0.28°C. Positive
temperature anomalies of 0.03°-0.10°C would be expected for the
Guaymas Basin based on the measured *He excess.

5. The covariation of *He and *He concentrations relative to
neon indicate that the injected helium in the deep Guaymas
Basin has ‘He/*He = 1.1 x 1072, identical to the helium found
in submarine vents at the Galapagos Rift. This elevated *He/*He
ratio clearly implies a mantle origin for this helium, although the
ratio is somewhat lower than the global average for submarine
basalt glasses.
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