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ABSTRACT

Shallow submarine hydrothermal activity has been reported
in Bahia Concepcion at the Gulf coast of the Baa
Cadlifornia Peninsula. It is located along faults, which are
probably related to the Tertiary extensiona tectonics of the
Gulf of Cadlifornia region. Diffuse and focused
hydrothermal venting of water and gas occurs in the
intertidal and shallow submarine areas at 15 mbsl along a
NW-SE trending fault. Temperatures in the submarine vents
vary from 50°C at the sea bottom up to 87°C at a depth of
10 cm in the sediments. Chemical analyses revealed that
thermal water is enriched in Ca, As, Hg, Mn, Ba, HCO;, Li,
Sr, B, I, Cs, Fe and Si with respect to seawater. The
observed chemical and isotopic composition of vent water
agrees with a simple mixing model between local seawater
and athermal end-member, where the thermal end-member
component is about 40% of this mixture. The temperature
calculated using chemical geothermometers pointsto a deep
reservoir temperature of approximately 200°C, and a
shallow equilibrium temperature of about 120°C.

Chemica modeling of the hydrotherma solutions and
deposited minerals suggests that the interaction of deep
circulating thermal water with underlying sediments and
mixing with seawater constrain the composition of the vent
fluids.

1. INTRODUCTION

Many studies have been devoted to the physicochemical
processes of the hydrothermal fluids: water-rock
interaction, cooling, boiling, and mixing with other fluids
(Bethke, 1996). With the advance of modeling software in
the 1970"s a variety of geochemical modeling programs for
economic geology and geotherma research were
developed. As aresult, the first applications of geochemical
modeling have addressed the reaction of hydrothermal
fluids. Helgenson (1970) simulated ore deposition and
alteration processes in hydrotherma vein deposits. Reed
(1977) used computer modeling to study the origin of
precious metals in an ore deposit. Garven and Feeze (1984),
Sverjensky (1984, 1987) and Anderson and Garven (1987)
modeled the behavior of sedimentary brines in the
formation of Mississippi Valey's ore deposits. Wolery
(1978), Janecky and Seyfried (1984), Bowers et a. (1985)
and Janecky and Shanks (1988) simulated hydrothermal
processes along the mid-ocean ridges; and Drummond and
Ohmoto (1985) and Spycher and Reed (1988) modeled the
effect of mixing and boiling of hydrotherma fluids in ore
deposition.

Shallow submarine hydrotherma vents are a common
feature in the western coasts of Mexico. On the northern

Pacific coast of Baga Cdifornia  Peninsula,
gasohydrothermal vents have been documented near Punta
Banda (Fig. 1) at a depth of 40 mbsl with temperatures of
102°C (Vidal et d., 1978). Thermal water is enriched in Si,
HCO,, Ca, K, Li, B, Ba, Rb, Fe, Mn, As and Zn in
comparison with seawater. The geological setting and
chemistry of the vent fluids do not provide any evidence of
magmatic sources, and isotopic data suggest a 1:1 mixture
of local meteoric water and “old” seawater (Vidal et al.,
1981). The most abundant hydrothermal precipitates are
pyrite and gypsum. The hydrothermal deposits are highly
enriched in As, Hg, Sh, and TI.

Submarine hydrothermal vents also occur off the southern
coast of Punta Mita, in the Bay of Banderas, Mexico (Fig.
1) (Prol-Ledesma et a., 2002; Canet et al., 2003). The area
of hydrothermal activity in Punta Mita attains
approximately 300 m? at a depth of about 10m. Water and
gas venting occurs at 85°C along a sand-covered fissure
hosted in basaltic rocks, and consists of both, focused and
diffuse discharge of thermal water (Prol-Ledesma et al.,
2002). The thermal water is enriched in SiO,, Ca, Li, B, Ba,
Rb, Fe, Mn, and As with respect to seawater. The gas
discharged contains mostly nitrogen and methane with
minor amounts of CO,, Ar, He and H..

In both above-mentioned hydrothermal systems, the
thermal water is more dilute than seawater and stable
isotopic composition of water and gas shows that they are
formed by deep circulation of meteoric water, and that they
are not related to the active volcanism.

In this paper, we present the results of geochemical
modeling of the vent fluids of the shallow submarine
hydrothermal system of Bahia Concepcion in the eastern
shore of Baja California Peninsula (Fig. 1). The chemica
model allowed us to estimate the fluid mixing processes
that may occur assuming that diverse proportions of three
end-members, which are the main components of the
hydrothermal system. These end-members are (1) seawater,
(2) deep therma water from the Las Tres Virgenes
geothermal field, and (3) local meteoric water.

2. GEOTECTONIC SETTING AND VENT
DESCRIPTION

Bahia Concepcion is a large fault-bounded bay within the
Gulf of California at the east coast of the Baja California
peninsula (Fig. 1). The occurrence of shallow hydrothermal
vents in western Mexico is related to the recent extensiona
tectonic regime. The hydrothermal activity is restricted to
the presence of regional faults that serve as channels for the
deep penetration of meteoric water in high heat flow areas
(Prol-Ledesmacet d., 2003).
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The distribution of the vents (NW arrangement) coincides
with the main regional faults. Fluid venting takes place at
depths ranging from 5 to 15 m in intertidal hot springs.
Temperature varies from about 50°C at the sea bottom to
87°C at a depth of 10 cm within the sediments (Prol-
Ledesma et d., 2004). In addition, intertidal discharge of
thermal fluid is observed on Santispac at the western coast
of Bahia Concepcion (Fig. 1). Seawater covers the spring
only during high tide; otherwise, the spring discharges
subaerial towards the sea with a temperature of 62°C (Prol-
Ledesmaet al., 2004).

Las Tres Virgenes geothermal field islocated 100 km north
of the submarine vents. Its water composition indicates
significant secondary water-rock interaction processes of
fossil meteoric water with the host rock (Portuga et a.,
2000). No influence of marine water intrusions can be
observed in thefield (Portugal et a., 1998 a, b).
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Figure 1: Location of submarine and intertidal ventsin
Bahia Concepcion.

3. VENT WATER CHEMISTRY

The chemical and isotopic composition of the thermal water
was reported by Prol-Ledesma et a. (2004), and the gas
analyses are given by Forrest and Melwani (2003).
Chemical anayses of the therma water show that all
samples correspond to sodium-chloride water type. The
correlation of chemica components in the therma water
samples with Mg concentration was used to determine the
chemical composition of a hypothetica therma end-
member (EMPL) by extrapolation of Mg= 0 (Table 1).

Vent water from Bahia Concepcion is depleted in Cl, Na,
Mg, SO,, Br with respect to seawater (positively correlated
with Mg). The water discharged by all the sampled springs
in Bahia Concepcion is of the Na-Cl type and is enriched in
Ca, Mn, Si, Ba, B, As, Hg, I, Fe, Cs, Li, Rb, Sr, and HCO;
with respect to seawater (Prol-Ledesma et al., 2004). Na,

Cl, SO, and Br in the vent samples are added to mixing of
thermal fluid and seawater.

Prol-Ledesmaet al. (2004) concluded that the thermal water
discharged in Bahia Concepciéon might be the result of
mixing between deep reservoir water from Las Tres
Virgenes geotherma field and seawater according to
isotopic data.

4. GEOCHEMICAL MODELING

The mixing model of the hydrothermal solutions was
developed using the computational program “The
Geochemist’s  Workbench” release 3.0. The main
assumption of this program is the existence of chemica
equilibrium between dissolved chemical species and the
minerals present in the system. This equilibrium is
governed by the equilibrium constants calculated using a
thermodynamic dataset for different temperatures (Bethke,
1996). The activities of the dissolved species were
caculated using the Debye-Hicke model for activity
coefficients considering that the ionic strength of the
thermal fluids is about 0.53 mola. The modeling
calculations were performed as follows:

Step 1- First mixing process between a geotherma well
(LV-1) and meteoric recharge in Las Tres Virgenes
geothermal field was assumed. Mezquital spring water was
chosen as meteoric recharge fluid in agreement with §180
and 8D isotopic data (Portugal et al., 2000). This mixing
process should yield the end-member composition (EMPL)
that was calculated by Prol-Ledesma et a. (2004) from a
linear mixing model with the local seawater.

Step 2- A second mixing process was assumed between the
fluid resulting from the first mixing process and seawater
sample (BC9 from Prol-Ledesma et a., 2004).

The results obtained are presented in three plots: Cl vs. Mg,
Si vs. Mg and Cavs. Mg (Fig. 2) and compared to the end
member of the hydrotherma submarine vents (EMPL)
obtained by Prol-Ledesma et a. (2004). Table 1 shows the
data used for geochemical modeling calculations.

5. RESULTSAND DISCUSSION

Results of geochemical modeling (Fig. 2) show that the
intertidal  hot spring (BC10) contains an important
component of the thermal end-member (the composition
that results from Step 1, mixing of Las Tres Virgenes deep
reservoir therma fluid and meteoric water). BC10 has
approximately 90% of the end-member. On the other hand,
submarine vent water has a greater influence of seawater of
about 60% (Fig. 2). Thus, the intertidal spring (BC10) water
is similar to the therma fluid composition (Las Tres
Virgenes water) before mixing with seawater.

The presence of Las Tres Virgenes geotherma field near
the study area offers reference values for regiona
circulation of deep geotherma fluids. The thermal water of
Bahia Concepcion vents (intertidal and submarine) present
an isotopic composition very close to the meteoric line, but
mixing with seawater probably takes place before the
thermal water is discharged into the seafloor (Prol-Ledesma
et a., 2004).

BC1 and BC4 samples have a similar proportion of thermal
end-member and seawater. BCl is composed by
approximately 65% of thermal end-member and 35% of
seawater. In the case of BC4, the result consists of 60%
thermal end-member with 40% seawater. BC6 has only
40% therma end-member and 60% seawater.



Silica concentration in geothermal fluids is controlled
mainly by temperature; therefore, it shows a homogeneous
variation in the results of the chemical model. The thermal
end member caculated form the geochemica modeling
(Step 1, mixture of geothermal deep reservoir water from
Las Tres Virgenes and local meteoric water) has 8.35
mmolal of Si and a temperature of 203°C. This result isin
agreement with EMPL. However, this therma end-member
(EMPL) is enriched in chloride and cal cium with respect to
Step 1 end-member.

The plots for ClI and Ca indicate that the thermal end-
member (EMPL) calculated by Prol-Ledesma et a. (2004)
for Bahia Concepcion could have a contribution from
another fluid with higher salinity than the deep reservoir
fluid mixed with local meteoric water obtained from Step 1.
These data suggest that another intermediary component
may be added to the geothermal fluid before it mixes with
seawater and discharges to the seafloor. However,
presently, no chemical and isotopic composition of a
possible fossil marine component data are available. Further
work is needed to determine the characteristics of this
component.

6. CONCLUSIONS

Mixing calculations were performed in order to determine
the processes that could have resulted in the chemical
composition observed in the vent fluid. The program
Geochemist’s Workbench was used to calculate the result
of mixing three end-members: (1) seawater, (2) thermal
water similar to that discharged by the deep wellsin the Las
Tres Virgenes geothermal field, and (3) the local meteoric
water.

The results show that calculated Si concentrations agree
with the vent fluid chemistry. However, the Cl and Ca
concentrations suggest the incorporation of high saline
water to the mixture between the Las Tres Virgenes thermal
fluid and meteoric water. This high concentrated water still
remains to be characterized.

The intertidal vent water has a better proportion of
geothermal field and meteoric water (90%) than the
seawater (10%). The submarine vent fluids are composed of
60-65% of geothermal fluid plus meteoric water and 40-
35% of seawater. The obtained results agree with the
mixing model proposed by Prol-Ledesmaet a. (2004).
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Table 1: Chemical composition of water samples from Bahia Concepcidn vents, used for geochemical modeling calculations
(after Prol-Ledesma et al., 2004), and composition of the calculated end-member (EMPL). Also included are the Las Tres
Virgenes deep reservoir fluid and local meteoric recharge (Portugal et al., 2000).

Ca Mg K Na C SO, HCO, Si Li B
Samplc number pH T,.Nn.‘,m ¢y mmolKg mmol/Kg mmol/Kg mmolKg mmol/Kg mmolKg mmolkg mmol/Kg pmol/Kg — pmolKg
BC1 5.95 62" 233 358 127 3945 4584 170 49 3.1 3440  829.0
BC4 6.02 54 194 419 125 4147 5007 212 43 2.1 2540  646.0
BC6 5.97 56 206 402 125 4089 4936 206 4.5 24 2750  631.0
BC9 (seawater) TI5 e 9.8 58.3 125 4859 5275 266 1.6 0.0 68.0  356.0
BC10 (Intertidal hot spring 6.68 68! 289 250 122 3340 409.0 124 1.9 45 3700 6850
END-MEMBER (EMPL) N.D. 200> 445 0.0% 13.0 2307 3803 42 10.3 78 7619 145938
Tres Virgenes geothermal field | 7.7 e 1.0 0.0 198 1778 2202 02 0.7 192 2738.1 143372
Local meteoric water 853  weeenee- 0.9 0.6 0.1 28 1.3 0.0 4.7 2.1 1.4 25.0

" Temperature of reservoir was calculated using the Mg-Li geothermometer
“ Temperature of reservoir was calculated using Na-K-Ca. Na/Li and Si geothermometers

. . - e
Assumed to be zero for calculation of end-member composition.
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Figure 2: Results of geochemical modeling considering a mix between geothermal deep fluid from Las Tres Virgenes
(Portugal et al., 2000), meteoric recharge (Portugal et al., 2000) and seawater (Prol-Ledesma et al., 2004). Data from
submarine (BC1, BC4 and BC6) and intertidal (BC10) hydrothermal vents and thermal end-member from Bahia
Concepcion (Prol-Ledesma et al., 2004). Geothermal deep fluid (LV-1) and meteoric recharge (Mezquital) from Las Tres

Virgenes (Portugal et al., 2000).



