
Novelties from fluid geochemistry of the Acoculco Enhanced Geothermal System

For the task 4.3 – Geochemical characterization and origin of cold and thermal fluids, a field campaign was carried out from

the 25th of January to the 5th of February at the Acoculco Enhanced Geothermal System (AEGS), to measure diffuse soil CO2

fluxes (Fig. 1a) and perform water and gas sampling (Fig. 1b) .

The main purposes were to: 1) identify the spatial distribution of the CO2 soil fluxes and their correlation with the main

fault/fracture systems; 2) geochemically and isotopically characterize the cold and thermal springs and gas emissions (Los

Azufres and Alcaparrosa).

2 Methods 1 Introduction

3 Results and Discussion 
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The ϕCO2 values were measured at 418 sites within the Acoculco Caldera

using the Accumulation Chamber (AC) method (e.g. Chiodini et al., 1996,

1998; Gerlach et al., 2001; Cardellini et al., 2003) using a metal cylindrical

vase (the chamber) and an Infra-Red (IR) spectrophotometer (Licor® Li-820) in

a closed circuit. Among all the areas affected by tectonic features, that one

corresponding to the red polygon A1 (Fig. 1a) was targeted for soil diffuse CO2

measurements (ϕCO2) based on a previous geological campaign. In addition,

further three areas (Los Azufres, Alcaparrosa and “Lagunilla”), characterized

by gas emission and/or evident argillic alteration, were also investigated (Fig.

1a).

Water samples from 45 thermal and cold discharges, located inside and

outside the Acoculco Caldera (Fig. 1b), and free gas samples from three

bubbling pools (one at Los Azufres and two at Alcaparrosa) were collected

inside the study area. In-situ measurements (temperature, electrical

conductivity, pH, total alkalinity) of cold and thermal waters from springs and

wells were performed by a portable multi-meter probe. The water samples

were analysed at the IGG laboratories of Pisa and Florence (Italy) for anions,

cations, trace species and water isotopes (δD-H2O and δ18O-H2O). Gas

samples were analysed in Florence to quantify the gas fraction (CO2, H2S, N2,

Ar, O2 and CH4) and the carbon isotopes of CO2 and CH4.
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Fig. 1 - Location of the CO2 soil fluxes measurements (a) and water samples (b)

a) b)

The ϕCO2 resulted to be characterized by low values (between 0.12 and 48.9

g m−2 day−1; Fig. 2), implying that most CO2 flux data were associated with soil

respiration, reflecting a low permeability of the geothermal system. Relatively

higher values were only recorded close to the CO2(H2S)-rich gas emissions of

Los Azufres and Alcaparrosa (Fig. 2 a,c). No univocal correlations between CO2

flux anomalies and fault systems were observed. The low CO2 flux values were

likely due to the presence of: 1) very thick grass cover associated with large

swamping areas; 2) water-saturated soils related to the climatic conditions.

However, flux measurements performed in dry conditions (Peiffer et al., 2014)

showed no significant variations with respect to those of this study.

CO2 output for the 3 zones: 

1. A1 (area 2000*103 m2): ~27 tons/day 

2. Lagunilla (area 11.5*103 m2): ~0.1 tons/day

3. Alcaparrosa (area 215*103 m2): ~2.3 tons/day

The 45 studied waters, located inside and outside AEGS, are fed by meteoric

waters according to the δD-δ18O values (similar to those of Los Humeros,

suggesting the pivotal role played by the meteoric component at regional scale;

Fig. 3), although for a few samples evaporation and slightly positive δ18O-shift

(water-rock interaction or isotopic exchanges with CO2) cannot be excluded. A

hydrothermal input within the Acoculco Caldera is testified by: 1) acidic-SO4-rich

waters located at Los Azufres and Alcaparrosa, also characterized by the

highest contents of B and NH4 (Figs. 4,5,6) and 2) δ13C-CO2 values (from -4.5 to

-4.1 ‰ vs. V-PDB) of the free gas samples. The δ13C-CH4 values (from -40.5 to

-33.8 ‰ vs. V-PDB) at Los Azufres and Alcaparrosa seem to be consistent with

thermogenic processes. Distal waters (e.g. those from Tulancingo and

Chighahuapan) are nearly neutral and Ca(Na)-HCO3 in composition (Figs. 4,5).

Nevertheless, the Ca-HCO3 thermal waters from Chignahuapan showed some

chemical features that may imply a contribution by hydrothermal fluids, as

follows: 1) relatively high TDS; 2) relatively high temperature; 3) high NH4, B

and Li (Figs. 4,5,6). The origin of the Na(Ca)-HCO3 and Ca(Na)-HCO3 waters

(Fig. 5) is likely due to water-rock interaction processes involving Na(Ca)-

silicates from the volcanic rocks. Some samples (e.g. from Tulancingo) had Ca

and HCO3 derived by congruent dissolution of limestones, which extensively

outcrop around the AEGS. Deep contribution for these waters is regarded as

negligible.
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Fig. 4 - Binary plot T vs. pH

Fig. 2 - Dot-map of the CO2 flux values for: a) polygon A1 and Los Azufres; b) “Lagunilla” and c) Alcaparrosa

Fig. 3 - Classical correlation diagram 18O‰ vs. D‰

Fig. 5 - Waters square diagram Fig. 6 - NH4
+–B (a) and Li+–B (b) diagrams
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