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A study on diffuse CO2 degassing was undertaken at Furnas lake (SãoMiguel island, Azores) in order to estimate
the total diffuse CO2 output and identify anomalous degassing areas over the lake. Furnas lake is located in Furnas
Volcano, the easternmost of the three active central volcanoes of the São Miguel island. The lake has an area of
1.87 km2 and a maximum length and width equal to 2025 and 1600 m, respectively. The maximum depth of
the water column is 15 m and the estimated water storage is 14 × 106 m3. Lake water temperature is cold,
with temperature values between 13 °C and 15 °C in the winter period and 18.9 °C to 19.3 °C in early autumn,
and the variation along the water column suggests a monomictic character. The major-ion relative composition
is in decreasing order Na+ N K+ N Ca2+ N Mg2+ for cations and HCO3

− N Cl− N SO4
2− for anions, and conductivity

and pH measurements, respectively in the range of 152 to 165 μS cm−1 and 5.3 to 8.7, suggests that Furnas has
neutral-diluted waters and can be classified as a non-active lake. Diffuse CO2 flux measurements were made
using the accumulation chamber method with a total of 1537 and 2577 measurements performed in two differ-
ent sampling campaigns. The total amount of diffuse CO2 emitted to the atmosphere was estimated between 28
and 321 t km−2 d−1, respectively, in the second and first sampling campaigns, corresponding to ~52 and
~600 t d−1. The main anomalous degassing area identified over the Furnas lake during both surveys is probably
associated to aWNW–ESE trending tectonic structure. Other secondary areas are also suggested to be tectonically
influenced. Identified anomalous areas showed similarities to the ones observed during previous soil CO2

degassing studies.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Volcanic lakes provide an insight into volcanic systems and present a
large range of chemical characteristics, from high total dissolved solid
(TDS) brines to meteoric waters (Christenson et al., 2015; Varekamp,
2015). The emission and dynamics of CO2 in volcanic lakes have been
studiedworldwide in the last years in order to characterize active volca-
nic systems, representing an important potential volcanic hazard and
contributing to improve the Earth carbon budget (Kusakabe et al.,
2008; Padrón et al., 2008; Mazot and Taran, 2009; Hernández et al.,
2011; Mazot et al., 2011; Pérez et al., 2011; Caudron et al., 2012;
Chiodini et al., 2012; Arpa et al., 2013; Mazot and Bernard, 2015). As
CO2 is the predominant carbon species in volcanic gases the magmat-
ic–hydrothermal environment is of great interest in studies regarding
water chemistry in crater lakes located in active volcanoes, nevertheless
keeping in mind other origins such as themeteoric and biogenic carbon
sources (Christenson and Tassi, 2015).

As approximately 12% of the 714Holocene-age volcanoes host crater
lakes (Rowe et al., 1992; Simkin and Siebert, 1994) further characteriza-
tion of the CO2 flux in thesewater bodies is needed in order to constrain

diffuse CO2 degassing estimates in volcanic areas. Nevertheless, follow-
ing the first diffuse degassing measurements performed in crater lakes
using the floating accumulation chamber technique (Kling et al.,
1991), application to volcanic crater lake emissionswere initiated after-
wards (Bernard et al., 2004; Bernard and Mazot, 2004). Pérez et al.
(2011) estimated a global CO2 emission for worldwide volcanic lakes
in 104 Mt yr−1, a value similar to the one proposed by Burton et al.
(2013; 94 Mt yr−1). This latter value corresponds to about 18% of the
total subaerial volcanic CO2 emission (540 Mt yr–1; Burton et al., 2013).

The present paper addresses the results of the first systematic study
on diffuse CO2 degassing in lakes from the Azores archipelago, through
detailed flux measurements performed at Furnas lake (São Miguel
island) during two separate surveys. The main objectives of the study
are to characterize Furnas lake water chemistry, to estimate the total
diffuse CO2 flux and characterize the spatial pattern of the CO2

degassing.

2. Study area

2.1. Azores archipelago location and lakes

The Azores archipelago is located in the North Atlantic Ocean be-
tween 37° to 40°N latitude and 25° to 31°W longitude, about 1500 km
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