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ABSTRACT 
This paper describes the compositional and morphological features of the crater lakes found in the volcanoes of Rincón de La 

Vieja, Poás, Irazú, Congo and Tenorio volcanoes (Costa Rica). As evidenced by the distribution of the water and dissolved gas 
chemistry along vertical profiles, the different fluid sources feeding the lakes reflect the present status of each of the volcanic 
systems. The chemical features of the Caliente (Poás volcano) and Rincón crater (Rincón de la Vieja volcano) lakes are mainly 
dependent on i) inputs of magmatic fluids from sub-lacustrine fumaroles and ii) water-rock interaction processes. Conversely, the 
Irazú lake is mainly affected by the presence of CO2(H2S)-rich fluids discharged from a hydrothermal system, which masked possible 
magmatic fluid contributions. Rainfall and organic activity are the main factors responsible for the chemical composition of Hule, 
Botos, Congo and Tenorio lakes. The chemical and isotopic water composition of Botos, Irazú and Hule lakes have displayed no 
significant variations along the vertical profiles. In contrast, Caliente lake shows a distinctive chemical stratification, mainly 
involving F-, Cl- and SO4

2-. The behaviour of these compounds seems to be governed by both dissolution of highly acidic species, i.e. 
HF, HCl and SO2 released from the magmatic environment, and microbial activity. Despite the significant increases with depth of 
dissolved CO2 at Caliente and Irazú lakes, the hazard for Nyos-type gas eruptions can be considered negligible, since i) the water 
volumes are too small and ii) the convective heat transfer limits the CO2 recharge rate. The relatively high concentrations of 
dissolved CO2 measured at the maximum depth of the Hule lake are likely produced by both degradation of organic material and 
degassing from a deep source. The sporadic episodes of fish deaths recently observed in this lake can be associated with lake 
overturn processes that have favoured the rise up to the lake surface of deep, oxygen-depleted waters. 
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1. INTRODUCTION 

Crater lakes represent unique natural systems at the 
Earth's surface. They are commonly present in volcanic 
systems characterized by recent activity, being found in 
more than 12% of the 714 post-Holocene volcanoes of 
the world (Simkin et al. 1981). Crater lakes increase 
volcanic hazard because uprising magmas may directly 
interact with lake water, leading to high-energy phreato-
magmatic eruptions, e.g. Taal volcano, Philippines 
(Blong 1984). Moreover, the ejected volcanic products 
displace the lake waters, enhancing the effects of secon-
dary phenomena, such as the lahars, e.g. Mt Ruapehu, 
New Zealand (Nairn et al. 1979) and Mt Kelut, Indone-
sia, (Badrudin 1994). Crater lakes hosted within quies-
cent volcanic systems interact with magmatic-hydro-
thermal fluids, acting as condensers and calorimeters for 
acidic volatiles and heat from magmatic degassing (e.g., 
Brantley et al. 1993; Anzidei et al. 2008). This implies 
that contributions from sub-lacustrine gas vents, cou-
pled with bacterial activity, may produce large 
CO2(CH4)-rich dissolved gas reservoirs (Martini et al. 
1994; Kusakabe 1996; Schmid et al. 2005). Destabili-
zation of stratified layers at depth may cause turnover of 

the lake (Rice 2000) induced by either heat flux through 
the system or landslides from the inner crater flanks 
triggered by heavy rains or seismic events. At the sur-
face, lake turnover produces the so-called "limnic erup-
tions" (Kusakabe 1996 and references therein), such as 
those occurred at Lakes Monoun and Nyos (Cameroon) 
in 1984 and 1986, respectively (Sigurdsson et al. 1987; 
Evans et al. 1993, 1994). Volcanic lakes affected by 
hydrothermal /magmatic fluid discharges are frequently 
dynamic hydrologic systems, and the high secondary 
permeability of the volcanic sequences greatly enhances 
fluid circulation (Sanford et al. 1995; Varekamp et al. 
2000). Consequently, the physical-chemical character-
istics of crater lakes are often useful to monitor and 
forecast volcanic events in active and dormant systems 
(Giggenbach 1974, 1983; Rowe et al. 1992; Christenson 
2000; Anzidei et al. 2008).  

Costa Rica is a land of volcanoes, eight of which are 
characterized by the presence of crater lakes (Haberyan 
et al. 2003). There are lakes within i) dormant volca-
noes (Congo and Barva volcanoes), ii) systems showing 
moderate hydrothermal activity (Irazú and Tenorio vol-
canoes) and iii) craters with strong fumarolic emissions 
and where periodic phreatic eruptions have recently oc-
curred (Rincón de la Vieja and Poás volcanoes).  


