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River Water Characteristics After Recent 
Volcanic Eruptions in Southern Chile 
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Abstract Within 9 days after recent volcanic eruptions in southern Chile (Cordón 
Caulle, Villarrica and Calbuco), we analysed the physico-chemical quality of riverine 
waters of nearby rivers. Sulphates, total suspended solids, fluorides and conduc-
tivity were higher at the turbid waters of affected rivers, while pH and silicates 
showed no significant differences between affected and non-affected rivers. The 
results of principal component analysis demonstrate a similar overall impact in 
all affected riversheds, independently of the volcanological characteristics of the 
erupting centres. 
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5.1 Introduction 

Volcanic ash and pumice are the most widely distributed products of explosive erup-
tions (Del Moral and Grishin 1999; Bertrand et al. 2014), affecting water quality 
and benthic biota of nearby rivers (e.g., Del Moral 1981; Miserendino et al. 2012; 
Lallement et al. 2014; Lallement et al. 2016). This is of concern for communities 
located in the influence zone of dispersion and fallout of those volcanic products. 
In such cases, authorities are generally unable to diminish public fears because of a 
lack of water quality information collected before volcanic eruptions.
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We provide here basic information on water characteristics of rivers affected by 
three recent volcanic eruptions in southern Chile: that of the Cordón Caulle (from 
3 June 2011) and those of volcanoes Villarrica and Calbuco (from 3 March and 22 
April 2015, respectively). We primarily focus on the short-term effects (4–9 days) of 
those large natural disturbances on the water quality of river systems located around 
the volcanoes. 

On the 4th of June of 2011, after five decades of inactivity and 2 months of elevated 
seismicity, a new vent formed on the northern side of the fissural range of Cordón 
Caulle producing an ash and gas plume up to 14 km above sea level (Bertin et al. 
2012). The Plinian-subplinian phases of the eruption (Volcanic Explosivity Index, 
VEI = 4) lasted until April 2012 and released during the first 27 h of the eruption 
about 0.5–1.0 km3 of rhyodacitic tephra (0.2–0.4 km3 Dense Rock Equivalent, DRE) 
(Bertin et al. 2012). In addition to tephra, the eruption produced later on an estimated 
0.45 km3 of rhyodacitic lava (70% SiO2), which covered a surface nearly 7 km2 

(Bertin et al. 2012). Part of the lava flow extended north east of the vent in the 
drainage of Nilahue river (Tuffen et al. 2013). Due to the predominant westerly 
winds, tephra dispersion mainly occurred towards the east (Collini et al. 2013). The 
Gol Gol river, which drains from the southern flank of Cordón Caulle and discharges 
in Puyehue lake, and the Nilahue river, which drains from the northern flank of 
Cordón Caulle and discharges in Ranco lake, were the most affected by ash and 
pumice contamination (Bertrand et al. 2014). 

Villarrica, Chile’s most active volcano, is characterized by regular eruptive cycles 
associated with moderate explosive activity (VEI = 2) that occur periodically every 
few decades. 22 lahar-forming eruptions have been documented during the last 
600 years (Van Daele et al. 2014). The eruptive cycle that culminated in March 2015 
was initiated about three months earlier in December 2014 with increased anoma-
lies in thermal activity and volcanic gas emission (Global Volcanism Program 2016; 
Aiuppa et al. 2017). In February 2015, sporadic Strombolian explosions sent tephra 
up to 5 m in size down the flanks and within 1 km from the crater. The increased 
activity climaxed on the morning of March 3 with a vigorous Strombolian activity 
and subsequent lava fountaining that rose 1500 m above the crater rim and lasted only 
about half an hour. This paroxysmal explosion (VEI = 2) produced an ash plume 
that reached an altitude of 9 km and drifted to the east. Explosive activity with ash 
plumes and lava spattering continued at decreasing levels throughout 2015 (Global 
Volcanism Program 2016). The explosion of March 3 produced heavy tephra fallout 
to the east and incandescent scoria flows mostly on the northern and eastern flanks 
of the volcano (Johnson and Palma 2015). Glacier melting generated moderate lahar 
activity in Zanjón Seco river drainage to the north west but a lahar more than 20 km 
long in the Pedregoso and Turbio river drainages to the north east (Flores and Amigo



5 River Water Characteristics After Recent Volcanic Eruptions … 69

2015; Johnson and Palma 2015). Estimates of the bulk non-DRE volume of emitted 
tephra vary between about 4 and 7 million of m3 (Bertin et al. 2015a; Romero 
et al. 2016a). The erupted materials were mostly medium-K basaltic andesite in 
composition (Bertin et al. 2015a; Romero et al. 2016a). 

The 2015 Calbuco volcano eruption cycle, the first in four decades, initiated with 
increasing seismic activity months prior to the April eruption (Sernageomin 2015a). 
Nonetheless, the intense subplinian explosive eruption of the 22nd of April 2015 (VEI 
= 4) came as a surprise in the absence of precursors in the days or hours preceding the 
event. A thermal anomaly and stronger seismic events were only detected minutes 
prior to the eruption (Sernageomin 2015a; Valderrama et al. 2015). The first eruptive 
pulse on April 22 lasted about 90 min and produced an ash plume that reached an 
altitude of nearly 17 km (Sernageomin 2015b). A second and more powerful pulse 
occurred the following day and lasted about 6 h, generating an ash plume of about 
20 km that drifted initially towards the north east (Sernageomin 2015c). Collapse 
of the eruptive column produced pyroclastic density currents that travelled up to 
6 km from the vent (Castruccio et al. 2016). A third and smaller pulse on April 30 
generated a 4 km high ash plume, which deposited tephra towards the south east 
(Romero et al. 2016a, b) and only produced mm to sub-mm thick fall deposits near 
Lake Chapo and Ralún (Bertin et al. 2015b). The total bulk tephra deposit volume 
was estimated to be between 0.27 and 0.38 km3, i.e. 0.12–0.15 km3 DRE (Romero 
et al. 2016b; Castruccio et al. 2016). The erupted materials correspond mostly to 
porphyritic basaltic andesite (about 55 wt% SiO2) (Romero et al. 2016b; Castruccio 
et al. 2016). 

5.2 Methods 

Four days after the start of the Cordón Caulle eruption, we collected water samples 
from six rivers on its northern flank and from two rivers on its southern flank 
(Fig. 5.1a). As for the eruptions of the Villarrica and Calbuco volcanoes, water 
samples were collected from four and five nearby rivers, respectively, nine and six 
days after the start of the eruptions, respectively (Fig. 5.1b, c). The following water 
parameters were recorded in situ with a multi-parameter probe: water temperature, 
potential hydrogen (pH) and electrical conductivity. We also collected water samples 
to measure levels of sulphates, silicates, fluorides and total suspended solids (TSS), 
which are expected by-products of volcanic eruptions (e.g., Stewart et al. 2006; 
Witham et al. 2005). To improve statistics, samples for TSS were collected as trip-
licates, while samples for the other chemicals were collected as duplicates. Results 
presented in Table 5.1 are average values of the triplicates and duplicates. All water 
samples were collected with Nalgene xp 1 L plastic bottles. The analysis for TSS, 
sulphates, silicates and fluorides were carried out according to the standard methods 
for the examination of water and waste water (APHA 2005).
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Fig. 5.1 Location map of sampled rivers in the vicinity of the Cordón Caulle (a), Villarrica (b) and  
Calbuco (c) volcanoes in southern Chile. River names are as follows: a Liquiñe (Li), Reyehueico 
(Re), Curringue (Cu), Hueinahue (Hu), Los Venados (LV), Nilahue (Ni), Gol Gol (GG) and Anticura 
(An) close to Cordón Caulle; b Turbio (Tu), Pedregoso (Pe), Trancura (Tra) and Liucura (Liu) near 
Villarrica; c Blanco Este (BE), Hueño Hueño (HH), Blanco Sur (BS), Tronador (Tro) and Lauca 
(La) near Calbuco. Turbid and clear water rivers labelled in brown and green, respectively (see text)
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Based on direct field observations, the rivers were preliminarily categorized in 
terms of the levels of turbidity as turbid and clear rivers (cf. Fig. 5.2). This visual 
classification is generally correlated with TSS measurements, which indicated that 
turbid rivers had high TSS loads (Table 5.1). Turbid rivers included the Nilahue and 
Gol Gol rivers near Cordón Caulle, the Turbio and Trancura rivers near Villarrica 
and Blanco Este, Hueño Hueño and Blanco Sur near Calbuco (Figs. 5.1 and 5.2). 
On the other hand, clear water rivers had green clean waters without noticeable load 
of TSS including tephra (Los Venados, Hueinahue, Curringue, Liquiñe and Reye-
hueico near Cordón Caulle, Pedregoso and Liucura close to Villarrica and Tronador 
and Lauca near Calbuco) (Fig. 5.2). To graphically explore the water characteris-
tics variation amongst the set of studied rivers, we performed principal component 
analyses (PCA) on log-transformed data of the above-mentioned variables. Eventual 
statistically significant differences between turbid and clear rivers and source volca-
noes were analysed with PERMANOVA by using the scores of the first two principal 
components that resulted from PCA. This procedure is particularly suited to study 
groups characterized by a large number of variables, since it runs a multivariate anal-
ysis with permutations to avoid possible biases. All the analyses were made with R 
(http://www.r-project.org/) by using the routines vegan and ggbiplot.

5.3 Results and Discussion 

The results of the PCA show that less than ten days after the volcanic eruptions, 
the first two principal components explained nearly 70% of the variability of the 
data set (Fig. 5.3). The spatial segregation of turbid and clear rivers was statisti-
cally significant (PERMANOVA R2 = 19%; p < 0.01) and occurred along the first 
principal component, which explains 42% of the variance (Fig. 5.3a). That segre-
gation was explained by the higher concentrations of sulphates, TSS, fluorides and 
higher conductivity for the turbid water rivers, being TSS and fluorides the main 
sources of differentiation (Fig. 5.3a and Table 5.1). The results of the statistical 
analyses do not show significant differences considering the overall data from each 
volcano (PERMANOVA R2 = 22%; p < 0.135) (Fig. 5.3b and Table 5.1), which may 
indicate that the differences found between rivers of turbid waters and clear waters 
constitutes a common pattern for all the volcanic eruptions analysed here. It follows 
that the response of the freshwater aquatic fauna could be quite different between 
nearby rivers on a given volcano (depending on turbidity). However it should be 
relatively similar for all clear rivers on one side and all turbid rivers on the other side, 
independently of their location.

http://www.r-project.org/
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Fig. 5.2 Representative images of turbid and clear water rivers at the study area. The rivers Nilahue, 
Gol Gol, Trancura and Blanco Sur were classified as turbid water rivers, while Hueinahue, Anticura, 
Liucura and Tronador were categorized as clear water rivers
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Fig. 5.3 Bi-plot ordination for the first two principal components of the PCA. In the upper plot 
a sites are separated according to river category, while in the lower plot b rivers are differentiated 
according to the volcanic emission centres (river abbreviations as in Fig. 5.1). The ellipses represent 
the reclassification of the scores with a 90% confidence level



5 River Water Characteristics After Recent Volcanic Eruptions … 75

Acknowledgements We thank J.P. Molina, C. Cárdenas, M. Manzano and C. Velasquez for assis-
tance in the field. This study was funded by Vicerrectoría de Investigación, Desarrollo y Creación 
Artística de la Universidad Austral de Chile. 

References 

Aiuppa A, Bitetto M, Francofonte V, Velasquez G, Bucarey Parra C, Giudice G, Liuzzo M, Moretti 
R, Moussalam Y, Peters N, Tamburello G, Valderrama OA, Curtis A (2017) A CO2-gas precursor 
to the March 2015 Villarrica volcano eruption. Geochem Geophys Geosyst 18:2120–2132 

APHA (2005) Standard methods for the examination of water and wastewater, 21st edn. American 
Public Health Association/American Water Works Association/Water Environment Federation, 
Washington DC 

Bertin D, Amigo A, Lara L, Orozco G, Silva Parejas C (2012) Erupción del cordón Caulle 2011– 
2012: Evolución fase efusiva. XIII Congreso Geológico Chileno, Antofagasta, Chile 

Bertin D, Amigo A, Bertin L (2015a) Erupción del volcán Villarrica 2015: Productos emitidos y 
volumen involucrado. XIV Congreso Geológico Chileno, La Serena, Chile 

Bertin D, Amigo A, Mella M, Astudillo V, Bertin L, Bucchi F (2015b) Erupción del volcán Calbuco 
2015: Estratigrafía eruptiva y volumen involucrado. XIV Congreso Geológico Chileno, La Serena, 
Chile 

Bertrand S, Daga R, Bedert R, Fontijn K (2014) Deposition of the 2011–2012 Cordón Caulle tephra 
(Chile, 40° S) in lake sediments: implications for tephrochronology and volcanology. https://doi. 
org/10.1002/2014JF003321 

Castruccio A, Clavero J, Segura A, Samaniego P, Roche O, Le Pennec J-L, Droguett B (2016) 
Eruptive parameters and dynamics of the April 2015 sub-Plinian eruptions of Calbuco volcano 
(southern Chile). Bull Volcanol 78:62 

Collini E, Osores MS, Folch A, Viramonte JG, Villarosa G, Salmuni G (2013) Volcanic ash forecast 
during the June 2011 Cordon Caulle eruption. Nat Hazards 66:389–412 

Del Moral R (1981) Life returns to Mount St. Helens. Nat Hist 90:36–49 
Del Moral R, Grishin SY (1999) Volcanic disturbances and ecosystem recovery. In: Walker IR 
(ed) Ecosystems of disturbed ground. Ecosystems of the world 16. Elsevier, New York, USA, pp 
137–160 

Flores F, Amigo A (2015) Dinámica de flujos laháricos asociados a la erupción del 3 de marzo del 
volcán Villarrica. XIV Congreso Geológico Chileno, La Serena, Chile 

Global Volcanism Program (2016) Report on Villarrica (Chile). In: Venzke E (ed) Bulletin of the 
global volcanism network, vol 41. Smithsonian Institution, Washington, D.C., p 11 

Johnson JB, Palma JL (2015) Lahar infrasound associated with Volcán Villarrica’s 3 March 2015 
eruption. Geophys Res Lett 42:6324–6331 

Lallement ME, Juarez SM, Machi PJ, Vigliano PH (2014) Puyehue Cordón–Caulle: post-eruption 
analysis of changes in stream benthic fauna of Patagonia. Ecol Austral 24:64–74 

Lallement ME, Machi PJ, Vigliano PH, Juarez SM, Rechencq M, Baker M, Bouwes N, Crowl 
T (2016) Rising from the ashes: changes in salmonid fish assemblages after 30 months of the 
Puyehue–Cordón Caulle volcanic eruption. Sci Total Environ 541:1041–1051 

Miserendino ML, Archangelsky M, Brand C, Beltrán L (2012) Environmental changes and macroin-
vertebrate response in Patagonian streams (Argentina) to ashfall from the Chaitén Volcano (May 
2008). Sci Total Environ 424:2012–2212 

Romero JE, Keller W, Díaz-Alvarado J, Polacci E, Inostroza M (2016a) The 3 March 2015 eruption 
of Villarrica volcano, Southern Andes of Chile: overview of deposits and impacts. 11º Encuentro 
Internacional de Ciencias de la Tierra, Malargüe, Argentina

https://doi.org/10.1002/2014JF003321
https://doi.org/10.1002/2014JF003321


76 E. Jaramillo et al.

Romero JE, Morgavi D, Arzillic F, Daga R, Caselli A, Reckziegele F, Viramonte J, Díaz-Alvarado 
J, Polacci M, Burton M, Perugini D (2016b) Eruption dynamics of the 22–23 April 2015 Calbuco 
Volcano (Southern Chile): analyses of tephra fall deposits. J Volcanol Geotherm Res 317:15–29 

Sernageomin (2015a) Reporte Especial de Actividad Volcánica (REAV) Región de los Lagos. Año 
2015 Abril 22 (20:45 HL) 

Sernageomin (2015b) Reporte Especial de Actividad Volcánica (REAV) Región de los Lagos. Año 
2015 Abril 22 (22:30 HL) 

Sernageomin (2015c) Reporte Especial de Actividad Volcánica (REAV) Región de los Lagos. Año 
2015 Abril 23 (10:30 HL) 

Stewart C, Johnston DM, Leonard GS, Horwell CJ, Thordarson T, Cronin SJ (2006) Contamination 
of water supplies by volcanic ashfall: a literature review and simple impact modelling. J Volcanol 
Geoth Res 158:296–306 

Tuffen H, James MR, Castro JM, Schipper CI (2013) Exceptional mobility of an advancing rhyolitic 
obsidian flow at Cordon Caulle volcano in Chile. Nat Commun 4:2709 

Valderrama O, Franco L, Gil-Cruz F (2015) Erupción intempestiva del volcán Calbuco, abril 2015. 
XIV Congreso Geológico Chileno, La Serena, Chile 

Van Daele M, Moernaut J, Silversmit G, Schmidt S, Fontijn K, Heirman K, Vandoorne W, De Clercq 
M, Van Acker J, Wolff C, Pino M, Urrutia R, Roberts SJ, Vincze L, De Batist M (2014) The 600 
yr eruptive history of Villarrica Volcano (Chile) revealed by annually laminated lake sediments. 
GSA Bull 126:481–498 

Witham CS, Oppenheimer C, Horwell CJ (2005) Volcanic ashleachates: a review and recommen-
dations for sampling methods. J Volcanol Geoth Res 141:299–326


	5 River Water Characteristics After Recent Volcanic Eruptions in Southern Chile
	5.1 Introduction
	5.2 Methods
	5.3 Results and Discussion
	References




