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ABSTRACT OF THE DISSERTATION 

Reconstruction of the Paleo and Neo stages of Poás and Turrialba volcanoes, Costa Rica: 

Competing processes of growth and destruction 

By 

PAULO RUIZ CUBILLO 

Dissertation Director: 

Dr. Michael J Carr 

This study is about two problems a) growth and b) erosion of the Poás and Turrialba 

volcanoes during the last ~ 600 ka. For the growth problem, we studied both volcanoes, 

meanwhile for the erosion problem we focused only in the erosion generated by the 

recurrent phenomenon of coseismic landslides on Poás. The detailed study done here for 

Poás, showed how its actual edifice has grown in the last ~600 Ky and how it is 

comprised by at least 14 volcanic units (4 from the Paleo-temporal phase and 10 from the 

Neo-phase). The geochemistry data showed the variation of these volcanic units between 

two main magmatic components (Sabana Redonda and the Von Frantzius Geochemical 

Components). We presented a landslide inventory for the 2009 (Mw 6.2) Cinchona 

earthquake based on LiDAR images. Mass wasting calculations then were extrapolated 

and used to calculate erosion rates based on this phenomenon for Poás (~ 300 ± 150 

km
3
/km/Myr, a rate comparable to estimates of magma flux at arc volcanic systems). 

Furthermore, the catalog was used to create a landslide susceptibily model, that maps 
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landslide risk for any shallow earthquake on the volcano and determine which areas 

could be affected by landslides. For Turrialba, this study includes mostly the 

geochronology and stratigraphy of eight lava flow units that yield ages that range from 

251 to 3 ka (one unit from the Paleo-temporal phase and 7 from the Neo). Three of these 

units, gave remarkably young 
40

Ar/
39

Ar ages (25 ka or less), among the youngest lavas 

dated in Central America (CA) by this method. The Neo-Turrialba flows consist of a low 

silica and a high silica group. The data and methodology followed here for the 

reconstruction of the Poás and Turrialba volcanoes can be used to obtain a new net 

extrusive volcanic flux, which may be used as a parameter for the rest of volcanoes of 

CA. The effective use of the information generated for the coseismic landslide 

susceptibility model for Poás by planners could reduce the impact of future landslides on 

the population and on the important civil infrastructure located in the study area. 
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PREFACE 

Volcanoes in Central America, as in the rest of the world, experience two main processes 

during their evolution, a) construction and b) destruction. The former is determined by 

the different episodes of volcanic activity and can experience different growth rates 

depending on the volcanoôs setting. The later is mostly associated with erosion processes 

and commonly occurs primarily after the volcano ceases activity. However, in tropical 

areas (e.g. Central America) the destruction of the volcanic edifices is accelerated by 

climatic conditions and chemical weathering, so that volcanoes in this part of the world 

experience these two main processes contemporaneously. 

My dissertation work involves a comprehensive study of volcanic growth and destruction 

for two volcanoes of the Costa Rican Central Volcanic Range (CVR). The construction 

phase was conducted for the Poás and Turrialba volcanoes. This part of the project 

includes systematically mapping of all the volcanic units that form these volcanic edifices 

and the determination of key characteristics like: petrography, thicknesses, age, 

straigraphic position, and geochemistry. The erosion problem was only considered for the 

Poás volcano and it was based on the measurements of material removed by coseismic 

landslides. Furthermore, due to the location of important civil infrastructure around the 

area of Poás, and because coseismic landslides have been a recurrent phenomenon in this 

volcanoôs evolution, the erosion study also included a coseismic landslide susceptibility 

analysis. This dissertation is divided into three main chapter described below. Each 

chapter provides an introduction, a geologic and tectonic background, previous work, 

data and analytical methods, results, conclusions and references. 
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Chapter 1 

This chapter is mostly based on the paper Geochemical and petrographical 

characterization of the geological units of Poás volcano massif, Costa Rica by Ruiz et al., 

(2010), which was published in the special volume for the Poás volcano in the Revista 

Geológica de América Central. This special volume came out as a response to the 

scientific interest and attention obtained by Poás volcano after the 6.2 Mw Cinchona 

earthquake of January 8, 2009. In the last two years, some changes and improvements to 

the original Ruiz et al., (2010) geologic map and stratigraphic section of Poás volcano 

have been made and are presented here as well. Finally, this first chapter includes also 

part of my contribution to the detailed study of the three Poás maar craters (Hule, Pata de 

Gallo and Río Cuarto) published by Alvarado et al. (2011). 

I have been part of field campaigns on Poás volcano flanks since 2004, my contribution 

to the mapping of this volcano was mainly in the southern flank and then I checked and 

re-mapped most of the volcanic edifice through the years following previous works and 

aerial photo interpretation from the LiDAR images. The results presented in this chapter 

are consequence of a collaborative work with G. Alvarado, M. Carr, G. Soto, E. Gazel 

and others that had work on Poás volcano before. I used the data that I collected through 

the years and previous mapping information from different authors and, in 2010 I was 

able to create the first complete geologic map for the Poás volcano. Also, based on the 

field and geochronologic control, I was able to define the first chrono-stratigraphic 

section for this volcano. I compiled a geochemistry database from published and 

unpublished sources that includes more than 136 major and trace elements, several 
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40
Ar/

39
Ar and 

14
C ages and petrographic descriptions for the Poás volcano. The 

geochemical database was used to characterize all the volcanic units that form this 

composite volcano and together with the geochronology data I studied the chemical 

evolution of this volcano. Furthermore, each volcanic unit was associated with one of the 

two magmatic components of Poás (the Sabana Redonda Geochemical Component or the 

Von Frantzius Geochemical Component). My contribution on the maars paper (Alvarado 

et al 2011) includes the geographic and geomorphological parameters (i.e. length, 

maximum and minimum height of volcanic rims, area, perimeter and volumes) of the 

different volcanic features of the Hule, Pata de Gallo and Río Cuarto maars. These 

features were obtained using for the first time in a Central American volcano a set of high 

resolution LiDAR images. The geochemically characterization of the Bosque Alegre Unit 

products was also part of my contribution to this study. 

The geochronologic control obtained for the Poás volcano units and the complete 

geologic map produced for these papers served as the basis for understanding the 

occurrence and distribution of coseismic landslides from the Cinchona Earthquake 

(Chapter 2). 

This work produced two published papers: 

Alvarado, G., Soto G., Salani F., Ruiz, P., Hurtado L., 2011. The formation and 

evolution of the Hule and Río Cuarto maars, Costa Rica. Journal of volcanology 

and Geothermal Research 201. 342-356. 
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Ruiz, P., Gazel, E., Alvarado, G.E., Carr, M.J., & Soto, G.J., 2010. Geochemical and 

petrographical characterization of the geological units of Poás volcano massif, 

Costa Rica. Rev. Geol. Amer. Central, 43: 37-66. 

 

Chapter 2 

On January 2009, I was on the Poás volcano conducting research for this thesis project, 

when the Cinchona earthquake (6.2 Mw) struck. About 1 km from the epicenter Pedro 

Acosta and I escaped from getting buried in falling debris. After witnessing one of the 

trigger events that produced high peaks of erosion rates on the Poás volcano, I started 

working together with G. Alvarado, M. Carr, G. Soto and others on a project to measure 

the area affected by the landslides, estimate the volume removed by this event and 

extrapolate the results to past and future events in order to study how this volcano is 

being destroyed as it grows. 

With the acquisition of LiDAR images of the affected area by the Costa Rican Institute of 

Electricity (ICE), I had the opportunity to study in detail one of the most recent coseismic 

landslide events in Central America. From this study I created a coseismic landslide 

catalog for the Cinchona earthquake and was I able to measure the area and volume 

removed by one of these events. Furthermore, with the coseismic landslide catalog and 

following the Mora - Vahrson approach (Mora et al., 1993) with some modifications I 

created the first coseismic landslide susceptibility model the Poás volcano. The most 

important difference of the model presented here and the Mora-Vahrson method is the 
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ability of my model to use different locations magnitudes and depths for the earthquake 

trigger event also its ability to rapidly obtain different susceptibility maps for the area. 

This flexibility allowed us to model historical events and projected or forecast the 

expected results of future earthquakes. 

This chapter resulted in one submitted paper: 

Ruiz, P., Carr M.J., Alvarado G.E., Soto G.J., Mana S, Feigenson M.D.& Sáenz L.F. 

Coseismic landslide susceptibility analyses using LiDAR images and SIGs: The 

case of Poás volcano (Costa Rica), as the first approach in Central America. 

(Geomorphology), in revision. 

Chapter 3 

Chapter 3 is focused on Turrialba volcano, which is a currently erupting volcano located 

close to a highly populated area. It has not been thoroughly studied even though it 

presents significant risk. This chapter adds new knowledge to the geochronology, 

geochemistry and stratigraphy of the volcano. In this study I worked with B. Turrin, G. 

Soto, M. Carr, R. del Potro and others. This chapter is a contribution to a wider project in 

the study of the reconstruction and evolution of Turrialba volcano. My contribution was 

in the preparation, analysis, correlation and interpretation of the 
40

Ar/
39

Ar ages and the 

geochemistry. The 
40

Ar/
39

Ar ages obtained are in agreement with the stratigraphy and 

three of the lavas sampled gave remarkably young 
40

Ar/
39

Ar ages (25 ka or less), among 

the youngest lavas dated in Central America by this method. Moreover 
40

Ar/
39

Ar ages are 

in agreement with prior 
14

C age determinations. The success in measuring these young 
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samples by
40

Ar/
39

Ar is attributed to a relatively high concentration of K in the samples 

and a careful analytical protocol that closely monitors the mass spectrometer mass 

discrimination during the measurements. 

I generated a geologic map for Turrialba volcano based on unpublished data from G. Soto 

and, with the new ages, generated cross sections that show the stratigraphic positions of 

the Turrialba units. The flanks of the volcano were mapped and most of the youngest 

volcanic units sampled. Geochronological and geochemical data show that the lavas of 

Turrialba in the last 100 kyr consist of a low silica group and a high silica group. In this 

range of time at least four episodes of effusive activity: 99 - 90, 61 - 60, 25 and 10 - 3 ka 

occurred. Three of these episodes include lavas from both the high silica group and the 

low silica group, consistent with the presence of a zoned magma chamber with a silicic 

top and mafic base. 

This chapter resulted in one submitted paper: 

Ruiz P., Turrin B., del Potro R., Gagnevin D., Gazel E., Soto G. J., Carr M.J., Mora M. 

& Swisher III C.
40

Ar/
39

Ar ages of Late Pleistocene-Holocene lavas from Turrialba 

volcano Costa Rica, some of the youngest lavas reported in Central America by 

this method. (G3), in revision. 
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Chapter 1 

The formation and evolution of Poás Volcano 

This chapter resulted in two published papers: 

Alvarado, G., Soto G., Salani F., Ruiz, P., Hurtado L., 2011. The formation and 

evolution of the Hule and Río Cuarto maars, Costa Rica. Journal of volcanology 

and Geothermal Research 201. 342-356. 

Ruiz, P., Gazel, E., Alvarado, G.E., Carr, M.J., & Soto, G.J., 2010. Geochemical and 

petrographical characterization of the geological units of Poás volcano massif, 

Costa Rica. Rev. Geol. Amer. Central, 43: 37-66. 

Abstract 

The present study defines the stratigraphy of Poás volcano by using geologic, 

petrographic, geochronologic and geochemical analyses made on the Poás units. The 

northern flank of the volcano is comprised of the following units: Río Sarapiquí, La Paz 

Andesites, Tiribí Formation (from Barva volcano, but interdigitated with Poás 

stratigraphy), Río Cuarto Lavas, Von Frantzius, Cerro Congo, Bosque Alegre and Laguna 

Kopper. The units on the southern flank are Colima Formation, La Paz Andesites, Tiribí, 

Achiote, Poasito, Sabana Redonda and Poás Lapilli Tuff. The central part of the volcano 

is made by the Poás Summit Unit, which includes the Main and Botos craters. The 

composition of the rocks spans the range from basalts to dacites. These units were 



2 

 

geochemically correlated with two magmatic components: 1. The Sabana Redonda 

Geochemical Component (TiO2 > 1%) enriched in HSFE and other trace elements, 

present in La Paz Andesites, Lavas Río Cuarto, Poasito, Sabana Redonda, Poás Lapilli 

Tuff and some from Botos crater lavas. 2. The Von Frantzius Geochemical Component 

(TiO2 < 0.8 %) is present in lavas of the Main crater, Von Frantzius, Achiote, Bosque 

Alegre, Cerro Congo and some Botos crater lavas. During the last 600 ka the content of 

K2O and other oxides (TiO2 and P2O5) and traces (Zr, Ba) have varied significantly 

through time, suggesting the presence of these two geochemical end-members since the 

beginning of the magmatic activity of Poás. Within similar ranges of time, units with high 

and low values of these elements have coexisted; the latter is true for Botos lavas and the 

Main crater. For units that possibly shared a common vent, such as La Paz Andesites, 

Achiote and Main crater, the percentages of K2O and TiO2 have decreased through time. 

1. Introduction  

The Poás volcano is one of the five active volcanoes of Costa Rica, it is part of the Costa 

Rican Central Volcanic Range (CVR) and its active vent is located at Lat 10
o
11ôN and 

Lon 84
o
13ôW (Fig. 1). The scientific importance that Poás represents, being close to 

major cities and, its accessibility to the main active crater helped to conduct in the past 

three decades several studies on it. These studies focused mainly in the geology, 

geophysics and geochemistry of the main crater. Much progress has been made toward 

understanding its historical eruptive cycle and its present activity (e.g., Thorpe et al., 

1981, Casertano et al., 1983, Prosser & Carr, 1987, Cigolini et al., 1991, Rymer et al., 

2009). In addition, few studies on the flanks of the volcano have been conducted too 

(e.g.,Tournon 1984, Borgia et al., 1990, Soto 1999, Alvarado & Salani 2004, Gazel & 
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Ruiz 2005, Carr et al., 2007). The paper from Ruiz et al., (2010) was the first attempt to 

complete the first geological map that studied the volcano as a whole edifice, from its 

northern and southern flanks at about 400 m a.s.l. to its summit at 2708 m a.s.l. 

Here we followed the study from Ruiz et al., (2010), to present the results from new 

mapping and present a more complete version of the geological map for the entire Poás 

volcano. The main goals of this study are to characterize petrologically and 

geochemically all the volcanic units that compose this massif. Placing them in time and 

space, to understand the changes that the volcano had experience in its last two stages of 

activity, during the past 600 ka. The level of detail in this study for the geologic mapping 

of the volcano, together with the relatively complete geochemical and geochronology 

databases, provided one of the few opportunities to study the evolution of a complex 

composite volcano in Central America. The results from this study will guide us toward 

better understanding of how volcanoes growth in a volcanic front. 

2. Study area 

The Poás volcano units that were studied here enclosed a total area of about 415 km
2
. 

This area is limited by Lavas Río Cuarto Unit in the northern flank of the volcano and the 

Alajuela reverse fault scarp in the southern flank (Fig. 2). The limits to the east and west 

are respectively the rivers Tambor and Sarchí in the southern part of the volcano, and the 

Toro and Sarapiquí rivers in the northern part (Fig 2). The geologic units described and 

interpreted here are divided in three sectors: north, south and central (actual vent). The 

northern flank of the volcano is comprised of the following units; Río Sarapiquí, La Paz 

Andesites, Tiribí Formation (from Barva volcano, but interdigitated), Río Cuarto lavas, 
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Von Frantzius, Cerro Congo, Bosque Alegre and Laguna Kopper. The units on the 

southern flank are: the Colima Formation, La Paz Andesites, Tiribí, Achiote, Poasito, 

Sabana Redonda and Poás lapilli tuff. The central part of the volcano is the Poás Summit 

Unit, which includes the Main and Botos craters. 

3. Regional Setting 

The CVR of Costa Rica is located on the Central American volcanic front, which extends 

parallel to the Middle American Trench from Guatemala to Costa Rica (Fig 1). Its 

volcanic activity is the product of the subduction of the Cocos Plate under the Caribbean 

Plate, which has a convergence rate that increases to the southeast from ~83 mm yr
-1

 off 

southern Nicaragua to ~89 mm yr
-1

 off southern Costa Rica (DeMets, 2010). The lavas 

from Poás volcano as the rest of volcanoes from central Costa Rica present an anomalous 

OIB signature different from the rest of lavas of the Central America volcanic arc. 

Several models have been postulated to explain this (e.g. Herrstrom et al., 1995, Russo 

and Silver 1994, Feigenson et al., 2004, Goss and Kay 2006, Hoernle et al., 2008) the 

latest model presented by (Gazel et al., 2009) considers that this signature is derived from 

the Galapagos hot spot tracks subduction beneath Costa Rica and Panamá. 

The Poás currently active eruptive vent lies within a volcano-tectonic fracture that runs 

north-south. Other structures inside this fracture are; the pyroclastic cones of Sabana 

Redonda, the Botos Crater, Von Frantzius cone, the Congo volcano and the explosive 

craters (maars) of Hule and Río Cuarto (Prosser, 1983; Soto & Alvarado, 1989). The 

north and south flanks of the volcanic edifice are limited by the scarps of the Alajuela and 

San Miguel reverse faults. There are other tectonic structures (especially strike-slip 
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faults) on the east and west flanks of the volcano with historical and destructive seismic 

activity. Some of the most important earthquakes are; 1772 (Mw 6.0), 1851 (Ms 6.0), 

1888 (Mw 6.0), 1911 (Mw 6.0), 1912 (Mw 5.5), 1955 (Mw 6.1) and 2009 (Mw 6.2) all of 

them located in the area of the towns of Bajos del Toro-Fraijanes-Vara Blanca-Poás 

(Peraldo & Montero 1999; Montero et al. 2010). 

The main crater of Poás has been frequently active during the last 200 years, with 

eruptions characterized by periodic phreatic explosions (Alvarado, 2009). Because the 

active vent is located only 20 km from the second largest city of Costa Rica, Alajuela, 

and just 30 km from the capital, San José, the volcano is a significant hazard. Most of the 

slopes of the volcano are used for agriculture and dairy cattle. During the last two 

decades, tourism has become a major activity in the volcano and its surroundings, being 

the Poás Volcano National Park, the most visit National Park in Costa Rica. Since 1980, 

the Costa Rican Institute for Electricity (ICE) and private companies developed 

hydroelectric projects in the north side of Poás, taking advantage of the high mean annual 

precipitation of the zone (3000 - 6000 mm), and the steep slopes (between 25 to 30
o
) of 

this volcano flnak. Several of the geologic studies made in the zone by ICE, were 

executed to provide the geologic characterization necessary for the construction of these 

projects. 

4. Field and analytical methods 

The geologic map from the Poás volcano that we introduced in this study (Fig 2) is an 

upgrade of the one presented by Ruiz et al., (2010). Herein we completed the geological 

mapping and presented more details areas that were not included in previous works. 
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These areas are especially located in the northwest sector of the Congo volcano, the area 

of Bajos del Toro, and the east flank of the volcano where the road of Vara Blanca-San 

Miguel (Road 126) is located. Fieldwork was carried out during 2009, six months after 

the Cinchona earthquake, taking advance of the new exposed outcrops after the landslides 

produced by the earthquake. 

The complete geological map of the Poás volcano (Fig. 2) has as background a digital 

elevation model (DEM) made with the topographic maps scale 1.50 000 of Poás, Barva, 

Rio Cuarto, Quesada and Naranjo from the National Geographic Institute of Costa Rica 

(IGN). 

Borehole profiles from ICE hydroelectrically projects were used to obtain some of the 

volcanic units thickness. We included several 
40

Ar/
39

Ar (matrix) and calibrated 
14

C ages 

in a geochronology database. The results of the 
40

Ar/
39

Ar (matrix) dating were obtained 

in the Nobel Gas Laboratory of Rutgers University and were done following the same 

methods published in Carr et al., (2007) and described in chapter 3. We also presented 

thin section descriptions for the geologic units of Poás volcano. The geochemical 

database compiled for this study includes 136 analyses that were taken from two previous 

compilations made by Kussmaul et al. (1982), Kussmaul (1988) and different authors: 

McBirney and Willians (1965), Krushensky (1982), Prosser (1983), Tournon (1984), 

Alvarado (1985), Paniagua (1985), Prosser and Carr (1987), Cigolini et al. (1991), 

Malavassi (1991), Soto (1999), Patino et al. (2000), Carr (2002), Gazel and Ruiz (2005) 

and Carr et al. (2007). 
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The present study makes a geochemical and petrographic characterization for the 

different geologic units from the Poás volcano. The Peccerillo and Taylor (1976) diagram 

(SiO2 vs. K2O) which is commonly used in volcanic rocks saturated in silica from island 

arcs, was used to make a rock type classification. This and other major and trace elements 

diagrams were made using IGPET 2009. The different databases (geochemistry-

geochronology- petrography) compiled for this paper are available upon request from the 

authors. 

For the detail study of the Río Cuarto and Hule maars, as a novelty in Central America, 

the geographic and geomorphological parameters (i.e. length, maximum and minimum 

height of volcanic rims, area, perimeter and volumes) of the different volcanic features 

were obtained using a set of high resolution LiDAR images. These images were obtained 

during the course of an airplane flight in April 2009 by the Spanish company 

STEREOCARTO with an ALS50-II LEICA system. The resolution of these LiDAR 

images is three points per m
2
, which is enough to created DEM with a resolution of 50 

cm in the x and in the y axis, and 15 cm in the z. The differences in altitude from the 

images and the benchmarks of the topographic maps are less than 11 cm. The high 

resolution of these data has allowed unprecedented resolution to identify volcanic 

features that were previously not recognized using standard photo-grammetric 

techniques. These images were prossed using the following commercial software 

packages: Quick Terrain Modeler SURFER 9.0 and GLOBAL MAPPER 10.0. The maars 

study also included a compilation of previous chemical analyses of rocks from Hule area. 

The data have been plotted in a geochemical diagram for interpretations based on the 

stratigraphy. 
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5. Results 

5.1 Geology and stratigraphy of Poás volcano 

The Poás is located between the Platanar and Barva volcanic centers (Fig 1c). It was 

formed by the stacking of volcanic rocks during at least three principal stages (Proto-

Paleo-Neo) occurring over almost one million years (Soto 1994, Soto 1999 and Ruiz et 

al. 2010). Here we present a description of the geologic units that build up the Poás 

volcano and because no outcrops of the Proto Poás stage have been found we are 

focusing on the lithologies of the two last construction stages of the volcano. The 

geologic map (Fig 2.) does not include the pyroclastic units that cover the volcano in 

order to facilitate the understanding of the underlying units and show in as clear way as 

possible the geographic distribution of the units. A stratigraphic sketch (Fig. 3) shows 

where the volcanic units are located according to their geographic position relative to the 

main crater. 

5.1.1 Colima Formation 

Williams (1952) named this unit first as Intracanyon. However Fernández (1969) uses the 

name of Colima Formation that remains until today. It corresponds to the local basement 

of the south part of the study area (Fig 2). It is overlain by the ignimbrite of the Tiribí 

Formation. It is composed by three members: a) Lower Colima, b) Puente Mulas and c) 

Upper Colima (Fig. 3). Based on data calculated from water wells in the area by (Campos 

et al., 2004), the average thickness of this formation is ~ 100 m (50 m for the lower 

member, 20 m for Puente Mulas and 30 m for  Upper Colima). The Lower Colima 
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member is mainly composed by porphyritic lavas with phenocrysts of plagioclase, augite, 

hypersthene, magnetite and some olivine in a matrix with intersertal texture. The 

intermediate member, Puente Mulas, is a package of ignimbrites, however in the rivers 

Tacares and Prendas it is a sequence of tuffs and lake sediments (Borgia et al., 1990). The 

Upper Colima lavas present an aphyric texture with only 4 % of phenocrysts inside a 

flow matrix with elongated vesicles. Radiometric 
40

Ar/
39

Ar ages from Marshall & 

Idleman (1999), Marshall et al. (2003) and Gans et al., (2003) establish an age for this 

formation between 758 ka (Lower Colima) and 330 ka (Upper Colima; Table 1). 

Kussmaul (1988) highlights that the chemical compositions from the Colima Formation 

lavas are different from the stratovolcanoes of the CVC and is very similar to the Tiribí 

Formation. For this reason, geomorphology aspects and its lateral extension the same 

author suggest that these lavas are probably the result of effusions along volcanic fissures 

with a northeast-southwest trend. 

5.1.2 Tiribí Formation 

Named originally as Avalancha Ardiente by Williams (1952), this unit begins with a 

pumice layer (a fall deposit) with a maximum thickness of 3 m, followed by an 

ignimbrite deposit with different welding facies. The outcrops of this formation are 

mainly in the south part of the study area, however outcrops in the northern side have 

been found and lithological and geochemically correlated with the well characterized and 

well exposed Tiribí in the Valle Central on the south side of Poás (Soto 1999 and Soto et 

al., 2008). The outcrops on the northern side are restricted to the intersection of the María 

Aguilar and Sarapiquí rivers, about 1 km away from the San Miguel scarp fault (Fig. 2). 
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In the southern sector of the Poás volcano, this formation appears on river valleys like 

Rosales, Poás, Puente de Piedra  and several places close to the Alajueja fault scarp, 

especially quarries (Echandi, 1981; Borgia et al., 1991; Campos et al., 2004). 

On the northern side the ignimbrite overlies the Rio Sarapiquí unit and La Paz Andesites 

units, whereas on the south sector it overlies the Colima Formation (Fig. 3). On both 

sides of the study area it appears to be under the La Paz Andesites Unit. It is possible that 

the reverse faults of Alajuela and San Miguel cause a repetition in the sequence causing 

Tiribí to appear to be under La Paz Andesites. Other possibility is that because it is flow 

deposit, it preferentially traveled through river canyons, and was deposited between two 

units of greater age in lateral contacts. The other possibility is that, what has been 

interpreted as Tiribí on the north side, it is actually an older unit, like the Puente Mulas 

Member. More geochronologic data are needed to solve this question. 

The thickness of this formation is limited to a few meters on the north side, whereas in 

the south; the thickness reaches 40 m (Campos et al., 2004). The most recent radiometric 

ages (Perez et al., 2006) are 322 ± 2 ka (table 1.). Perez (2000) interprets the ignimbrites 

as deposits originating at the top of Barva volcano in a powerful explosion that created 

the major caldera of Barva. 

5.1.3 Río Sarapiquí Unit 

The outcrops of this unit only appear in the Sarapiquí river canyon and its tributaries. It 

forms the local basement on the northeast side of the volcano. It is underlying the La Paz 

Andesite Unit and its base is not cropping out. It consists mostly of breccias and ash-flow 
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tuffs, with epiclastic lenses and subordinate lavas interdigitated between them. The 

minimum thickness of this unit is estimated to be 50 m, but may be hundreds of meters. 

Geochemically, the lavas from this unit range from basalts to andesites. Based on 

stratigraphic correlations Ruiz et al. 2010 speculate an age of 0.6-0.7 Ma for this unit, but 

could be older (Fig. 3). 

5.1.3 La Paz Andesites Unit 

It appears mainly in the northeast flank of Poás volcano. Some patches of this unit that 

are located in the northwestern side of the Poás volcano as well and the river canyon of 

Poás river in the southern flank of the volcano (Fig. 3). It overlies unconformably the Río 

Sarapiquí Unit and is overlaid by the products emitted by Cerro Congo and Von Frantzius 

cones, in the northern slope of the Poás edifice. 

It consists mainly of several (at least seven) andesitic lava flows with a characteristic 

porphyritic texture with megaphenocrysts of plagioclase (2-3cm) (Ruiz et al., 2010). 

These phenocrysts and the glassy matrix are easily weathered, which turns difficult to 

find fresh outcrops of these lava flows. The texture of these lavas together with its 

oldness (0.6 and 0.5 Ma, Gans et al., 2003 and Ruiz et al., 2010) could be responsible for 

facilitating the high the development of residual soils and reducing considerably their 

geotechnical conditions, making the slopes more susceptible to slide. This unit also 

includes breccias and tuffs interdigitated. A maximum thickness of ~260 m was 

measured for this unit (Ruiz et al., 2010). Geochemically, the composition of this unit 

ranges from basalts to dacites, although most are basaltic andesites. Morphologically, this 

unit is similar to the Paleo-Barva Unit, presenting uneven slopes with angles between 30
o
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to 60
o
. These slopes are covered by tuffs and weathered lapilli tuffs with thickness 

between 5 to 40 m. It has deeply eroded river valleys which are truncated mainly by right 

lateral faults. 

5.1.4 Achiote Unit 

This unit crops only in the southern part of the Poás edifice. It is contemporaneous with 

the La Paz Andesites unit and could overlie it in some sectors (south of the study area). 

The Poasito and Sabana Redonda units overlie it in some areas. The Achiote Unit 

consists of several lava flows. These flows present different textures and all of them can 

reach a thickness of about 110 m. In some areas they are covered by material from the 

Lapilli Tuff Unit (see below) and/or residual soils (Campos et al., 2005 and Montes 

2006). Geochemically, these lavas are basalts and andesites which Ruiz et al. (2010) 

dated at 540-200 ka. The geomorphology of this unit is similar to the La Paz Andesites 

Unit with uneven slopes that have angles between 30
o
to 60

o
, although its river valleys are 

less truncated and arranged in a sub-parallel to parallel drainage system. 

5.1.5 Río Cuarto Lavas Unit 

The main outcrops of this unit are in the vicinity of the Río Cuarto town located in the 

northern sector of the study area. This unit consists of a lava field that extends beyond the 

north face of the San Miguel fault scarp with a slight downward slope (3
o
-5

o
) to the north 

and with a parallel drainage system. (Fig. 3). Stratigraphically, this unit overlies the La 

Paz Andesites Unit and underlies the Cerro Congo and Laguna Kopper units. This lava 

field has a thickness of ~15m. Geochemically, this lava field corresponds to basaltic-
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andesitic lavas with characteristic aphyric and fluidal textures. Carr et al. (2007) dated 

this unit in 201 ± 30 ka with 
40

Ar/
39

Ar. 

5.1.6 Von Frantzius Unit 

This unit is located north of the active crater of Poás volcano (Fig. 3). Its stratigraphic 

position is above the La Paz Andesites Unit, contemporaneous with part of the Cerro 

Congo Unit and below the deposits from Bosque Alegre Unit. It is mainly composed of 

lava flows with breccias, epiclasts and pyroclasts on the top for a total maximum 

thickness of 70 m, Residual soils rarely surpass 5 m of thickness. The lavas from this unit 

range from basaltic andesites to dacites, and have an age range from 41 ka to 10 ka (Gans 

et al., 2003 and Ruiz et al. 2010). The geomorphology of this unit is similar to the Cerro 

Congo Unit, presenting a semi-radial drainage system with smooth slopes of angles 

between 30
o
 to 60

o
. 

5.1.7 Cerro Congo Unit 

The Cerro Congo volcano is a composite cone located in the northern side of the study 

area, between the Von Frantzius cone and the San Miguel fault (Fig. 3). Stratigraphically, 

this unit underlies the Von Frantzius unit although the uppermost Cerro Congo lavas 

could be contemporaneous with the Von Frantzius unit. It consists of lavas, epiclasts and 

pyroclastic flows. It has a minimum thickness of ~60m and in some is only covered by ~5 

m of residual soils. Geochemically, the products of this unit range from basalts to 

andesites and, according to Ruiz et al. (2010), the age of this unit ranges between 10 ka to 

40 ka. The Cerro Congo cone does not have a well defined crater; instead it is open in 



14 

 

two main landslide scarps to the NNW and NNE (Fig. 3). After witnessing the erosive 

consequences that this cone suffered from the Cinchoma Earthquake, it appears likely 

that these gullies formed by an erosive process that has repeated many times during 

similar seismic events over the last few thousand years. This unit shows a radial drainage 

system with smooth slopes that present angles mainly between 30
o
 to 60

o
. 

5.1.8 Poás Summit Unit 

This unit is located in the central zone of the study area, and consists of the products that 

have been emitted by the Botos and Main craters (Fig. 3). This is the unit that belongs to 

the Neo-Poás temporal stage. The products from the main crater sub-unit are exposed in 

the crater walls and outcrops that extend westward. The lava flows from the Botos sub-

unit extend eastward and overlie a thick set (~10 m) of pyroclasts in the Pulga stream 

valley on the eastern flank of the volcano. This area was also severely affected by 

landslides. 

The Botos lavas vary from basalts to dacites while the Main Crater lavas range from 

basaltic andesites to dacites. Based on 
14

C age and 
40

Ar/
39

Ar ages Ruiz et al. (2010) gave 

an age range from 56 ka to 8 ka to the Botos lavas and proposed that the lavas from the 

main crater could be contemporaneous or younger than the lavas from Botos. The slopes 

on this unit have a big range with angles >15
o
 in some areas (south of Botos cone) and 

close to 60
o
 in river valleys. 
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5.1.9 Bosque Alegre Unit 

It is located north of the Cerro Congo unit, in the northern side of the study area (Fig. 3). 

It comprises the eruptive products of the Hule and Pata de Gallo maars. The explosion 

crater from Hule has steep slopes (~60
o
) on its walls. The two small cones within the 

crater and the Pata de Gallo maar have less steep slopes (~40
o
). Stratigraphically, Bosque 

Alegre Unit overlies the Cerro Congo and Von Frantzius units. The tephra products of 

this unit are mainly pyroclastic surges, flow and fall deposits outside the maar (Alvarado 

et al., 2011). Within the maar the two cones produced at least three basaltic lava fields. 

Hule was formed 6.2 ka ago and Pata de Gallo probably 2.8 ka ago, while the intra-maar 

products could have ages of 1.7 or 0.7 ka (Alvarado et al., 2011). 

5.1.10 Laguna Kopper Unit 

This unit is located in the extreme north of the study area (Fig. 3). It comes from another 

maar also known as Laguna Río Cuarto, which presents walls with steep slopes (~60
o
). 

The fall products of this unit appear in a narrow axis with direction east-west from the 

maar over two kilometers with a variable thickness (no more than 15 m) that quickly 

disappears. Locally, they unconformably overlie the Río Cuarto Lavas Unit (Fig. 3). The 

deposits are collations of lithics, pumice and pyroclasts. Alvarado et al. 2011, estimated 

the age of this maar in 3-4 ka. 

5.1.11 Poasito Unit 

This unit is only presented in the southern side of Poás volcano, with the main outcrops 

in the rivers canyons near Poasito town (Fig 2). It consists of massive lava flows with 
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aphyric and fluidal textures. It rests unconformably on the Achiote Unit, congruent with 

or in some sectors overlies the Sabana Redonda Unit. The lavas of this unit have a 

composition that ranges from basaltic andesitic to andesitic. It has a minimum thickness 

of 80 m. Based on stratigraphic correlations, Ruiz et al. 2010 estimated an age between 

40 ka and 25 ka for this unit. Since it is mostly covered by the Poás Lapilli Tuff Unit 

and/or residual soils (7 m in some areas), it presents a smooth topography with a parallel 

to sub-parallel drainage system and slope angles between 10
o 
to 30

o
. 

5.1.12 Poas Lapilli Tuff 

This pyroclastic unit was defined by Prosser & Carr (1983) and later analyzed and 

studied by Campos et al 2004, Gazel and Ruiz (2005) and Montes 2006. It extends from 

the summit of Poás volcano to the area of Grecia, 15 km to the southwest. It consists of a 

juvenile lapilli tuff with a maximum thickness of 7 m. In the sector of Sabana Redonda 

the Poas Lapilli Tuff appears in road cuts, which after the Cinchona Earthquake of 

January 2009 were better exposed and presented thickness greater than 7 m. The tuff and 

lapilli are light grey when they are fresh; the colors orange, brown and purple are 

common when they are weathered. Based on geochemistry and its distribution, Gazel and 

Ruiz (2005) associated this unit with the Botos crater. To show more clearly the 

distribution of the lava units (Achiote and Poasito units) on the south sector of the study 

area, this unit was not included in the geologic map (Fig. 2). 
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5.1.13 Fluvial and unconsolidated epiclastics Unit 

This unit occurs in several sectors of the study area, but mainly on the north side, where it 

represents the distal facies of Congo and the "pie de monte" from the San Miguel fault 

scarp. It also occurs in the zone of Bajos del Toro, bordering the Poás massif to the west. 

Its lithology is fluvial deposits with lahars and colluvial material, reaching tens of meters 

in thickness. 

5.2. Detail geology and morphometric parameters of the Hule and Río Cuarto maars 

5.2.1 The Hule maar 

Hule is a subcircular volcanic depression (Fig. 4), with the major axis of 2.3 km and the 

minor axis of 1.8 km, for a total area of ~ 3.5 km
2
. The walls range from 230 m high in 

the northern rim (978 m a.s.l.) to only 20 m high (777 m a.s.l.) in the southern rim, with 

variable slopes (27-45
o
). Two intra-maar pyroclastic cones are present, called Bosque 

Alegre, since thought to be only one cone. The detailed features have been recognized 

with the new LiDAR images, and are clearly younger than the maar itself, because they 

are growing into it. The older cone shows part of the crater preserved, into which the 

younger cone, which shows a relatively well preserved crater (ca. 138 m high, 878 m 

a.s.l.) grew and one lava flow from it breached the eastern rim of the first cone. At least 

one lava field appears to be the first cone (Lava 1 in Fig. 4) and two lava fields to the 

second cone (Lava 2 and 3 in Fig. 4). 

Another maar (25-50 m deep), called Pata de Gallo or Los Angeles, is 400 m in diameter 

and is located less than one kilometer of the southeastern rim of Hule maar (Fig. 4). 
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The Hule basin is presently occupied by three lakes (740 m a.s.l.)., (Fig. 4): Hule (54.7 

ha, 26.5 m deep), Congo (14.9 ha, 14.6 m deep) and an unnamed one (0.6 ha, 4 m deep) 

(Horn and Haberyan, 1993). Hule lake overflows at its northeastern end, through the Hule 

river. Despite similarities in size and depth, Hule is stratified with elevated CO2 in the 

lower part, whileCongo is freely mixing from top to bottom and contained very little CO2 

when sampled in 1993 (Haberyan and Horn, 1999). In repeated measurements at Hule 

Lake, Umaña (1993) found surface water temperatures to vary between 22.2 and 26.5
o
 C, 

while temperatures at 25 m depth varied between 20.9 and 21.4
o
 C, indicating a thermal 

stratification. He estimated a water volume of 6.9 x 10
6
 m

3
. 

5.2.2 The Río Cuarto maar 

The Río Cuarto lake (361 m a.s.l.), also known as the Laguna de los Misterios (ñLake of 

the Mysteryò, probably due to seclusion as well as fish kills), Laguna Kopper (after the 

landownerôs family name of the owner), Laguna Yurro Hondo or Río Hondo (Deep 

Ravine, due its great depth). It is a crater with a rim that reaches some 52 m above the 

water level (412 m a.s.l. Fig 5). The crater rim has an E-W axis of 847 m, a mean width 

of 707 m, and the lake (361 m a.s.l.) has an E-W axis of 758 m, a mean width of 581m, 

and a surface of 0.33 km
2
 (Fig. 5) 

The lake has a maximum depth of 66 m, making it the deepest natural lake in Costa Rica 

(Horn and Haberyan, 1993). A bathymetric study by Gocke et al. (1987) showed a mean 

depth of 45.5 m, corresponding to a water volume of 15.12 x 10
6
 m

3
. Surface temperature 

has been observed to vary between 24.6 and 29.9 ºC, whereas the temperature of the 

hypolimnion at 60 m fluctuates only between 24.2 and 24.4 ºC (Gocke et al., 1987, 1990; 
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Haberyan and Horn, 1993). The depth of the boundary layer between the oxic and anoxic 

(H2S-rich) water bodies varies between 25 m (January-February) and 20 m (May-June); 

about 55% (mean value) of the total lake water body is permanently anoxic (Gocke et al., 

1987). 

5.3. Poás volcano geochemistry 

Here we show the geochemical relation of each Poás volcano geologic unit, and the 

geochemical variation between them through the volcano evolution. Geochemically the 

lavas from the different units of Poás span from basalts to dacites. The most common 

rock type based on the Pacerrillo & Taylor diagram (1976, Fig. 6) are basaltic-andesites 

and andesites. In this same diagram we observed that the lavas present two tendencies in 

the K2O values which allowed us to differentiated them between calco-alcaline and calco-

alcalines high in K. Using a variation diagram of TiO2 vs MgO (Fig. 7) we showed the 

differentiation and mixing of the geochemical units, and its fractional crystallization as 

well. The variation in major oxides (TiO2 and P2O5) and the trace elements Zr and Ba 

from each volcanic unit showed their chemical evolution of the volcanic edifice. Each 

volcanic unit was associated to one of the two geochemical components of Poás volcano: 

The Sabana Redonde Geochemical Component (SRGC) and the Von Frantzius 

Geochemical Component (VFGC) defined by Gazel & Ruiz (2005). The most important 

geochemical ranges used in the diagrams for each unit are present in the table 1. 
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5.3.1 Río Sarapiquí Unit 

According to the chemical analyses for this unit, the rocks range from basalts to 

andesites. All of them have values lower that 2 % for K2O and are located in the zone of 

the calc-alcaline series low in K (Fig. 6). They present low values of TiO2 < 1 % and 

MgO < % 5 (Fig. 7), also the values of P2O5 are relatively low (0.2-0.25 %; Fig 8). This 

unit belongs to the VFGC and geochemically it is different from the La Paz Andesites 

that is overlying it. 

5.3.2 La Paz Andesites Unit 

The rocks of this unit range from basalts to dacites, however most are basaltic andesites 

(Fig. 6). This unit belongs to the calc-alkaline series with high K. The majority of the 

samples from this unit have high values of TiO2 (Ó 1 %) and low to intermediate values 

of MgO (Ò 5 %) with a tendency to fractional crystallization of the phase of olivine, 

pyroxene, plagioclase and magnetite (Fig. 6). It also present values > 0.3 % of P2O5 and 

ranges from 600 to 1000 ppm of Ba and 175 to 200 ppm of Zr (Fig 7). This unit belongs 

to the SRGC being different geochemically from the Rio Sarapiqui Unit (below) and 

Achiote Unit (similar age). 

5.3.2 Tiribí Formation 

The chemical composition of this ignimbrite spans a wide range, where basaltic andesite lapilli 

are found along with andesites, but the trachyandesites are the ones that predominate. This unit 

belongs to the calc-alkaline series with high K. The majority of the samples have high values of 

TiO2 (> 1 %) and low values of MgO (Ò 4 %) and P2O5 < 0.5 %). They can be differentiated very 
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well from the Poás lavas by comparing the values of trace elements like Sr with ranges from 200-

900 ppm versus 400-750 ppm for Poás and Rb with ranges between 50-150 ppm versus 10-75 

ppm for Poás (Pérez et al. 2006). It is not included in any of the Poás geochemical components. 

5.3.3 Río Cuarto Lavas Unit 

Geochemically, this unit consists only of basaltic andesites that belong to the calc-

alkaline, high-K series. (Fig. 6). These lavas have high values of TiO2 (>1 %) and values 

of (4 to 5%) of MgO (Fig. 7) and 0.2- 0.3 % in P2O5 with ranges from 600-800 ppm of 

Ba and 130-150 ppm of Zr (Fig. 8).It belongs to the SRGC. 

5.3.4 Achiote Unit 

Geochemically, this unit consists of rocks that range from basalts to andesites, in the calc-

alkaline series low in K (Fig. 6). This is a main difference between the La Paz Andesites 

lavas that are enriched in K2O. Achiote unit presents values < 1% de TiO2 and low to 

intermediate of MgO <5.5% (Fig. 4) and < P2O5 0.3 % also ranges from 500 to 600 ppm 

of Ba and 75 to 130 ppm of Zr (Fig. 7). This unit is geochemically associated with the 

VFGC. 

5.3.5 Poasito Unit 

This unit is in the High-K, calc-alkaline series with compositions that range from basaltic 

andesite to andesite (Fig. 6). TiO2 contents are Ó 1 % (Fig. 7). Like Tournon (1984) and 

Prosser & Carr (1987), Gazel & Ruiz (2005) mentioned there is a stong chemical affinity 

between the aphyric andesites from Poasito Unit and the porphyiritc lavas from the La 

Paz Andesites Unit. Furthermore there is a different composition compared to the 
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Achiote Unit which is not so high in K2O and TiO2 (Fig 7). The values of Zr for this Unit 

are in the range of 150-250 ppm while the values for Ba are > 500 ppm to 1100 ppm (Fig. 

8). We associated this unit to the SRGC. 

5.3.6 Sabana Redonda 

Geochemically, this unit ranges from basalts to andesites of the calc-alkaline, high-K 

series (Fig. 6) This unit shows the highest values of TiO2 from Poás, MgO (3 to 4 %) 

(Fig. 7) and values for P2O5 from 0.2 to 0.3 %. In the same way that the La Paz Andesites 

and Poasito units, Sabana Redonda, presents the highest values in Zr (140 to160 ppm), 

Nb (12 to 17 ppm) and values between 600 ppm to 800 pmm for Ba (Fig. 8) 

5.3.7 Cerro Congo Unit 

The samples from this unit vary from basalts to andesites in the low to normal K, calc-

alkaline series (Fig 6). The percentage of MgO ranges from 2 to 6 %., but the values of 

TiO2 are < 1 % (Fig. 7). This unit has P2O5 contents between 0.2 and 0.3 %. Trace 

elements contents, like Ba (400-700 ppm), Nb (5-20 ppm) and Zr (500-200ppm) (Fig. 8), 

are lower than the ones present in the La Paz Andesites, Poasito and Sabana Redonda 

units. This unit is geochemically associated with the VFGC. 

5.3.8 Von Frantzius Unit 

The lavas from this unit range from basaltic andesites to dacites, in the Low-K, calc-

alkaline series (Fig. 6) with some samples that tend to be normal and even high K. The 

values of K2O do not rise above 2.5 %, TiO2 contents are < 0.8 % and MgO varies 
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between 1% and 6 %) (Fig. 7) while the values for are P2O5 < 0.3. In trace elements like 

Sr, they present values of 500 to 800ppm and Rb that ranges from 20 to 75 ppm (Fig. 8). 

Gazel and Ruiz (2005) defined the VFGC based on the geochemical characterization of 

this unit. 

5.3.9 Poás Summit Unit 

To characterize this unit and due to geochemical differences within, it was divided in two 

sub-units (Poás Summit Main crater and Botos sub-unit). 

5.3. 9.1 Poás Summit Botos Sub-unit 

The geochemical behavior of this sub-unit is very heterogeneous, with rocks that vary 

from basalts to dacites and with representatives of both the high and low K series (Fig. 6). 

They are also very variable in TiO2 and MgO. Due to these differences it was divided in 

Poás Summit Botos (High Ti) and Poás Summit Botos (Low Ti) The samples that have 

high contents of magnesium > 7 % also are low in (< 52 %) in SiO2 making them true 

basalts. The values of P2O5 are also variable with samples that present values of < 0.3 %, 

while others are above this number. The Ba values are between 450 to 950 ppm and for 

Zr the range from 75 to 175 ppm (Fig. 8). The sub-unit Poas Summit Botos (High Ti) 

belongs to the SRGC while the Poás Summit Botos (Low Ti) belongs to the VFGC. 

5.3. 9.2 Poás Summit Main Crater Sub-unit 

In contrast to the Botos subunit, the Main Crater subunit has no basalts but it ranges from 

basaltic andesites to dacites. Another difference between the samples from this unit and 
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Botos is that the Main Crater lavas are all in the low-K, calc-alkalineseries (Fig. 6). 

Finally, there is a unimodal distribution of TiO2 with all values < 1% (Fig. 7). Similarly, 

all values of P2O5 Ba, Zr and Nb are low in comparison to other units. This differentiates 

the Main Crater Sub-unit from units like La Paz Andesites and Poasito Units. This unit 

belongs to the VFGC. 

5.3.10 Bosque Alegre Unit 

Based on earlier chemical analyses, we present a wider appraisal of the maar formation. 

There are few petrographic and chemical analyses available of the Hule area (Fig. 9 and 

Table 4). There are 4 analyses from the Hule intra-maaric cones and lavas (McBirney and 

Willians, 1965; Tournon, 1984; Prosse and Carr, 1987; Malavassi, 1991) and one from 

the juvenile andesitic pumice of the Hule tephras (Soto, 1999). There are other samples 

from this area, although without precise locations (Malavassi, 1991), of which five 

appear to be from the intra-maaric cone-lavas, one from the silica-rich andesites of Hule 

tephra, and two from the walls of the maar. 

The rocks classify as low to medium in K in the calc-alkaline series, ranging from basalts 

to andesites (Fig 9). Two samples (150 and 182 in table 4) from unknown localities 

(Malavassi, 1991) may be from the maar wall, and are also plotted in the diagram for 

comparison.  They fit in the basalt-andesite trent defined ny the intr-maar rocks and 

pyroclastic flows and partilly cover the compositional gap in between these rocks. Based 

on the geochemistry of the rocks from Poás massif, Ruiz et al. (2010) defined the VFGC 

and the SRGC. According to the geochemistry of the Bosque Alegre Unit (deposits from 

the Hule maar and itra-maar cones), it is part of the VFGC. Some of the characteristics 
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present in these lavas are: the levels of TiO2 < 1%, P2O5 contents < 0.2 %, low values 

for trace elements like Ba, Nb and Zr compared to the SRGC, which presents higher 

values of these elements (Fig. 9). 

5.3.11 Poas Lapilli Tuff 

Based on geochemistry and the distribution from materials of the Poás Lapilli tuff Unit, 

Gazel & Ruiz (2005), associated the products of this unit with the Botos crater because 

there are chemical differences with the main crater. According to Gazel & Ruiz (2005) 

the materials of this unit have major elements contents similar to the geochemistry of the 

Sabana Redonda Unit; TiO2 (0.9-1 %), Fe2O3 (9-10%) and CaO (< 6.5 %). 

6. Geologic history of Poás volcano 

In the last 700 ka, the Poás volcano has risen over materials that came from the 

protocordillera, aphyric lavas from fissure eruptions and ignimbrite layers from the Barva 

volcano. All through different episodes of effusive, explosive, and erosive activity 

intersperse between the different units that currently made the edifice of this composite 

volcano. Each of these volcanic units has unique characteristics and diverse origins. 

Some units, like Poasito and Sabana Redonda, have origins related to extension processes 

in the volcano-tectonic fracture in the south part of Poás. Other units, like La Paz 

Andesites, Achiote and Poás Summit, have mainly effusive activity and virtually all 

erupted from a common central vent, typical activity of a composite volcano. On the 

northern flank of the Poás volcano, over the same volcano-tectonic fracture, two volcanic 

cones are located, the Von Frantzius and Cerro Congo, which grew from effusive and 
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explosive phases. During thousands of years they have been eroding constantly, with high 

erosive peaks likely associated with seismic activity from strike slip faults on the flanks 

of the volcano. Finally, on the north side of the study area, three explosive craters formed 

as maars and deposited the units, Bosque Alegre and Kopper (Río Cuarto), which broke 

up the previous lava surfaces, leaving their explosive materials around them. The genesis 

of the Laguna Hule maar likely occurred in these phases: first there was an aperture 

phase, the result of the phreatic explosions (here the lavas from Congo are projected). 

Next, there was a Strombolian phase. The sequence continued with phreatomagmatic 

explosions with pumice flows that buried artifacts dated at 6.1 Ka. After the maar created 

the tuff ring, a basaltic magma built the two piroclastic cones by a strombolian explosions 

and contemporaneous lava eruption creating small lava flows about 2.8 ka ago (Alvarado 

et al., 2011). 

7. Geochemistry evolution of Poás volcano 

The presence of two geochemical components in the lavas from Poás was reported in 

Gazel & Ruiz (2005). In that paper two parental magmas were defined. The Sabana 

Redonda Component (SRGC) (TiO2 > 1 %) and the Von Frantzius Component (VFGC) 

(TiO2 < 1 %) the rest of the data were modeled as the result of the mixing of these two 

types of magma. The new data from the paper Ruiz et al. (2010) confirmed the existence 

of these components and now we know that they are present in other Poás units. The 

lavas with a trend to the SRGC belong to the High-K, Calc-Alkaline series (Fig. 6). This 

component is present in La Paz Andesites, Río Cuarto Lavas, Poasito and some lavas 

from Botos crater. On the other hand, the units where the VFGC is present are located in 
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the Low-K, Calc-Alkaline series (Fig. 6). These units are: Main Crater, Von Frantzius, 

Achiote, Bosque Alegre Cerro Congo, and some lavas from Botos crater. 

The two magmatic series differ in several geochemical components and cannot be related 

to each other by crystal fractionation. The variation diagram (Fig. 7) shows the effects of 

crystal fractionation where it is evident that there are two independent fractionation 

series, one high in TiO2 (SRGC) and the other relatively depleted (VFGC).  (The vectors 

show the direction of change expected from crystal fractionation in different stages.) 

The ranges of major elements (TiO2, P2O5) and trace elements (Zr and Ba) through time 

(Fig. 8) show the geochemical evolution of the Poás Volcano during the last 600 ka. This 

plot has a logarithmic scale to graph the ages of the units with a range from almost 600 ka 

and to less than 2 ka. The ages used for this diagram are the age ranges for each unit. For 

example, for the Botos Crater the range extends from 54 ka to 0.1 ka; the real ranges are 

shown in (Fig. 8). Additionally, in this graph (Fig 8), only effusive units were shown. 

There are hiatuses between units that will have to explain. Even though this graph is just 

a preliminary approach to this problem and more geochronology and geochemistry are 

needed, some observations can be made from it. There are units with similar age ranges 

that present different geochemical behaviors and, in general, opposite to each other (e.g 

La Paz Andesites and Sarapiqui-Achiote, Río Cuarto Lavas and Achiote, Botos high in 

TiO2 and Botos low high Ti O2). This behavior presented in the diagrams show the 

existence of the two magmatic components from Poás since the Paleo-Cordillera phase. 

There is a decrease with time for TiO2 and P2O5 from the oldest unit, La Paz Andesites, 

followed by Achiote and finishing with the Poás Summit unit. However, between them 
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there are units with high values for these elements (e.g. Poasito and Sabana Redonda). 

Again, this confirms the presence of two different geochemical components that are 

independent and that came out from different vents (e.g., Sabana Redonda and Poás 

Summit Main Crater), as well as the same vent (e.g., Botos high and low in TiO2) (Fig 8). 

8. Discussion and conclusions 

The first complete geologic map of the Poás volcano was presented by Ruiz et al. (2010), 

here was presented the newer version (Fig. 2). A stratigraphic reconstruction was 

completed using new information from the geologic campaigns in of 2008 and 2009 

resulting in (Fig. 3). 

The volcanic units that form the Poás volcano have ages below 700 ka. Through its 

volcanic evolution its lavas show the presence of two geochemical components: The 

Sabana Redonda Geochemical Component (TiO2 > 1 %) and the Von Frantzius 

Geochemical Component (TiO2 < 1 %), the former is related with processes that requires 

a relatively lower degree of partial melting, produced primarily by a decompression 

mechanism, which may be related to the extension generated within the Poás volcano-

tectonic fracture, while the later represents magmas produced primarily by flux melting, 

related to subduction (Cameron et al., 2002). 

The fact that these magmatic components on some occasions are clearly separated and on 

other occasions share and mix between the same vents, suggests that on some occasions 

the magmatic chambers have been separate and on other they have served to mix these 

magmatic components to generate intermediate compositions (Fig. 6, 7 and 8). This 
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magmatic process is not exclusive for Poás as similar geochemical behavior has been 

observed in the Irazú volcano (Alvarado et al., 2006). 
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Figure captions 

Figure 1 

Digital elevation map of Costa Rica, with an inset map of the Central American Volcanic 

front and its tectonic setting. Main volcanoes from Costa Rica are show in grey triangles. 

Active volcanoes also show a plume: From northwest to southeast, Rincón de la Vieja, 

Arenal, Poás, Irazú and Turrialba. Red rectangle denotes close-up to study area shown in 

Figure 2. Bathymetry is from Ranero et al. (2005). 

Figure 2 

Geologic map of Poás Volcano, Based on Based on Prosser 1983; Alvarado & Climent 

1985; Borgia et al., 1990; Rojas 1993; Alvarado y Carr 1993; Soto 1999; Campos et 

al.,2004; Gazel & Ruiz 2005, Montes 2007 and Ruiz et al ., 2010. 

Figure 3 

Crono-stratigraphic column of the Poás units. The main and subordinated lithology are 

presented and its geographical position (north or south) from the main crater. The color 

of the units is the same from the geologic map in figure 2. 

Figure 4 

Hule maar. a) Interpretation of the geological features. b) DEM from LiDAR images 

from april 2009. c) Aerial photo taken on April 2009. d) Sketch of geologic profile (A-B-

C). 
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Figure 5 

Río Cuarto maar. a) Interpretation of the geological features. b) DEM from LiDAR 

images from april 2009. c) Aerial photo taken on April 2009. d) Sketch of geologic 

profile (A-B). 

Figure 6 

Rock classification diagram for the lithologic units of Poas volcano based on Paccerillo 

& Taylor (1976). Major elements (oxides) in %. 

Figure 7 

Variation diagram between % of major elements of TiO2 and MgO. The ranges from 

geochemical components show its differentiation and mix. The vectors show the crystal 

fractionation, while the dash lines the percentages from each geochemical component 

Figure 8 

Variation of major elements TiO2, P2O5 and traces Zr and Ba during the Poás volcano 

evolution. Major elements in %, trace elements in ppm. 

Figure 9 

Rock classification diagram for rocks from volcanic arc (based on Pacerillo and Taylor, 

1979) for the Bosque Alegre Unit (Hule maar deposits and intra-maar cones), and 

variation of TiO2 and Zr in function of Mg for series characterization. Major elements in 

%, trace elements in ppm. 
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