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Reconstruction of the Paleo and Neo stages of Poas and Turrialba volcanoes, Costa Rica:
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Dissertation Director:
Dr. Michael J Carr

This study is about two problems a) growth and b) erosion of the Poas and Turrialba
volcanoedduring the last ~ 600 ka. For the growth problem, weistliooth volcanoes,
meanwhile for the erosion prarh we focused only in the erosion generated by the
recurrent phenomenon of coseismic landslidePo#@s The detaid study done here for
Poas showed how its actual edifice has grown in the last ~600 Ky and how it is
comprised by at least 14 volcanic @n{tfrom the Paleetemporal phase and 10 fraime
Neo-phase). The geochemistry data showed the variation of these volcanic units between
two main magmatic caponents $abana Redonda atige Von Frantzius Geochemical
Componerd). We preserd a landslide nventory for the 2009 (M 6.2) Cinchona
earthquie based on LIiDAR images. &ds wasting calculations then were extrapolated
and used to calculate erosion rates based on this phenomenBoai 300 + 150
km*km/Myr, a rate comparable to estimates of magdinx at arc volcanic systems).

Furthermore, the catalog was used to create a landslide susgepiduk| that maps



landslide risk forany shallow earthqka on the volcano and determiménich areas
could be affected byahdslides. For Turrialhathis gudy includes mostly the
geochronology and stratigraphy of eight lava flow units that yield agegdhge from

251 to 3 ka@neunit from the Paledemporal phase and 7 from the Nebree of these
units, gave remarkably youri§Ar/>°Ar ages (25 ka oreks), among the youngest lavas
dated in Central Americ@CA) by this method. The Nedurrialba flows consist of a low
silica and a high silica group. The data and methodology followed here for the
reconstruction of thd?oas and Turrialb&olcanoes can besad to obtain a new net
extrusive volcanic flux, which may be used as a parameter for thefrestcanoes of

CA. The effective use of the information generated for the coseismic landslide
susceptibility model for Poés by planners could reduce the inopdature 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) construgh and b) destruction. The former is determined by

the different episodes of volcanic activity and can experience different growth rates
depending on the volcanods setting. The | a
and commonly occurs primayilafter 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 twaoain 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 Poas and Turrialbaano&s. This part of the project
includes systematicallyjmappingof all the volcanicunits that form these volcanic edifices

and the determination of key characteristics like: petrography, thicknesses, age,
straigraphic position, and geochemistry. The emgroblem was only considered for the
Poéas volcano and it was based on rieasurements of material removag coseismic
landslides. Furthermoreud to the locatiorof important civil infrastructur@around the
areaof Poas and because coseismic landeBchave been a recurrent phenomenon in this
vol canobds evolution, t lceseismic aslslidesusceptibilityy al s
analysis This dissertation is divided into three main chapter described below. Each
chapter provides an introduction, aafpgic 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 Poas volcanssifjadCosta Rica by Ruiz et al.,
(2010), which was published in the special volume for the Poas volcano in the Revista
Geologica de América Central. This special volume came ow @sponseto the
scientific interest and attention obtainbgl Poasvolcaro after the 6.2 M 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 Poas volcano
have been madand are presented here as well. Finahis first chapter includes also

part of my contribution to the detad study of the three Poas maar craters (Hule, Pata de

Gallo and Rio Cuarto) publishéy Alvarado et al. (2011).

| have been part of field campaigns on Pedlsano flankssince 2004 my contribution

to the mapping of this volcano was mainly in the southern flank and then | checked and
re-mapped most of the volcanic edifice through the years following previous works and
aerial photo interpretation from the LIDAR imagé@#e results prsented in this chapter

are consequence of a collaborative work with G. Alvarado, M. Carr, G. Soto, E. Gazel
and others that had work on Poas volcano before. | used the datadhecttied through

the years and previous mapping information from diffeerthorsand, in 2010 was

able to create the first complete geologic map for the Poas volcano. Also, based on the
field and geochronologic control, | was able to define the firsbrw-stratigraphic
section for tis volcano. | compiled a geochemistry taldase from publigd and

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

vii



“OAr/*°Ar and *C ages and petrographic descriptions for the Poas volcano. The
geochemical database was used to charaetetlzthe volcanic unitghat form this
composite volcano and together with the geochronology datadied the chemical
evolution of this volcano. Furthermore, each volcanic unit was associated with one of the
two magmatic components of Poés (the Sabana Redonda Geochemicah€aingpdhe

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 volumesg of th
different volcanic features of the Hule, Pata de Gallo and Rio Cuarto maars. These
features were obtained using for the first timea @entral America volcano a set of high
resolution LIDAR images. The geochemically characterization of the BosquesAleuir

productswasalso part of my contribution to this study.

The geochronologic control obtained for the Poas volcano units and the complete
geologic mapproduced for thge papes served as the basis for understanding the
occurrence and distribution afoseismic landslides from the Cinchona Earthquake

(Chapter 2).

This work produced two published papers:

Alvarado, G., Soto G., Salani FRuiz, P., Hurtado L., 2011.The formation and
evolution of the Hule and Rio Cuarto maars, Costa Rmarnal of volcanology

and Geothermal Researct?01. 342356.
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Ruiz, P., Gazel, E., Alvarado, G.E., Carr, M.J., & Soto, G.J., 2@€ochemical and
petrographical characterization of the geological units of Poas volcano massif,

Costa RicaRev. Geol. Amer. Central 43: 3766.

Chapter 2

On January 2009, | was on the Poéas volcano conducting research for this thesis project,
when the Cinchona earthquake (6.2)Mtruck. About 1 km from the epicenter Pedro
Acosta and | escaped from getting buried in falling debris. After vatngsone of the

trigger events that produced high peaks of erosion rates on the Poas volcano, | 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 rentyvélis 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 byQbsta Rican Institutef
Electricity (ICE), | had the oportunity tostudy in detail one of the most recenseismic
landslide events irCentral America. From this study | created a coseismic landslide
catalog for the Cinchona earthquake and was | able to measure the area and volume
removed by one of these exis. Furthermore, with the coseismic landslide catalog and
following the Mora- Vahrson approackMora et al., 199Bwith some modifications

created the firstoseismic landslide susceptibility modéle Poas volcano. The most

important difference of thenodel presented here and the Mdf@hrson method is the



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 MJ., Alvarado CE., Soto GJ., Mana S, Feigenson.Bl& Saenz LF.
Coseismic landslideusceptibility analyses using LIDAR images and SIGs: The
case of Poas 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 volozatedo
close to a highly populated area. It has not beéemoughy studied even though it
presents significant risk. This chapter adds new knowledge to the geochronology,
geochemistry and stratigraphy of the volcano. In this study | workedBuwitturrin, G.

Sotg M. Carr, R. del Potroand othersThis chapter is a contribution to a wider project in
the study of the reconstruction and evolution of Turrialba volcltyocontribution was

in the preparation, analysis, correlation amigrpretationof the “°Ar/**Ar ages and the
geochemistry. Thé°Ar/*°Ar ages obtainedre in agreement witthe stratigraphyand

three of the lavas sampledve remarkably younAr/*°Ar ages (25 ka or less), among

the youngest lavas dated in Central America by this metloceover “°Ar/*°Ar agesare

in agreementith prior **C age determinationghe succesi measting these young



samplesby*’Ar/*°Ar is attributed to a relatively high concentration of K in the samples
and a carefulanalytical protocol that closely monitors tmeass spectrometer mass
discrimination during the measurements

| 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 Turrialbaunits. The flanks of the volcano were mapped and most of the youngest
volcanic units sampledSeochronological and geochemical data show that the lavas of
Turrialba in the last 100 kyonsist of a low silica group and a highaligroup In this

range oftime at least fouepisodeof 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 witica sil

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 1l C*°Ar/**Ar ages of Late Pleistocetttolocene lavas from Turrialba
volcano Costa R, 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 ofPoas Volcano

This chapterresulted in two published papers:

Alvarado, G., Soto G., Salani FRuiz, P., Hurtado L., 2011.The formation and
evolution of the Hule and Rio Cuarto maars, Costa Rmarnal of volcanology

and Geothermal Researct?01. 342356.

Ruiz, P., Gazel, E., Alvarado, G.E., Carr, M.J., & 806G.J., 2010.Geochemical and
petrographical characterization of the geological units of Poas volcano massif,

Costa RicaRev. Geol. Amer. Central 43: 3766.

Abstract

The present study defines the stratigraphy of Poas volcano by using geologic,
petrographic,geochronologic and geochemical analyses made on the Poas units. The
northern flank of the volcano is comprised of the following units: Rio Sarapiqui, La Paz
Andesites, Tiribi Formation (from Barva volcano, but interdigitated with Poas
stratigraphy), Rio Garto Lavas, Von Frantzius, Cerro Congo, Bosque Alegre and Laguna
Kopper. The units on the southern flank are Colima Formation, La Paz Andesites, Tiribi,
Achiote, Poasito, Sabana Redonda and Poas Lapilli Tuff. The central part of the volcano
is made by théPoads Summit Unit, which includes the Main and Botos craters. The

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



geochemically correlated with two magmatic components: 1. The Sabana Redonda
Geochemical Component (TiC> 1%) enriched in HSFE and other trace elements,
present in La Paz Andesites, Lavas Rio Cuarto, Poasito, Sabana Redonda, Poas Lapilli
Tuff and some from Botos crater lavas. 2. The Von Frantzius Geochemical Component
(TiO2 < 0.8 %) is present in lavas of tiMain crater, Von Frantzius, Achiote, Bosque
Alegre, Cerro Congo and some Botos crater lavas. During the last 600 ka the content of
K,O and other oxides (T¥Oand BOs) and traces (Zr, Ba) have varied significantly
through time, suggesting the presencehefse two geochemical emdembers since the
beginning of the magmatic activity of Poas. 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 psibly shared a common vent, such as La Paz Andesites,

Achiote and Main crater, the percentages gdkand TiQ have decreased through time

1. Introduction

The Poas volcano is one of the five active volcanoes of CostaiR&part of theCosta

Rican Gntral Volcanic Range (CVRInd itsactive vent is located at Lat01 6 N a n d
Lon 841 3 6 W . {).FTihey scientific importance that Poas represents, being close to
major cities and, its accessibility to the main active crater helped to conduct in the past
three decades several studies ibnThese studies focused mainly in the geology
geophysics and geochemistry of the main crater. Much progress has been made toward
understanding its historical eruptiwgcle and its present activitye.g., Thorpe et al.,

1981, Casertano et al., 1983, Prosser & Carr, 1987, Cigdlial.,e1991, Rymer et al.,

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

(e.g.,Tournon 1984, Borgia et al., 1990, Soto 1999, Alvarado & Salani 2004, &azel



Ruiz 2005, Carr et al., 20Q7)he paper from Ruiz et al2@10 was the first attempt to
complete the first geological map that studied the volcano as a whole edifice, from its

northern and southeffanks atabout 400 m a.s.l. to imimmit at 2708 m.a.l.

Here we followed the fudy from Ruiz et al., (2000to presat the results from new
mappingand presend more complete version of the geological map for the entire Poas
volcano. The main goals of thistudy 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 thivgieanapping

of the volcano, together with the relativatpmplete geochemicand geochronology
databasg providedone of the few opportunities to study the evolution of a complex
composite volcano in Central AmericBhe results from this study will gie us toward

better understanding oblwv volcanoes growth in a volcarfiont.

2. Study area

The Poas volcano unitthat were studiethere enclosea total area ofbout 415km?

This area is limited biavas Rio CuarttJnit in the nortlern flank of the wlcano andhe
Alajuelareversefault scarpin the soutkrn flank(Fig. 2). The limits to the east and west
are respectivg the rivers Tambor and Sarchi in the southern part of the volcano, and the
Toro and Sarapiqui rivers in the northern &g 2). The geologic units descrideand
interpreed hereare divided in three sectors: north, south and central (actual Véuet).
northern flank of the volcano is comprised of the following units; Rio Sarapiqui, La Paz

Andesites, Tiribi Formation (from Barva valwo, but interdigitated), Rio Cuarto lavas,



Von Frantzius, Cerro Congo, Bosque Alegre and Laguna Kopper. The units on the
southern flank are: the Colima Formation, La Paz Andesites, Tiribi, Achiote, Poasito,
Sabana Redonda and Poas lapilli tuff. The cepag of the volcano is the Pods Summit

Unit, which includes the Main and Botos craters.

3. Regional Setting

The CVR of Costa Rica is locatezh the Central American volcanic front, which extends
parallel to the Middle American Trench from Guatemala tst€dRica (Fig 1). Its
volcanic activity is the product ahe subduction of the Cocos Plate under the Caribbean
Plate, which has a convergence rate that increases to the southeast from ~83afim yr
southern Nicaragua to ~89 mmi'yoff southern Costa Ra (DeMets2010. The lavas

from Podasvolcano 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 haveebn postulated to explain thisg. Herrstrom et al., 1995, Russo

and Silver 1994, Feigenson et al., 2004, Goss and Kay 2006, Hoernle et a).th2008
latest model presented b@dzel et al., 200onsiders that this signature is derived from

the Galapagos hot spot tracks subductiarebth Costa Rica and Panama.

The Poas currently active eruptive vent lies within a volgactonic fracture that runs
north-south. Other structures inside this fracture are; the pyroclastic cones of Sabana
Redonda, the Botos Crater, Von Frantzius cone,Cibiego volcano and the explosive
craters (maars) of Hule and Rio 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 Miguelreversefaults. There are other tectic structures (especially strilstip



faults) on the east and west flanks of the volcano with historical and destructive seismic
activity. Some of the most important earthquakes ar@2 (M, 6.0), 1851 (M 6.0),
1888 (M, 6.0), 1911 (M, 6.0), 1912 (M, 5.5), 1955 (M, 6.1) and 2009 (M 6.2) all of
them located in the area of the towns of Bajos del -FoeijjanesVara BlancaPoas

(Peraldo& Montero 1999; Montero et a2010.

The main crater of Poas 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 hazatdfie

slopes of the volcano are used for agriculture datty cattle During the last two
decadestourism has become a major activity in the volcano and its surroundieigg

the PoasVolcano National Park, the most visit National Park in Costa F8mce 1980,

the Costa Rican Institute for Electricit{ICE) and private companiegeveloped
hydroelectric projects in the north side of Poés, taking advantage of thenéaghannual
precipitationof the zone (3000 6000 mn), and thesteepslopes (betwen 25to 30°) 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 &éhPoéas volcano that we introddde this study (Fig 2) is an
upgrade of the one presented by Ruiz et 201(Q. Hereinwe completd the geological

mapping and presexd more details areas that wenet included in previous works.



These areas arespecidly locatedin 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 £Sanca
Miguel (Road 126)is located. Fieldwork was carried out during 2009, six months after
the Cinchona e#liquake, taking advance of the new exposed outcrops after thedasdsli

produced by the earthquake.

The complete geological map of the Poas volcano (Fig. 2) has as background a digital
elevationmodel (DEM) made with the topographic mapsale 1.50 000f Poas, Barva,
Rio Cuarto, Quesada and Naranjo from the National Geographic Institute of Costa Rica

(IGN).

Borehole profilesrom ICE hydroelectrically projectarere used to obtain some of the
volcanic unitsthickness. We includkseveral®Ar/*°Ar (matrix) and calibrated*‘C ages
in ageochronology database. The resoltshe “°Ar/*°Ar (matrix) datingwere obtained
in the Nobel Gas Laboratory of Rutgetniversity and were done followirthe same
methods published in Carr et,g2007)and described in epter 3 We also presented
thin section destions for the geologic units ofPoas volcano. The geochemical
database compiled for this stuithgludesl36 analyses that were taken findwo previous
compilations made by Kussmaul et al. (1982), Kussmaulg8)188d different authors:
McBirney and Willians (1965), Krushensky (1982), Prosser (1983), Tournon (1984),
Alvarado (1985), Paniagua (1985), Prosser and Carr (1987), Cigolini é198l1),
Malavassi (1991), Soto (1999), Patino et al. (2000), Carr (2@2)el and Ruiz (2005)

and Carr et al2007).



The present study makes geahemical and petrographic characterization for the
different geologic units from the Poas volcano. The Peccerillo and Taylor (1976) diagram
(SiG, vs. K;0O) which is commonly used wolcanic rocks saturated in silica from island
arcs, was used to make a rock type classification. This andm#jer and trace elements
diagrans were made using IGPET 2009. The different databases (geochemistry
geochronologypetrography) compiled for it paper are availablgpon request from the

authors

For the detail study of the Rio 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, paeter 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 LEICA system. The resolution of these LIDAR
images is three points pe’nwhich is enough to created DEM with a resolution of 50
cm in the x and in the y axis, and 15 cm in th&lze differences in altitude from the
images and the benchmarks of the topographapsmare less than 11 crfihe high
resolution of these data has allowed unprecedented resolution to identify volcanic
features that were previously not recognized using standard -gteotonetric
techniques. These images were prossed using the following emmm software
packagesQuick Terrain ModeleBURFER 9.0 and GLOBAL MAPPER 10.0he 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 interpretatset da the

stratigraphy.



5. Results

5.1 Geology and stratigraphy of Poas volcano

The Poas 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
Pako-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 Poas
volcano and because no outcrops of the Proto Poas 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
possble 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.

5.1.1Colima Formation

Williams (1952) named this unit first astlacanyon. However Fernandez (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 Tiribi
Formation. It is composed byrde membersa) Lower Colima,b) Puente Mulas and)

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 Mulasmd 30 m for Upper Colima)lhe Lower Colima



memberis 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, ipagkage 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 vesies. Radiometric*®’Ar/*°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 chemicampositions from the Colima Formation
lavas are different from the stratovolcanoes of the CVC and is very similar to the Tiribi
Formation. For this reason, geomorphology aspects and its lateral extension the same
author suggest that these lavas are lylthe result of effusions along volcanic fissures

with a northeassouthwest trend.
5.1.2Tiribi 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 aflpwed 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 theenosile have
been found antithological andgeochemically correlated with the welaracterizedrad

well exposed Tiribin the Valle Central on the south side of Pfasto 1999 and Soto et
al., 2008. The outcrops on the nodgimside are restricted to the intersection of the Maria

Aguilar and Sarapiqui rivers, about 1 km away from San Miguekcarp fault (Fig. 2)
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In the southernsector of the Poés volcano, this formation appearsven valleys like
Rosales, Poas, Puente de Piedra and several places close to the Alajueja fault scarp,

especially quarries (Echandi, 1981; Borgialet1991; Campos et al., 2004).

On the nortkrnside the ignimbrite overlies the Rio Sarapiqui unit Bad?az Andesites

units, whereas on the south sector it overlies the Colima Formation (Fig. 3). On both
sides of thestudyarea it appears to be undke La Paz Andesitebnit. It is possible that

the reverse faults of Alajuela and San Miguel cause a repetition in the sequence causing
Tiribi to appear to be undéa Paz AndesiteOther possibility is that because it is flow
deposit, it preferentiallyraveled 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 Tiribi on the north side, it is actually an older unit, like the Puente Mulas

Member. More gechronologic 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., 200e 322 + Xa (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.

5.1.3Rio Sarapiqui Unit

The outcrops of this uniinly appearin the Srapiqui river canyon and its tributaridis.
formsthe 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 aitaixash
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tuffs, with epiclastic lerss and subordinate lavas interdigitated between them. The
minimum thickness of this unit is estimated to be 50 m, but mawbdredsof meters.
Geochemically, the lavas from this unit range from basalts to andesites. Based on
stratigraphic correlations FRaet al. 2010 speculate an age of-0.8 Ma for this unitbut

could be oldefFig. 3).

5.1.3La Paz Andesites Unit

It appears mainly in the northeast flank of Poas volcano. Some patches of this unit that
are located in the northwestern side of the Ramdsano as weland the river canyon of
Pod river in the southern flank of the volcaftag. 3). It overlies unconformably the Rio
Sarapiqui Unit and is overlaid by the products emitted by Cerro Congo and Von Frantzius

cones, in the northern slope of tReas edifice.

It consists mainly of several (at least seven) andesitic lava flows with a characteristic
porphyritic texture with megaphenocrysts of plagioclas&qi®) (Ruiz et al., 2010).
These phenocrysts and the glassy matrix are easily weathered, tmmshdifficult 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 2003 and Ruiz et al., 2010) could be responsible for
facilitating the high the development of residual soils egdlicing 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, tmeposition of this unit
ranges from basalts to dacites, although most are basaltic andesites. Morphologically, this

unit is similar to the PaleBarva Unit, presenting uneven slopes with angles between 30
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to 60°. These slopes are covered by tuffs and exad lapilli tuffs with thickness
between 5 ta@0 m. It has deeply eroded river valleys which are truncated mainly by right

lateral faults.

5.1.4Achiote Unit

This unit crops only in the southern part of the Poas edifice. It is contemporaneous with
the LaPaz 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 Adhiote
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 5400 ka. The geomorphology of this unit is similar to the La Paz Andesites
Unit with uneven slopes that have angles betweéto 80°, although its river valleys are

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

5.1.5Rio Cuarto Lavas Unit

The main outcrops of this unit are in the vicinity of the Rio 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 igisi downward slope {35°) 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 KapperThis lava

field has a thickness of ~15m. Geocheatly, this lava field correspond® basaltie
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andesitic lavas with characteristic aphyric and fluidal textures. Carr et al. (2007) dated

this unit in 201 + 30 ka with°Ar/*°Ar.

5.1.6Von Frantzius Unit

This unit is located north of the active crater afaP 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 Wnig. mainly composed of

lava flows with breccias, epiclasts and pyrotdasn 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). Tdmomorphology of this unit is similar to the Cerro
Congo Unit, presenting a semadial drainage system with smooth slopes of angles

between 30to 60°.

5.1.7Cerro Congo Unit

The Cerro Congo volcano is a composite cone located in the northern sidestfdye
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 &piakssts 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 thimngéasetween 10 ka to

40 ka. The Cerro Congo cone does not have a well defined crater; instead it is open in
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two main landslide scarps to the NNW and NNE (Fig. 3). After witnessing the erosive
consequences that this cone suffered from the Cinchoma Eakehgit 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 mainlyekbeat@d to 60°.
5.1.8Poas 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 NeePoas temporal stag€&he products from the main crater suhit 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 flan&f 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‘énage and®Ar/**Ar ages Ruiz et al. (2010) gave

an age rangéom 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 itbsome areas (south of Botos cone) and

close to6( in river valleys.
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5.1.9Bosque 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 steefopes (~60) on its walls. The two small cones within the
crater and the Pata de Gallo maar havedts=pslopes (~4f). Stratigraphically, Bosque
Alegre Unit overlies the Cerro Congo and Von Frantzius units. The tephra products of
this unit are mainly yroclastic 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 thedatra

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

5.1.10Laguna 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 Rio Cuarto, which presents walls with steep slopf®s (~6
The fall products of this unit appear in a narrow axis with directionveest from the

maar over two kilometers with a variable thickness (no more than 15 m) that quickly
disappears. Locally, they unconformably ovettie Rio Cuarto Lavas Unit (Fig). The
deposits are collations of lithics, pumice and pyroclasts. Alvarado et al. 2011, estimated

the age of this maar in8ka.

5.1.11Poasito Unit

This unit is only preseatlin the southern side of Poas volcano, with the main outcrops

in the riverscanyons near Poasito towhRig 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 byPibés Lapilli Tuff Unit

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

to subparallel drainage system and slope angles betwetn 30

5.1.12 Poas Lapilli Tuff

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

studied by Campos et al 2004, Gazel and Ruiz (2005) and Montes 2006. It extends from
the summit of Poas volcano to the area of Grecia, 15 km to the southwest. It consists of a
juvenile lapilli tuff with a maximum thickness of 7 rim the sector bSabana 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, bramah purple are
common when they are weatherBased 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 segtbrsof the study

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

This unit occurs in several sectors of the study area, but mainly on the northrede jtw
represents the distaldi@s of Congoand the "pie de monte" from ti&an Miguel fault
scarp. It also occurs in the zone of Bajos del Toro, borderingdhemassif 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 parametef¢he Hule and Rio Cuarto maars

5.2.1The Hile maar

Hule is a subcircular volcanic depressiéing( 4), with the major axis of 2.3 km and the
minor axis of 1.8 km, for a total area of ~ 3.5%fhe wallsrange from 230 m high in

the northernrim (978 m a.s.l.) to only 20 m high (777 m a.s.l.) in the southern rim, with
variable slopes (245°). Two intramaar pyroclastic cones are present, called Bosque
Alegre, since thought to be only one cone. The detddatures have been recognized
with the new LIDAR images, and are clearly younger than the itssdf; 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 presdrerater (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 in4jignd two lava fields to the

second conel@va 2 and 3 in Fig.}4

Another maar (250 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 madj.(Fig.
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The Hule basin is presently occupied by three lakes (740 m a.s.l.).4(Fiule (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 eldv@tg in the

lower part, whileCongo is freely mixing from top to bottom and contained very little CO
when sampled in 1993 (Haberyan and Horn, 1989yepeated measurements at Hule
Lake, Umania (1993) found surface water temperatures to vary betweeand28.5 C,

while temperatures at 25 m depth varied between 20.9 and@liddicating a thermal

stratification. He estimated a water volume of 6.9 %)

5.2.2The Rio Cuarteonaar

The Rio Cuarto lake361m a.s.l.), also known as theguna de los Nterios( i Lak e of
the Mysteryo, probably due to sea@fteutllei on as
| a nd o wamédyrnamnse of the owner), Laguna Yurro Hondo or Rio HonDeep

Ravine due its great depth). Isiacrater with a rim that reachesme 52 m above the

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

of 707 m, and the lake (361 m a.s.l.) has &W B&xis of 758 m, a mean width of 581m,

and a surface of 0.33 Kr(Fig. 5)

The lake has a maximum demh66 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 miGBurface temperature

has been observed to vdbgtween 24.6 and 29.9 °C, whereas the temperature of the

hypolimnion at 60 m fluctuates only between 24.2 and 24.4 °C (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 aries between 25 m (Janudfgbruary) and 20 m (Majune);
about 55% (mean value) of the total lake water body is permanently anoxic (Gocke et al.,

1987).

5.3 Poas volcano geochemistry

Here we show the geochemical relation of each Po&s volcano geoldgi@and the
geochemical variation between them through the volcano evolution. Geochemically the
lavas from the different units of Poas span from basalts to dacites. The most common
rock type based on the Pacerrillo &ylor diagram (1976, Fig.)@re basaic-andesites

and andesites. In this same diagram we observedhthddvas present two tendencies in

the KO values which allowed us to differentiated them between -@éadine and calco
alcalines high in K. Using a variation diagram of 7 MgO (Fg. 7) we showed the
differentiation and mixing of the geochemical units, and its fractional crystallization as
well. The variation in major oxides (T¥and BOs) and the trace elements Zr and Ba
from each volcanic unit showed their chemical evolutionhef volcanic edifice. Each
volcanic unit was associated to one of the two geochemical components of Poas volcano:
The Sabana Redonde Geochemical Component (SRGC) and the Von Frantzius
Geochemical Component (VFGC) defined by Gazel & Ruiz (200%. most imprtant

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

According to the chemical analyses for this unit, the rocks range from basalts to
andesites. All of them have values lower that 2 % fgD l&ard are located in the zone of

the calealcaline series low in K (Fig.)6 They present low values of Ti& 1 % and

MgO < % 5 (Fig. 3, also the values of,Bs are elatively low (0.20.25 %; Fig 8. This

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

that is overlying it.

5.3.2La Paz Andesites Unit

Therocks of this unit range from basalts to dacites, howevet aresbasaltic andesites

(Fig. 6. This unit belongs to the ca#tkaline series with high K. The majority the

samples from this unit have high values of 70O 1 %) and | waluest o i nt
of MgO (O 5 %) with a tendency to fractio
pyroxene, plagioclase and magnetiteg(F). It also present values > 0.3 &b P,Os and

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

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

Achiote Unit (similar age).

5.3.2 Tiribi Formation

The chemical compositioof 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 calalkaline series with high K. The majority of the samples have hidjies of

TiO, (> 1 %) and low values of MgQ O %)and BOs< 0.5 %). They can be differentiated very
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well from the Poas lavas by comparing the values of trace elements like Sr with ranges from 200
900 ppm versus 40050 ppm for Poas and Rb with rangesween 560150 ppm versus 105

ppm for Poas (Pérez et al. 2006)s not included in any of the Poas geochemical components.

5.3.3Rio Cuarto Lavas Unit

Geochemically, this unit consists only of basaltic andesites that belong to the calc
alkaline, highK series. (Fig. b These lavas have high valuesTa®, (>1 %) and vles
of (4 to 5%) of MgO (Fig. Yand 0.2 0.3 % in ROs with ranges from 60800 ppm of

Ba and 13150 ppm of Zr (Fig. Blt belongs to the SRGC.

5.34 Achiote Unit

Geochemically, this uhconsists of rocks that range from basalts to andesites, in the calc
alkaline series low in K (Fig.)6 This is a main difference between ttee Paz Andesites
lavas that are enriched in,®. Achiote unit presents values < 1% de Ti@nd low to
intermedide of MgO <5.5% (Fig. 4) and <85 0.3 % also ranges from 500 00 ppm

of Ba and 750 130 ppm of Zr (Fig. ¥. This unit is geochemically associated with the

VFGC.

5.3.5Poasito Unit

This unit is in the HigK, calcalkaline series with compositions thrange from basaltic
andesite to andesit€i@). 6. TiO.cont ent s a r)eLik®Todrno®419684fand . 7
Prosser & Carr (1987), Gazel & Ruiz (2005) mentioned there is a stong chemical affinity
between the aphyric andesites from Poasito Unit and dhghyiritc lavas from thd.a

Paz AndesitedJnit. Furthermore there is a different composition compared to the
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Achiote Unit which is not so high inJ0 and TiQ (Fig 7). The values of Zr for this Unit
are in the range of 15850 ppm while the values for Baie > 500 ppm to 1100 ppm (Fig

8). We associated this unit to the SRGC.

5.3.6 Sabana Redonda

Geochemically, this unit ranges from basdt andesite of the calealkaline, highK
series (Fig. b This unt shows the highest values ®fO, from Poas, MgO 3 to 4 %)
(Fig. 7) and \alues for ROs from 0.2 to 0.3 %. In the same way tkia¢ La Paz Andesites
and Poasito units, SakmiiRedonda, presents the highest values ifllZD tal60 ppn),

Nb (12 to17 ppm) and values betweerd8 ppm to 800 pmm for Ba (Fig) 8

5.37 Cerro Congo Unit

The samples from this unit vary from basalts to andesites in théolmarmalK, calc
alkaline series (Fig)6 The rcentage of MgO ranges from 260d%., but the values of
TiO, are < 1 % (Fig. ¥ This unit has s contents beteen 0.2 and 0.3 %. Trace
elements contents, like Ba (4000 ppm), Nb (80 ppm) and Zr (50200ppm) (Fig.

are lower than the ones present in tleePaz AndesitesPoasito and Sabana Redonda

units. This unit is geochemically associated with the VFGC.

5.38Von Frantzius Urti

The lavas from this unit range from basaltic andesites to dacites, in th& Loalc
alkaline series (Fig.)Bwith some samples that tend to be normal and even higih&.

values of KO do not rise above 2.5 %, Ti@ontents are 9.8 % and MgO varies
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between 1% and 6 %lrig. 7) while the values for are;®s < 0.3. In trace elements like
Sr, they present values of 500800ppm and Rb thainges from 20 t@5 ppm (Fig. &
Gazel and Ruiz (2005) defined the VFGC based on the gaochl characterization of

this unit.

5.3.9Poas Summit Unit

To characterize this unéind due to geochemical differences witliinyas divided in two

subunits PoasSummit Main crater and Botos suhit).

5.3.9.1Poas SummiBotos Sukunit

The geochenaial behavior of thisubunit is very heterogeneous, with rocks that vary
from basalts to dacites and with representatives of bethigh and low K series (Fig).6

They are also very variable in Ti@nd MgO.Dueto thesedifferencest wasdivided in

Poas Summit Botos (High Ti) and Poas Summit Botos (LowThg samples that have

high contents of magnesium > 7 % also are low in (< 52 %) in Bi&king them true
basalts The values of s 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 ange from 75 to 175 ppm (Fig).8The subunit Poas Summit Boto@igh Ti)

belongs to the SRG®@hile the Pods Summit Botos (Low Ti) belongs to the VFGC.

5.3.9.2Po& Summit Main CrateBubunit

In contrast to the Botos subunit, the Main Cratdausit has no basalts butranges 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 allthe lowK, calcalkalineserieFig. 6).
Finally, there is a unimodal distribution of Ti@ith all values < 1% (Fig7). Similarly,
all values ofP,Os Ba, Zr and Nb are low in comparison to other units. This differentiates
the Main CrateiSubunit from units like La Paz Andesiteend PoasitdJnits. This unit

belongs to the VFGC.

5.310Bosque Alegre Unit

Based on earlier chemical analyses, we present a wider appraisal of the maar formation.
There are few petrographic and chemical analysasaéle of tle Hule area (Fig. &nd

Table 4). There are 4 analyses from the Hule intaaric 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 (Soto9)19%here are other samples

from this area, although without precise locations (Malavassi, 1991), of which five
appear to be from the intrmaaric condavas, one from the silieach andesites of Hule

tephra, and two from the walls of the maar.

The rocksclassify as low to medium in K in the cadékaline series, ranginigom 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
comparson. They fit in the basad#indesite trent defined ny the mraar rocks and
pyroclastic flows and partilly cover the compositional gap in between these rocks. Based
on the geochemistry of the rocks from Poas 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 itrmaar 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%, P205 contents < 0.2 %, lew valu
for trace elements like Ba, Nb and Zr compared to the SRGC, which presents higher

values of these elements (Fig. 9

5.311Poas Lapilli Tuff

Based on geochemistry and the distribution from materials dPd@sLapilli tuff Unit,

Gazel & Ruiz (2005), ssociated 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 RedoradUnit; TiO, (0.9-1 %), FeO; (9-10%) and CaO (< 6.5 %).

6. Geologichistory of Poas volcano

In the last 700 ka, the Poas volcano has risen over materials that came from the
protocordillera, aphyric lavas from fissure eruptions and ignimbrite layers frefarva

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 theseolcanic units has unique characteristics andedse origins.

Some units, like Poasito and Sabana Redonda, have origins related to extension processes
in the volcanetectonic fracture in the south part of Poas. Other units, lkePaz
Andesites, Achiote an®oasSummit have mainly effusive activity anvirtually all

erupted from a common central vent, typical activity of a composite volcano. On the
northernflank of thePoasvolcano, over theamevolcanatectonic fracture, two volcanic

conesare located, th&on Frantzius and Cerro Congahich grew from effusive and
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explosive phases. Duringousand®f years they have been eroding constantly, with high
erosive peaks likelassociated with seismic activity from strike slip faults on the flanks

of the volcano. Finally, on the north side of the studaathree explosive craters formed
asmaars and deposited the uniBmsque Alegre and Kopp€Rio Cuarto), which brke

up the previous lava surfaces, leaving their explosive materials aroundTthegenesis

of the Laguna Hule maar likely occurred 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 artifadated 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 {(#&h\segado

et al., 2011)

7. Geochemistry evdution of Poas volcano

The presence of two geochemical components in the lavas from Poas was reported in
Gazel & Ruiz (2005). In that paper two parental magmas were defined. The Sabana
Redonda Component (&) (TiO, > 1 %) and the Von Frantzius ComponeviEFGC)

(TiO2 < 1 %) the rest of the data were modeled as the result of the mixing of these two
types of magma. The new data frdine paper Ruiz et al. (20L8onfirmed the existence

of these components and now we know that they are present in other Re4d huni

lavas with a trend to the & belong to the Higi, CalcAlkaline serieqFig. 6). This
component is present in La Paz AndesitB$o Cuarto Lavas, Poasito and some lavas

from Botos crater. On the other hand, the units where tlHg&O/IB present &rlocated in
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the LowK, CalcAlkaline 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 componentaandtbe related

to each other by crystal fractionatiolThe variation diagram (Fig) 8hows the effects of
crystal fractionation where it is evident that there are two independent fractionation
series, one high in TEXSRGC) and the other relatively depleted (B€). (The vectors

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

Theranges of major elements (Ti®.0s) and trace elemen{Zr and Ba) through time

(Fig. 8 show thegeochemical evolution dhe PoasVolcano during théast 600 ka. This

plot hasa logarithmic scale to graph the ageshafunits 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 frérka5to 0.1 ka; theeal 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 problemdamore 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 Andesiteand SarapiguAchiote, Rio Cuarto Lavas and Achiote, Botos high in
TiO, and Botos low high Ti €. This behavior presented in the diagrams show the
existence of the two magmatic components from Poas since theRalditlera phase.

There is a decrease with time for gi@ndP,Os from the oldest unitlL,a Paz Andesites

followed by Achiote and finishing witthe PoasSummit 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 twiifferent geochemical components that are
independent and that came out from different vents (e.g., Sabana RedonBaéand

SummitMain Crater), as well as the same vent (e.g., Botos high and low #h (RiQ 8).

8. Discussion and conclusions

The first canplete geologic map of the Poés volcano was presented by Ruiz et al. (2010),
here was presented the newer vers(Big. 2). A stratigraphic reconstruction was
completed using new informaticinom the geologic campaigns in of 2008 and 2009

resulting in (Fig 3).

The volcanic units that form the Poas volcdrave ages below 700 ka. Through its
volcanic evolution its lavas show the presence of two geochemical components: The
Sabana Redonda Geochemical Component (T#O1 %) and the Von Frantzius
Geochemical Cmponent (TiQ < 1 %),the formeris 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 Po&s-volcano
tectonic fractue, while the later represents magmas produced primarily by flux melting,

related to subductiofCameron et al., 2002).

The fact that these magmatic components on some occasions are clearly separated and on
other occasions share and mix between the sants, \8arggests that on some occasions
the magmatic chambers have been separate and on other they have served to mix these

magmatic components to generate intermediatepositions (Fig. 6, 7 and)8This
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magmatic process is not exclusive for Poas as sirggachemical behavior has been

observed in the Irazl 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 setty. Main volcanoes from Costa Rica are show in grey triangles.
Active volcanoes also show a plume: From northwest to southeast, Rincén de la Vieja,
Arenal, Poas, Irazt and Turrialba. Red rectangle denotesughosestudy area shown in

Figure 2. Bathymeyris from Ranero et al. (2005).

Figure 2

Geologic map of Poas 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 Rui et2010.

Figure 3

Cronostratigraphic column of the Poas units. The main and subordinated lithology are
presented and its geographical position (north or south) from the main crater. The color

of the unitss the same from the geologic maypfigure 2.

Figure 4

Hule maar. a) Interpretation of the geological features. b) DEM from LIiDAR images
from april 2009. c) Aerial photo taken on April 2009. d) Sketch of geologic proft#B-(A

Q).
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Figure 5

Rio Cuarto maar. a) Interpretation of the geological featrpDEM 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 (oxideis) %.

Figure 7

Variation diagram between % of major elements of ;Té&dd MgO. The ranges from
geochemical componenshowits differentiation and mix. The vectors show the crystal

fractionation, while the dash lines the percentages from each geochemigalmamnt

Figure 8

Variation of major elements T P.Os and traces Zr and Ba during the Poas volcano

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

Figure 9

Rock classification diagram for rocks from volcanic arc (based on Pacerillo and Taylor,
19M) for the Bosque Alegre Unit (Hule maar deposits and -mi@ar 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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Figure 4
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