
2. GEOLOGICAL SETTING AND GENERAL 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FIELD 3. METHODS

Figure 2. ac) Morphometric parameters of GVF’s craters and cones. 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Figure  3.  a) Types  of  landforms  a  the  GVF;  DEM  with  contour  lines  and  topographic  profiles  of:  b) Montolivet  Volcano, bi) spatter deposits, bii) scoria  and  lapilli  bombs  beds,  biii)  lava  flow;  c) Montsacopa Volcano, ci) spatter  deposits, cii)  massive  clastsupported  lapilli  deposits, ciii)  lithicrich  laminated  deposits;  d) Puig  d'Adri  Volcano,  di) Strombolian  and  stratified  lithicrich deposits,  dii)  massive  deposits,  diii) stratified  lithicrich  laminated  and  Strombolian  deposits. 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Figure  1.  a)  Location  of  the  western  European  rift  and  distribution  of  volcanism  ( );  b)  geological  map  of  the  Catalan  Martí  and  Bolós, 2019Volcanic  Zone  and  location  of  L'Empordà,  La  Selva  and  the  Garrotxa Volcanic  Field  (GVF)  in  black  dotted  squares;  c)  simplified  geological  map  of  the GVF  (modified  from );  shadow  map  of  the  2x2m  DEM  (ICGC)  of  the  d)  northern  and  e) southern  sector s  of  the  GVF.   Bolós  et  al., 2015
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MORE INFORMATION

Figure  4.  Several  examples  of  different  types  of  edifices  from  the  GVF  (af)  and  their  location  (g).  Credits:  Eduard  Masdeu. 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e)1: Bohemian   Massif, 2: Rhenish   Graben,   3: Massif   Central, 4: Catalan  Volcanic  Zone,  5:  Columbrets  islands,  6:  Picasent,  7: Cofrentes, 8: Calatrava Volcanic Field, 9: Cabo de Gata, 10: Alborán  submarine   volcanoes, 11: Eastern   Rift   and   Atlas   volcanism.

VOLCANIC HAZARD ASSESSMENT MONOGENETIC VOLCANISMMonogenetic volcanoes  are commonly regarded as  low potential hazard volcanoes
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styleDepositional processesScaleddepth TectonicsGeometry and 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substrateAquifer

Identify the eruptive processes and evolution of monogeneticedifices in the Garrotxa Volcanic Field by:morphometric analysis;field geology in the area. 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TYPES OF OBSERVEDLANDFORMS SCORIA CONESMost common landforms in the northern sector of the GVF
SCORIA CONES WITH HYDROMAGMATICPHASESMainly located in the northern sector of the GVF

HYDROMAGMATIC CONESTUFF CONES/RINGSMost common landforms in the southern sector of the GVF

SOURCE DATA

MORPHOMETRIC ANALYSIS( )Wood, 1980a,b; Settle, 1979

GARROTXA VOLCANICFIELD

D.P. is grateful for his Juan de la Cierva (IJCI201630482) contract. We are grateful to la Garrotxa Volcanic Zone Natural Park and its staff for their support throughout this study.

CATALAN VOLCANIC ZONE(CVZ)
Quaternary alkaline province of theEuropean Cenozoic Rift( )Martí et al., 1992, 2011

Garrotxa Volcanic Field(0.50.01 Ma)La Selva(7.91.7 Ma) L’Empordà(128 Ma)
 Horsts and grabens bounded by a NWSE system of Neogene normal faults; They determine the distribution of volcanism and the fluvial network  (Saula et al.,1995; Bolós et al., 2015).

 The GVF contains about 50 edifices( );Martí et al., 2011It covers an area of about 600 square kms;Strombolian and hydromagmatic episodes alternated in most of these eruptions;

 Volcanic activity occurred sporadically from >500,000 years ago to about 11,000 years ago;Eruptive events occurredevery 10–30 ka years ( , Martí et al., 2011, 2019).Bolós et al., 2014

i. 2X2 grid size DEMbased on LIDAR data from the years 20082011 of the ICGC ii. Geological maps1:25.000 ofCatalonia(MGC25M)
iii. Volcanologicalmap of La Garrotxa Volcanic Zone Natural Park 1:25,000

It was performed through the Qgis version Bonn https://qgis.org/en/site/and Rstudio https://posit.co/
DEMbased slope anglecalculations were performed to obtain cone and crater slope parameters

Deposits  are  mainly  made  of:Poorly  stratified  coarse  lapilli  deposits   with  several  bomb  beds  (Fig. 3bi)  and wellstratified  to  thinly  laminated  lapilli  deposits,   with    loose   bombs   and  blocks  (Fig.  3bii).Most   of   the   cones   also   show   lava   flows  at  the  beginning  or  at  the  end  of  the  eruption  (Fig. 3biii).

Deposits  are  mainly  made  of:Thin   to   thick   wellvesiculated   lapilli   and    bombs    beds    (Fig.  3ci,  cii)  deposits.  Subordinate  thin  to  medium  beds  of   lithicrich, sometimes  laminated,  poorvesiculated  lapilli  layers  (Fig.  3ciii).
Deposits  are  mainly  made  of:Mediumthick    beds    of    lithicrich   explosion  breccia  beds  (Fig. 3di).  Poorly  sorted,  massive  (Fig. 3dii)  and   laminated  (Fig. 3di , 3diii)  lithicrich  thin  beds   lapilli   layers   with   subordinate  Strombolian  deposits  (Fig. 3diii).

4. MAGMATIC VS HYDROMAGMATIC
About 50 volcanic edificeswere observed with overlappingcones and craters as well.

Based on the morphologicalparameters and eruption syles of these volcanoes, we can dividethem in three groups:
Scoria cones; Scoria cones withhydromagmatic activity;Tuff cones/rings.
Based on the morphological parametersHmac/Wco values are respectively:0.040.17, 0.090.15, 0.030.14;Cellipse values are respectively:0.361, 0.450.97, 0.660.99;Slope angles values are respectively:829, 1926, 826 degrees.

 Highest Hmax correspond to the Olot and Santa Pau areas in thenorthern sector of the GVF; largest Wco are found mainly in theVall de Llémena area and La Selvadepression in the southernsector.

The information obtained from the morphometric parameters can : be linked to eruption styles and eruptive sequences in order to develope more realistic eruptive scenarios for different areas of the volcanic field; contribute to improving age controlfor hazard assessment.

The diversity of eruption sequenceand morphology observed should be explained mainly by: variations in the stratigraphy andstructure of the substrate beneatheach volcano; hydraulic characteristics of eachaquifer.
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Figure  5.  Morphometric  relations  for  the  GVF  craters  and  cones,  highlighting  fields of scoria  cones  (red square), cones  with  hydromagmatic  eruption  phases  (blue circles)  as well  as  tuff rings  (yellow  triangle s).  a) mean  crater  diameter  vs  maximum  cone heightCcr  vs  Hmax;  b) maximum  cone  diameter  vs  maximum  cone  heightWmax  vs  Hmax;  c) mean  cone  diameter  vs  mean  crater  diameterWco  vs  Ccr;  d) mean  cone  diameter  vs  median  cone  slopeWco  vs  Smedian.
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