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Abstract 67 

Monogenetic volcanoes are among the most common volcanic landforms on Earth. The 68 

morphology and distribution of small volcanoes can provide important information about 69 

eruption dynamics and tectonics. The Southern Volcanic Zone of the Andes (CSVZ) 70 

comprises one of the most active magmatic regions on Earth. Characterized by the 71 

presence of polygenetic volcanoes and calderas in a complex tectonic setting, this region 72 

also hosts hundreds of small, back-arc monogenetic volcanoes. In this contribution, we 73 

apply a Geographic Information System (GIS) that combines imagery data and digital 74 

elevation models to establish the first comprehensive dataset of monogenetic volcanoes in 75 

the CSVZ (38° to 40° S), exploring their eruption dynamics and relationship to tectonic 76 

and structural processes. Combining spatial analysis and geomorphological observations, 77 

we identify the presence of 356 monogenetic volcanoes distributed into nine clusters, now 78 

grouped in the Zapala Volcanic Field (ZVF). The ZVF is marked by the predominance of 79 

cinder cones (80%) followed by phreatomagmatic volcanoes (20%), suggesting some 80 

influence of external water in the eruption dynamics. Generally, monogenetic vents present 81 

a clear association with local and regional lineaments, suggesting a strong structural 82 

control on the occurrence of the monogenetic deposits. The higher vent densities are 83 

observed in the southern Loncopué Though, an important extensional feature related to 84 

tearing of the subducted Nazca plate underneath the South American Plate. Morphometric 85 

parameters of cinder cones indicate variable stress orientations in the CSVZ that possibly 86 

results from the oblique tectonics in the region. From north to south, the maximum 87 

principal stress rotates from NE-SW to E-W and becomes progressively less constrained as 88 

it distances from the current magmatic arc. Based on the relative ages, we map the 89 

evolution of monogenetic volcanism through time. Our results suggest a waning in the 90 

monogenetic activity in ZVF over time. When compared to monogenetic fields in the 91 

Central Andes, the ZVF is marked by higher vent densities and number phreatomagmatic 92 

landforms, with the absence of lava domes. This ultimately reflects the contrasting crustal 93 

structure and climate conditions of these two regions.  94 

 95 
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1. Introduction 99 

Small monogenetic volcanoes are among the most common volcanic landforms on 100 

Earth (Wood, 1979), and they can occur as isolated vents, grouped in volcanic fields, and 101 

as parasitic vents associated with polygenetic systems (Fornaciai et al., 2012; Kereszturi 102 

and Németh, 2012a; Uslular et al., 2015). These landforms are generally classified 103 

according to edifice morphology, which depends on endogenous (e.g., magma composition 104 

and volatile content) and exogenous (e.g., structural context, interaction with surface water, 105 

terrain slope, and wind intensity) factors (Kereszturi and Németh 2012a; Kervyn et al., 106 

2012, Di Traglia et al., 2014; Németh and Kereszturi, 2015). Because of these controls, 107 

several eruption styles are associated with monogenetic volcanoes, including hawaiian, 108 

strombolian, and hydrovolcanic (Kereszturi and Németh, 2012b; Németh and Kereszturi, 109 

2015; Báez et al., 2017). 110 

 The morphology of monogenetic volcanoes and their spatial distribution reflect 111 

important parameters about the dynamic of the volcanic field and their tectonic controls 112 

(e.g., structural control and emplacement dynamics; Bemis and Ferencz, 2017). Several 113 

studies have shown that edifice morphology and spatial distribution can be used to identify 114 

relevant volcanological and tectonic processes, including eruption dynamics, structural and 115 

tectonic settings (Tibaldi, 1995; Kereszturi and Németh 2012a; Haag et al., 2019; 116 

Marliyani et al., 2020). In recent years the availability of high-resolution Digital Elevation 117 

Models (DEMs) and satellite imagery fostered the remote characterization of monogenetic 118 

volcanoes. This approach yielded interesting results, allowing a deeper understanding of 119 

volcanology, structural, and tectonic processes related to monogenetic volcanic fields (e.g., 120 

Bruno et al., 2006; Kiyosugi et al., 2012; Németh and Kereszturi, 2015; Haag et al., 2019, 121 

Morfulis et al., 2020; Uslular et al., 2021). 122 

 The central segment of the Southern Volcanic Zone of the Andes (CSVZ) 123 

comprises one of the most active magmatic regions on Earth (Stern, 2004). In addition to 124 

the presence of polygenetic volcanoes and calderas (e.g., Copahue in Argentina, Callaqui, 125 

Antuco and Llaima in Chile), this region also hosts hundreds of small back-arc 126 

monogenetic volcanoes (Fig 1). Despite their widespread presence in the area, only a few 127 

studies have addressed the occurrence of monogenetic volcanism in the CSVZ (e.g., 128 

Muñoz and Stern, 1989; Lara et al., 2006; Cembrano and Lara, 2009) and none of them 129 

deals with the geomorphology of these volcanoes.  130 



Submitted to Geomorphology 

In this contribution, we use a GIS to report the first complete catalog of 131 

monogenetic landforms in CSVZ (henceforth grouped in the Zapala Volcanic Field - ZVF), 132 

their morphology, spatial distribution, and structural relationships. Combining satellite 133 

imagery and DEMs, we map and classify the monogenetic volcanoes in the region, 134 

establishing their eruption dynamics and relationship to tectonic features and processes.  135 

 136 

2. Geological setting 137 

 The CSVZ is located in the southern segment of the Andes and extends between 138 

latitudes 37Á to 41Á5ô S, involving regions of Argentina and Chile (Fig. 1). It is part of one 139 

of the four volcanic segments associated with the active convergent margin, located on the 140 

west coast of South America, where the Cocos, Nazca, and Antarctic plates are subducted 141 

by the South American plate (Hickey-Vargas et al., 2002) responsible for the Andean 142 

orogeny in the last 200 Ma (e.g., Mpodozis and Ramos, 2008). This zone features hundreds 143 

of monogenetic back-arc volcanoes with extensive deposits and variable morphologies, in 144 

addition to the presence of numerous large polygenetic systems, such as composite 145 

volcanoes and calderas.  146 

The eastern foothills of the Andes between the 31° and 40° S are defined by a 147 

significant retroarc basin that comprises a Late Triassic-Early Cenozoic succession called 148 

Neuquén Basin (Howell et al., 2005; Fig. 1A). The complex evolution of this basin can be 149 

divided in three main phases: (1)  the opening of the basin in Late Triassic times, as a result 150 

of extensional processes that generated a series of long, narrow depocenters filled with 151 

volcanic/volcaniclastic and continental deposits (Vergani et al., 1995; Franzese and 152 

Spalleti, 2001; Howell et al., 2005; Carbone et al., 2011), (2) a post-rift phase of thermal 153 

subsidence during the Early Jurassic, when an active subduction regime and the magmatic 154 

arc are established on the western margin of Gondwana  (Franzese et al., 2003; Howell et 155 

al., 2005; Mpodozis and Ramos, 2008), and (3) a phase of typical foreland basin between 156 

the Late Cretaceous and Early Cenozoic, resulting from the development of a compressive 157 

tectonic regime that generated the eastward migration of the orogenic front (Franzese et al., 158 

2003; Howell et al., 2005; Tunik et al., 2010; Gianni et al., 2018). 159 

The magmatic activity retreated toward the west in the Oligocene-early Miocene 160 

and a series of extensional basins (e.g., Cura Mallín basin) are generated in the foothills of 161 
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the Neuquén Andes (Radic et al., 2002; Morabito and Folguera, 2005; Ramos and 162 

Folguera, 2005). The second period of deformation of the Neuquén Basin and a new 163 

expansion of the magmatism to the foreland is produced during the Middle-Late Miocene 164 

(Ramos and Folguera, 2005; Kay et al., 2006). The magmatic front begins to retreat again 165 

during the early Pliocene, associated with intense volcanic activity and the opening of the 166 

Cola de Zorro Basin in the Main Andes between the 37° and 39°S (Vergara and Muñoz, 167 

1982; Muñoz and Stern, 1988; Folguera et al., 2006; Ramos and Folguera, 2005). 168 

The Pliocene-Quaternary volcanism in the Neuquén region is mainly developed in 169 

an N-S belt parallel to the Andean front and the Tromen and Auca Mahuida volcanic fields 170 

located further east (Fig. 1B; Folguera et al. 2011). Particularly, a relevant Pliocene-171 

Quaternary activity is focused on the Loncopué Trough (Fig. 1B). This is a narrow, N-S 172 

topographic depression of 200 km in length located between the 36Á30ô and 39ÁS and 173 

limited by the Agrio fold and thrust belt to the east and the volcanic arc to the west 174 

(Folguera et al., 2010; Rojas Vera et al., 2010, 2014; Folguera et al., 2011; Pesce et al., 175 

2019). The basal volcano-sedimentary infill of the axial part of the depression starts in the 176 

early Pliocene (Cola de Zorro Formation), followed by silicic distal pyroclastic sequences 177 

associated with the development of a series of calderas in the west during Pleistocene 178 

times, and the posterior emplacement of a basaltic cover in the western sector (Rojas Vera 179 

et al., 2014; Pesce, et al., 2019).  180 

Finally, significant Pleistocene-Holocene monogenetic basaltic fields develop in the 181 

Loncopué Trough, even extending to the Laguna Blanca/Zapala area (~39°S) (Groeber, 182 

1928; Varekamp et al., 2010; Folguera et al., 2011; Rojas Vera et al., 2014). These flows 183 

consist of olivine-rich basalts that have received different names based on their relative age 184 

and location (e.g., Hueyeltué, Huechahue, Malleo, Macho Viejo, Los Mellizos, and Laguna 185 

Blanca basalts) (Leanza et al., 1997; Zannettini et al.,2010). Varekamp et al. (2010) 186 

analyzed the volcanic centers south of the 37Á30ôS, including those located around the 187 

Laguna Blanca/Zapala area (~39°S), and observed transitional chemical features between 188 

intraplate and arc magmas. However, the centers located in the northern sector of the 189 

Loncopué Trough showing typical arc signatures (Rojas Vera et al., 2014).   190 
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 191 

Fig. 1. A) Regional context of the studied area in the Andean Belt; B) regional map of the CSVZ with ZVF 192 

deposits, polygenetic volcanoes, and the main structural features. LT - Loncopué Trough. Structures are: 193 

AFTB - Agrio Fold and Thrust Belt, BBAF - Bío-Bío Fault Zone, HH - Huincul High, LOFZ - Liquiñe-Ofqui 194 

Fault Zone, MVFZ - Mocha-Villarica Fault Zone. Geological units after Cordani et al. (2016). 195 

 196 

 197 

 198 

 199 

 200 

 201 
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3. Methods 202 

3.1. Landform identification, mapping a classification 203 

Monogenetic volcanoes consist of small-volume, nearly circular to elliptical, 204 

landforms with either positive (cinder cones, tuff cone, and lava domes) or negative 205 

topography (maars - phreatomagmatic structures) (Lesti et al, 2008; Kereszturi and 206 

Németh, 2012a; Németh and Kereszturi, 2015; Smith and Németh, 2017; Haag et al., 207 

2019). Based on these criteria, we identified possible monogenetic volcanoes in the study 208 

area using Google Earth® (1 to 10 m/px) to establish a primary dataset (Fig. 2A). In this 209 

step, we also rely on the available geological maps that contain the distribution of 210 

monogenetic deposits (i.e., lava flows) for some regions in the study area (Kay et al., 2006; 211 

Melnick and Echtler, 2006; Cembrano and Lara, 2009; Varekamp et al., 2010; Rojas Vera 212 

et al., 2014; Pesce et al., 2019, 2020). 213 

This preliminary dataset was then verified using satellite imagery in ArcMap®. In 214 

this process, the landforms were classified in the following categories: cinder cone, maar, 215 

tuff ring, tuff cone, and lava dome (Fig. 2A), following the categories proposed by 216 

Kereszturi and Németh (2012a) and Németh and Kereszturi (2015). Using this approach, 217 

we find out that monogenetic volcanoes in the study area are either cinder cones or maars. 218 

To characterize these volcanoes and perform the geomorphological measurements, we used 219 

a high-resolution (12.5 m/px) DEM derived from the ALOS PALSAR sensor, which 220 

provides full coverage of the studied area and can be freely downloaded at the Alaska 221 

Satellite Facility website (available at https://vertex.daac.asf.alaska.edu/). To ensure 222 

consistency the DEM was set to an equal-area projection (UTM 19S).  223 

From the DEM we used ArcMap® 10.5 to derive several terrain attributes, 224 

including slope, contour, and aspect (Fig. 2B), which are useful for mapping the 225 

monogenetic volcanoes. Based on these maps and satellite images, we performed a 226 

supervised (i.e., manual) geomorphological mapping of the volcanoes and their associated 227 

deposits (at a local scale of 1:10,000, Fig. 2C to the left). Based on the mapping and the 228 

contour plots, we performed an ellipse fitting and the morphometric measurements using 229 

ArcMap Spatial Analyst (Fig. 2C, to the center).  230 

https://vertex.daac.asf.alaska.edu/
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 231 

Fig. 2. Methodology applied to this study: A) imagery and DEM (elevation scale in meters) comprise input 232 

data, which were used to identify and classify the monogenetic landforms; B) DEM-derived maps include 233 

slope (scale in degrees), contour (10-m interval curves) and aspects (slope direction); C) supervised (manual) 234 

mapping, ellipse fitting and measurements of the monogenetic landforms. Abbreviations are WM - Cone 235 

maximum basal width; Wm - Cone minimum basal width; Hc - cone heigh; Sco - cone flank slope; Dc - maar 236 

crater depth; DM - maximum diameter of maar crater; Dm - minimum diameter of maar crater. 237 

 238 
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For cinder cones, we measured the maximum basal width (WM), minimum basal 239 

width (Wm), height of the cone (Hc), and maximum flank slope (Sco) (Fig. 2C). For maar 240 

volcanoes, we measured the depth of the crater (Dc), as well as the maximum (DM) and 241 

minimum crater diameter (Dm) (Fig. 2C). We also take the azimuth of the maximum 242 

diameter WM and DM, which is better explained in section 3.3. Morpho-structural analysis. 243 

3.2. Spatial analysis 244 

 The spatial analysis allows the identification of the degree of clustering, the 245 

detection of subclusters, and the internal organization of the monogenetic vents. After 246 

mapping and classification of the targets, point analyzes were performed using the spatial 247 

analysis tools in ArcMap® applying the methodology proposed by Bishop (2007). 248 

 The identification of the number of monogenetic clusters in ZVF was based on the 249 

methods of Cañón-Tapia (2016), using kernel density functions. According to the search 250 

radius, the number of detected clusters follows a power-law distribution in which the 251 

inflection point indicates the optimum number of clusters within a monogenetic field 252 

(Cañón-Tapia, 2016; Morfulis et al., 2020).  253 

 The distribution pattern within each monogenetic cluster was analyzed using the 254 

Average Nearest Neighbor (ANN) analysis (Bruno et al., 2004). In this method, the 255 

observed distance among monogenetic vents (Ro) in a given area (AHULL) is compared to 256 

the expected distance of evenly distributed vents (Re). The R-statistic parameter results 257 

from the Ro/Re ratio and indicates whether the points distribution follows a Poisson (R-258 

statistic = 1), clustered (R-statistic Ÿ 0.0), or dispersed (R-statistic Ÿ 2.0) distribution 259 

(Bishop, 2007). 260 

3.3. Morpho-structural analysis 261 

The determination of stress state can be inferred from the spatial distribution of 262 

monogenetic vents and their main attributes (Fig. 3; Tibaldi, 1995; Paulsen and Wilson, 263 

2010; Bonali et al., 2011; Le Corvec et al., 2013; Tadini et al., 2014; Haag et al., 2019; 264 

Marliyani et al., 2020; Morfulis et al., 2020).  In this context, the surface distribution of 265 

monogenetic volcanoes and their elongation (Fig. 3A, B; Tibaldi, 1995) can be used to 266 

infer the orientation of subsurface structures, such as dike, fractures, and faults, which 267 

ultimately reflect the local stress state (Fig. 3C, D).  268 
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To determine the relationship between monogenetic vents and the structural setting 269 

in the ZVF we followed a similar approach to Tibaldi (1995) and Bonali et al. (2011), 270 

using morphometrics to infer the states of stress.  271 

To this end, we measure directional parameters for each monogenetic volcano 272 

using ellipses (Fig. 3A) and measuring the basal elongation of cones (azimuth of WM) and 273 

crater elongation of maars (azimuth of DM). We also calculate the ellipticity for both cones 274 

and maars by dividing the minimum for the maximum diameter of these features (Wm/ 275 

WM; Tibaldi, 1995). In the case of cinder cones, we did not measure crater elongation and 276 

crater-rim depressed points (e.g., Tibaldi, 1995) because these features are either absent or 277 

not completely clear in most of the studied cones in the ZVF.  278 

Finally, we also measured alignments of both cinder cones and maars.  Vent 279 

alignment/dike presence was determined using at least three vents, and by observing the 280 

presence of elongated cones (Wm/ WM < 0.8) or dikes (Fig. 3A), following the 281 

recommendations of Le Corvec et al. (2013) and Paulsen and Wilson (2010). In this study, 282 

we did not use densities plots to infer conduit and dike orientations (e.g., Cebriá et al., 283 

2011; Tadini et al., 2014) because it generally neglects morphometric and field evidence 284 

that result in more robust results (Paulsen and Wilson, 2010). 285 

Both vent alignment and the basal elongation of monogenetic volcanoes/maar 286 

craters are parallel to the maximum horizontal stress (ůHmax) and perpendicular to the 287 

minimum horizontal stress (ůHmin), as suggested by several studies (Fig. 3C; e.g., 288 

Nakamura et al., 1977; Tibaldi, 1995; Lara et al., 2006; Haag et al., 2019; Marliyani et al., 289 

2020). Monogenetic cones may also be slight oblique to the main feeding system, 290 

suggesting an en echelon distribution (Fig. 3D). In the structural analysis we only consider 291 

cones emplaced in flat surfaces (slope < 5°) and without significant modification (i.e., 292 

extensively degraded cones and maar craters). 293 
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 294 

Fig. 3. Morpho-structural and lineament analysis. A) Hillshade image with contours used for ellipse fitting 295 

and measurement of WM and Wm for cones or DM and Dm for maars - cone heigh; B) sketch of the surface 296 

expression of monogenetic cones; C) subsurface sketch of inferred plumbing system based on cone basal 297 

elongation for normal faulting; D) subsurface sketch of inferred plumbing system for strike-slip and en 298 

echelon geometries; ůHmax - maximum horizontal stress; ůHmin - minimum horizontal stress. 299 

 300 

3.4. Relative age  301 

 In monogenetic fields, the number and distribution of active volcanoes can vary 302 

over time (Le Corvec et al., 2013). Differently from other regions in the Andes that have 303 

extensive well-dated ignimbrite deposits and abundant radiometric ages, thus allowing a 304 

better constraint on the spatial evolution of the magmatism (e.g., the Central Andes, 305 

Tibaldi et al., 2017), the volcanoes in the ZVF do not have this database yet.  306 

As an alternative to determine the spatio-temporal evolution of monogenetic 307 

volcanism in the ZVF, we assigned relative ages to the cinder cones based on 308 

morphometric attributes including crater, cone, and lava flow integrity. These attributes 309 

reflect modification stages to the original, conical shape of cinder cones and are mainly 310 

based on simulation and geomorphological observations (Hooper and Sheridan, 1998; 311 

Fornaciai et al., 2012; Kereszturi and Németh, 2012b; Zarazúa- Carbajal and Cruz- Reyna, 312 

2020).  313 
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Following this approach, cinder cones were grouped into four categories (Fig. 4), 314 

following an adaptation of the methods of Haag et al. (2019): young - cinder cones with 315 

well-defined craters and basal limits, smooth surfaces, and absence of erosional features; 316 

moderately young - cones without a well-defined crater and roughly defined basal limits, 317 

with deep and well-established gullies and rills; mature - cones without a well-defined 318 

crater and roughly defined basal limits, with ravines and rills; old - reduced landforms, 319 

without a defined crater basal limit, cut by deep ravines and rills. Using this classification 320 

method, we created regional maps of relative age in the studied area, comparing our results 321 

with the available absolute ages from the literature (e.g., Ramos and Folguera, 2005). 322 

 323 

Fig. 4. Relative age classes of studied cinder cones. A) young (coordinates are 39Á 01ô 22.76ò S; 70Á 22ô 324 

28.88ò O); B) moderately young (38Á 58ô 37.84ò S; 70Á 24ô 31.40ò O); C) mature (38Á 53ô 30.92ò S; 70Á 33ô 325 

43.71ò O); D) old (37Á 59ô 20.14ò S; 70Á 56ô 31.35ò O). Relative scale due to perspective. Vertical 326 

exaggeration of 3. Source: GoogleEarth (2021). 327 

 328 

 329 

 330 

 331 
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4. Results 332 

4.1. Geomorphology and morphometry 333 

We identify 336 monogenetic volcanoes in the study area, with a predominance of 334 

cinder cones (80%) followed by phreatomagmatic (maars) volcanoes (20%). Monogenetic 335 

deposits (volcanoes and their associated lava flows) cover approximately 6.400 km2 in the 336 

CSVZ. The main morphological attributes are represented in Fig. 5, while the distribution 337 

of monogenetic volcanoes and their main morphometric parameters are reported in Fig. 338 

6A. All elevations are reported in meters above sea level (a.s.l). 339 

4.1.1 Cinder Cones 340 

Cinder cones are the predominant landforms in the ZVF and exhibit a significant 341 

variation in their geomorphologic attributes (Fig. 5A, B, C). They are frequently breached, 342 

elongated edifices associated with extensive lava flows (Fig. 5A). In several cases, multiple 343 

generations of lava flows are observed, suggesting multiple eruptions in the same region 344 

(Fig. 5A). A few cinder cones occur nested inside maar craters that cut older lava flows 345 

(Fig. 5B). Several cones form clusters that can be grouped by lineaments and are possible 346 

related to dikes and feeding systems (Fig 5C).  347 

Cinder cones occur throughout the entire study area (Fig. 6A, B), at terrain 348 

elevations ranging from 900 to 2,200 m a.s.l. (Fig. 6B). They dominate the northern section 349 

(above ~ lat. 39°S) and higher terrain elevations (> 1,600 m a.s.l.) (Fig. 6A, B, C). Below ~ 350 

lat. 39°S, the presence of maar volcanoes becomes more relevant (Fig. 6A, B, C).  351 

The cinder cones also exhibit a significant variation in their morphometric 352 

parameters (Fig 6E). Maximum basal widths (WM) range from 246 to 3,590 m and cone 353 

heights (Hc) from 7 to 426 m (Fig. 6E). Most cinder cones are generally elliptical, with 354 

WM/WM ratios ranging from 1.0 (circular) to 0.4 (highly elliptical) and clustering around 355 

0.80 (Fig. 6E). Flank slope angles (Sco) from 6 to 40º. For a full report on the 356 

morphometric attributes please check Supplementary item 1. 357 

4.1.2 Phreatomagmatic volcanoes: maar 358 

Maar volcanoes are marked by well-preserved, generally circular craters, partially 359 

filled by alluvial sediments and saltpans (Fig. 5D, E, F). Crater limits are roughly delimited 360 
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by small changes in elevations, because ZVF maars often lack external tephra rings and 361 

deposits (Fig. 5D, E, F). Maar craters commonly cut lava plateaus (Fig. 5E) and are closely 362 

associated with cinder cones (Fig. 5F). 363 

Maar volcanoes are preferentially present south of lat. 39° S (Fig. 6A, B) and at 364 

terrain elevations below 1,600 m a.s.l (Fig. 6C). A summary of their main morphometric 365 

parameter is presented in Fig. 6F. The depth of the crater (Dc) ranges from 1 to 211 m, and 366 

crater maximum axis (DM) ranges from 142 m to 4,900 m (Fig. 6F). Maar craters are often 367 

elliptical to nearly circular, with Dm/DM ratios ranging from 0.99 (circular) to 0.39 (highly 368 

elliptical), while most Dm/DM ratios are below 0.75 (Fig. 6F). For a full report on the 369 

morphometric attributes please refer to the Supplementary item 1. 370 

 371 
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 372 

Fig. 5. Representative monogenetic landforms in the CSVZ: A) Cinder cone with associated lava flow (39° 373 

05ô 32. 90ò S; 70Á 23ô 16.80ò O); B) cinder cone emplaced inside a maar-crater (39Á 09ô 18.90ò S; 30Á 14ô 374 

25.11ò O); C) composite alignment of multiple cinder cones (38Á 55ô 59.42ò S; 70Á 20ô 28.09ò O); D) maar 375 

crater emplace on top of thin volcanic sequences (39Á 46ô 19.97ò S; 70Á 22ô 54.39ò O); E) Maar crater 376 

emplace over volcano-sedimentary (39Á 16ô 19.83ò S; 70Á 33ô 42.16ò O); F) Maar craters associated with 377 

cinder cones (39Á 35ô 47.31ò S; 70Á 37ô 54.10ò O). Relative scale due to perspective. Vertical exaggeration of 378 

3. Source: GoogleEarth (2021). 379 
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