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Abstract  25 

Modeling of volcanic morphometry provides reliable measurements of 26 

parameters that determine the volcanic landform degradation. The variations of the 27 

original morphology enable the understanding of patterns affecting erosion and their 28 

development, facilitating the assessment of associated hazards. A total of 24 volcanic 29 

eruptions were identified in the island of Gran Canaria (Canary Islands, Spain). An 87% 30 

of these eruptions occurred in a wet environment while the rest happened in a dry 31 

environment. A 45% of Holocene eruptions are located along short barrancos (S-type, 32 

less than 10 km length), 20% along large barrancos (L-type, 10-17 km length) and 35% 33 
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along extra-large barrancos (XL-type, more than 17 km length). The erosional history of 34 

Holocene volcanic edifices is in the first stage of degradation, with a geomorphic 35 

signature characterized by a fresh, young cone with a sharp profile and a pristine lava 36 

flow. After an intensive field work, a careful palaeo-geomorphological reconstruction of 37 

the 24 Holocene eruptions of Gran Canaria was conducted in order to obtain the Digital 38 

Terrain Models (DTMs) of the pre- and post-eruption terrains. From the difference 39 

between these DTMs, the degradation volume and the incision rate were obtained. The 40 

denudation of volcanic cones and lava flows is relatively independent to both their 41 

geographical location and the climatic environment. However, local factors such as pre-42 

eruption topography and ravine type have the greatest influence on the erosion of 43 

Holocene volcanic materials in Gran Canaria.  44 

 45 

Keywords: GIS, degradation, volcanic landform, Holocene, Gran Canaria, Canary 46 

Islands.  47 

 48 

1. Introduction  49 

The Geographic Information Systems (GIS) provide a suitable methodological 50 

setting for the elaboration of morphometric models of volcanic eruptions, both for 51 

aggradation and for degradation processes. Morphological parameters and their 52 

derivatives can be more accurately determined with GIS than with traditional geometric 53 

methods (Rodriguez-Gonzalez et al., 2010).  54 

Detailed cartography of the common units in monogenetic volcanic fields 55 

(cones, lava flows and pyroclastic sheet-like fall deposits), together with 56 

geomorphological and stratigraphical observations of these units and the surrounding 57 

substrate conduct to obtain Digital Terrain Models (DTMs) of the three different 58 

evolution stages of the studied area: pre-eruption, post-eruption and present-day. 59 

Comparisons of these DTMs in a GIS framework give 2D and 3D models allowing a 60 

proper understanding of the topographic changes undergone by the areas affected by 61 

volcanic eruptions, both in construction stages and in their subsequent degradation. The 62 

comprehension of these topographic changes facilitates the assessment of the associated 63 

hazards and the design of mitigation plans (Holcomb, 1987; Thouret, 1999; Pareschi et 64 

al., 2000; Inbar and Risso, 2001; Carracedo et al., 2004; Renschler, 2005; Harris et al., 65 

2007; Rodriguez-Gonzalez et al., 2009).  66 



Morphometric studies of monogenetic volcanic fields are common in the 67 

scientific literature to determine morphological parameters (e.g., Wood, 1980a, 1980b; 68 

Wilson and Head, 1983; Rowland et al., 1999, 2003; Harris et al., 2007) or focused on 69 

the pyroclastic stratigraphic relationships (e.g., Martin and Németh, 2006; Manville et 70 

al., 2009; Németh, 2010). Most of the monogenetic volcanic fields studied are located in 71 

an almost flat relief where pre-eruption topography exerts a weak influence in the 72 

aggradation and degradation of volcanic landforms (e.g., Wood, 1980a, 1980b; 73 

Rowland et al., 1999; Walker, 2000; Martin and Németh, 2006). Nevertheless, in an 74 

intraplate oceanic volcanic island setting, mainly in islands in a rejuvenated stage where 75 

erosion procceses predominate over the volcanic ones, the pre-eruption relief influences 76 

largely the distribution and morphology of the monogenetic volcanoes (e.g., Macdonald 77 

et al., 1983; Walker, 1990; Carracedo et al., 2002; Carracedo and Tilling, 2003; Guillou 78 

et al., 2005; Legendre et al., 2006).  79 

The Gran Canaria Holocene monogenetic volcanism happened in an island in an 80 

advanced rejuvenated stage, with a dense radial network of deep ravines forming a 81 

rugged relief. In a previous paper we present the palaeo-geomorphological 82 

reconstruction of the aggradations parameters in this volcanic field (Rodriguez-83 

Gonzalez et al., 2011). The aim of this paper is to determine the degree of denudation of 84 

these Holocene volcanic forms applying this proved methodology (Rodriguez-Gonzalez 85 

et al., 2010). 86 

  87 

2. Geographical and geological setting  88 

The Canary Islands, which comprise seven main islands and several islets, are situated 89 

in the Atlantic Ocean between 29º 25’ and 27º 37’ N and 18º 10’ and 13º 20’ W (Fig. 1). 90 

These islands developed in a geodynamic setting characterized by thick, rigid and old 91 

(Jurassic) oceanic lithosphere lying close to a passive continental margin and on a slow-92 

moving plate (the African plate). The spatial and chronological evolution of the 93 

Canarian volcanism, from east to west, is due to the progression of the African plate 94 

over a mantle plume (Holik et al., 1991; Carracedo et al., 1998; Carracedo et al., 2002; 95 

Schminke and Sumita, 2010). Similar to other intra-plate volcanic islands, the Canarian 96 

archipelago also displays the hotspot volcanic stages of evolution: juvenile (shield) 97 

stage, volcanic quiescence stage and rejuvenated stage. While the more western islands 98 

(El Hierro and La Palma) are still in the juvenile stage characterized by high eruption 99 

rates and fast volcanic growing of the islands, the eastern islands (Fuerteventura and 100 



Lanzarote) are in a terminal rejuvenated stage with predominance of the erosive 101 

processes on the volcanic ones (Carracedo et al., 1998, 2002).  102 

The island of Gran Canaria is located at the centre of the Canarian archipelago 103 

(Fig. 1). It is the third largest island in surface area (1,532 km
2
), with 45 km in diameter 104 

and a maximum elevation of 1,950 m a.s.l. (Pico de las Nieves) near its geometrical 105 

centre. A dense radial network of deep ravines (known in the local toponomy as 106 

barrancos) dissects the island, forming a rugged topography, with mean slope values of 107 

up to 15º.  108 

The subaerial development of Gran Canaria records a juvenile stage (ca. 14.5-109 

8.0 Ma, including a basaltic shield volcano, a vertical caldera collapse and a salic post-110 

caldera resurgence), a volcanic quiescence stage (ca. 8.0-5.5 Ma, including the most 111 

prominent sedimentary deposits of the island known as Las Palmas Detritic Formation), 112 

and a rejuvenated stage (ca. 5.5 Ma to present, including the Roque Nublo stratovolcano 113 

and the Post-Roque Nublo volcanism) (Perez-Torrado et al., 1995; Carracedo et al., 114 

2002; Guillou et al., 2004; Aulinas et al., 2010). Distribution of volcanism in the island 115 

has printed a contrasting geomorphology between southern (almost exclusively juvenile 116 

volcanism) and northern (predominantly rejuvenated volcanism) flanks (Fig. 1).  117 

Gran Canaria displays marked climatic zonation due to the dominant N-NE trade 118 

winds (which affect the whole of the archipelago) and the orographic effect. The conical 119 

morphology of the island retains the humidity of the Atlantic cloud-masses on the north 120 

side of the island. As a result, the northern flanks are humid to sub-humid and 121 

vegetation is vigorous, while the southern flanks are arid to semi-arid with very scarce 122 

vegetation. Additionally an altitudinal climatic gradation occurs from the coast to the 123 

summit areas of the island. Rainfall ranges from arid to semi-arid along the coastal areas 124 

(lower than 200 mm/yr between 0 and 500 m of altitude), temperate at the midlands 125 

(250-800 mm/yr between 500 and 1,600 m of altitude), and humid and colder in summit 126 

areas (>800 mm/yr at more than 1,600 m of altitude) (Marzol, 1988; Menendez et al., 127 

2008).  128 

The combination of climatic conditions and age of volcanism led to the 129 

environmental division of Gran Canaria into four main quadrants (Fig. 1): NW 130 

geologically old and wet quadrant, SW geologically old and dry quadrant, N-NE 131 

geologically young and wet quadrant and E-SE geologically young and dry quadrant 132 

(Menendez et al., 2008). Incision is related to the age zonation of the island, so 133 

maximum incisions (~1,200 m) are logically recorded in the older SW sector of the 134 



island. But incision rates are also directly related to the climatic zonation, with 135 

maximum mean values in the wet Northern quadrants (0.12–0.18 mm/yr), whereas the 136 

dry set of ravines render lower values (0.07–0.08 mm/yr), independent of whether they 137 

are young or old (Menendez et al., 2008). According to the last authors, barrancos 138 

(ravines) are classified into three categories: extra-large (XL-type), large (L-type) and 139 

short (S-type). XL-type barrancos have length more than 17 km and their headwaters 140 

are located at the summit and wet areas of the island. L-type barrancos are 10-17 km in 141 

length, with headwaters located in areas with moderate rainfall (250-800 mm/yr) and 142 

intermediate elevations (500-1,600 m). Finally, S-type barrancos are less than 10 km in 143 

length and have their headwaters located at low altitudes (200-800 m) which match 144 

typical rainfall of semi-arid environments (<200-400 mm/yr).  145 

The most recent volcanic activity of Gran Canaria, Holocene in age, is 146 

geographically restricted to the northern half of the island, distributed along the western 147 

and eastern volcanic areas (Fig. 2). The most distinctive feature of these Holocene 148 

eruptions is the emplacement of the lava flows at the bottom of the barrancos. A total of 149 

24 eruptions were identified showing this feature, 13 of which were dated by 150 

radiocarbon (Rodriguez-Gonzalez, 2009) (Table 1).  151 

According to the above mentioned climatic-geological zoning of Menendez et al. 152 

(2008), most of the Gran Canaria Holocene eruptions are located in the young volcanic 153 

(wet and dry) quadrants, with the exception of Cono de Fagajesto (17A), Embudo de 154 

Fagajesto (17B), Jabalobos (14) and Berrazales (13) volcanoes which are located in the 155 

old volcanic-wet quadrant. In this way, 87% of all Holocene eruptions emerge in a wet 156 

environment whereas the remainder occur in a dry environment, located in the E-SE 157 

young volcanic quadrant of the island. The 45% of Gran Canaria Holocene lava flows 158 

are emplaced along S-type barrancos, 20% along L-type barrancos and the remaining 159 

35% along XL-type barrancos. Most of the lava flows emplaced at the S-type and L-160 

type barrancos are located in their medium sectors, but the lava flows emplaced along 161 

XL-type barrancos show approximately equal distribution between headwater and 162 

medium locations of the barrancos (Fig. 2 and Table 1). 163 

 164 

3. Methodology 165 

The first step of this work was to map all Holocene eruptions of Gran Canaria 166 

onto the most detailed digital topographic maps available (scale 1:5,000, Canarian 167 

Cartographic Service, -GRAFCAN-). Next we focused on a painstaking 3D 168 



geomorphological reconstruction of the different volcanic units (volcanic cone, lava 169 

flow and pyroclastic sheet-like fall deposits) through multiple detailed geological cross 170 

sections in the field. Stratigraphic, petrographic and geomorphological criterion were 171 

used in order to assure that the contacts between the different Holocene volcanic units, 172 

as well as between these Holocene units and the substrate, were accurately distinguished 173 

(Rodriguez-Gonzalez et al., 2011). The obtained data were georeferenced (with GPS 174 

and the topographic maps) for further GIS-processing.  175 

Once this detailed field information was obtained, the second step was to modify 176 

manually the present-day topographic maps (contour line by contour line) in order to 177 

obtain the pre- and post-eruption topographic surfaces. The resultant pre-eruption and 178 

post-eruption maps clearly show the changes on the terrain surface caused by the cone 179 

and lava flow, while changes on the surface originated by the pyroclastic sheet-like fall 180 

deposits are almost imperceptible at the work scale. From these three topographic 181 

surfaces we obtain the corresponding Digital Terrain Models (DTMs) (Fig. 3). The best 182 

quality of DTMs for the purposes of this study at the 1:5,000 scale is acquired from a 183 

cell resolution of 5x5 m using the minimum curvature method as interpolation 184 

algorithm. Detailed information about calibration and validation of the obtained DTMs 185 

can be found in Rodriguez-Gonzalez et al. (2010). Terrain slopes were determined from 186 

the DTMs, computing with sufficient smoothing, and using a differential geometry 187 

approach based on the weighted averages of all points within the 3x3 neighborhood 188 

(Warren et al., 2004).  189 

Finally, with we apply the cut and fill analysis process to the three DTMs 190 

obtained (pre-eruption, post-eruption and present-day). This process compares two 191 

raster surfaces of the same area and identifies locations where their elevation values 192 

differ. These areas are traced to form polygons in an output vector object. The volume 193 

of material added or subtracted is calculated for each polygon (the Holocene volcanic 194 

units) and stored in an attached database table (Rodriguez-Gonzalez et al., 2010).  195 

The total original volume of the eruption (VO) is obtained from the difference 196 

between the post-eruption and pre-eruption DTMs. Likewise, the actual volume of the 197 

remaining eruption materials (VR) is calculated by the difference between the present-198 

day and pre-eruption DTMs. Therefore, the volume of degradation material (VD) by 199 

natural and anthropogenic effects is expressed as:  200 

VD = VO – VR 201 



All volume estimates are expressed as bulk erupted volume, which includes the 202 

solid and void volumes of the different volcanic units, without dense rock equivalent 203 

(DRE) corrections because they are not applicable to degradation studies.  204 

Erosion rates can be established independently for each one of the volcanic 205 

units, through the difference between the original and the actual volume considering the 206 

elapsed time of the degradation. In some cases, it is more practical to show the results of 207 

the erosion as an average evacuation rate, expressed in terms of the degradation volume 208 

every 1,000 years, as well as an incision rate, expressed as meters degradated every 209 

1,000 years. These estimates have been applied to the cones and the lava flows as well 210 

as to the substrate material affected by the erosion. Though pyroclastic sheet-like fall 211 

deposits are the most extensive volcanic deposits and field observation indicates 212 

important erosion affecting these deposits, their low thickness and preservation 213 

potential, limits the application of the described, methodology especially in the most 214 

distal areas from emission centres (Rodriguez-Gonzalez et al., 2010, 2011). 215 

  216 

4. Results  217 

In the next paragraphs we present the results obtained on cone, lava flow and 218 

substrate degradation of the monogenetic volcanic field of Gran Canaria. To avoid 219 

comparisons of data obtained with different methods that could spoil their interpretation 220 

and given the low involved volumes, the degradation volumes of the pyroclastic sheet-221 

like fall deposits will not be considered.  222 

Table 2 shows the values of original volumes and areas of cones and lava flows 223 

as well as the corresponding values of the present-day volumes and areas. The range of 224 

volumes obtained on cones and lava flows are typical of monogenetic eruptions, lower 225 

than 0.15 km
3
 (e.g., Manville et al., 2009). The comparisons between original and 226 

present-day volumes of the Table 2 give the degradation volumes on the considered 227 

volcanic units and basements covered by these units of Table 3. 228 

  229 

4.1. Cones 230 

The Holocene volcanic cones of Gran Canaria are mainly formed by tephra of 231 

lapilli size clasts (2-64 mm), though blocks and bombs can also be found. The ash 232 

fraction (<2 mm) is scarce. These scoria cones show generally ellipsoidal craters, with a 233 

horseshoe-shaped opening to N-NE, the main direction of the prevalent trade winds. 234 



Detailed morphometric parameters of the Gran Canaria Holocene scoria cones are 235 

available on Rodriguez-Gonzalez et al. (2011).  236 

According to the classification of the scoria cones of Martin and Németh (2006), 237 

the Gran Canaria Holocene ones are mainly of types 1 and 2, i.e., typical scoria cones 238 

resulting from Strombolian-type eruptions. Only six scoria cones can be classified as 239 

type 3 and 4, i.e., important hydromagmatic eruptive processes were involved in their 240 

construction. Finally, Montaña Rajada (8) is an spatter cone of very little dimension 241 

(Rodriguez-Gonzalez et al., 2011). Taking into account the Volcanic Explosivity Index 242 

(VEI) of Newhall and Self (1982), Gran Canaria Holocene eruptions have values from 1 243 

to 3. Exceptionally, the Caldera Bandama volcano (No. 2 in Table 1) cannot be 244 

classified in the Martin and Németh (2006) types of scoria cones and show VEI 4 245 

(Rodriguez-Gonzalez et al., 2011). This is due to the combination of high explosive 246 

phreatomagmatic eruptions with caldera collapse events (Hansen, 2009).  247 

Related to degradation volume of the studied scoria cones (Table 3), the 248 

minimum value (2,272 m
3
) corresponds to Montaña Rajada (8), an spatter cone 249 

topographically protected emerging from a plain without any substantial erosion. 250 

Instead, the maximum degradation value (3,025,129 m
3
) belongs to Caldera Bandama 251 

(2), because part of its flank lies on a ravine bed and the gullies has advanced on the 252 

eastern and southern sectors of the outer wall of the edifice. Moreover, repeated rock-253 

fall processes affected the inner wall of the caldera.  254 

Figure 4A compares both the original and the present-day volume of cones 255 

ordered chronologically and differentiating the climatic environmental sector. 256 

Differences between both volumes are associated with natural erosive processes, 257 

although the anthropogenic effects are noticeable in some cases, mainly in the cones. 258 

For example, two cones of the west sector (Montañón Negro, 16, and Pinos de Gáldar, 259 

15) and four cones of the east sector (Montaña de Santidad, 20, Montaña Pelada, 12, 260 

Sima de Jinámar, 9, and Montaña de El Gallego, 6) show a large loss of volume related 261 

to the exploitation of aggregates (quarries) or to the construction of infrastructures (Fig. 262 

5). 263 

The minimum erosion value of cones -expressed as degradation rate in Table 3- 264 

is 920 m
3
/ka in Montaña Rajada (8), which is an edifice topographically protected (Fig. 265 

5). Conversely, the higher values are in cones emerged on the bottom of the barrancos, 266 

as El Lentiscal (5) (504,070 m
3
/ka) and Embudo de Fagajesto (17B) (274,628 m

3
/ka) 267 

volcanoes, and cones emerged in a high slope (>25º) terrain as Berrazales (13) volcano 268 



(194,979 m
3
/ka). The maximum value (1,535,598 m

3
/ka) corresponds to Caldera 269 

Bandama (2) due to the high stream-water erosion in its southern flank which rests on 270 

Las Goteras barranco (L-type) and the rock-fall processes in the inner wall of the 271 

caldera (Fig. 5).  272 

Figure 6A shows the degradation rates of the cones that have been affected 273 

mainly by natural degradation, avoiding cones presenting high anthropogenic 274 

dismantling because they distort the interpretation of these graphics.  275 

Finally, regarding the incision rates (Table 3), a minimum value of 0.03 m/ka is 276 

observed for cones in Cuesta de Las Gallinas (7), an edifice not affected by any ravine. 277 

On the other hand, the maximum value is 6.80 m/ka in Embudo de Fagajesto (17B), an 278 

edifice emerging on the bed of a XL-type barranco.  279 

 280 

4.2. Lava flows  281 

The lava flows are characterized by a scoriaceous and very fragmented surface, 282 

with insulated walls (levées) and formation of lava tubes. Exceptionally, they present 283 

morphologies of pahoehoe-type lava. Detailed morphometric characterization of these 284 

lava flows was presented in Rodriguez-Gonzalez et al. (2011). They consists of 285 

basanite-tephrite with the exception of the lava flow from El Garañón (3) volcano which 286 

is classified as foidite, and the lava flow from Caldereta Valleseco (18) volcano 287 

classified as alkali basalt (Rodriguez-Gonzalez, 2009; Aulinas et al., 2010).  288 

The minimum degradation volume in lavas (Table 3) is 100 m
3
, being a small 289 

short-haul casting located between the substrate and the Caldera Bandama (2). On the 290 

other hand, the maximum amount of denudation material is 465,449 m
3
 (Cono de 291 

Fagajesto, 17A). This is a lava flow emerging in a headwater of a XL-type barranco and 292 

the only one that reaches the sea.  293 

Figure 4B compares both the original and the present-day volume in lava flows 294 

in chronological order from the oldest to the youngest one and by climatic environment, 295 

differentiating the sectors east and west. 296 

Relative to degradation rates, the minimum value is 51 m
3
/ka in the lava flow of 297 

Caldera Bandama (2), which is topographically protected by the volcanic building. The 298 

maximum value is 153,614 m
3
/ka in the lava flow of Cono de Fagajesto (17A), which is 299 

the longest lava flow of all the Holocene volcanism. This lava runs down very steep 300 

slopes and over old materials until it is narrowed by the main XL-type barranco (Agaete 301 

barranco). In the east sector, the greater degradation rate is observed in the lava of El 302 



Lentiscal (5), mainly associated with the erosion on both edges of the lava flow of a 303 

main ravine categorized XL-type (Guiniguada barranco), whose substrate is composed 304 

mainly by material of the Las Palmas Detritic Formation. With respect to Montaña de 305 

Santidad (20), the obtained rate is the result of the sum of the degradation volume of the 306 

three lava flows which run down through secondary ravines. On the other hand, the lava 307 

flow of El Hoyo (22) fills a flat ravine, for which the degradation volume of lava is 308 

more enhanced than in other lavas in the same sector (Figure 6B).  309 

Respect to incision rates, the minimum value is 0.002 m/ka in Caldera Bandama 310 

(2), which is a small lava covered by the edifice itself and topographically protected, as 311 

it was mentioned above. The maximum value is 0.110 m/ka identified with lavas of 312 

several eruptions (Montaña de Barros II, 23; El Hoyo, 22; Montaña Negra de Jinámar, 313 

10), mainly characterized because a main ravine impacts in most of their flows. 314 

  315 

4.3. Substrate  316 

The denudation values obtained in the basements are only calculated for areas 317 

previously covered by Holocene cones and/or lava flows. As commented in cones, 318 

anthropogenic dismantling affects many cones and by extension the substrate below 319 

them, so most of the data presented in Table 3 are referred only to substrate erosion 320 

below lava flows along ravine.  321 

The minimum degradation volume in substrate covered by lava flows is 388 m
3
 322 

(El Garañón, 3), which coincides with a substrate of lavas of the Post-Roque Nublo 323 

volcanism (PRN in Table 3). These youngest rejuvenated volcanic rocks are more 324 

difficult to erode due to they are only slightly weathered and occur in a S-type barranco 325 

with steep slopes. In contrast, the maximum value of 181,044 m
3
 (El Lentiscal, 5) 326 

coincides with a substrate of material easily subjected to erosion such as the sediments 327 

of Las Palmas Detritic Formation (LPDF in Table 3) along an XL-type barranco. 328 

Minimum and maximum degradation rate values coincide in the same eruptions (see 329 

Table 3). 330 

In relation to incision rates, the minimum value is 0.11 m/ka in Montaña de El 331 

Gallego (6) whose lava flow covers Quaternary sediments (QS in Table 3) in a S-type 332 

barranco of slight slope. On the other hand, the maximum value is 1.28 m/ka in Cono de 333 

Fagajesto (17A), whose lava flow overlay old basalts (BSV in Table 3), a very brittle 334 

material, cut by a XL-type barranco with steep slopes. 335 

  336 



5. Discussion  337 

Some authors have proposed to relate the morphometric volcanic parameters to 338 

the age of the volcanic edifices in order to differentiate volcanic fields (Wood, 1980b; 339 

Karátson, 1996), to determine the degree of cone denudation with time or to establish 340 

morphometric classifications. In this line of work, some morphometric parameters may 341 

be indicative of the evolution of volcanic edifices so that, in general, as the volcano age 342 

increases, its degradation increases.  343 

Although age is a key factor to understand the morphological evolution of a 344 

simple edifice, it is evident that some local and regional factors may determine the lack 345 

of correlation between morphometric parameters and age. Consequently, the degree of 346 

transformation of the volcanic edifices evolves, in many cases, independently of their 347 

ages (Rodriguez-Gonzalez et al., 2009). This fact is perfectly observable in the 348 

Holocene volcanic edifices of Gran Canaria, where an important denudation of 349 

numerous edifices occurred in a short period of time. Nevertheless, according to data 350 

presented in this work, the Gran Canaria Holocene volcanic field can be considered in 351 

the first stage of degradation, with a geomorphic signature characterized by a fresh, 352 

young cone with a sharp profile and a pristine lava flow (Davidson and De Silva, 2000; 353 

Rodriguez-Gonzalez, 2009; Rodriguez-Gonzalez et al., 2011). 354 

  355 

5.1. Local factors  356 

5.1.1. Morphology and type of materials  357 

The morphology of volcanic edifices, as well as their constituent materials, 358 

defines the vulnerability of these forms against the erosion processes. The cones are 359 

dismantled more quickly than lavas mainly due to three reasons: their less consolidated 360 

material, the gravitational-instability of the edifice itself, and the predominance of gully 361 

erosion, especially on the cone flanks when they fill part of a previous ravine (e.g., 362 

Wood, 1980b; Thouret, 1999; Németh, 2010). These statements are evidenced by the 363 

degradation volumes observed in the Gran Canaria Holocene volcanoes. Taking into 364 

account only the eruptions considered with minor impact of the anthropogenic activities 365 

(Fig. 6), the degradation volume rates are systematically higher (order of magnitude 366 

more than double) in cones than in lava flows. From the thirteen eruptions considered, 367 

only four have inverted this tendency (Table 3), Montaña Rajada (8), Jabalobos (14), 368 

Cono de Fagagesto (17A) and El Melosal (21). The scoria cones of the last three 369 

eruptions emerged along watershed boundary areas where natural erosion is limited. 370 



The spatter cone of Montaña Rajada (8) presents the lowest degradation volume rate 371 

due to the combination of two factors: its spatter cone emerged topographically 372 

protected by the eastern flank of Montaña Pelada (12) (Fig. 5), and the strong 373 

consolidated nature of their pyroclastic components with important welding structures.  374 

Volumetric values (3D parameter) of cones and lava flows experiment major 375 

changes that surface values (2D parameter) under erosive processes. In Caldera 376 

Bandama (2), for example, it was noted that erosion affects the cone by reducing the 377 

flank slope and the volume, without changing substantially the original area. The 378 

erosive action of water generally acts vigorously on the edges of the flow-paths and 379 

over the substrate, altering significantly the volume of lava and substrate but modifying 380 

to a less extent the original area occupied by the lava flow, an example is the eruption of 381 

Montaña de Santidad (20).  382 

Degradation volume in lava flows can be increased by the erosion of the 383 

surrounding substrate in two cases: 384 

 When lava flows developed thick levées (for example, Montañón Negro 385 

(16), Berrazales (13) and El Garañón (3) eruptions) or lava tubes with 386 

collapsed roofs (Montaña de Santidad, 20), the stream water is channelized 387 

along inner part of the lava flows. When stream water erosion dissects the 388 

lava flows, the substrate outcrops and the incision is accelerated due to more 389 

weathered stage of the substrate (Fig. 7A). 390 

 The stream water fits in the lateral contacts of the lava flow, with little 391 

impact on it. This case is more common and it is enhanced when the lava 392 

flow developed thick levees (Fig. 7B). Then stream water erosion focuses on 393 

the substrate, more weathered and easily eroded than the Holocene lava 394 

flows (mainly if the substrate is sedimentary, as in the case of the 395 

conglomerates of Las Palmas Detritic Formation), whose remains hanging 396 

and eventually collapse. In this way, the removal of Holocene lava is due 397 

more to gravity than to stream water erosion (Fig. 7C). This case is the most 398 

commonly observed and also the one that dismantled the greatest volume of 399 

lava and substrate.  400 

 401 

5.1.2. Orographic location and type of ravine  402 

Gran Canaria underwent strong erosion during its volcanic quiescence stage (ca. 403 

8.0-5.5 Ma) which led to the formation of thick sequences of sedimentary deposits 404 



(alluvial and fan-delta conglomerates forming the Las Palmas Detritic Formation) and 405 

the radial network of deep barrancos that remain with similar drainage patterns until 406 

now (Leitz and Schmincke, 1975; Cabrera et al., 2008; Menendez et al., 2008). The 407 

eruptions of the rejuvenated stage, mainly the Post-Roque Nublo volcanism (ca. 3.5 Ma 408 

to present), emerged in a very dissected island with a rough relief, so cones and lava 409 

flows growth with a strong topographic control (Guillou et al., 2004; Rodriguez-410 

Gonzalez, 2009; Rodriguez-Gonzalez et al., 2011).  411 

Taking into account data presented in this paper, volume loss of the cones is 412 

mainly influenced by the terrain where they were formed. Therefore, the highest 413 

degradation rates are noticed at the cones grown within ravines or with some of their 414 

flanks attached to them, such as Caldera Bandama (2), whose south flank rested on the 415 

L-type barranco (Barranco de Las Goteras). Similar conditions are found in El Draguillo 416 

(24), Montaña de Barros II (23), El Hoyo (22), Embudo de Fagajesto (17B) and El 417 

Lentiscal (5) volcanoes. By contrast, cones arising in watershed boundary areas are 418 

those with minor erosive effects and undergone suffered denudation by gravitational 419 

phenomena and, mainly, by anthropogenic activities. These are the cases of El Melosal 420 

(21), Cono de Fagajesto (17A), Montañón Negro (16), Pinos de Gáldar (15), Jabalobos 421 

(14), Montaña Negra de Jinámar (10), Sima de Jinámar (9) and Montaña Rajada (8) 422 

volcanoes (Figs. 4A and 6A).  423 

The key factor for lava degradation s is the type of ravine where they flowed. 424 

Thus, the highest erosion rates occur in the lavas channeled into ravines categorized as 425 

XL-type, such as El Hoyo (22), Cono de Fagajesto (17A), Montañón Negro (16), Pinos 426 

de Gáldar (15) and El Lentiscal (5). By contrast, lava flows in S-type barrancos have 427 

lower erosive rates, like Caldereta Valleseco (18), Jabalobos (14) and El Garañón (3) 428 

(see Figs. 4B and 6B).  429 

Exceptions are Doramas (4) and San Mateo (19) lava flows, which have very low 430 

erosive rates despite entering in XL-type barrancos. In the case of Doramas (4) flow, it 431 

is in a S-type barranco where it traveled downwards 36.5% of the ravine length. When 432 

this lava entered tin he Barranco de Azuaje (XL-type), it produced a low elevation, 433 

forming tubes that force the surface runoff to fit inside, so the erosion of lava edges 434 

contacting the substrate is minimal. On the other hand, the lava flow of San Mateo (19) 435 

eruption runs 62% of the total route of a L-type barranco. When enters in the Barranco 436 

de Guiniguada (XL-type), from an elevation of 550 m, it barely runs down 1,200 m 437 

through it. This short run, combined with an intermediate topographic height and a 438 



moderate slope, determine a relatively low erosion rate. On the opposite side, the 439 

Berrazales (13) lava flow is channeled into an S-type barranco, but its erosion rate is 440 

similar to that of long ravines. The explanation lies in the steep slopes of this ravine, 441 

with an average value of 12.8º along the entire lava flow emplacement, which allows 442 

the joint action of water erosion and intense gravitational phenomena.  443 

A singular case is Montaña de Santidad (20) eruption, where degradation 444 

volume belongs jointly to three flows that run through tributary ravines to meet a single 445 

flow in the main barranco. When rates are individually calculated, they are comparable 446 

to the L-type barrancos, whereas considered together the value obtained is similar to 447 

those of the XL-type barrancos. 448 

  449 

5.1.3. Local climatic environment  450 

The climatic zoning of Gran Canaria affects significantly the erosion scale of the 451 

ravines when a large geological time is taking into account (Menendez et al., 2008). 452 

However, when only the Holocene period is considered, as in the present work, the 453 

climatic zoning have a low influence (figures 4 and 6).  454 

It should be noted that erosion acting on the lava flows is discontinuous over 455 

time, since in most cases the denudation concentrates during very fast torrential events, 456 

with large blocks falling in ravines, while the stream water erosion is low during most 457 

of the year (see Fig. 7C). These torrential phenomena occur in ravines located in the wet 458 

and dry sectors. 459 

 460 

5.1.4. Anthropogenic effects  461 

In most cases, the loss of volume of cones is due to anthropogenic activities; 462 

either because of implementation of infrastructures or by extraction of aggregates (Fig. 463 

5). Anthropogenic processes are less effective on lava flows than on cones. 464 

Nevertheless, some changes are obvious due to agricultural use, road networks, urban 465 

occupation or small quarries for extraction of stone for the construction industry. For 466 

instance, a remarkable example of anthropogenic activity is noted on the lava flow from 467 

the eruption of Pico Bandama (1) which, should present a low degradation volume due 468 

to its age and orographic location. In any case, the anthropogenic degradation is smaller 469 

than the natural, specially the water erosion in the ravines. Thus, the anthropogenic 470 

effects are more remarkable in cones than in lava flows but in both volcanic units 471 

accelerate their denudation and distorts the natural erosive effects. 472 



 473 

5.2. Regional factors  474 

Besides the local factors affected the denudation of volcanic materials, the 475 

effects of regional factors must be also considered. In this sense, three phenomena 476 

should be mentioned. Firstly, the tilting phenomenon that the island undergone towards 477 

the west by the weight of the neighbor Tenerife Island, which being younger, emerges 478 

leaning on the submerged slopes of Gran Canaria. This tilting deepens more the eastern 479 

ravines to compensate the motion (Menendez et al., 2008). Secondly, this tilting may be 480 

the cause of massive landslides phenomena that generate sharp geomorphological 481 

changes on the terrain (Hansen, 2009). Thirdly, the growth of La Isleta edifice on the 482 

edge NE of Gran Canaria produced a differential uplift of this part of the island 483 

(Menendez et al., 2008; Hansen, 2009).  484 

Although the combined effects of these three phenomena are observable at the 485 

Plio-Quaternary timescale, when considering only the Holocene period they seem to be 486 

unnoticed since no significant differences in denudation processes, as well as in 487 

volcanic construction are observed between western and eastern volcanic areas 488 

(Rodriguez-Gonzalez et al., 2011) (Figs. 4 and 6). This suggests that these phenomena 489 

of differential tilting by the weight of the Tenerife Island and the lifting of La Isleta are 490 

very slow. Additionally, they have not produced large-scale landslides during the 491 

Holocene. 492 

  493 

5.3. Comparison with other intraplate volcanic islands  494 

The information on degradation is scarce on intraplate volcanic islands and 495 

practically it is limited to estimates of linear incision. Few islands are so well 496 

documented as the Canary Islands, particularly due to the numerous dating works 497 

performed. In the specific case of Gran Canaria, an incision rate of 0.09 m/kyr has been 498 

determined in the global computation of the island considering the last 14.5 Ma 499 

(Menendez et al., 2008). If we consider only the incision rates depending on the climatic 500 

environments, affected by volcanism, the Holocene rates range between 0.08 m/kyr for 501 

the dry-young sector and 0.18 m/kyr for the old-wet sector (Menendez et al., 2008). The 502 

last results are comparable to those presented in this work if only the lava flows are 503 

considered. Instead, the values generated by cones and some type of substrate (old 504 

basalts and Las Palmas Detritic Formation) a be higher.  505 



If we look at the other Canary Islands, the incision values are similar or slightly 506 

lower in islands in very late stage of rejuvenation, such as Fuerteventura and Lanzarote, 507 

or in stages of volcanic quiescence, as La Gomera (Paris, 2002; Paris et al., 2005). 508 

However, on juvenile-stage islands, such as La Palma or El Hierro, or in stage of initial 509 

rejuvenation, as Tenerife, the values are higher, ranging between 0.2 to 0.9 m/kyr for 510 

the first two islands, and from 0.2 to 0.8 m/kyr for the latter (Paris, 2002).  511 

In other oceanic islands of intraplate volcanic origin, incision rates are generally 512 

higher. It has been estimated in 2 m/kyr the lineal erosion in the northwest of Big Island 513 

(Hawai’i), based on a lava flow of 0.26 Ma (Peterson and More, 1987). In the valleys of 514 

the massif of Haleakala (east of Maui, Hawai’i), incision rates reach up to 10 m/kyr in 515 

volcanic formations of less than 0.4 Ma (Macdonald et al., 1983; Karátson et al., 1999). 516 

On the island of Rèunion, in the Massif of Piton des Neiges, the incision rate varies 517 

between 2 and 5 m/kyr for radial valleys with volcanic materials of 0.2 Ma (Mairine and 518 

Bachèlery, 1997). These estimates are higher than those obtained on the Canary Islands 519 

because, firstly, both Rèunion and Hawai’i have a much more humid tropical climate, 520 

with annual rainfall between 2,300 and 4,000 mm/yr on Rèunion and between 1,120 and 521 

5,180 mm/yr on Hawai’i. However, on the Canary Islands, the annual average 522 

precipitation ranges between <200 to 800 mm/yr. Secondly, the isostatic movements of 523 

these first two volcanic archipelagos are of greater importance than those found on the 524 

Canary Islands (Grigg and Jones, 1997; de Voogd et al., 1999; Watts, 2000; Collier and 525 

Watts, 2001; Zazo et al., 2002; Zhong and Watts, 2002; Carracedo and Tilling, 2003; 526 

Oehler, 2005; Menendez et al., 2008). These isostatic movements enhance the erosive 527 

rates. Values range between 0.028 and 0.330 mm/yr for Hawai´i islands and up to 1 528 

mm/year on the island of Rèunion. However, on the Canary Islands, specifically on the 529 

island of Gran Canaria, it ranges between 0.015 and 0.090 mm/yr. 530 

  531 

6. Conclusions 532 

The erosion of Holocene volcanoes of the island of Gran Canaria is independent 533 

to the location (western and eastern volcanic areas) and to the climatic environment (dry 534 

and wet quadrants).  535 

Cones undergo a greater denudation than lavas because of the unconsolidated 536 

nature of materials. Pre-eruption topography is the main local factor affecting their 537 

erosion. Cones in the interior of ravines or with some of their flanks resting on them 538 

show the greatest degradation rates (274,628 to 1,535,598 m
3
/ka), while the ones 539 



located on watershed boundary areas have the lowest rates (920 to 26,896 m
3
/ka). 540 

Therefore there is an order of magnitude of 10 to 1,670 times between the highest to 541 

lowest degradation rates.  542 

Lava flows have a stronger influence than cones in the evolution of the ravines because 543 

the lava flows modify dramatically their courses. Therefore, the main factor influencing 544 

their degradation rates is the type of ravine, so that the highest rates are observed in 545 

lavas channeled into extra-large barrancos (XL-type) with values ranging from 42,261 546 

to 153,614 m
3
/ka. On the other hand, the lowest degradation rates occur in those lavas 547 

which run through short barrancos (S-type) with values ranging from 4,802 to 7,586 548 

m
3
/ka, hence with an order of magnitude of 6 to 30 times lower than those observed in 549 

XL-type barrancos.  550 

Consequently, the local factors of topographical location and type of ravine exert 551 

the greatest influence on the erosion of Holocene volcanic landforms in Gran Canaria. 552 

Climatic and isostatic movements involve a much smaller influence, probably due to the 553 

fact that the period of time considered in this work (the Holocene) is very short to 554 

appreciate the effects of these processes.  555 

Anthropogenic dismantling greatly affects many of the Holocene volcanoes 556 

studied. Thus, of the 24 cones studied, 11 are severely affected by anthropogenic 557 

activities, and 7 of the 23 lava flows considered show also a large human impact.  558 

The pyroclastic sheet-like fall deposits of the studied eruptions are not 559 

considered in this paper due to the impossibility to apply the methodology above 560 

presented. The low thickness, fine grained and non-consolidate nature, mainly in distal 561 

areas, give this volcanic unit the lowest preservation potential and difficult the accuracy 562 

calculations of the degradation parameters. 563 
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 743 

Figure Captions  744 

 745 

Figure 1: Simplified geological map showing the main volcanic features and 746 

geomorphological sectorization in relation to the age of volcanic material and the 747 

dominant wet or dry zones of Gran Canaria (Canary Islands).  748 

 749 

Figure 2: Sketch map showing the distribution of Holocene eruptions and the 750 

radiocarbon dating results obtained from eruptions reliably fixed stratigraphically of 751 

Gran Canaria after Rodriguez-Gonzalez et al. (2010).  752 

 753 

Figure 3: Examples of Digital Terrain Models obtained from the geomorphological 754 

reconstruction of the zone affected by the eruption of El Draguillo, showing pre-755 

eruption, post-eruption and present-day statuses.  756 

 757 

Figure 4: Comparison between original volume and degradation volume by natural and 758 

anthropogenic phenomena. A) cones, B) lava flows of Holocene eruptions of Gran 759 

Canaria.  760 

 761 

Figure 5: 3D view of Caldera Bandama (2), Montaña Rajada (8), Sima de Jinámar (9) 762 

and Montaña Pelada (12) eruptions. Note the highly anthropogenic effects on Sima de 763 

Jinámar and Montaña Pelada cones, the topographic protection of Montaña Rajada in 764 

the eastern flank of Montaña Pelada and the strong stream water erosion along the south 765 

flank of Caldera Bandama lie on the Las Goteras barranco. 766 

 767 

Figure 6: Degradation volume in the cone and lava flows determined using an average 768 

rate of evacuation, expressed as volume degradated every 1,000 years. Volcanic edifices 769 

of the west and east sectors and climatic environment have been differentiated. Only 770 

shown those which have been affected exclusively by natural erosive effects. A) cones, 771 

B) lava flows.  772 

 773 

Figure 7: General views of the erosive effects on lava flows and substrate. A) stream 774 

water erosion are channeled in the inner part of lava flow due to developing of 775 

important levées (example from Jabalobos -14- eruption). B) Strong stream water 776 



erosion on the edge of lava flow and the surrounding substrate (Cono de Fagagesto -777 

17A- eruption). C) Overview of the lava flow of El Lentiscal (5) eruption where observe 778 

the direct action of stream water erosion on the base of the flow, causing the block 779 

falling from the levée of the lava flows.  780 

 781 

 782 

Table Captions  783 

 784 

Table 1: Holocene volcanic eruptions of Gran Canaria sorted chrono-stratigraphically, 785 

pointing out the environmental local climate and the ravine length type and the location 786 

of the lava flow in the ravine.  787 

 788 

Table 2: Volumes and areas, original (post-eruption) and present-day, of cones and lava 789 

flows of Holocene volcanic edifices of Gran Canaria.  790 

 791 

Table 3: Degradation volume, degradation rate and incision rate of cone and lava from 792 

Holocene volcanic edifices of Gran Canaria, as well as the volume of degradation 793 

material from the substrate affected by Holocene lavas (BSV: Basaltic Shield Volcano, 794 

LPDF: Las Palmas Detritic Formation, RN: Roque Nublo stratovolcano and PRN: Post-795 

Roque Nublo volcanism, QS: Quaternary Sediment). (*) Volcanic eruptions with cones 796 

strongly affected by anthropogenic activities. 797 



 

Volcanic edifice 
(n = 24) 

Age 

(yr B.P.) 

 

Situation in the 

barranco 

(He=Head; 

Md=Medium) 

Altitude Intervals 

(m) 

Length of the barranco 

(S=Short; L=Large; 

XL=Extra-Large) 

Environment 

Climate 

(W=Wet; D=Dry) Nº 

 

Toponymy 

      
 

1 Pico Bandama 1,970 ± 70 Md 350 – 140 S W 
2 Caldera Bandama ─ ─ ─ ─ W 
3 El Garañón 1,990 ± 40 He 1,500 – 1,190 S W 
4 Doramas 2,420 ± 40 Md 710 – 105 XL W 
5 El Lentiscal 2,450 ± 50 Md 320 – 150 XL W 
6 Montaña de El Gallego ─ Md 115 – 15 S W 
7 Cuesta de Las Gallinas ─ Md 160 – 55 S W 
8 Montaña Rajada ─ ─ ─ ─ W 
9 Sima de Jinámar 2,470 ± 50 He 235 – 110 S W 
10 Montaña Negra de Jinámar 2,540 ± 60 ─ ─ ─ W 
11 Montaña Pelada II ─ Md 145 – 80 L W 
12 Montaña Pelada ─ ─ ─ ─ W 
13 Berrazales ─ Md 535 – 265 S W 
14 Jabalobos 2,760 ± 60 Md 640 – 200 S W 
15 Pinos de Gáldar 2,830 ± 60 He 1,320 – 460 XL W 
16 Montañón Negro 2,970 ± 70 He 1,510 – 525 XL W 

17B Embudo de Fagajesto ─ ─ ─ ─ W 
17A Cono de Fagajesto 3,030 ± 90 He 1,045 – 0 XL W 
18 Caldereta Valleseco ─ He 1,160 – 420 S W 
19 San Mateo 5,790 ± 70 Md 805 – 490 XL W 
20 Montaña de Santidad ─ He 600 – 150 L D 
21 El Melosal ─ Md 535 – 200 L D 
22 El Hoyo 5,830 ± 100 Md 455 – 230 XL W 
23 Montaña de Barros II ─ Md 555 – 305 S W 
24 El Draguillo 10,610 ± 190 Md 365 – 230 L D 

Table 1



 

Volcanic edifice 
(n = 24) 

Original volume 
(m

3
) 

Real volume 
(m

3
) 

Original surface 
(m

2
) 

Real surface 
(m

2
) 

Nº Toponymy Cone Lava flow Cone Lava flow Cone Lava flow Cone Lava flow 

1 Pico Bandama 47,037,655 10,738,722 46,104,995 10,670,071 654,874 881,819 631,438 878,139 

2 Caldera Bandama 13,032,537 1,000 10,007,408 900 1,240,874 333 1,240,874 300 

3 El Garañón 838,607 197,408 697,738 187,852 63,480 62,547 58,806 61,767 

4 Doramas ─ 172,420 ─ 150,073 ─ 191,967 ─ 185,573 

5 El Lentiscal 10,599,533 9,945,377 9,364,561 9,569,244 344,560 993,703 318,693 945,728 

6 Montaña de El Gallego 1,219,357 509,445 684,872 468,915 62,453 430,261 62,453 338,046 

7 Cuesta de Las Gallinas 795,217 351,584 632,731 318,913 83,335 148,454 66,901 133,613 

8 Montaña Rajada 30,079 127,315 27,807 106,479 3,911 43,740 3,715 36,236 

9 Sima de Jinámar 1,500,764 292,597 1,098,721 257,725 76,006 137,033 76,006 121,782 

10 Montaña Negra de Jinámar 1,045,332 33,000 870,209 26,898 119,453 11,000 118,335 8,966 

11 Montaña Pelada II 1,106,206 379,826 1,040,960 338,426 77,574 191,893 71,290 186,713 

12 Montaña Pelada 26,896,616 ─ 24,307,279 ─ 636,721 ─ 636,721 ─ 

13 Berrazales 1,067,773 405,046 529,631 359,027 55,429 81,060 47,888 71,674 

14 Jabalobos 178,820 277,434 174,658 256,497 19,886 135,166 19,595 123,007 

15 Pinos de Gáldar 16,968,864 1,720,494 16,581,838 1,586,155 642,662 596,649 636,789 591,207 

16 Montañón Negro 17,401,101 4,862,313 17,038,903 4,736,798 521,844 1,003,530 500,781 1,002,084 

17B Embudo de Fagajesto 903,137 ─ 71,015 ─ 33,380 ─ 11,000 ─ 

17A Cono de Fagajesto 990,762 7,182,914 909,266 6,717,465 74,318 1,327,880 71,837 1,291,069 

18 Caldereta Valleseco 6,676,533 2,928,364 6,482,380 2912,994 204,610 786,440 191,826 772,687 

19 San Mateo 826,617 664,922 562,587 593,811 58,495 199,052 56,360 187,374 

20 Montaña de Santidad 6,004,675 4,418,828 3,054,490 4,070,752 206,601 1,368,138 206,601 1,359,181 

21 El Melosal 494,324 454,023 474,570 391,799 52,562 211,091 52,562 189,977 

22 El Hoyo 2,452,957 963,461 2,045,572 641,657 89,473 307,517 76,147 260,367 

23 Montaña de Barros II 1,117,449 157,724 796,084 98,039 48,922 73,678 39,530 66,876 

24 El Draguillo 691,379 301,015 218,542 168,001 34,128 59,034 18,188 39,380 

 
Median 1,111,828 405,046 889,738 359,027 76,790 191,967 71,564 186,713 

Mean 6,661,512 2,047,184 5,990,701 1,940,369 225,231 401,825 217,264 384,859 

Minimum 30,079 1,000 27,807 900 3,911 333 3,715 300 

Maximum 47,037,655 10,738,722 46,104,995 10,670,071 1,240,874 1,368,138 1,240,874 1,359,181 

Standard deviation 11,119,028 3,210,554 10,775,620 3,131,090 303,168 436,206 302,643 432,255 

Table 2



 

 

Volcanic edifice (n = 24) Degradation volume (m
3
) Degradation rate (m

3
/ka) Incision rate (m/ka) 

 
Cone Lava 

Lava flow substrate 
  

Nº Toponymy Volume (m
3
) Type Cone Lava Substrate Cone Lava Substrate 

1 
(*)

 Pico Bandama 932,660 68,651 22,727 LPDF 473,431 34,848 11,537 0.60 0.01 1.00 

2 Caldera Bandama 3,025,129 100 ─ ─ 1,535,598 51 ─ 1.24 0.002 ─ 

3 El Garañón 140,869 9,556 388 PRN 70,788 4,802 195 0.68 0.06 0.25 

4 Doramas ─ 22,347 10,951 RN ─ 9,234 4,525 ─ 0.04 0.71 

5 El Lentiscal 1,234,972 376,133 181,044 LPDF 504,070 153,524 73,896 0.56 0.04 1.17 

6 
(*)

 Montaña de El Gallego 534,485 40,530 25,961 QS 216,478 16,416 10,511 3.47 0.08 0.11 

7 
(*)

 Cuesta de Las Gallinas 162,486 32,671 4,019 QS 65,810 13,232 1,627 0.03 0.01 0.12 

8 Montaña Rajada 2,272 20,836 15,611 HV 920 8,439 6,320 0.08 0.01 0.22 

9 
(*)

 Sima de Jinámar 402,043 34,872 ─ ─ 162,770 14,118 ─ 2.14 0.01 ─ 

10 
(*)

 Montaña Negra de Jinámar 175,123 6,102 ─ ─ 68,946 2,402 ─ 0.55 0.11 ─ 

11 Montaña Pelada II 65,246 41,400 8,053 LPDF 24,621 15,623 3,039 0.13 0.06 0.54 

12 
(*)

 Montaña Pelada 2,589,337 ─ ─ ─ 977,108 ─ ─ 1.53 ─ ─ 

13 Berrazales 538,142 46,019 ─ ─ 194,979 16,674 ─ 2.97 0.004 ─ 

14 Jabalobos 4,162 20,937 19,352 PRN 1,508 7,586 7,012 0.03 0.01 0.58 

15 
(*)

 Pinos de Gáldar 387,026 134,339 7,957 RN – PRN 136,758 47,470 2,812 0.13 0.07 0.40 

16 
(*)

 Montañón Negro 362,198 125,515 ─ ─ 121,952 42,261 ─ 0.23 0.04 ─ 

17B Embudo de Fagajesto 832,122 ─ ─ ─ 274,628 ─ ─ 6.80 ─ ─ 

17A Cono de Fagajesto 81,496 465,449 145,882 BSV 26,896 153,614 48,146 0.22 0.07 1.28 

18 
(*)

 Caldereta Valleseco 194,153 15,370 14,209 RN – PRN  64,056 5,071 4,688 0.38 0.02 0.36 

19 
(*)

 San Mateo 264,030 71,111 18,762 PRN 45,601 12,282 3,240 0.72 0.03 0.15 

20 
(*)

 Montaña de Santidad 2,950,185 348,076 20,558 PRN 506,556 59,766 3,544 2.45 0.04 0.12 

21 El Melosal 19,754 62,224 47,041 PRN 3,391 10,682 8,111 0.06 0.02 0.31 

22 El Hoyo 407,385 321,804 85,892 QS-PRN 69,877 55,198 14,733 0.09 0.11 0.28 

23 Montaña de Barros II 321,365 59,685 1,478 PRN 53,294 9,898 246 0.45 0.11 0.24 

24 El Draguillo 472,837 133,014 65,599 PRN-QS 44,565 12,537 6,183 0.78 0.08 0.30 

 
 

Median 374,612 46,019 19,057  70,333 13,232 5,436 0.56 0.04 0.31 

Mean 670,812 106,815 38,638  235,192 30,684 11,687 1.10 0.05 0.45 

Minimum 2,272 100 388  920 51 195 0.03 0.002 0.11 

Maximum 3,025,129 465,449 181,044  1,535,598 153,614 73,896 6.80 0.11 1.28 

Standard deviation 898,156 134,605 50,951  359,454 42,287 18,879 1.56 0.04 0.36 

Table 3
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