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Abstract  14 

The 1.5 Ma Adeje Formation in SW Tenerife contains an ignimbrite sheet with remarkable textural and 15 

chemical complexity. A basal Plinian pumice-fall layer is overlain by a partly welded compound 16 

ignim brite in which phonolitic pumice lapilli and dense obsidian spatter rags with irregular, fluidal-17 

shaped margins are supported in a poorly sorted tuff matrix. The lower ignimbrite flow-unit contains 18 

accretionary lapilli in its upper part, overlain by an ash pellet-bearing fallout layer from a co-ignimbrite 19 

plume. The upper ignimbrite flow-unit comprises a locally welded massive lapilli-tuff that grades up 20 

into lithic breccia containing juvenile obsidian blocks and both cognate and vent-derived lithic blocks.  21 

Geochemically, the Adeje Formation shows two distinct juvenile populations that relate to crystal-poor 22 

and crystal-rich magma types.  Crystal-rich juvenile clasts contain multiple compositions of ilmenite 23 

and magnetite, and crystal aggregates of bytownite (An79-86). The varied assemblage of juvenile clasts 24 

reflects an eruptive style that may have involved rapid changes in magma chamber pressure associated 25 

mailto:pablo.davila@ipicyt.edu.mx


 2 

with caldera collapse, and possibly the disruption of a lava-lake. The Adeje eruption started with a  26 

Plinian explosive phase that rained ash and pumice lapilli across SW Tenerife; followed by pyroclastic 27 

fountaining feeding density currents with explosive ejecta of juvenile glassy material producing the 28 

coarse, spatter-bearing ignimbrite facies. A short pause between pyroclastic density currents is recorded 29 

by the co-ignimbrite ash and pellet-fall bed. The climactic phase of the eruption probably involved 30 

caldera subsidence as recorded by a widespread massive heterolithic breccia.  31 

 32 

 Keywords: Tenerife, explosive eruptions, pyroclastic density current, phonolite, spatter, ignimbrite  33 

 34 

1. Introduction 35 

Las Cañadas volcano on Tenerife has a long history of explosive Plinian eruptions that have repeatedly 36 

dispersed ash and pumice across the island and sent catastrophic pyroclastic density currents cascading 37 

down the flanks. It is an ideal place to study the products of explosive eruptions on intraplate ocean-38 

island volcanoes: its history is recorded in a spectacularly well-exposed and dissected pyroclastic 39 

apron, the Quaternary Bandas del Sur apron, which covers more than 200 km2 of the southern coastal 40 

desert (Fig. 1; Bryan et al. 1998; Brown et al. 2003). More than 35 soil-bound explosive eruption-units 41 

are recorded within this 1.8–0.13 Ma succession, including abundant ash and pumice fall deposits 42 

intercalated with a variety of welded and non-welded ignimbrites, phreatomagmatic tuffs, a debris-43 

avalanche deposit (Dávila-Harris et al. 2011), and the products of smaller flank and rift-zone eruptions. 44 

Major eruption-units can be traced over irregular topography, allowing detailed investigation of magma 45 

chamber process, eruption styles and pyroclastic emplacement processes (e.g. Pittari et al. 2004; Brown 46 

and Branney 2004).   47 

This paper documents the 1.559 ± 0.014 Ma Adeje Formation (Fig. 2) an unusual spatter-bearing 48 

ignim brite in the Bandas del Sur Group that displays marked textural, depositional and geochemical 49 
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variability. It is one of the oldest exposed ignimbrite sheets on the island. We describe its internal 50 

stratigraphy, vertical and lateral lithofacies variations, geochemistry and petrology (Fig. 2), and give 51 

the first interpretation of its eruption, transport and depositional mechanisms. The Adeje Formation 52 

shares many physical and geochemical similarities with other lower Pleistocene ignimbrites (e.g., 53 

Gaviotas, Pegueros and Derriscaderos ignimbrites, Dávila-Harris 2009) and with younger (e.g. Arico, 54 

Bryan 1998; Brown et al. 2003) ignimbrite sheets on the island, suggesting a similarity of activity for > 55 

1.5 Ma. This study helps better define the processes and products of large explosive eruptions on the 56 

island. 57 

2. Geological Setting 58 

The intraplate ocean-island volcano of Tenerife lies in the northeast Atlantic Ocean, 300 km off the 59 

coast of Morocco. Subaerial eruptions have occurred since the Miocene at three deeply eroded Miocene 60 

to Pliocene basaltic massifs (‘Old Basaltic Series’ of Fúster et al. 1968; Ancochea et al. 1990) and from 61 

an overlying, younger central edifice, Cañadas volcano, which includes more differentiated products 62 

(Martí et al. 1994). Cañadas volcano has been active for >3 Ma and has produced numerous caldera-63 

forming ignimbrite eruptions (e.g. Martí et al. 1997; Ancochea et a l. 1999; Brown et a l. 2003) as well 64 

as sector-collapse landslides normal to three rift zones that radiate from the summit caldera (Fig. 1). 65 

Most research on the Quaternary explosive volcanism has focussed on the younger (0.65 – 0.13 Ma) 66 

upper part of the Bandas del Sur pyroclastic apron of Cañadas volcano, best exposed in the southeast 67 

(Alonso 1989; Bryan et al. 1998; Brown et al. 2003; Edgar et al. 2007). In contrast, this work concerns 68 

the older (~1.8 to 0.8 Ma), 'lower' Bandas del Sur Group (Brown et al. 2003: Dávila-Harris 2009) 69 

exposed between Los Cristianos and Playa de San Juan in southwest Tenerife (Fig. 2). There, a variety 70 

of predominantly phonolitic pyroclastic fall deposits and ignim brites are intercalated with basaltic to 71 

phonolitic lavas, gravel, and palaeosols as well as the products of local flank and southern rift-related 72 

eruptions (Dávila-Harris 2009). 73 
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2.1 Previous studies of ignimbrites around Adeje 74 

No single exposure around Adeje reveals the complete pyroclastic succession—most Tenerife 75 

ignim brites are discontinuous due to localised deposition and erosion (e.g. Brown and Branney 2004). 76 

The succession was originally divided informally into: older undifferentiated pyroclastic units (Fúster 77 

et al, 1994) overlain by the ‘Adeje-type Ignimbrites’ (described as a non-welded to partly welded  78 

‘siena tostada’ unit SW of Adeje); in turn overlain by a dark grey ‘Taucho Ignimbrite’; and an upper 79 

eutaxitic, greenish ‘Playa de San Juan Ignimbrite’ (Fúster et al. 1994; Fig. 1). 80 

 81 

Published K-Ar and 40Ar/39Ar dates of the ‘Adeje-type ignimbrites’ range from 1.54 ± 0.28 to 1.68 ± 82 

0.10 Ma (Fúster et al. 1994; Ancochea et al. 1999; Huertas et al. 2002) but suffer from low precision 83 

(e.g. errors up to 18 %), unclear stratigraphic locations and apparently conflicting dates for individual 84 

units. The Adeje ignimbrite was taken to be part of the Arico Formation (Middleton and Cas 2004), 85 

also locally orange with obsidian clasts (Schmincke and Swanson 1967; Bryan et al. 1998), but the 86 

latter is now known to be much younger (668 ± 4 ka; Brown et al. 2003). Descriptions and limited 87 

geochemical data from the 'Adeje red ignimbrite' were presented by Wolff (1983), who noted the 88 

presence of obsidian and poorly vesicular juvenile clasts, welding, and similarities with ignim brite ‘F’ 89 

of Arico (now known as the Arico Formation; Brown et al. 2003). 90 

 91 

3. Study methods and nomenclature 92 

As part of a broader initiative to document the pre-700 ka pyroclastic stratigraphy of southern Tenerife 93 

(Dávila-Harris, 2009), sixty-five pyroclastic sections in SW Tenerife (Fig. 1) have been logged in 94 

detail. Eruption-units, pyroclastic lithofacies, palaeosols and erosion surfaces were defined, 95 

characterised and traced-out, noting lateral variations, and the lithofacies and field relations were 96 

interpreted (lithofacies descriptions in Online Resource 1). This paper adopts existing stratigraphic 97 
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names where possible but to avoid confusion, the loose grouping ‘Adeje-type ignimbrites’ (Fúster et al. 98 

1994; Huertas et al. 2002) is dropped and the term Adeje Formation is defined for a specific, regionally 99 

traceable unit (following the lithostratigraphic scheme of Brown et al. 2003, 2010, and Dávila-Harris 100 

2009). 101 

 102 

4. The Adeje Formation 103 

4.1 Stratigraphy 104 

The Adeje Formation is a distinctive, lithologically heterogeneous ignimbrite sheet in the lower Bandas 105 

del Sur Group (Fig. 3). It outcrops across southwest Tenerife from Las Americas in the south, to Playa 106 

de San Juan in the northwest (Fig. 1, inset). The most complete type section occurs at Barranco de las 107 

Galgas, Playa Paraíso (Fig. 1), where it rests upon a well-developed palaeosol on the Fañabé 108 

Formation, and is unconformably overlain by basalt lava and by the San Juan Formation (Figs. 3 and 4 109 

log 7-9). The intricate erosive contacts between the two formations (e.g. at the type section; Fig. 5a) are 110 

thought to reflect erosion and local regolith formation of a lithified Adeje ignimbrite substrate at a 111 

desert coastal platform, prior to emplacement of the San Juan Formation ignimbrite: (see Online 112 

Resource 1 figures). The Adeje Formation is overlain by the erosive base of the San Juan Formation 113 

ignim brite with no intervening soil at Barranco de Erques (Fig. 4 log 7), but the two formations are 114 

interpreted to be distinct eruption-units because (1) they are separated by a basalt lava, at Punta Negra 115 

(Online Resource 1), and (2) the Adeje Formation is locally overlain by phonolite lava resting upon a 116 

baked palaeosol near Barranco del Agua (Fig. 6), indicating a significant hiatus between the Adeje and 117 

San Juan eruptions. Moreover, tracing these units up-slope, irregular contacts persist and a paleosol is 118 

locally exposed (Figs. 1 and 4 log 7). 119 

 120 

At the type section, the Adeje Formation is subdivided into four lithostratigraphic units: layers A-D. 121 
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Layer A is a 1 m-thick pumice layer, and is overlain by a compositionally zoned, compound ignimbrite 122 

sheet, comprising a 3–20 m thick, slightly welded ignimbrite flow-unit (layer B) with a pale-cream, 123 

non-welded base that is separated from an upper ignimbrite flow-unit (layer D) by a sub-horizontal ash 124 

layer (layer C; Figs. 3 and 4). Single K feldspars separated from pumice in flow-unit 2 (layer D), at 125 

Adeje have yielded an 40Ar/39Ar date of 1.559 ± 0.014 Ma (2 σ) (Pringle, in Dávila-Harris, 2009). 126 

 127 

Within the Ucanca caldera wall succession (Fig. 1), the Adeje ignimbrite is temporally equivalent to 128 

the lower part of the Upper Group, possibly to units in the Guajara Formation (Martí et al. 1994). An 129 

ignim brite within the lower part of the Guajara Formation contains large, black crystal-rich juvenile  130 

clasts in a partly welded matrix, and has yielded a K-Ar age of 1.5 Ma (Martí pers. comm.) and may be 131 

a proximal equivalent of the Adeje Formation. 132 

 133 

4.2 Individual layer description 134 

Layer A: massive to diffuse parallel-bedded ash and pumice lapilli 135 

Layer A of the Adeje Formation rests on a palaeosol and is up to 1 m thick. The base of layer A 136 

comprises a 3 cm-thick pumiceous ash that coarsens upwards into a layer ~15 cm thick, of coarse ash 137 

to fine pumice-lapilli, in turn overlain by 80 cm thick layer of massive and diffuse parallel-bedded 138 

pumice lapilli (mL and dbpL on Fig. 4, log 8 and Fig. 5). Pumice lapilli are 3 to 5 cm, green to grey, 139 

angular, well-sorted, framework-supported, crystal-poor and partly zeolitised. They are accompanied 140 

by subordinate, smaller, black and grey basalt and phonolite angular lithic lapilli. The layer thickens 141 

towards the northwest of Adeje, indicating a southwest-trending dispersal axis (F ig 1). The upper 142 

contact of layer A is sharp and scoured. 143 

 144 

Interpretation: Layer A records the opening phase of the Adeje eruption, with the developm ent of a 145 
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Plinian eruption column that dispersed ash and phonolite pumice lapilli widely over southwest 146 

Tenerife, >10 km from source. Its fallout origin is indicated by the very good sorting, pumice 147 

angularity, framework support, parallel bedding, and systematic lateral changes in grainsize. The finer 148 

grained basal part records a lower, initial column, and the upward coarsening records increasing 149 

column height as the eruption waxed. The diffuse bedding above this records unsteady fallout, probably 150 

caused by short-lived fluctuations in the height of the eruption plume (e.g. Rosi et al. 1999). 151 

 152 

Layer B:  massive lapilli-tuff and lithic breccia 153 

At the type locality, layer B is ≤3 m thick but varies up to 6 m thick, and rests upon the lower pumice-154 

fall deposit. It comprises predominantly massive lapilli-tuff (mLT; Fig. 6) with extensive lenses of 155 

lithic breccia (mlBr), < 2 m thick and traced laterally for up to 500 m. Rounded, variably altered, 156 

pumice lapilli and angular lithic lapilli are supported in a pale brown ash matrix composed of glass 157 

shards and abundant (≤ 5-10 %) crystal fragments 0.2 mm to 5 mm across (Fig. 7a). The lithic clasts 158 

reach 1 m in diameter and include phonolite, basalt, volcanic glass and rare syenite. The lowermost few 159 

centimetres of layer B are commonly finer-grained (Fig. 3) and diffuse-stratified, with imbricated lithic  160 

lapilli and local splay-and-fade stratification (Branney and Kokelaar 2002). This locally grades 161 

upwards and laterally into the massive lapilli-tuff. Locally, layer B is pale cream and diffuse-bedded, 162 

with abundant grey to green vesicular pumices (Fig. 5), and grades into massive heterolithologic 163 

breccia (≤2 m thick) composed of black, glassy and crystal-rich juvenile blocks (Fig. 7). The suite of 164 

petrologically varied juvenile clasts is described in Table 2 of Online Resource 1. 165 

 166 

Locally, the massive lapilli-tuff and the lithic breccias of Layer B (mlBr, Fig. 7) contain abundant non-167 

vesicular glassy juvenile clasts, including blocks of porphyritic glass, rich in ‘swallow-tail’ textured 168 

alkali feldspar. The proportion of juvenile clasts increases with height in layer B to form nearly clast-169 



 8 

supported domains of juvenile-clast breccia (up to ~40 vol. %), in which the juvenile blocks reach up to 170 

a meter in diameter, and range in shape from sub-angular to sub-rounded, with fluidal, prismatic-171 

jointed margins. They variously exhibit clastogenic, mingled, and partly devitrified (spherulitic  texture) 172 

in a phonolitic glassy groundmass. Locally (e.g. Barranco de Erques; Fig. 1), poorly developed fiamme 173 

and obsidian with oblate shapes (Fig. 7b) define a eutaxitic texture (emLT), also seen in thin section. 174 

Welding generally increases with height within layer B (Fig. 7c), but varies laterally and vertically, 175 

with welding zones ranging from 0.25 to 3 m. 176 

 177 

Interpretation: The initial Plinian phase transformed into pyroclastic fountaining with the generation of 178 

density currents downslope and across SW Tenerife, as recorded by the very poor sorting, abraded and 179 

rounded pumice lapilli, abundant fines and lateral variability in layer B. The density currents brought in 180 

the denser, green pumice clasts and obsidian blocks, as recorded above the diffuse-stratified lapilli-tuff 181 

facies. The upwards change from diffuse-stratification to more massive, coarser-grained block-rich 182 

lapilli-tuff records a change from the initial impingement of rather unsteady, leading reaches of the 183 

current with lower and variable rates of deposition, to the establishment of more steady, sustained 184 

granular fluid-based current undergoing rapid deposition at a fluid-escape dominated flow-boundary 185 

zone (Branney and Kokelaar 2002). As the eruption gradually waxed, coarser-grained and denser 186 

juvenile material was progressively fed into the current. The variations in the erupting magma, may 187 

record localized changes in magma withdrawal dynamics, with denser ejecta derived from deeper, less 188 

volatile-rich parts of magma chamber.  Other interpretations such as conduit degassing before 189 

fragmentation allowing for longer periods of residence of magma batches in the conduit prior to 190 

explosive extrusion, could also be an alternative (Shea et al. 2012; Alfano et al. 2012). During transport 191 

and deposition, the dense glassy juvenile clasts are thought to have behaved sim ilarly to lithic blocks 192 

with which they are associated, while simultaneously receiving partial support from buoyancy provided 193 

by the density of the enclosing fluid, particle collisions and related segregation processes (Branney and 194 
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Kokelaar 2002). The massive lithic breccias record influxes of lithic material from decrepitating 195 

conduit walls, or were entrained by the density current during the journey from source. The upward 196 

increase in welding is interpreted to record a progressive increase in the temperature of the sustained 197 

density current with time as the current waxed, and as the proportion of larger, hotter juvenile  198 

components increased. Some of the fiamme (e.g. Fig. 7b) are thought to represent former poorly 199 

vesiculated, low-viscosity hot clasts rather than true pumice that collapsed during load welding. A 200 

similar origin has been inferred for glassy fiamme in the Arico Formation and elsewhere (Bull and 201 

McPhie 2007 and references therein). 202 

 203 

Layer C: ash aggregate-bearing  204 

Layer C is a sub-horizontal ash aggregate-bearing layer 25 cm thick. At Lomo del Cuchillo (Fig. 1) it is 205 

traceable for hundreds of metres (Fig. 6). Its lower contact with underlying massive lapilli-tuff (mLT) 206 

and breccias (mlBr) varies from gradational to sharp (Fig. 8a). The layer comprises massive lapilli-tuff 207 

with accretionary lapilli (mLTacc; Fig. 9b) that grades upwards into a clast-supported stratified pellet-208 

layer (sLTpell) that has a sharp upper contact. Above this is a 10 cm thick layer of clast-supported 209 

coarse-ash to fine-lapilli, commonly lithic-rich with a sharp upper contact with layer D.  210 

Interpretation: The lower part of layer C (accretionary-lapilli bearing massive lapilli-tuff) is interpreted 211 

as ignimbrite, deposited from a granular flow-based pyroclastic density current (Branney and Kokelaar 212 

2002) as indicated by the very poor sorting, matrix-supported rounded pumice and lithic lapilli, and 213 

absence of tractional stratification. The overlying, laterally continuous layer of framework-supported 214 

ash pellets is interpreted to be of fallout origin, as it mantles topographic irregularities. Therefore, the 215 

fining-upwards transition into this layer from the underlying accretionary lapilli-bearing ignimbrite 216 

records the last stages of the density current, which probably ended as a dilute and slowly moving ash 217 

cloud that deposited accretionary lapilli, which had grown in the current after being introduced as 218 
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pellets from overlying lofted co-ignimbrite plume, as described for similar sequences elsewhere on 219 

Tenerife (e.g. Brown and Branney 2004; Brown et al. 2010). The presence of ash aggregates is not 220 

necessarily indicative of phreatomagmatism, as sufficient moisture may exist in a co-ignimbrite plume 221 

on this oceanic island to cause particle agglomeration. The pellet-fall layer records a brief hiatus 222 

(minutes to days) between the two major density currents that deposited layers B and D. There is no 223 

evidence of rill-erosion, reworking or soilification in this soft layer that would point to a protracted 224 

time-gap.  225 

 226 

Layer D: massive lapilli-tuff; massive lithic-breccia; massive agglomeratic tuff 227 

Layer D is a dark orange, massive lapilli-tuff and lithic breccia that locally grades into diffuse-bedded 228 

lapilli-tuff with sporadic lenses of black juvenile blocks. It is well exposed at several localities, near 229 

Caldera del Rey, at Costa Adeje, Barranco del Agua and Playa Paraíso (Fig. 1). It reaches 10 m thick 230 

but is typically ~4 m and it exhibits fines-rich, diffuse-stratified lapilli-tuff (dsLT) all within a lithic- 231 

and crystal-rich matrix. A prominent agglomeratic lapilli-tuff facies (mAgLT; Fig. 8a), 3 to 4 m thick, 232 

contains ≤ 20% black, poorly-inflated, sometimes breadcrusted juvenile clasts <0.5 m in size (Fig. 9a). 233 

These vary from sub-rounded to angular, fluidal-shaped and elongated spatter-like, supported in an 234 

orange to dark grey matrix (Fig. 8b). Many of the clasts contain accidental lithic lapilli. Crystal 235 

concentrations of alkali feldspar locally reach 80% in some juvenile clasts (e.g. sample AJ-65; Online 236 

Resource 2), and some show mingling of pale-green glass with black, crystal-rich bands (Table 2 237 

Online Resource 1). The coarse agglomeratic lithofacies that is common at near coastal exposures (Fig. 238 

8b) commonly shows clast imbrication and locally grades into massive lapilli-tuff (emLT) with a dark 239 

grey, weakly eutaxitic matrix. The top is widely scoured, usually eroded or in irregular contact with the 240 

overlying unit (Figs. 5a, 6 and 8a). 241 

 242 
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Interpretation: Layer D represents the climactic phase of the Adeje eruption. Deposition was initially 243 

from a fully dilute pyroclastic current (as indicated by tractional-stratified lithofacies, dsLT), onto the 244 

relatively flat upper surface of layer C. Through time this current evolved into a granular-fluid based 245 

density current (as indicated by the massive, very poorly sorted lithofacies, mLT to mAgLT), probably 246 

with a fluid-escape dominated flow-boundary zone (Branney and Kokelaar 2002). We infer that this 247 

change with time probably reflects an increase in mass-flux as it was accompanied by waxing current 248 

competence (indicated by increasing size of the coarse-tail with height in layer D). The current 249 

increasingly was able to transport large lithic clasts and dense juvenile spatter-rags, recorded by the 250 

lithic layers and cauliform or bread-crusted blocks respectively. Ropey surfaces indicate that some of 251 

the juvenile clasts were hot and ductile during fragmentation and transport prior to quenching. Crystal-252 

rich swallowtail textures in anorthoclase and sanidine crystals, surrounded by glassy groundm ass, may 253 

record rapid cooling of phonolite melt (Oriano et al. 2010). Towards the south of Adeje, layer D grades 254 

into a palaeosol baked by phonolite lava, elsewhere, it is unconformably overlain by the Caldera del 255 

Rey tuff and the San Juan Formation (Fig. 2). 256 

 257 

5. Geochemistry 258 

Twenty-eight juvenile clasts were selected for geochemical analysis via X-ray fluorescence or made 259 

into thin sections and polished thin sections of crystal separates for electron microprobe (Fig. 3). The 260 

freshest pumice samples were selected, rinsed with deionised water, oven-dried and the altered 261 

exteriors were removed. 262 

5.1 Whole rock chemistry 263 

Twelve samples of the freshest material were taken for bulk geochemical analyses from the type 264 

section of the Adeje Formation (Fig. 3) at El Pris in southwest Tenerife (data in online repository), and 265 

analysed on a Phillips PW 1400 at the Geology Department, University of Leicester, using standard 266 
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techniques described by Dávila-Harris (2009).   267 

 268 

Juvenile clasts show considerable variation in major elements (SiO2 ranges from 51.1 to 65.7 wt.%; 269 

CaO from 0.6 to 8.3 wt.% and MgO from 0.3 to 2.5 wt.%; Fig. 10a). The highest SiO2 value of 68.3 270 

wt.% (from a bulk ash-fall deposit, AP-48) likely represents silicification of the sample despite efforts 271 

to avoid this, a conclusion supported by the low alkali values for this sample. Trace elements show 272 

considerable variation, nearly one hundred-fold in some cases; Zr varies from 283 to 1510 ppm (Fig. 273 

10b), Sr from 16-1420 ppm (Fig. 11), and Ba from 51-1928 ppm (Fig. 10c).  The Zr data suggests two 274 

discrete populations, with a ‘high-Zr phonolite’ and ‘low-Zr phonolite’ sim ilar to that reported by 275 

Edgar et al. (2002).  Plots of incompatible vs. compatible elements (Fig. 10) reveal that the data are not 276 

readily explained by simple mixing between a high Zr phonolitic component and a less fractionated 277 

equivalent, (e.g. Edgar et al. 2002).  The relationship of high Sr and Ba in the crystal-rich samples, 278 

intermediate Sr and Ba in the mingled samples, and low Sr and Ba in the crystal-poor samples suggests 279 

that, to some degree, the bulk compositional variability is controlled by the presence of crystal-rich 280 

material, potentially removed from a ‘mushy’ zone beneath the magma reservoir (e.g. Bachmann et al. 281 

2002).  This inference is supported by the higher Zr in the crystal-poor samples: given the reluctance of 282 

zircon to crystallise from phonolitic melts, increased crystallinity will act to dilute the abundance of 283 

zirconium via a reduction in the proportion of its only repository, the glass. 284 

 285 

5.2 Mineral Chemistry 286 

Pumice and vitric clast samples of Adeje ignimbrite and fallout pumice lapilli were crushed, wet-sieved 287 

and separated with heavy liquids to concentrate mineral phases. Crystals were analysed with a JEOL 288 

JXA-8600S electron microprobe at the University of Leicester, with operating conditions of 30 nA 289 

current, 15 kV and a beam diameter of 10 µm. The Adeje Formation contains alkali-feldspar, 290 
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plagioclase, ilmenite, magnetite, augite, kaersutite, biotite, rare olivine and apatite (see Online 291 

Resource 2). 292 

 293 

5.3 Feldspar 294 

Adeje Formation feldspars reach 5 mm in size, commonly contain melt inclusions and are mostly 295 

euhedral. Most occur as individual crystals, but glomerocrysts occur in some samples (AJ64 and 296 

AJ65;).  The range of feldspar compositions in the Adeje Formation is similar to that observed from 297 

other Tenerife phonolites (Bryan et al. 2002; Bryan 2006; Triebold et al. 2006) and com positions 298 

produced in experiments on Tenerife phonolites (e.g. Andújar et al. 2008). Feldspar compositions in 299 

flow-unit 2 show more variation than those in flow-unit 1.  The Adeje Formation has few feldspars 300 

with compositions of An45-An52 (Fig 13), a compositional gap reported for the feldspars in the Poris 301 

Formation inferred to discriminate between plagioclase populations from mafic and silic ic  magma 302 

sources (Edgar et al. 2002). Crystal aggregates are dominated by calcic plagioclase (An79-An86), first 303 

reported from the ‘red ignimbrite’ by Wolff (1983) and found in other Tenerife ignimbrites; the Abades 304 

and Poris formations ('Abades Member' and 'Pedrigal ignimbrite' of Bryan et al. 2002).  Calcic 305 

plagioclase crystals have compositions similar to those in historic basanites (Ablay et al. 1998; 306 

Triebold et al. 2006; Fig. 12) and require an origin in a mafic magma.     307 

 308 

 309 

5.4 Geothermometry 310 

To investigate the possible influence of magma composition on welding, magmatic temperatures were 311 

estimated using the Fe-Ti oxide thermometer of Sauerzapf et al. (2008).  The criteria of Bacon and 312 

Hirschmann (1988) were used to test for equilibrium between ilmenite and magnetite, and all samples 313 

except one (AJ60) had at least one pair of compositions that were in equilibrium (Online Resource 2). 314 
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To determine the representative temperature for a sample, at least ten ilmenite-magnetite pairs were 315 

analysed, and the results averaged (errors shown on Fig. 11 represent the standard deviation of the ten 316 

or more measurements). 317 

Temperature estimates for the Adeje Formation range from 798 ± 14oC (fO2 -13.8) to 1009 ±12oC (fO2 318 

-9.9). These are in good agreement with magmatic temperatures reported from other Tenerife 319 

phonolites (Wolff and Storey 1983; W olff 1985; Ablay et al. 1998; Bryan et al. 2002).  Oxides from the 320 

basal pumice fallout deposit (sample AJ58) returned a temperature of 829 ± 10oC (fO2 -12.9) and 321 

temperatures increase upwards in flow unit 1 (layer B) to 926 ± 11oC (fO2 -11).  Flow-unit 2 (layer D) 322 

exhibits significantly more variability in ilmenite and magnetite compositions (Online Resource 2). 323 

Both ilmenite and magnetite occur as multiple compositional modes in two samples of glomerophyric 324 

bands within juvenile clasts from layer D (AJ64 and AJ 65; Fig. 11). Each mode is consistent with 325 

being in equilibrium using the criteria of Bacon and Hirschman (1988), and they yield average 326 

magmatic temperature estimates independent of error of 926 ± 6oC (fO2 -11) and 942 ± 20oC for 327 

sample AJ64; and 822 ± 17oC, 871 ± 5oC and 979 ± 16oC (fO2 -10.4) for sample AJ65 (Fig. 11). The 328 

stratigraphically highest sample in flow-unit 2 (sample AJ67; Figs. 3 and 11) yields an average 329 

magmatic temperature estimate of 798 ± 14 oC (fO2 -13.8).  Both the highest and lowest inferred 330 

temperatures are derived from the upper ignimbrite (Fig. 11) illustrating no simple relationship between 331 

juvenile cargo and welding intensity.  332 

 333 

5.5 Overview of geochemistry  334 

The Adeje Formation represents a complex eruption in terms of its physical and geochemical 335 

characteristics and here we provide only a preliminary view of its geochemistry.  The crystal-poor 336 

juvenile pumice is present throughout the Adeje Formation, being the dominant component of the 337 

fallout at the base of the Formation and also occurring at the very top of flow unit 2.  This juvenile type 338 
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reflects the most evolved magma (highest Zr, 913-1510 ppm), which was stored at between 798 and 339 

830 oC. It contains a variety of feldspar compositions (Fig. 12) but notably lacks anorthitic plagioclase. 340 

The crystal-rich magma exhibits more compositional variability than the crystal-poor magma and is 341 

found throughout both flow units 1 and 2.  The crystal-rich magma may have multiple equilibrium  342 

compositions of ilmenite and magnetite (Fig. 11) with the majority of temperatures in the crystal-rich 343 

juveniles being slightly higher (840-979 oC) than those from the crystal-poor juveniles.  Zr content in 344 

the crystal-rich juveniles is significantly lower than the crystal-poor juveniles (283-558 ppm) and Ba 345 

more than an order of magnitude higher (reaching 1928 ppm).  The decreased Zr and increased Ba in 346 

the crystal-rich juveniles suggest that these juveniles are not merely more crystallised versions of the 347 

crystal-poor juvenile but likely are accumulative in feldspar (e.g. Edgar et al. 2002).  Glomerocrysts of 348 

anorthitic plagioclase (e.g. Fig 12) are found within the crystal-rich juveniles in the upper flow unit of 349 

the Adeje Formation with bulk compositions elevated in CaO and Sr (e.g. AJ66).  Such bulk variations 350 

are also observed in V indicating that the mafic glomerocrysts contain iron oxides, an interpretation 351 

that is supported by the two juveniles that contain the largest proportion of high-An plagioclase (e.g. 352 

AJ65, 66 Fig. 12) also having the highest temperatures (Fig. 11). 353 

In conclusion, the variety of compositions in the Adeje Formation may be explained via co-eruption of 354 

a crystal-poor magma and a similar, but more crystal-rich magma (potentially a mush equivalent).  The 355 

high-anorthite glomerocrysts require a mafic source but the relationship between this mafic magma and 356 

the cause of explosive eruption remains speculative. 357 

6. Discussion – eruption style 358 

Eruption summary 359 

After a repose period of ~26 ka, recorded by the well-developed palaeosol on the Fañabé Formation 360 

(Fig. 2), the Adeje eruption began with a phonolitic Plinian eruptive phase, recorded by the presence of 361 

bedded ash and pumice lapilli, layer A (Fig. 13a). This phase was followed by pyroclastic fountaining, 362 
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generating a pyroclastic density current that flowed 15 km to the coast and passed out to sea (layer B). 363 

Vent erosion may have occurred (caldera collapse initia tion), coupled with increase in mass flux and 364 

the inability of the column to become buoyant. Lithic and juvenile blocks were entrained in the 365 

pyroclastic density current during this phase and the temperature of the current increased, as recorded 366 

by the upward increase in welding intensity. A co-ignimbrite plume developed above this sustained 367 

density current, and ash pellets fell out from it into the ground-hugging current, where they grew into 368 

accretionary lapilli (lower part of layer C). A brief cessation in the pyroclastic density current, during 369 

which pellets continued to fall from the residual co-ignimbrite plume, is recorded by the thin pellet 370 

fallout layer within layer C. This pause may equally reflect a shift in the dispersal of the density 371 

currents to another sector of Cañadas volcano. The pause was brief as there is no evidence for local rill 372 

erosion, reworking or soilification at this horizon (Fig. 13c), and was followed by the climactic phase 373 

of the Adeje eruption, when a resumption in pyroclastic fountaining generated a high-com petence, 374 

pyroclastic density current that carried hot spatter and lithic blocks (Fig. 7c and 8), from the source in 375 

Cañadas caldera (Fig 13). It is recorded by the 10 m thick coastal ignimbrite, layer D, while much of 376 

the pyroclastic material may have overpassed the coastal plain and ended in the ocean. Layer D has an 377 

eroded top and its original thickness is not known. A record of the post-climactic waning phases of the 378 

Adeje eruption has not been preserved. 379 

 380 

The agglomerate-bearing ignimbrite facies (mAgLT) 381 

Spatter-like clasts have been generated from a variety of magma compositions, and are primarily found 382 

in proximal settings (Turbeville 1992; Carey et al. 2008).  The origins of spatter-like clasts in 383 

ignim brites have been ascribed to disruption of a lava lake (Mellors and Sparks 1991), or rapid changes 384 

in the depth of magmatic evacuation resulting in eruption of magma with different properties (e.g. 385 

Branney and Kokelaar 1992; Perrotta and Scarpati 1994; Allen 2005). Changes in clast density have 386 
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also been attributed to magma residence times in the conduit and thus a variation in degassing prior to 387 

fragmentation will probably cause density variations (Sable at al. 2006; Shea et al. 2012). By contrast,  388 

the dense and spatter-like clasts in the Adeje ignimbrite are present at the most distal exposures on the 389 

island, with an increased abundance towards the top of flow-unit 2 (Fig. 8).  The spatter-rags, irregular, 390 

fluidal, contorted, and bread-crusted clast morphologies are extremely delicate and are matrix-391 

supported in massive ignimbrite.  The margins of the fluidal clasts indicate that they cooled in-situ and 392 

were not significantly modified by transport within the current (e.g. Dufek and Manga 2008).  The 393 

relatively low vesicularity of the spatter-like clasts suggests that they are the product of a volatile-poor 394 

magma, which may have been extracted following a rapid pressure drop in the conduit during the 395 

eruption. This together with the occurrence of abundant angular lithic clasts in the deposit suggests a 396 

phase of caldera subsidence or rapid vent flaring (e.g. Branney and Kokelaar 1992; Perrotta and 397 

Scarpati 1992; Fig. 3).  Kokelaar et al. (2007) noted an association between spatter-bearing pyroclastic 398 

deposits and flooded calderas and suggested that their generation might be the result of 399 

phreatomagmatic phases during caldera subsidence. However the incipient welding and vesicular 400 

nature of the juvenile components within the Adeje suggest instead a magmatic eruption mechanism for 401 

the Adeje ignimbrite. 402 

A minor juvenile component of the Adeje ignimbrite are clastogenic, ropy-textured clasts that are 403 

commonly produced during fire-fountaining eruptions (e.g. Mellors and Sparks 1991) and are found in 404 

proximal regions.  Although no proximal deposits of the Adeje ignimbrite are known, we infer that fire 405 

fountaining was occurring during the eruption, either synchronously with the pyroclastic currents or 406 

during the hiatus recorded by layer C (Fig. 3; top of layer B and through most of layer D). The variety 407 

of juvenile morphologies and chemical heterogeneity (see above) observed from the Adeje Formation 408 

indicates a complex eruption with a fluctuating eruptive style.  Similar spatter-bearing lithofacies are 409 

observed in other ignimbrites on Tenerife, including the older Gaviotas ignimbrite (Fig. 2), the Arico 410 

ignim brite (Bryan et al. 1998; Brown et al. 2003) and the Pegueros and Derriscaderos ignimbrites 411 
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(Dávila-Harris 2009).  The repetition of similar lithofacies in numerous ignimbrites suggests that the 412 

process is relatively common on Tenerife. 413 

  414 

7. Conclusions  415 

The phonolitic 1.559 ± 0.014 Ma Adeje Formation is the product of one of the oldest recorded 416 

ignim brite-forming explosive eruptions from Cañadas volcano. It began with an initia l Plinian 417 

explosive phase that deposited ash and pumice across SW Tenerife. This column foundered and 418 

generated sustained pyroclastic density currents that travelled 15 km to the ocean, and deposited a 419 

widespread ignimbrite sheet.  The climactic phase of the Adeje eruption is recorded by a partly welded 420 

ignim brite that contains massive heterolithic breccias generated by caldera collapse and/or an intense 421 

phase of conduit-wall erosion. The upper ignimbrite flow-unit also contains abundant vitric spatter rags 422 

as well as angular dense juvenile blocks in addition to pumice clasts. These may reflect a phase of 423 

proximal spatter accumulation, which was then disrupted during the peak of explosivity associated with 424 

caldera subsidence. The Adeje ignimbrite contains a record of geochemical complexity with crystal-425 

rich and crystal-poor juvenile clasts mingled throughout the deposits.  The crystal-rich juvenile clasts 426 

are inferred to record disruption of a magmatic crystal mush.  The presence of glomerocrystic  427 

aggregates of bytownitic plagioclase indicates a mafic involvement in the eruption.  Despite being one 428 

of the oldest ignimbrite sheets on Tenerife, the Adeje Formation shares many physical and geochemical 429 

similarities with the products of other large explosive eruptions on the island. This suggests that Plinian 430 

eruptions on Tenerife consistently follow sim ilar paths, and this study can reasonably be used to help 431 

define the likely hazards associated with such events. 432 

 433 

 434 



 19 

Acknowledgements 435 

PDH acknowledges doctoral scholarship 187323 from Consejo Nacional de Ciencia y Tecnología 436 

(CONACYT), fieldwork support from the Volcanic and Magmatic Studies Group (VMSG) and the 437 

Quaternary Research Association (QRA). BSE was supported by NSF (NSF EAR-0911457).  Partial 438 

support was provided by IN106810 PAPIIT-UNAM grant. We thank Rich Brown for discussions in the 439 

field and sharing his knowledge on Tenerife ignimbrites and John W olff and Paul Olin for discussion. 440 

We gratefully acknowledge L Gurioli and one anonymous reviewer for their constructive comments. 441 

Jim Gardner is thanked for effective handling of the manuscript.  442 

 443 

References  444 

Ablay GJ, Carroll MR, Palmer MR, Martí J, Sparks RSJ (1998) Basanite-phonolite lineages of the 445 

Teide-Pico Viejo volcanic complex, Tenerife, Canary Islands. J Petrol 39:905–936 446 

Allen SR (2005) Complex spatter- and pumice-rich pyroclastic deposits from an andesitic caldera-447 

forming eruption: the Siwi pyroclastic sequence, Tanna, Vanuatu. Bull Volcanol 67:27–41 448 

Alfano F, Bonadonna C, Gurioli L (2012) Insights into eruption dynamics from textural analysis: the 449 

case of the May, 2008, Chaitén eruption. Bull. Volcanol. 74:2095–2108 450 

Alonso JJ, Araña V, Martí J (1988) La ignimbrita de Arico (Tenerife). Mecanismos de emisión y 451 

emplazamiento. Revista de la Sociedad Geológica de España, 1, 15–25 452 

Ancochea E, Fúster JM, Ibarrola E, Cendrero A, Coello J, Hernán F, Cantagrel JM, Jamond C (1990) 453 

Volcanic evolution of the Island of Tenerife (Canary Islands) in the light of new K–Ar data. J 454 

Volcanol Geotherm Res 44:231–249 455 

Ancochea E, Huertas MJ, Cantagrel JM, Coello J, Fúster JM, Arnaud N, Ibarrola E (1999) Evolution of 456 

the Cañadas edifice and its im plications for the origin of the Cañadas Caldera (Tenerife, Canary 457 

Islands). J. Volcanol Geotherm Res 88:177–199 458 



 20 

Andújar J, Costa F, Marti J, Wolff JA, Carroll MR (2008) Experimental constraints on pre-eruptive 459 

conditions of phonolitic magma from the caldera-forming El Abrigo eruption, Tenerife (Canary 460 

Islands).  Chem Geol 257 3-4:173–191 461 

Bachmann O, Dungan MA, Lipman PW (2002) The Fish Canyon magma body: rejuvenation and 462 

eruption of an upper crustal batholith.  J Petrology 43:1469–1503. 463 

Bacon CR, Hirschman MM (1988) Mg/Mn partitioning as a test for equilibrium between co-existing 464 

Fe-Ti oxides.  Am Mineral 73:57–61 465 

Branney MJ and Kokelaar P (1992) A reappraisal of ignimbrite emplacement: progressive aggradation 466 

and changes from particulate to non-particulate flow during emplacement of high-grade ignim brite. 467 

Bull Volcanol 54:504–520 468 

Branney MJ and Kokelaar P (2002) Pyroclastic density currents and the sedimentation of ignimbrites: 469 

Geological Society of London, Memoirs 27, 152 pp 470 

Brown RJ, Barry TL, Branney MJ, Pringle MS, Bryan SE (2003) The Quaternary pyroclastic 471 

succession of southern Tenerife, Canary Islands: explosive eruptions, related caldera subsidence 472 

and sector collapse. Geol Mag 140:265–288. 473 

Brown RJ & Branney MJ (2004) Event stratigraphy of a caldera-forming ignimbrite eruption on 474 

Tenerife: the 273 ka Poris Formation. Bull Volcanol 66:392–416 475 

Brown RJ, Branney MJ, Maher C, Dávila-Harris P (2010). Origin of accretionary lapilli within ground-476 

hugging density currents: Evidence from pyroclastic couplets on Tenerife. Geol Soc Am Bull; 122: 477 

305–320 478 

Bryan SE (2006) Petrology and geochemistry of the Quaternary caldera-forming, phonolitic Granadilla 479 

eruption, Tenerife (Canary Islands). J Petrol 47:1557–1589 480 

Bryan SE, Martí J, Cas RAF (1998) Stratigraphy of the Bandas del Sur Formation: an extracaldera 481 

record of Quaternary phonolitic explosive volcanism from the Las Cañadas edifice, Tenerife 482 

(Canary Islands). Geol Mag 135:605–636 483 



 21 

Bryan SE, Martí J, Leosson M (2002) Petrology and geochemistry of the Bandas del Sur Formation, 484 

Las Cañadas Edifice, Tenerife (Canary Islands). J Petrol 43:1825–1856 485 

Bull KF and McPhie J (2007) Fiamme textures in volcanic successions: Flaming issues of definition 486 

and interpretation, J Volcanol Geotherm Res 164:205–216 487 

Carey RJ, Houghton BF, Thordarsson T (2008) Contrasting styles of welding observed in the proximal 488 

Askja 1875 eruption deposits II: Local welding; J Volcanol Geoteherm Res 171 20–44. 489 

Dávila-Harris P (2009) Explosive ocean-island volcanism: the 1.8-0.7 Ma explosive eruption history of 490 

Cañadas volcano recorded by the pyroclastic successions around Adeje and Abona, southern 491 

Tenerife, Canary Islands [unpublished Ph.D. Thesis]: Leicester, University of Leicester, UK, 311 p 492 

Dávila-Harris P, Branney MJ and Storey M (2011) Large eruption-triggered ocean-island landslide at 493 

Tenerife: Onshore record and long-term effects on hazardous pyroclastic dispersal. Geology 39: 494 

951–954 495 

Dufek J, Manga M (2008) In situ production of ash in pyroclastic flows, J Geophys Res, 113, B09207, 496 

doi:10.1029/2007JB005555 497 

Edgar CJ, Wolff JA Nichols HJ Cas RAF, Martí J. (2002) A complex Quaternary ignimbrite-forming 498 

phonolitic eruption: the Poris Member of the Diego Hernández Formation (Tenerife, Canary 499 

Islands). J Volcanol Geotherm Res 118: 99–130 500 

Edgar CJ, Wolff JA, Olin PH, Nichols HJ, Pittari A, Cas RAF, Reiners PW, Spell TL, Martí J (2007) 501 

The late Quaternary Diego Hernández Formation, Tenerife: Volcanology of a complex cycle of 502 

volum inous explosive phonolitic eruptions. J Volcanol Geotherm Res 160: 59–85 503 

Fúster, JM, Araña, V, Brändle, JL, Navarro, JM, Alonso, V, Aparicio, A, (1968) Geology and 504 

volcanology of the Canary Islands: Tenerife. Instituto Lucas Mallada, CSIC, Madrid 505 

Fúster JM, Ibarrola E, Snelling NJ, Cantagrel JM, Huertas MJ, Coello J, Ancochea E (1994) 506 

Cronología K–Ar de la Formación Cañadas en el sector suroeste de Tenerife: Implicaciones de los 507 

episodios piroclásticos en la evolución volcánica. Bol. R. Soc. Esp. Hist. Nat. (Geol.) 89:25–41 508 



 22 

Huertas MJ, Arnaud NO, Ancochea E, Cantagrel JM, Fúster JM (2002) 40Ar/39Ar stratigraphy of 509 

pyroclastic units from the Cañadas Volcanic Edifice (Tenerife, Canary Islands) and their bearing on 510 

the structural evolution. J Volcanol Geotherm Res 115:351–36 511 

Kokelaar P, Raine P, Branney MJ (2007) Incursion of a large-volume, spatter-bearing pyroclastic 512 

density current into a caldera lake: Pavey Ark ignimbrite, Scafell caldera, England.  Bull Volcanol 513 

70:23–54 514 

Le Bas MJ, Le Maitre, Streckeisen A, Zanettin B (1986) A chemical classification of volcanic rocks 515 

based on the total alkali-silica diagram. J Petrol 27:745–750 516 

Middleton J and Cas RAF (2004) The Arico Ignimbrite: the complex facies architecture of a 517 

widespread, phonolitic ignimbrite produced by a highly explosive plinian eruption from Las 518 

Cañadas Caldera, Tenerife, Canary Islands, Spain. Unp. Abstracts Vol., IAVCEI General Assembly 519 

2004, Pucón, Chile 520 

Martí J, Hurlimann M, Ablay G, Gudmundsonn A. (1997) Vertical and lateral collapses on Tenerife 521 

(Canary Islands) and other volcanic islands. Geology 25:879–882 522 

Martí J, Mitjavila J, Araña V (1994) Stratigraphy, structure, age and origin of the Cañadas Caldera 523 

(Tenerife, Canary Islands). Geol Mag 131:715–727  524 

Mellors, RA and Sparks, RSJ (1991) Spatter-rich pyroclastic flow deposits on Santorini, Greece. Bull 525 

Volcanol 53:327–342 526 

Perrotta A and Scarpati C (1994) The dynamics of the Breccia Museo eruption (Campi Flegri, Italy) 527 

and the significance of spatter clasts associated with lithic breccias. J Volcanol Geotherm Res 59, 528 

pp. 335–355 529 

Pittari A, Cas RAF, Martí J (2004) The occurrence and origin of prominent massive, pumice-rich 530 

ignim brite lobes within the Late Pleistocene Abrigo Ignimbrite, Tenerife, Canary Islands. J 531 

Volcanol Geotherm Res 139: 271–293 532 



 23 

Shea T, Gurioli L, Houghton BF (2012) Transitions between fall phases and pyroclastic  density 533 

currents during the AD 79 eruption at Vesuvius: building a transient conduit model from the 534 

textural and volatile record. Bull Volcanol 74:2363–2381 535 

Rosi M, Vezzoli L, Castelmanzano A, Grieco G (1999) Plinian pum ice fall deposit of the Campanian 536 

Ignimbrite eruption (Phlegrean Fields, Italy). J Volcanol Geotherm Res 91:179–198 537 

Sable JE, Houghton BF, Del Carlo P, Coltelli M (2006) Changing conditions of magma ascent and 538 

fragmentation during the Etna 122 BC basaltic Plinian eruption: Evidence from clast microtextures. 539 

J Volcanol Geotherm Res 158:333–354  540 

Sauerzapf U, Lattard D, Burchard M, Engelmann R (2008) TheTitanomagnetite-Ilmenite Equilibrium: 541 

New Experimental Data and Thermooxybarometric Application to the Crystallization of Basic to 542 

Intermediate Rocks. J Petrol 49:1161–1185 543 

Schmincke H-U & Swanson DA (1967) Ignimbrite origin of eutaxites from Tenerife. Neues Jahrbuch 544 

für Geologie Paläontologiem Monatsshefte 11, 700–3 545 

Triebold S, Kronz A, Wörner G (2006) Anorthite-calibrated backscattered electron profiles, trace 546 

elements, and growth textures in feldspars from the Teide–Pico Viejo volcanic complex (Tenerife).  547 

J Volcanol Geotherm Res 154 1-2:117–130 548 

Turbeville, BN (1992) Tephra fountaining, rheomorphism, and spatter flow during emplacement of the 549 

Pitigliano Tuffs, Latera caldera, Italy J Volcanol Geotherm Res, 53, pp. 309–327 550 

Wolff JA (1983) Petrology of Quaternary pyroclastic deposits from Tenerife, Canary Islands, 551 

Unpublished Ph.D. Thesis, Univ. London, p. 542 552 

Wolff JA (1985) Zonation, mixing and eruption of silica undersaturated alkaline magma: a case study 553 

from Tenerife, Canary Islands. Geol Mag 122, 623–640 554 

Wolff JA, Storey M (1983) The volatile component of some pumice-forming alkaline magm as from 555 

the Azores and Canary Islands.  Contrib. Mineral. Petrol. 82 1:66–74  556 

  557 



 24 

Tables 558 

Table 1 Lithofacies code abbreviations (Modified after Branney and Kokelaar, 2002) 559 

 560 

Figures 561 

Fig. 1 Map of the southwest flank of Las Cañadas volcano, Tenerife (inset). UTM grid reference 562 

intervals 1 km. 563 

 564 

Fig. 2 Simplified vertical stratigraphy of the Lower Bandas del Sur Group in southwest Tenerife 565 

showing location of the Adeje Formation. Not all field relationships are shown. Vertical and grainsize 566 

scale are schematic. Radiometric Ar-Ar Age in Ma: *this study. References on inset column: A, Edgar 567 

et al. 2007; B, Huertas et al. 2002; C, Bryan et al. 1998. 568 

 569 

Fig. 3 Log and main lithofacies descriptions across a composite section of the Adeje Formation in the 570 

area between El Puertito and Playa Paraíso, southwest Tenerife. UTM: 326436 / 3110688. 571 

 572 

Fig. 4 Selected logs of the Adeje Formation (from a total of 65) in southwest Tenerife. Locations of 573 

logged stratigraphic sections see Fig. 1, UTM coordinates on inset table. Thicknesses and grain-size 574 

scale are schematic. 575 

 576 

Fig. 5 a) Type section of the Adeje Formation at Playa Paraíso. One metre-thick pumice-fall deposit 577 

(layer A) rests on palaeosol, overlain by diffuse-stratified ignimbrite (layer B). Thin pale layer, fines-578 

rich lapilli-tuff represents layer C, overlain by massive agglomeratic tuff (layer D). b) Pumice-fall 579 

deposit (layer A) at the base of the Adeje Formation, Barranco de Erques. Scale ruler in all photos is 1 580 

m long with 10 cm intervals. 581 

 582 
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Fig. 6 The Adeje Formation at Barranco del Agua. a) 12 m thick exposure of the Adeje ignim brite 583 

layers B, C and D overlying unconformably older pyroclastic units. Note pristine sub-horizontal flow-584 

unit boundary layer (C) between thick massive lapilli-tuff. b) Layers B, C and D overlain by phonolite 585 

lava, road to Costa Adeje resort. 586 

 587 

Fig. 7 a) Base of ignimbrite layer B of the Adeje Formation at upper Barranco del Agua resting on top 588 

of pumice-fall layer A. b) Detail of partly welded lapilli-tuff in layer B. c) The Adeje Formation at El 589 

Puertito showing altered pumice-fall deposit at the base, overlain by lithic-poor ignimbrite and 590 

heterolithologic breccia, grading upwards into partly welded tuff. Inset: close-up of scour surface and 591 

lithic breccia on plate c.  592 

 593 

Fig. 8 The Adeje ignimbrite at El Puertito. a) Layer B showing mLT overlain by massive breccia rich 594 

in juvenile blocks, followed by layer C. Layer D on top grading into massive agglomeratic tuff 595 

pinching-out towards the right-hand side of picture, rucksack is 0.5 m. b) Close-up to imbricated, 596 

crystal-rich juvenile blocks, marked with a ‘J’. Pristine black, glassy, aphyric spatter-like blocks of 597 

irregular, fluidal shapes are common in coastal exposures. Scale shows 30 cm. 598 

 599 

Fig. 9 a) Breadcrusted juvenile block forming massive agglomeratic lithofacies, layer D. b) 600 

Accretionary-lapilli horizon in layer C associated to pellet fallout may record flow-unit boundary. c) 601 

Detail of juvenile clast with crystal-rich and aphyric glassy texture. Scale shows cm. 602 

 603 

Fig. 10 a) Total alkali vs. silica content plot (TAS, Le Bas 1986) for samples of the Adeje Formation in 604 

large round dots relative to other Bandas del Sur pyroclastics in smaller grey round dots (data taken 605 

from Bryan et al. 2002, Bryan 2006, Edgar et al. 2002, Brown and Branney 2004, Dávila-Harris 2009). 606 
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Major elements normalised to 100% in a volatile-free basis. b) Zr vs CaO diagram; b) Ba vs Sr diagram 607 

showing magma mixing trends. 608 

 609 

Fig. 11 Selected major (SiO2 and CaO) and trace (Sr and Zr) elements and magmatic temperatures vs 610 

stratigraphic height of the Adeje Ignimbrite. 611 

 612 

Fig. 12 Feldspar compositions of the Adeje Formation (n=452) compared with other data from 613 

pyroclastic deposits across southern Tenerife (Bryan et al. 2002) and other phonolites, tephriphonolites 614 

and basanites elsewhere (Triebold et al., 2006). 615 

 616 

Fig. 13 Schematic cartoon showing a summary of the eruptive history and processes involved in the 617 

Adeje eruption. a) Phase 1 marks the onset of the Adeje eruption with a Plinian column depositing ~1 618 

m of pumice lapilli fallout up to 15 km from source. b) Phase 2 involves emplacement of pyroclastic 619 

density currents (PDC’s) depositing layer B or flow-unit 1 ignimbrite. c) Phase 3 records the wake of 620 

the first pyroclastic currents and the deposition of co-ignimbrite ash and pellet fall and accretionary 621 

lapilli. d) Phase 4 contains products from the eruption climax and represents one or more PDC’s 622 

depositing massive, diffuse-stratified and lithic-rich ignimbrite. It records agglomeratic lapilli-tuff and 623 

widely emplaced lithic breccias suggesting vent erosion or caldera collapse. 624 


	P. Dávila-Harris1*, B.S. Ellis2, M.J. Branney1 and G. Carrasco-Núñez3
	1University of Leicester, Department of Geology, University Road LE1 7RH, Leicester, UK
	2Institute for Geochemistry and Petrology, ETH Zurich, 8092 Zurich, Switzerland
	3Centro de Geociencias, Universidad Nacional Autónoma de México, Campus Juriquilla, Querétaro, 76230, México
	Abstract
	Keywords: Tenerife, explosive eruptions, pyroclastic density current, phonolite, spatter, ignimbrite
	1. Introduction
	2. Geological Setting
	2.1 Previous studies of ignimbrites around Adeje

	3. Study methods and nomenclature
	4. The Adeje Formation
	4.1 Stratigraphy
	4.2 Individual layer description
	Layer A: massive to diffuse parallel-bedded ash and pumice lapilli
	Layer B:  massive lapilli-tuff and lithic breccia
	Layer C: ash aggregate-bearing
	Layer D: massive lapilli-tuff; massive lithic-breccia; massive agglomeratic tuff


	5. Geochemistry
	5.1 Whole rock chemistry
	5.2 Mineral Chemistry
	5.3 Feldspar
	5.4 Geothermometry
	5.5 Overview of geochemistry

	6. Discussion – eruption style
	Eruption summary
	The agglomerate-bearing ignimbrite facies (mAgLT)

	7. Conclusions
	Acknowledgements
	References

